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BRIAN P. HAFLER

Experimental autoimmune encephalomyelitis (EAE) is
an autoimmune disease model where T cells attack
myelin, the membrane that covers the axons of neurons.
EAE is induced by injecting proteolipid protein (PLP),
one of the major myelin proteins, with adjuvant into the
animal. This induces Th1 T cells to migrate to the brain
and secrete the cytokines IFN- γγγγγ and IL-2, leading to in-
flammation with loss of neurologic function. In contrast,
PLP reactive T cells secreting Th2 cytokines, IL-4 and
IL-10, suppress EAE, indicating that a balance between
the autoreactive Th1 and Th2 cells is important for in-
hibiting pathologic autoimmune responses. T cell func-
tions can be altered by substituting single amino acid
side chains at T cell receptor (TCR) contact sites on the
peptide antigen. This experiment was performed to de-
termine whether a pathogenic PLP reactive Th1 clone’s
function could be switched to a protective PLP reactive
Th2 type clone by a peptide generated by a single amino
acid substitution of the native encephalitogenic PLP
peptide. PLP reactive clones were investigated from
mice immunized with either the native PLP peptide 139-
151 or the same PLP peptide altered at TCR contact resi-
dues. The altered PLP peptide switched the cytokines
secreted by the responding T cells from an inflamma-
tory to a suppressive nature. This change could inhibit
the function of the autoaggressive T cell. The design of
altered peptide antigens that switch T cell function could
be used to treat autoimmune diseases.

Introduction

The immune response to antigens is regulated by T
cells, which comprise approximately 60% of mononuclear
cells.1 T cells do not recognize free antigen, but rather re-
quire macrophages, which process antigen into small pep-
tides of 12-25 amino acids in length. The peptides are trans-
ported to the major histocompatibility complex (MHC), a mol-
ecule on the surface of macrophages. The MHC binds pro-
cessed antigen in a form such that T cells, using a specific
receptor on its surface, contact amino acid side chains of
the peptide antigen.2,3 Thus, the peptide should possess
residues that bind to the MHC molecules (MHC contact resi-
dues) and also have residues that have affinity for the T cell
receptors (TCR contact residues). Upon recognizing anti-
gen in the context of MHC, the T cell secretes growth fac-
tors known as cytokines.

Cytokines can induce T cells to grow and multiply in
number to eliminate antigen4-6 or under other circumstances
regulate the immune response.6, 7 Naive T lymphocytes, trig-
gered by antigen, differentiate into two subpopulations each
producing its own set of cytokines and mediating distinct
effector functions. Th1 cells secrete interleukin 2 (IL-2) and

interferon-γ (IFN-γ), leading to activated macrophages and
inflammatory immune responses with tissue destruction. In
marked contrast, Th2 cells secrete IL-4 and IL-10, suppress-
ing inflammatory responses induced by Th1 T cells.7

While T cells can protect us from infections by recog-
nizing foreign proteins expressed on viruses and bacteria,
there are also populations of T cells that recognize self-pro-
teins and induce autoimmune diseases.8 These autoreactive
T cells, which are present in all mammals, are normally in a
resting state and thus do not induce autoimmune destruc-
tion of self-organs. However, when T cells recognizing self-
proteins are activated to become autoaggressive, they se-
crete Th1 cytokines (IFN-γ and IL-2), which induce autoim-
mune disease in the organ where the self-antigen peptide
is located.9

Experimental autoimmune encephalomyelitis (EAE) is
one such animal model of autoimmune disease where T
cells attack myelin, the membrane that covers the axons of
neurons and facilitates nerve impulses. EAE is also thought
to be a model of the human autoimmune disease multiple
sclerosis. The experimental disease model can be induced
in mice by injecting proteolipid protein (PLP), one of the major
myelin proteins, with adjuvant into the animal.10, 11 The Th1
T cells, induced by the PLP immunization, migrate to the
brain and secrete the cytokines IFN-γ and IL-2, which in-
duce inflammation and myelin destruction resulting in a loss
of neurologic function. In contrast, PLP-reactive T cells se-
creting Th2 cytokines, IL-4 and IL-10, suppress EAE, indi-
cating that a balance between the autoreactive Th1 and Th2
cells is important for inhibiting autoreactivity.10, 12 Similarly, it
is postulated that myelin-reactive activated Th1 T cells are
the primary cause of the autoimmune disease multiple
sclerosis.

