.

D. Laskin, J. Biol. Chem. 267, 21277 (1992).

6. G. Karupiah, T. N. Fredrickson, K. L. Holmes, L. H.
Khairallah, R. M. L. Buller, J. Virol. 67, 4214 (1993);
G. Karupiah, R. V. Blanden, |. A. Ramshaw, J. Exp.
Med. 172, 1495 (1990); J. Ruby and |. Ramshaw,
Lymphokine Cytokine Res. 10, 353 (1991).

7. E. Paez and M. Esteban, Virology 134, 12 (1984);
E. Beattie, J. Taraglia, E. Paoletti, ibid. 183, 419
(1991); H.-W. Chang, J. C. Watson, B. L. Jacobs,
Proc. Natl. Acad. Sci. U.S.A. 89, 4825 (1992); M.
V. Davies, O. Elroy-Stein, R. Jagus, B. Moss, R. J.
Kaufman, J. Virol. 66, 1943 (1992); M. V. Davies,
H.-W. Chang, B. L. Jacobs, R. J. Kaufman, ibid.
67, 1688 (1993).

8. A.H.Ding, C. F. Nathan, D. J. Stuehr, J. Immunol.
141, 2407 (1988); J.-C. Drapier, J. Wietzerbin, J.
B. Hibbs, Jr., Eur. J. Immunol. 18, 1587 (1988).

9. J. B. Hibbs, Jr., R. Taintor, Z. Vavrin, Science 235,
473 (1987). :

10. G. Karupiah and J. MacMicking, unpublished

" results.

11. Q.-w. Xie and C. Nathan, in preparation.

12. Q.-w. Xie et al., Science 256, 225 (1992).

13. L. J. Ignarro et al., J. Pharmacol. Exp. Ther. 218,
739 (1981).

14, P. Wildy, P. G. H. Gell, J. Rhodes, A. Newton,
Infect. Immun. 37, 40 (1982); K. K. Sethi, Immu-
nobiology 165, 459 (1983).

15. R. M. L. Buller and G. J. Palumbo, Microbiol. Rev.
55,80 (1991).

16. G. Karupiah, unpublished results.

17. J. S. Stamler, D. J. Singel, J. Loscalzo, Science
258, 1898 (1992).

18. M. Lepoivre et al., J. Biol. Chem. 265, 14143
(1990); N. S. Kwon, D. J. Stuehr, C. F.-Nathan, J.
Exp. Med. 174, 761 (1991).

19. D. A. Wink et al., Science 254, 1001 (1991); T.
Nguyen et al., Proc. Natl. Acad. Sci. U.S.A. 89,
3030 (1992).

20. H. Lander, P. Sehajpal, D. M. Levine, A. Novo-
grodsky, J. Immunol. 150, 1509 (1993).

21. R. J. Pomerantz, M. B. Feinberg, D. Trono, D.
Baltimore, J. Exp. Med. 172, 253 (1990); N: Israél,
M.-A. Gougerot-Pocidalo, F. Aillet, J.-L. Virelizier,
J. Immunol. 149, 3386 (1992).

22. K. D. Croen, J. Clin. Invest. 91, 2446 (1993).

23. Primary macrophages were lavaged from the

peritoneal cavities of C57BL/6NCR mice 6 days
after the intraperitoneal injection of 0.1 ml of
sterile mineral oil, washed three times in Hanks'
balanced salt solution (BioWhittaker Inc., Walk-
ersville, MD), plated at 1 x 105 cells per well in
complete medium [RPMI 1640 (Gibco BRL) sup-
plemented with 2 mM L-glutamine, penicillin (100
U/ml), streptomycin (100 pg/ml), nonessential
amino acids, 500 pM B-mercaptoethanol, and
10% fetal bovine serum (Hyclone Labs)], and
allowed to adhere. Complete medium contained
endotoxin (20 pg/ml) as determined by a chro-
mogenic limulus amebocyte lysate assay (Bio-
Whittaker). Nonadherent cells (~50% of the to-
tal) were washed off before infection. RAW 264.7
cells, L929 cells, and 293 cells (all from Ameri-
can Type Culture Collection) were plated at 2.5
x 105 cells per well in complete medium 24
hours before use. Some cultures were treated
with pure recombinant mouse IFN-y (25 U/ml)
(for macrophages, RAW 264.7, and L929 cells)
or human IFN-y (for 293 cells) (Genentech) for
18 hours before and throughout infection. Virus
was added at one plaque-forming unit (PFU) per
cell and allowed to adsorb for 1 hour at 37°C
before monolayers were washed three times with
- phosphate-buffered saline- and repleted with 1
ml of complete medium. After 24 hours at 37°C,
cells were scraped into culture supernatant,
lysed by three cycles of freeze-thaw and soni-
cation, and serially diluted 10-fold. Aliquots (0.5
ml) were adsorbed to BS-C-1 cell monolayers for
1 hour at 37°C and overlaid with Eagle's mini-
mum essential medium with 10% fetal bovine
serum and 0.9% (w/v) methylcellulose (Sigma
Chemical). Viral plaques were counted on
stained monolayers as described (6).

