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ABSTRACT T lymphocytes with specificity for the bacte-
rial heat shock protein (hsp) 60 recognize stressed host cells,
thus possibly promoting pathogenesis of certain infectious and
autoimmune dieases. Here, we show that utoimmune de-
struction of stressed Schwann cells and macrophages by cyto-
toxic T lymphocytes raised against mycobacterial hsp60 can be
inhibited by the use of hsp60-speclfc atsense oligodeoxynu-
cleotides (A-ODNs). The inhibitory effect ofhsp60 A-ODNs was
specific because lysis of murine cytomegalovirus-infected host
cells by virus-specific cytotoxic lymphocytes was not affected.
Immunoblot analysis and immunoprecipitation studies suggest
that different forms of stress increase hsp6O synthesis in
Schwann cells and that this neosynthesis is reduced by hsp60
A-ODNs. These ings (i) provide evidence for participation
of endogenous hsp60 in the recognition of stressed host cells by
mycobacterial hsp60-crossreactive T cells and (is) suggest the
feasibilit of inhibiting autoimmune reactions by target-cell
treatment with specific AODNs.

Heat shock proteins (hsp) are among the most ubiquitous
polypeptides in the biosphere, being equally essential for
numerous biological functions of prokaryotic and eukaryotic
cells (1, 2). hsp are not only functionally highly conserved but
are also structurally conserved, and certain hsp-e.g.,
hsp60-share >50%o sequence homology between the pro-
karyotic and the human cognate (3-5). T cells with specificity
for regions shared by the bacterial and human hsp60 have
been identified, and cytotoxic T lymphocytes (CTL) with
specificity for bacterial hsp60 recognize stressed host cells in
the absence of bacterial hsp peptides (6-10). These findings
suggest that hsp-reactive T cells provide a link between the
antibacterial immune response and the pathogenesis of in-
fectious and autoimmune disease. hsp synthesis is increased
in stressed host cells, and recognition of such conserved
antigens of undistinguishable origin may represent a general
threat in various autoimmune and infectious diseases. For
example, destruction of stressed Schwann cells by CTL
specific for mycobacterial hsp6O indicates that this mecha-
nism contributes to the nerve damage, which is a major
pathologic complication of leprosy (11). In previous studies
we have developed an in vitro model for analyzing CTL-
mediated lysis of stressed macrophages and Schwann cells
(6-11). Using this model, we now employed hsp60 antisense
oligodeoxynucleotides (A-ODNs) (i) to assess the direct
involvement of hsp6O as target antigen of stressed cells for
CTL reactive with mycobacterial hsp6O and (ii) to inhibit
autoimmune target-cell destruction.

(mAb) anti-H-2Db, provided by G. F. Hammerling, Heidel-
berg], 11-13 [mouse IgG mAb anti-hsp60, provided by R.
Gupta, Hamilton, Ontario (12)], and polyclonal rabbit anti-
hsp60'serum (13). To obtain hsp6O, cultures of recombinant
Escherichia coli strain M1103 expressing the Mycobacterium
bovis hsp6O were sonicated and ammonium sulfate-precip-
itated at 20-55% saturation. The precipitate was purified by
anion-exchange chromatography. Purified hsp60 was then
denaturated in urea, dialyzed, and digested overnight with
trypsin (Sigma) (9).

Cell Cultures. Schwann cell cultures were established from
1- to 2-day-old C57BL/6 mice, as described (11). In short,
sciatic nerves were isolated and treated with 0.25% trypsin
(Sigma) and 0.25% collagenase (Boehringer Mannheim) in
phosphate-buffered saline for 45 min at 37C and afterward
with DNase I at 10 Ag/ml (Sigma) for another 45 min at 37(C.
Cells were mechanically dissociated by repeated pipetting
and cultured in Iscove's Dulbecco's modified medium/1%
fetal calf serum/laminin at 2 .g/ml (BRL). Bone marrow
macrophages (BMM) were generated from 6- to 8-week-old
C57BL/6 or BALB/c mice cultured in Teflon film bags
(Heraeus, Hanau, Germany) in a serum-free medium and
used after 9 to 10 days of culture (14). Cloned hsp60-reactive
CTL were propagated in the presence of spleen cells with
cyclic restimulations with tryptic fragments of the mycobac-
terial hsp60 (8). These CTL not only lysed syngeneic target
cells pulsed with the tryptic digest ofmycobacterial hsp60 but
also lysed interferon y (IFN-'y)-stimulated host cells in the
absence of mycobacterial hsp60 (8, 9). Murine cytomegalo-
virus (MCMV)-specific CTL were derived from BALB/c
mice primed with the recombinant vaccinia virus MCMV-
iel-Vac and restimulated with the immediate-early protein
pp89-derived nonapeptide YPHFMPTNL (15, 16).