Allen and coworkers recently demonstrated that T cell
functions can be altered by stimulating T cell clones with
peptides that have been substituted by single amino acid
side chains at the T cell receptor (TCR) contact sites.13 For
example, stimulation of a T cell clone with altered peptide
antigens can induce IL-2 receptor expression and cytolytic
T cell replication.14, 15 Altered peptides also have been shown
to act as TCR-antagonists, inducing non-responsiveness in
T cell clones.16-18 Based on the previous work by Allen, ex-
periments were performed to determine whether a peptide
generated by a single amino acid substitution of the native
encephalitogenic PLP peptide could alter the function of
autoreactive T cells. Mice were immunized with either the
native PLP peptide 139-151 or the same PLP peptide al-
tered at TCR contact resides.19, 20 These clones generated
against PLP were stimulated with a series of different al-
tered peptide antigens with substitutions at TCR contact
points. Cytokine secretion was measured to determine
whether a Th1 clone generated against PLP could be
switched by altered peptide antigen to a Th2 clone. The iden-
tification of altered PLP antigens that switch the T cell clone’s
function could be useful therapeutically in the cure of EAE
and have potential utility in the treatment of multiple sclerosis.
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Methods

Peptides.  Peptide antigens were synthesized on a Milligen
model 9050 synthesizer using FMOC chemistry. Milligen PAL
amide resins were used to generate peptides with C termi-
nal amides.20 As determined by high pressure liquid chro-
matography (HPLC), peptides were more than 90% pure.

The PLP peptide 139-151 W(144) induces EAE in mice.
By using a panel of alanine substituted peptides at each
residue, it has been shown that the tryptophan (W) at posi-
tion 144 is the primary TCR contact point, and histidine (H)
at position 147 and leucine (L) at position 141 are the sec-
ondary TCR contact points.19, 20 A series of peptides were
synthesized with single amino acid substitutions at the pri-
mary TCR contact point W(144). Substitutions consisted of
a change from the nonpolar tryptophan W(144) to: (1) the
nonpolar but less bulky leucine L(144); (2) to the uncharged
but polar glutamine Q(144); and (3) to the charged and po-
lar arginine R(144). Table 1 summarizes the sequences of
the peptides used in these experiments.

Generation of T Cell Lines and Clones.  T cell clones were
previously made in the laboratory as briefly described here.21

T cell clones were generated from the lymph node cells of
mice immunized with PLP 139-151 and PLP 139-151 with a
substitution to Q at position 144, which will be referred to as
Q(144). The lymph node cells were prepared and cultured
in syngeneic serum with the appropriate antigen (20 µg/ml)
for 5 days. T cell blasts were purified over a Ficoll-Hypaque
gradient and fed with culture medium containing 0.6% T cell
growth factor (T-Stim, Collaborative Biomedical Research,
Bedford, MA) and 0.06% recombinant IL-2. Cells were fed
every 2-3 days and restimulated every 10 to 18 days by the
immunizing antigen (20µg/ml) plus irradiated syngeneic
spleen cells (5x106 cells/ml) as a source of antigen present-
ing cells (APCs). By repeated stimulation with antigen, spe-
cific short-term T cell lines were generated.

Clones were obtained from the lines by culturing T cells
with the peptide Q(144) at limiting dilution. Cells were fed
with culture medium plus T cell growth factors every 2-3
days and restimulated with a mixture of antigen (20 µg/ml)
plus irradiated syngeneic spleen cells (5x106 cells/ml) after
10 days. Four days later wells that contained growing cells
were identified and the cells were transferred to 48 well plates
(Sumilon, Sumitomo Bakelite Co, Tokyo) fed with medium
containing T cell growth factors every 2-3 days, and ex-
panded by activation with antigen and APCs every 2 to 4
weeks.