24. We thank J. Manning and M. A. Pospischil for
amino acid analysis of culture media, L. Ignarro
for SNAP, S. Shah and M. McCoss for NIO, G.
Chaudhri for RAW 264.7 cells, M. Challberg for
HSV-1, and Genentech, Inc., for IFN-y. Supported
by NIH grant CA43610 (to C.N.) and by the
National Institute of Allergy and Infectious Dis-
eases (to R.M.L.B., C.D., and G.K.).

23 March 1993; accepted 1 July 1993

Helper T Cells Without CD4: Control of
Leishmaniasis in CD4-Deficient Mice

Richard M. Locksley,* Steven L. Reiner, Farah Hatam,
Dan R. Littman, Nigel Killeen

Expression of either the CD4 or CD8 glycoproteins discriminates two functionally distinct
lineages of T lymphocytes. A null mutation in the gene encoding CD4 impairs the devel-
opment of the helper cell lineage that is normally defined by CD4 expression. Infection of
CD4-null mice with Leishmania has revealed a population of functional helper T cells that
develops despite the absence of CD4. These CD8~ ofT cell receptor* T cells are major
histocompatibility complex class ll-restricted and produce interferon-y when challenged
with parasite antigens. These results indicate that T lymphocyte lineage commitment and
peripheral function need not depend on the function of CDA4.

The critical role of T cells in the control of
murine Leishmania major infection is under-
scored by the failure of the immune system
of T cell-deficient nude or severe combined
immunodeficient (SCID) mice to control
fatal dissemination of the parasite (I1). Sus-
tained depletion of CD4* cells by mono-
clonal antibodies (mAbs) results in an in-
ability to control disease (2), although tran-
sient depletion at the time of infection

1448

allows the outgrowth of protective type 1
helper T cells (Tl cells) in otherwise
susceptible BALB/c mice (3). This require-
ment for CD4* cells may be related to the
localization of the organism in a late endo-
somal compartment in macrophages into
which major histocompatibility complex
(MHC) class II molecules co-localize (4).
Mice with a targeted disruption of the CD4
gene have impaired development of the
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CD4 lineage and decreased helper T cell
activity (5, 6). We examined the capacity
of such mice to control an L. major infec-
tion in order to investigate the require-
ments for CD4* T cells in the control of
this intramacrophage parasite.

Mice homozygous (—/—) and heterozy-
gous (+/—) for the CD4 gene disruption on
the (C57BL/6 x 129) F, (H-2%) back-
ground were generated and screened (6).
The parental and hybrid wild-type mice on
this genetic background are resistant to
infection with L. mgjor and develop a small
lesion at the site of inoculation that heals in
6 weeks. After receiving an inoculation of
stationary-phase promastigotes in the hind
footpads, both heterozygote and homozy-
gote mice developed local swelling that
peaked during the-third to fourth week of
infection and resolved thereafter (Fig. 1).
Only 1 of 29 CD4™/~ mice showed any
delay in this pattern of resolution; that
mouse had a footpad lesion of 5.1 mm after
9 weeks but was otherwise well. We cul-
tured serial dilutions of footpad and splenic
tissues to confirm that parasite replication
had been controlled. Eleven infected
CD4~/~ mice had no recoverable promas-
tigotes; only the animal with a persistent
footpad lesion had recoverable parasites
(from the footpad cultures only).

Resolution of L. major infection can be
abrogated if the neutralizing antibody to
interferon-y (IFN-y) is administered at the
time of infection (7). When we adminis-
tered intraperitoneally a single dose of neu-
tralizing mAb to IFN-y at the same time we
inoculated mice with the parasite, healing
was blocked in both control and CD4~/~
mice. The lesions progressed (Fig. 1) and
organisms were recovered from both foot-
pads and spleen in all treated animals.