Induction of hsp6O by Various Stress Stimuli. Established
Schwann cell or BMM cultures were stressed to express
hsp60 by IFN-y stimulation for 36 hr, infection with viable
Mycobacterium leprae (100 bacteria per cell) for 24 hr, or
exposure to 42°C-44°C for 30 min. The viability of cells was
controlled by microscopic inspection and the trypan blue
exclusion test.
Immunoblot Analysis of Stressed Cells. Stressed cells were

lysed in lysis buffer (0.05 juM Tris/1 juM leupeptin/l IAM
pepstatin/100 ,uM leupeptin/0.5% Triton X-100), separated
on SDS/7% PAGE (equivalents of5 x 105 cells per lane), and
transferred to nitrocellulose by semidry blotting. To ensure
usage of equivalent amounts of proteins in each setup, they
were analyzed in parallel in Coomassie-stained gels and in a
bichinonic acid (BCA) protein assay (Pierce). For immuno-
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blot the blotted nitrocellulose was blocked overnight in 3%
skim milk in TBS (Tris-buffered saline, pH 7.5). For devel-
opment we used the mAb II-13 at high dilution (1:50,000).
Signal detection was performed with an ECL detection kit
(Amersham) as described in the manual. Signals were quan-
tified by scanning densitometry (LKB Ultrascan XL, en-
hanced laser densitometer).

[-"S]Methionine Labeling, Immunoprecipitation, and Auto-
radiography of Stressed Schwann Cells. Cells were stressed by
IFN-y stimulation, M. leprae infection, or heat, cultured in
methionine-free medium for 1 hr, and subsequently labeled
with [35S]methionine at 100 ,uCi/ml (1 Ci = 37 GBq) for 2 hr.
After careful washing, an equivalent number of cells (3 x 105)
were lysed in 200 Al of lysis buffer. Lysates were incubated
overnight with 10 ,ug of rabbit anti-hsp60 antiserum at 40C
(13). For precipitation of antigen-antibody complexes, 50 A
of protein A-Sepharose was added for 1 hr and centrifuged (5
min at 13,000 x g). After washing, protein was eluted from
beads by boiling with reducing sample buffer and then
subjected to SDS/10%o PAGE. After drying, the gel was
exposed for autoradiography.

hsp60-Specific A-ODNs. Thiophosphate-modified A-ODNs
and control sense-ODNs (S-ODNs) specific for eukaryotic
hsp60 were synthesized according to the phosphoramidite
method (17). The following sequences were used: A-ODNs,
5'-AGCATTTCTGCGGGG-3'; S-ODNs, 5'-CCCCGCAGA-
AATGCT-3'. Analysis of the homology between the synthe-
sized oligomer and the primate sequences present in the
GenBank data bases (release 73.0) of the Genetics Computer
Group sequence analysis software package revealed that the
synthetic oligomers were fully complementary only to their
own specific mRNA. Efficiency of A-ODN uptake was
measured by incubating cells with 20 ,uM acridine-modified
A-ODNs for 20 and 40 hr, respectively (Appligen, Heidel-
berg). Before analysis on an Epics V cytometer (Coulter),
cells were washed thoroughly to remove extracellular
A-ODNs. For inhibition of hsp60 neosynthesis, 5 ,uM
A-ODNs were added to the culture medium, and cells were
incubated for at least 8 hr before further treatments.
CTL Assays and Target-Cell Treatment. CTL activities

were determined by using a standard protocol. Target cells
(Schwann cells or BMM) were cultured in 96-well flat-bottom
microtiter plates at a density of 104 cells per well. Adherently
growing cells were incubated with A-ODNs or S-ODNs for 8
hr before IFN-y stimulation, infection with M. leprae, or
infection with MCMV. Subsequently, cells were labeled in
microtiter plates with Na51CrO4 at 2.5 uCi/well for 19 hr
(Schwann cells) or 2 hr (BMM). After careful washing,
effector CTL were added at the ratios indicated. For peptide
pulsing, cells were incubated with a tryptic digest ofhsp60 (10
pg per well) directly before the assay. Target cells selectively
express early gene products ofMCMV only when infected in
the presence of phosphonoacetic acid at 250 pg/ml (15, 16).
Data are expressed as follows: percentage of specific 51Cr
release = 100 x (experimental - low control)/(high control
- low control). Symbols represent mean values of at least
three determinations with SD <10%o; experiments were re-
peated twice with comparable results.

RESULTS

Efficient Uptake of hsp6O A-ODNs by Schwann Cells and
BMM and Lack of Influence on Major Histocompatibility
Complex (MIIC) Class I Surface Expression. Phosphorothio-
ate-modified A-ODNs spanning the initiation codon of the
hsp60 (-10 to +5) were used to prevent neosynthesis of the
endogenous hsp60. Phosphorothioate-modified ODNs are

particularly useful due to their increased stability when
compared with unmodified ODNs (18). Efficient uptake of
the hsp60 A-ODNs by Schwann cells and BMM was verified
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FIG. 1. A-ODN uptake and lack of influence on IFN--induced
MHC class I expression. (A) A-ODN uptake by Schwann cells and
BMM. Cells were left untreated (a) or incubated with 20 PM
acridine-modified A-ODNs for 20 hr (b) or 40 hr (c). Before fluores-
cence-activated cell sorter analysis, cells were washed thoroughly to
remove extracellular A-ODNs. Scales on each graph: x axis, 0-256
cells; y axis, 0-256 channels. (B) IFN-y-induced MHC-class I
expression in Schwann cells is not affected by A-ODNs. Schwann
cell cultures were left untreated (a) or incubated with 10 ,PM (b) or
20 jAM (c) A-ODNs. Eight hours later, cells were stimulated with
IFN- y(500 units/ml) for 36 hr. Cells were stained with the anti-H-2Db
mAb followed by secondary F(ab')2 anti-mouse IgG-fluorescein
isothiocyanate-labeled antibody. MHC class I expression was mon-
itored by cell cytometry analysis. Results are expressed as in A.