Measuring Proliferation of T Cell Clones. T cell clones
(4x105 per well) were cultured in triplicate in 96 well round
bottom plates (Falcon, Becton Dickinson, Lincoln Park, NJ),
in the presence of antigen for 48 hours, and then
3H-thymidine (1 µCi/well) was added for the last 16 hours
before harvesting the cells. Mean 3H-thymidine incorpora-
tion was determined in a Beckman scintillation counter
(model LS 5000; Beckman Instruments, Fullerton, CA).

Cytokine Production.  T cell clones were cultured at 4-5x106

cells/ml in the presence of PLP peptide at the concentra-
tions shown. Supernatants were collected at the time point
specified and assayed for cytokines. The amounts of IL-4,
IFN-γ, and IL-10 were measured by cytokine Enzyme Linked
Immunosorbent Assay (ELISA).22 The results shown are the
mean concentration of cytokine detected in 3 wells. Standard
errors were always less then 10%. When no cytokine was
detectable in supernatants from cells cultured without anti-
gen the baseline value was taken as the lower limit of de-
tection of the assay (IFN-γ 100 pg/ml; IL-2 and IL-10 50 pg/
ml).

Cytokine Measurements. For each ELISA, 96 well plates
(Immulon 4, Dynatech Laboratories, Chantilly, VA) were
coated with the appropriate coating antibody (1 µg/ml in
carbonate buffer, pH 8.6). For IFN-γ the coating antibody
was monoclonal anti-mouse IFNg, the primary antibody was
rabbit polyclonal anti-mouse IFN-γ (1:500) (both from
Endogen, Cambridge, MA), and the secondary antibody was
goat anti-rabbit immunoglobulin-horseradish peroxidase
(1:50,000) (Biosource International, Camarillo, CA). For IL-
4 and IL-10, paired antibody sets (PharMingen, San Diego,
CA) were used according to manufacturer’s directions, fol-
lowed by avidin-peroxidase (1:2000) (Sigma, St. Louis, MO).
The peroxidase substrate was TMB substrate (KPL,
Gaithersberg, MD). Absorbance was read at 450 nm on a
BioRad microplate reader (Richmond, CA).

Results

Proliferative Response and Cytokine Production in Re-
sponse to PLP Peptides.  Short-term T cell lines, gener-
ated in the laboratory, were specific for either the native
peptide or the peptide Q(144). The T cell lines were stimu-
lated in vitro with a series of altered peptide ligands to mea-
sure the proliferative responses and cytokine production.
As indicated in Figure 1A, the T cell lines specific for the
native peptide W(144) exhibited the highest proliferative
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Table 1. PLP sequences used in these investi-
gations are shown. PLP W(144) is the native
sequence. Position 144 is the primary TCR con-
tact residue while positions 141 and 147 are
secondary TCR contact residues (reference 25).



Figure 1A. There is more cross-reactivity with T cell lines specific for PLP Q(144) as compared to the native W(144) peptide.  Short-term T cell lines
specific for either the native PLP 139-151 W(144) peptide or the altered peptide antigen PLP 139-151 Q(144) were tested for proliferation to assess peptide
recognition. T cell lines specific for the native peptide W(144) exhibited the highest proliferative response with in vitro stimulation by W(144), with little cross-
reactivity to the other peptides. In contrast, T cell lines specific for the altered peptide antigen Q(144) exhibited the highest proliferative response with in vitro
stimulation by Q(144), with significant proliferative responses to R(144), less so to W(144). Figure 1B and 1C. Altered PLP peptide induces IL-4 secretion.  T
cell lines specific for native peptide ligand PLP 139-151 W(144) and the altered peptide ligand PLP 139-151 Q(144) were stimulated in vitro with a series of PLP
peptides substituted at position 144, and the cytokines IFN-γ and IL-4 were measured. There was predominantly a Th1 response with IFN-γ and without IL-4
secretion with in vitro stimulation of T cell lines specific for W(144) peptides. In marked contrast, T cell lines specific for the altered peptide antigen Q(144) secreted
both IFN-γ and IL-4 with in vitro stimulation of T cell lines specific for altered PLP peptides.
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Table 2. Forty-five T cell clones were examined for
proliferative responses to the PLP 139-151 Q(144)
altered peptide and to the native PLP peptide W(144)
after in vitro inoculation with PLP Q(144). Counts per
minute (CPM, 3H-thymidine incorporation) were mea-
sured. These data indicate that T cell clones, gener-
ated after immunization with altered peptide antigens,
can recognize native self-antigens.