We assayed mice for delayed type hyper-
sensitivity (DTH), a reaction attributed to
CD4* Tyl cells in normal mice (8), by
injecting L. major antigens into one footpad
8 weeks after infection, by which time the
local lesion had completely resolved. Saline
was injected into the other footpad. At 48
hours, infected but not ‘uninfected mice
developed swelling typical for DTH only in
the antigen-injected footpad- (footpad
thickness measured with a metric caliper
was 2.18 = 0.22 and 2.06 + 0.18 mm for
saline and 3.48 + 0.24 and 3.28 = 0.21 for
50 pg of L. major antigen in CD4~/~ and
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Flg. 1. Resolution of L. major infection in CD4-
deficient mice. Groups of six mice with the
designated +/— or —/— genotypes for CD4
were inoculated with 2 x 10° stationary-phase
promastigotes in the rear footpads, and the
course of disease was monitored by measuring
footpad thickness with a metric caliper. Two
groups received a single dose of 1 mg of mAb
XMG1.2 (anti-IFN-y) on the day of infection.
Results represent one of four comparable ex-
periments. (O, CD4+/~; B, CD4~/—; A, CD4*/~
and anti—IFN-y; @, CD4~/~ and anti—IFN-y.)

CD4*/~ animals, respectively, mean =
SEM, n = 5). ’

The phenotypes of the lymphoid popu-
lations in the spleen of uninfected and
infected CD4*/~ and CD4~/~ mice were
examined by flow cytofluorometric analysis
(Table 1). Compared with .uninfected
mice, infected CD4*/~ mice had increased
CD4/CD8 ratios and more B cells. Similar
findings have been reported for other mouse
strains (9). In the CD4~/~ mice, splenic T
cells were predominantly CD8*, afT cell
receptor (TCR)™, but there was also a
significant population of CD4~CD8~ (dou-
ble negative, DN), TCRap™ cells. Infec-
tion of these mice significantly increased
this DN population and increased the ratio
of DN to CD8" cells. The numbers of y8 T
cells, natural killer (NK) cells, and B cells
in the spleen were comparable in both
groups of mice. i

Lymphocytes purified from recovered
mice were incubated in vitro with parasite
antigens or concanavalin A (Con A) and
assayed for the production of IFN-vy after 48
hours (Fig. 2). Cells from CD4~/~ and
CD4*/~ mice made comparable amounts of
IFN-y in an. antigen-specific manner,
whereas cells from uninfected animals gen-
erated no IFN-y in response to parasite
antigens. To address the potential role of
CD8* T cells in controlling disease, we
infected groups of CD4~/~ animals with L.
major and gave them weekly doses of mAbs
to CD8 or CD4. In each case, the antibody
did not affect the ability of the immune
systems of these mice to control the infec-
tion. When cells from animals treated with
the mAbs to CD8 or CD4 were stimulated
in vitro with L. major antigens or Con A,
the capacity of the cells to generate IFN-y

Fig. 2. Production of IFN-y by lymphocytes from infected 60-
mice. Lymphocytes were collected and purified from the ]
popliteal lymph nodes of mice that had been infected with L.
major 5 weeks earlier. Cells (108 per milliliter) were incubated
in triplicate in a final volume of 200 ul in either media, the
mitogen Con A (5 pg/ml), or a lysate of L. major antigens (10
wg/ml) (first four grouped bars) or viable L. major promasti-
gotes (5 x 10° per milliliter) (two pairs of bars at the far right). =
Supernatants were collected after 48 hours and analyzed for 1
IFN-y by ELISA. +/—, CD4*/~ heterozygote; —/—, CD4~/~ o=l - =
homozygote; LY 2.2, infected mice treated twice weekly with
mAb to CD8 throughout infection; GK1.5, infected mice treat-

REPORTS
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ed twice weekly with mAb to CD4 throughout infection;

TIB120, in vitro cultures supplemented with mAb M5/114.15.2 to |I-AP (25 wg/ml); and MK-D8, in vitro
cultures supplemented with mAb to I-E9 (25 pg/ml). Fluorescence analysis confirmed that CD4+
cells were absent in all CD4~/~ animals and that anti-CD8 therapy reduced the numbers of CD8*

was not significantly different from that in

untreated animals (Fig. 2). The production
of IFN-y was comparable if viable promas-
tigotes were used instead of parasite lysates,
and the production was abrogated in the
presence of mAbs to MHC class II I-AP but
not in the presence of mAbs to MHC class
IT of other specificities or an isotype control
mAb (Fig. 2). Cells from uninfected mice
generated no IFN-y in vitro in response to
parasite antigens.

The DN, TCRaB* population was pu-
rified from infected CD4~/~ mice with se-
quential magnetic bead selection and ana-
lyzed for IFN-y mRNA transcripts by po-
lymerase chain reaction (PCR) that was
quantitated with a competitor construct
(Fig. 3). Cytokine transcripts could be
readily identified in the DN population and
were comparable in amounts to the IFN-y
transcripts in the CD4* population purified
from'infected CD4*/~ animals. The gener-
ation of IFN-y, as measured by enzyme-
linked immunosorbent assay (ELISA) after

“cells from 11.8 2.9 to 2.1 + 0.4% (mean * SEM) of total cells.

incubation of the cells with parasite anti-
gens for 48 hours, was also comparable in
these purified populations (10).

The abrogation of IFN-y production by
mAbs to MHC class II indicated that the
DN cells from CD4~/~ mice could recog-
nize antigens in association with MHC class
II, a characteristic of normal CD4* T cells.
To better define the MHC restriction of the
DN cells, we generated CD4~/~ mice that
were also deficient in expression of either B,
microglobulin (B,M) [and MHC class I
(11)] or MHC class II (12). In CD4~/—,
B,M ™/~ mice, the predominant population
of T cells in the periphery was CD8~CD4 ™,
TCRaf* (Fig. 4A), similar to the popula-
tion of DN cells in the CD4~/~ mice.
These mice readily controlled Leishmania
infection (Fig. 4B) and contained antigen-
specific MHC class II-restricted DN T cells
(10). In contrast, mice lacking MHC class
II were unable to control Leishmania (Fig.
4B), and this was not obviously exacerbated
by the absence of CD4. This susceptibility

Table 1. Lymphocyte populations in mice infected with L. major. Spleen cells were collected from
groups of five uninfected mice or five mice infected with L. major in the hind footpads 6 weeks
previously, teased into single-cell suspensions, and incubated with mAbs to the designated
phenotypes: CD4, GK1.5 conjugated to fluorescein isothiocyanate (FITC) (Becton Dickinson); CD8,
YTS 169.4 conjugated to phycoerythrin (PE) (CalTag); TCRaf, H57-597 conjugated to FITC
(Pharmingen); TCRy3, GL3 conjugated with PE (CalTag); and NK cells, PK136 (anti-NK 1.1)
conjugated to PE. To identify DN, TCRaf T cells, we incubated cells with markers for CD4, CD8, NK
1.1, B220, and TCRy3 (all conjugated to PE) and then incubated them with anti-TCRap conjugated
to FITC (to allow gating on FITC-positive, PE-negative cells). Cells were analyzed on a Becton
Dickinson FACScan with forward- and side-scatter analysis using LySys |l software. Data represent
mean percentage = SEM of cells expressing the designated marker after scoring at least 5000
events. Results are from one of two independent experimental groups examined.

Cells expressing the marker (%)

Phenotype Uninfected mice Infected mice
CD4~/- CD4+/- CD4-/~ CD4+/~
CD4 0.1 £ 0.01 21.0+0.6 0.1 £ 0.01 212+13
CD8 28919 15.6 = 0.7 99+19 56 0.7
TCRaf 384 0.9 4563 +24 334+ 34 291 £25
TCRyd 2003 21+03 25+0.2 26+03
DN, TCRag 87 x0.2 2.0 +01 128 +0.9 27+05
B cell 46.6 £ 0.8 443 = 0.1 61.6+24 552+ 4.5
NK 0.7+0.2 62+1.0 21+0.2 36+08
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to disease presumably reflects the absence of
both MHC class Il antigen presentation
and parasite-responsive helper T cells. Se-
rum collected after infection documented
the ability of CD4™/~ and (CD4~/~ X
B,M~'7) F, mice to generate a diverse
antibody response to L. major that was
similar in complexity to that of CD4*/~
mice (Fig. 4C). Taken together, the results
suggest that the DN cells in CD4~/~ mice
do not require MHC class I for their devel-
opment and are likely to depend on MHC
class II.