response with in vitro stimulation by W(144) with little cross-
reactivity to the other peptides. In contrast, the short-term T
cell lines specific for the peptide Q(144) exhibited the high-
est proliferative response with in vitro stimulation by the
peptide Q(144) with significant proliferative responses to
R(144), less so to W(144). These data indicate that while T
cells generated against the native peptide were highly spe-
cific for the native peptide, the T cell lines specific for the
Q(144) peptide showed greater cross-reactivity.

Cytokine Response.  The T cell lines specific for the native
W(144) peptide and the altered peptide Q(144) were stimu-
lated in vitro with a series of PLP peptides substituted at
position 144, and the cytokines IFN-γ (Th1 type T cells ) and
IL-4 (Th2 type T cells) were measured. The data from the
native W(144) specific T cell line in response to PLP pep-
tides, as shown in Figure 1B, indicate a predominantly Th1
response with IFN-γ without IL-4 secretion. In marked con-
trast, as illustrated in Figure 1C, the T cell lines specific for
the altered peptide antigen Q(144) secreted both IFN-γ and
IL-4 with in vitro stimulation by the altered PLP peptides.
Thus, native W(144) specific T cell lines exclusively induces
IFN-γ producing Th1 T cells, whereas the altered peptide
antigen Q(144) induces both IFN-γ (Th1) and IL-4 (Th2) pro-
ducing T cells.

Cloning of T Cells Specific for PLP 139-151 Q(144).  A T
cell line specific for the peptide Q(144) was cloned as de-
scribed in the Methods section. These clones were exam-
ined for proliferative responses to the altered peptide Q(144)
and to the native peptide W(144). Approximately 55% of the
clones cross-reacted equally with the altered peptide Q(144)
and native peptide W(144), indicating that immunization with
the altered peptide Q(144) could generate T cell clones ca-
pable of recognizing the native peptide W(144) (Table 2).
These data also indicate that T cell clones generated after
immunization with altered peptide antigens can recognize
native self-antigen. One cross-reactive clone, 1B6 was ex-
panded in vitro for detailed investigation to determine
whether an altered peptide antigen can switch the cytokines
secreted by an individual autoreactive T cell clone.

Modulation of Cytokine Production by Altered Peptides.
To determine whether the cytokine profile of the clone could
be switched with stimulation by altered PLP peptides, the
1B6 clone was stimulated with peptides at different concen-
trations, and IFN-γ secretion was compared to IL-4 secre-
tion and T cell proliferation (∆CPM) (Figure 2). The clone
secreted both IFN-γ and IL-4 when stimulated with the altered

peptide Q(144), which was used to generate the clone. The
altered peptides R(144) and L(144) also induced high
amounts of both IFN-γ and IL-4 secretion. In striking con-
trast, the native peptide W(144) induced IFN-γ but no IL-4
secretion. Regarding proliferation, it was of interest that the
peptide R(144) stimulated clone 1B6 at lower concentra-
tions than either the altered peptide Q(144) or the native
peptide, whereas the peptide L(144) did not activate the T
cell clone at the concentrations tested.

Differences in the kinetics of cytokine secretion induced
by the altered peptide antigens may explain the changed
patterns of IFN-γ, IL-2 and IL-4 secretion for the 1B6 clone.
As shown in Figure 3, the decreased IL-4 secretion with
stimulation by the native peptide W(144) as compared to
the altered peptide Q(144) was not due to different kinetics
of secretion. That is, there was little or no IL-4 secretion
(maximal < 50 pg/ml) at 8, 16, or 42 hours after stimulation
with the native peptide. When tested at the same time points,
the peptide Q(144) induced a large amount (about 1,000
pg/ml) of IL-4 at 42 hours after activation. Together, these
data show that a T cell clone recognizing self-antigen can
be differentially induced to secrete IL-4 with stimulation by
peptides altered at TCR contact points. The clone that pro-
duces mostly Th1 cytokines (IFN-γ and IL-2) upon activa-
tion with the native W(144) peptide can produce IL-4 in ad-
dition to IFN-γ upon activation with the altered peptide
Q(144).