Although DN, TCRaf* T cells are

present in normal animals and constitute

about 1% of the cells in the spleen, it is
unlikely that this normal population is
comparable to the DN cells mediating anti-
Leishmania defense in CD4~/~ mice. The
DN T cells from normal mice are not
subjected to typical positive and negative
selection in the thymus (13). They may use
arestricted Vg repertoire with few junction-
al N regions (14) or consist of a subset of
splenic T cells that serve as a major source
of interleukin-4 (15). Preliminary analysis
of Vg expression by the CD8~, TCRaB™*
cells in the CD4~/~ mice infected with L.
major confirmed the presence of a diverse
Vg repertoire that did not differ significant-

Fig. 3. Transcripts of IFN-y in CD4*/~ and CD4~/~ lympho- +/- -f-
cytes. We collected lymphocytes from mice after 4 weeks of F o
infection with L. major wit/h anti-CD4—coated biotinylated mag- Q_g’\ 09‘5 090 Q@Z& 69‘3
netic beads in the CD4*/~ mice (+/—, left column) and anti-

TCRap biotinylated magnetic beads in the CD4~/~ mice (—/—, — gt _
right column) after we repeatedly selected and removed cells > & S @"‘ @“' $
that bound to anti-CD8- and anti-B220—coated beads. Tran- Sra O Q3800

scripts for IFN-y were analyzed and compared to transcripts for

the constitutively expressed HPRT mRNA with a competitive

reverse transcriptase-PCR assay (20). By this analysis, the ratio of IFN-y to HPRT transcripts was
about 0.4 (0.008/0.02) in CD4*/~ cells from infected mice as compared with 1 (0.002/0.002) in
CD4-/~, TCRap* cells. Numbers represent the concentration of the competitor in nanograms per
milliliter. Results represent one of three comparable experiments.

Fig. 4. Course of L. major A
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infection in CD4-deficient
mice. (A) Flow cytofluoro-

metric analysis of CD4 and
CD8 expression on T cells
from lymph nodes of mice
of the indicated geno-
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CD4 (53-6.7-FITC and
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CD4-deficient mice. Lysates of L. major were electrophoresed and transferred to nylon membranes.
Protein immunoblots were incubated with sera from mice of the designated genotypes collected 5
weeks after infection. The immunoblot was washed, then further incubated with goat anti-mouse
pan-IgG mAb conjugated to alkaline phosphatase (Promega), and developed with 5-bromo-4-
chloro-3-indolyl phosphate and nitro blue tetrazolium. Lanes represent sera from the following mice:
1,CD4+/~;2,CD4~'~; 3, (CD4~/~ x B,M~/7) F,; 4, MHC class II/~; and 5, (CD4~/~ x MHC class
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ly from the CD4*, TCRaB™ repertoire in
CD4*/~ animals (16). Our finding that the
CD4~, TCRaB™* cells mediate all of the
functions carried out by CD4* cells in
CD4*/~ littermates argues against expan-
sion of a limited repertoire. The failure of
otherwise normal mice to control infection
after sustained depletion of CD4" cells (2)
suggests that the normal DN T cells are
unable to acquire the necessary phenotype
to provide help for Leishmania infection.

The DN, TCRoB* T cells in the
CD4~/~ mice recognized parasite antigens
in association with MHC class II and did
not require MHC class I for their develop-
ment. In other experiments, the CD4 pro-
moter was found to be active in the same
population of cells in uninfected CD4~/~
mice (17). Cumulatively, the data suggest
that the CD4 lineage of T helper cells can
develop without CD4 expression. At pres-
ent, it is not clear what properties allow for
development of these CD4-independent T
cells. It is possible that these cells express
relatively high-affinity TCRs or have more
efficient coupling mechanisms for signal
transduction, allowing for co-receptor—in-
dependent function. Alternatively, the
cells that complete development may ex-
press other molecules that can substitute for
CD4, such as the recently described CD4-
related molecule, LAG-3, which is ex-
pressed on activated human T cells and
binds to MHC class II (18).

The presence of CD4~ T helper cells in
the CD4~/~ mice is consistent with recent
results supporting a stochastic process of T
cell lineage commitment (19). In this mod-
el, distinct signals through CD4 or CD8 are
not required for progression of double pos-
itive thymocytes to single positive progeny.
Instead, stochastic down-regulation of CD8
would be followed by positive selection of
MHC class II-restricted cells. It has not
been ruled out, however, that a molecule
such as LAG-3 (18) could substitute for
CD4 to deliver an instructive signal during
thymic development.
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MHC-Restricted Depletion of Human Myelin Basic
Protein—Reactive T Cells by T Cell Vaccination

Jingwu Zhang,* Robert Medaer, Piet Stinissen, David Hafler,
Jef Raus

Activated autoreactive T cells are potentially pathogenic and regulated by clonotypic
networks. Experimental autoimmune diseases can be treated by inoculation with autore-
active T cells (T cell vaccination). In the present study, patients with multiple sclerosis were
inoculated with irradiated myelin basic protein (MBP)-reactive T cells. T cell responses to
the inoculates were induced to deplete circulating MBP-reactive T cells in the recipients.
Regulatory T cell lines isolated from the recipients inhibited T cells used for vaccination.
The cytotoxicity ofthe CD8* T cell lines was restricted by major histocompatibility antigens.
Thus, clonotypic interactions regulating autoreactive T cells in humans can be induced by

T cell vaccination.

Circulating autoreactive T cells can be
isolated from the blood of normal individ-
uals (1). The activation of autoreactive T
cells may lead to their pathogenicity in the
induction of autoimmune diseases (2, 3).
For example, in multiple sclerosis (MS), a
chronic inflammatory disease of the central
nervous system (CNS) characterized by in-
filtration of T cells and macrophages, an
increased frequency of activated as opposed
to resting MBP-reactive T cells is found in
patients with active disease (4). These au-
toreactive T cells are probably clonally
expanded and accumulate in the MS lesions
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(5). The mechanism by which MBP-au-
toreactive T cells are regulated in the dis-
ease is unknown.

Experimental autoimmune encephalo-
myelitis (EAE), a paralytic disease of the
CNS resembling MS, is an animal model to
investigate the regulation of autoreactive T
cells (6). Small numbers of activated, but
not resting, MBP-reactive T cells can rap-
idly induce the disease on adoptive transfer
into naive animals (7). These pathogenic T
cells can also be isolated from unprimed rats
to mediate lethal EAE (8). The MBP-
reactive T cells are part of the normal T cell
repertoire and may naturally be regulated by
clonotypic networks (9, 10). The regula-
tion is postulated to involve recognition of
T cell receptor (TCR) Vg chains in the
context of major histocompatibility com-
plex (MHC) molecules (10, 11). This con-
cept has led to the paradigm of T cell
vaccination, in which attenuated MBP-
autoreactive T cells are used to up-regulate
clonotypic regulatory networks to prevent
and treat EAE (12).
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We investigated the nature of T cell-
specific clonotypic responses to autologous
MBP-autoreactive T cells in vivo and
whether the responses are effective in de-
pleting circulating MBP-reactive T cells.
These experiments were carried out in pa-
tients with MS because regulation of MBP-
reactive T cells has potential therapeutic
consequences. in the disease.

Six patients with clinically definite MS
participated in this phase 1 trial. Three
patients were diagnosed as having relaps-
ing-remitting MS, and three other patients
had primary and chronic progressive MS.
The MBP-reactive T cell lines were first
generated from subjects and then cloned by
limiting dilution (13). Clinical data of the
patients and the fine specificity of the T cell
clones used as inoculates are shown in
Table 1. In agreement with previous studies
(14, 15), this panel of T cell clones reacted
to at least four different peptides, with a
predominant reactivity pattern to peptide
84-102 and peptide 143-168. Thus, selec-
tion of T cell clones for inoculation was
based on their reactivity to a predominant
peptide, which varied between subjects. For
example, three T cell clones reactive to
peptide 84-102 were selected for subject
GE, since all the clones isolated from this
subject responded exclusively to this pep-
tide: Thus, in each case at least two T cell
clones reactive either to a predominant
MBP peptide or to different epitopes (for
example, the clones from BC) were pooled
as a vaccine. T cell clones were activated
with MBP-pulsed antigen-presenting cells
(APCs) 4 days before injection (16). A
total of three inoculations were given to
each recipient by injection of a pool of two
or three irradiated T cell clones (107 to 1.5
x 107 cells per clone) subcutaneously (16).

T cell responses to the inoculates were
examined and compared with nonspecific
phytohemagglutinin (PHA)-induced autol-
ogous T cell blasts prepared concurrently
(17). All six subjects developed a substan-
tial proliferative response to the inoculates
after the second inoculation. The responses
were accompanied by a marginal reactivity
to PHA-induced T cell blasts (Fig. 1). We
examined the frequency of MBP-reactive T
cells before and after each inoculation of
irradiated MBP-reactive T cell clones (17).
This revealed a progressive decline of cit-
culating MBP-reactive T cells, most nota-
bly after the second inoculation. The de-
crease in the frequency of MBP-reactive T
cells correlated reciprocally with the re-
sponses to the inoculates (Fig. 1). The
frequency fell below the detectable limit of
our assay in five of the six recipients by the
end of the trial. MBP-reactive T cells in
subject HM could still be detected after the
third inoculation, but at a frequency (1.1 X
1077) that was only 20% of the preinocu-
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