Discussion

Myelin PLP-reactive T cells generated by the inocula-
tion with the native peptide W(144) with adjuvant induces
Th1 type cells secreting IL-2 and IFN-γ which lead to the
experimental autoimmune disease EAE. As it has recently
been shown that T cell function can be modified by stimu-
lating T cells with antigenic peptides altered by substitut-
ing single amino acid side chains at the TCR contact sites,
the immunologic effects of altering the primary TCR con-
tact residue of the autoantigen of PLP 139-151 peptide were
examined. A T-cell clone secreting IFN-γ in response to
the native peptide was generated from lymph node cells
after immunization of the altered peptide Q(144). This T
cell clone, recognizing self-antigen, could be differentially
induced to secrete the suppressor cytokine IL-4 with stimu-
lation by peptides altered at the position 144 TCR contact
point. As PLP-reactive Th2 T cells secreting IL-4 can in-
hibit EAE, these data suggest that altered peptide antigens
may be of use therapeutically to treat experimental autoim-
mune disease.
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Figure 2. Cytokine secretion with native PLP W(144) vs. the altered PLP Q(144) peptide.  The clone 1B6, which was cross-reactive with PLP W(144) and
Q(144) as shown in Table 2, was investigated to determine whether cytokine secretion could be switched with stimulation by altered PLP peptides. Different
concentrations of peptides were used to stimulate the clone, and IFN-γ secretion was compared to IL-4 secretion and 3H-thymidine incorporation (∆CPM). The
clone secreted both IFN-γ and IL-4 when stimulated with the altered PLP 139-151 Q(144) peptide, which was used to generate the clone. The altered PLP 139-151
R(144) and L(144) peptides also induced high amounts of both IFN-γ and IL-4 secretion. In striking contrast, the native PLP peptide W(144) induced IFN-γ but no
IL-4 secretion (closed symbols).

Figure 3. Kinetics of the IFN- γγγγγ, IL-2 and IL-4 secretion for T cell clone 1B6.  The kinetics of cytokine secretion induced by the altered peptide antigens were
examined at different time points after antigen stimulation in vitro. 100 µg of PLP peptide, a concentration providing optimal stimulation determined from previous
experiments, was used. There was little or no IL-4 secretion at 8, 16, or 42 hours after stimulation with the native peptide. Thus, the decreased IL-4 secretion with
stimulation by the native peptide as compared to the Q144 peptide was not due to different kinetics of secretion. Together, these data show that a T cell triggered
by native antigen can be differentially induced to secrete IL-4 with IFN-γ with altered peptide antigen stimulation.
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Based on the data from the experiments presented here,
studies were performed to determine whether T cells induced
by immunization with the peptide Q(144) would be able to
confer protection from EAE. Naive mice were immunized
with either the native peptide, the altered peptide Q(144) or
a non-encephalitogenic control peptide, PLP 190-209. Short-
term T cell lines were generated from lymph node cells pre-
pared from mice 10 days after immunization and activated
in vitro with immunizing or control peptides. T cell lines gen-
erated from mice immunized with the peptide Q(144) and
activated in vitro with Q(144) conferred protection from clini-
cal disease associated with EAE.26 This demonstrates that
immunization with Q144 induces regulatory cells which pro-
tect mice from EAE.

A series of T cell clones, generated after immunization
with PLP Q(144), were cross-reactive with other altered pep-
tide antigens. Similarly, examination of short-term T cell lines
specific for the altered peptide Q(144) demonstrated more
cross-reactive T cells as compared to T cell lines specific
for the native peptide W(144). Position 144 is the primary
TCR contact point of the native W(144) peptide and pep-
tides with substitutions at this residue are not recognized by
a panel of W(144)-reactive T cell clones.20 One explanation
for the greater cross-reactivity of the Q144 specific cells is
that they may use another residue as the primary TCR con-
tact point, which is common between Q144 and the native
peptide, and therefore substitutions at position 144 are tol-
erated. This would suggest that Q(144)-reactive T cells are
derived from different precursors than T cells which are in-
duced with the native peptide, since TCRs recognize a dif-
ferent part of the peptide. Alternatively, naive T cells spe-
cific for W(144), with the potential to become Th1 cells if
activated by the native peptide, might differentiate into Th2-
like T cells if activated by Q(144).

Exposure to cross-reactive peptides that are altered at
TCR contact points might occur as a consequence of viral
or bacterial infections. For this reason T cells have been
stimulated with the peptides R(144) and L(144) to deter-
mine the cytokine response to a set of peptides similar to
cross-reactive viruses. In this regard, it has been shown that
viruses can trigger myelin-reactive T cells to proliferate and
can induce EAE.23 Attention has also recently been drawn
to the potential importance of cross-reactivity in maintaining
long-term immunological memory,24 and the same phenom-
enon may be important in the development and regulation
of autoimmune disease. Moreover, viruses may mutate in
attempts to mimic self and avoid detection by the immune
system, thus further leading to cross-reactive antigens with
self-proteins.

The mechanism by which alterations of TCR contact
residues can modify T cell cytokine secretion is not known.
As mentioned above, it has been previously demonstrated
that modification of antigenic peptides at TCR contact
points13 can alter T cells’ functions. A number of altered pep-
tide antigens are capable of binding to the TCR but are in-
capable of triggering a response and thus act as pharmaco-
logical antagonists;25 other altered peptides may interact with
the TCR, preventing responding cells from proliferating
later;15 furthermore, some altered peptide antigens have
been shown to partially activate T cells.13 The results from
the experiments presented here suggest that the Q(144)
peptide affects T cell differentiation in vivo and induces T
cells that are functionally like Th2 cells, though they secrete
both IL-4 and IFN-γ, rather than autoaggressive disease
inducing Th1 cells.

In summary, Th1 myelin-reactive T cells secreting IL-2
and IFN-γ induce experimental autoimmune demyelinating
diseases, while disease recovery is associated with the
presence of Th2 myelin-reactive T cells secreting IL-4. Thus,
one potential approach to the treatment of autoimmune dis-
eases such as multiple sclerosis may be to selectively gen-
erate IL-4-secreting autoreactive T cells. The results of the
present experiments suggest that immunization with
autoreactive peptides altered at TCR contact points can
potentially switch T cell function and alter the course of hu-
man autoimmune diseases.

References

(1) Abbas, A. K., M. E. Williams, H. J. Burstein, et al. 1991. “Activa-
tion and functions of CD4+ T-cell subsets.” Immunol. Rev. 123: 5-
22.

(2) Rammensee, H. G., K. Falk, and O. Rotzschke. 1993. “Pep-
tides naturally presented by MHC class I molecules.” Annu. Rev.
Immun. 11: 213-44.

(3) Lorenz, R., and P. Allen. 1988. “Processing and presentation of
self proteins.” Immun. Rev. 106: 23-48.

(4) Rudd, C. E., O. Janssen, Y. Cai, et al. 1994. “Two-step TCRz/
CD3-CD4 and CD28 signaling in T cells:SH2/SH3 domains, pro-
tein-tyrosine and lipid kinases.” Immun. Today. 15: 225-34.

(5) Mosmann, T., and R. Coffman. 1989. “Heterogeneity of cytokine
secretion patterns and functions of helper T cells.” Adv. Immunol.
46: 111-47.

(6) Powrie, F., and R. L. Coffman. 1993. “Cytokine regulation of T-
cell function.” Immun. Today. 14: 270-4.

(7) Mosmann, T. R., and R. L. Coffman. 1989. “Th1 and Th2 cells:
different patterns of lymphokine secretion lead to different func-
tional properties.” Annu. Rev. Immunol. 7: 145-73.

(8) Ben-Nun, A., and I. R. Cohen. 1982. “Experimental autoimmune
encephalomyelitis (EAE) mediated by T cell lines: process of se-
lection of lines and characterization of cells.” J. Immunol. 129: 303-
8.

(9) Miller, A., O. Lider, and H. L. Weiner. 1991. “Antigen-driven by-
stander suppression following oral administration of antigens.” J.
Exp. Med. 174: 791-8.

(10) Sobel, R. A., and V. K. Kuchroo. 1992. “The immunopathology
of acute experimental allergic encephalomyelitis induced with my-
elin proteolipid protein.” J. Immun. 149: 1444-51.

(11) Tuohy, V. K., R. A. Sobel, Z. Lu, et al. 1992. “Myelin proteolipid
protein: minimum sequence requirements for active induction of
autoimmune encephalomyelitis in SWR/J and SJL/J mice.” J.
Neuroimmun. 39: 1-2.

(12) Kuchroo, V.,  M. Prabhu Das, J. A. Brown, et al. 1995. “B7-1
and B7-2 costimulatory molecules differentially activate the Th1/
Th2 developmental pathways: application to autoimmune disease
therapy.” Cell. 80: 707-16.

(13) Evavold, B. D., and P. M. Allen. 1991. “Separation of IL-4 pro-
duction from Th cell proliferation by an altered T cell receptor ligand.”
Science. 252: 1308-10.

(14) Evavold, B. D., J. Sloan-Lancaster, and P. M. Allen. 1993. “Tick-
ling the TCR: selective T cell functions stimulated by altered pep-
tide ligands.” Immun. Today. 14: 602-9.

(15) Sloan-Lancaster, J., B. D. Evavold, and P. M. Allen. 1993. “In-
duction of T-cell anergy by altered T-cell-receptor ligand on live
antigen-presenting cells.” Nature. 363: 156-9.



(16) Alexander, J., K. Snoke, J. Ruppert, et al. 1993. “Functional
consequences of engagement of the T cell receptor by low affinity
ligands. J. Immun. 150: 1-7.

(17) De Magistris, M. T., J. Alexander, M. Coggeshall, et al. 1992.
“Antigen analog-major histocompatibility complexes act as antago-
nists of the T cell receptor.” Cell. 66:625-34.

(18) Sloan-Lancaster, J., B. D. Evavold, and P. M. Allen. 1993. “In-
duction of T-cell anergy by altered T-cell-receptor ligand on live
antigen-presenting cells.” Nature. 363: 156-9.

(19) Franco, A., S. Southwood, T. Arrhenius, et al. 1994. “T cell
receptor antagonist peptides are highly effective inhibitors of ex-
perimental autoimmune encephalomyelitis.” European J. Immun.
24: 940-6.

(20) Kuchroo, V. K., J. M. Greer, D. Kaul, et al. 1994. “A single T
cell receptor antagonist peptide prevents experimental autoimmune
encephalomyelitis mediated by a diverse T cell repertoire. J. Immun.
153: 3326-36.

(21) Kuchroo, V. K., R. A. Sobel, J. C. Laning, et al. 1992. “Experi-
mental allergic encephalomyelitis mediated by cloned T cell spe-
cific for a synthetic peptide of myelin proteolipid protein.” J. Immun.
148: 3776-82.

(22) Mosmann, T. R., and T. A. Fong. 1989. “Specific assays for
cytokine production by T cells.” J. Immunol. Methods. 116:151-8.

(23) Fujinami, R. S., and M. B. A. Oldstone. 1985. “Amino acid
homology between the encephalitogenic site of myelin basic pro-
tein and virus: mechanism for autoimmunity.” Science. 230: 1043.

(24) Matzinger, P. 1994. “Memories are made of this?” Nature. 369:
605-6.

(25) Franco, A., S. Southwood, T. Arrhenius, et al. 1994. “T cell
receptor antagonist peptides are highly effective inhibitors of
experimetnal allergic encephalomyelitis.” Eur. J. Immunol. 24: 940-
6.

(26) Kuchroo, V. K. Personal communication.

Journal of Undergraduate Sciences Mol. & Cell. Biology69