by cytofluorimetry using an acridine derivative of the
A-ODNs (Fig. 1A). Murine Schwann cells do not constitu-
tively express detectable amounts of MHC class I gene
products on their surface but become MHC class I+ after
IFN-y stimulation (11). This IFN-y-induced expression of
MHC class I molecules was not affected by the A-ODNs as
assessed by cytofluorimetry (Fig. 1B).

Evidence for Increased hsp6O Synthesis in Stressed Host
Cells and Its Inhibition by hsp6O A-ODNs. BMM were
stressed by heat or IFN-y stimulation, and then lysates were
subjected to immunoblot analyses with the hsp60-specific
mAb II-13. Fig. 2 shows a marked increase of hsp6O expres-
sion under the various stress conditions. Densitometric scan-
ning reveals a 15-fold increase of the IFN-y-induced hsp60
signal. Similar results were obtained with stressed Schwann
cells using immunoprecipitation with polyclonal anti-hsp60
antibodies (data not shown). Next, we assessed the inhibitory
effects of A-ODN treatment on hsp60 synthesis under the
aforementioned conditions. Pretreatment with the hsp60
A-ODNs markedly reduced hsp60 expression in Schwann
cells as detected by the hsp60-specific mAb 11-13 in immu-
noblot analysis (Fig. 3). The hsp60 A-ODNs reduced the
IFN-y-induced hsp6O signal by 40%, as revealed by scanning
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FIG. 2. Immunoblot analysis of hsp60 induction in BMM by
different stress stimuli. BMM were either left untreated (lane 1),
stimulated with recombinant IFN-yat 500 units/ml for 36 hr (lane 2),
or exposed to 44TC (lane 3) or42C (lane 4) for 30 min. Six hours after
heat exposure, an equivalent number of BMM were lysed and
analyzed by immunoblot (A). The 60-kDa bands were quantified in
absorbance units/mm2 by densitometric scanning (B). The hsp60
signal (arrowhead) was increased by IFN-y (15 fold), by 44TC (12
fold), or by 420C (11 fold).

densitometry. A similar reduction by hsp60 A-ODNs was
observed by immunoprecipitation (data not shown). The
corresponding S-ODNs used as controls did not affect hsp60
neosynthesis in these stressed cells (data not shown). We
conclude that hsp60-specific A-ODNs interfere with the
neosynthesis of hsp6O in macrophages and Schwann cells.

Evidence That hsp6O A-ODNs Speiafly Interfere with
CTL-Mediated Lysis of Stressed Cells. The effect of A-ODN
treatment on Schwann cell lysis by hsp60-reactive CTL was
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analyzed by using a cloned CD8 CTL line raised against
mycobacterial hsp6O that crossreacts with stressed host cells
(8-10). These CTL effectively lysed IFN--stimulated
Schwann cells in the presence or absence of mycobacterial
hsp60 peptides (Fig. 4A). On the other hand, IFN-y-induced
MHC class I expression was required for presentation of
hsp60 peptides by Schwann cells to these CTL (refs. 9 and 10
and data not shown). Importantly, treatment of Schwann
cells with hsp6O A-ODNs 8 hr before IFN-y stimulation
markedly reduced lysis of stressed cells, and this effect was
reversed by addition of exogenous hsp6O peptides (Fig. 4B).
Thus, only processing and presentation of endogenous hsp60
were prevented by hsp60 A-ODN treatment, whereas induc-
tion ofMHC class I gene products, as well as presentation of
exogenous hsp60 peptides by MHC class I molecules, was
not affected. Simultaneous incubation of Schwann cells with
hsp60 A-ODNs and IFN-y did not interfere with lysis,
indicating that uptake of hsp60 A-ODNs and effective block-
ing of hsp6O transcripts are necessary for the inhibition of
Schwann cell recognition by the hsp60-specific CTL line (Fig.
4A). Similar effects were seen when BMM were used as
target cells (Fig. 5A). In contrast, lysis ofBMM infected with
MCMV by a virus-specific CD8 CTL line was not affected by
hsp60-specific A-ODNs (Fig. 5B) (15, 16). Recognition of
MCMV-infected target cells by these CTL was based on the
functional presentation ofa virus-derived peptide under early
conditions (15, 16). These experiments suggest that (i) hsp60
A-ODN treatment selectively interfered with the destruction
of stressed cells by hsp60-specific CTL and (ii) hsp60 is not
involved in presentation of endogenously derived MCMV
peptides.

DISCUSSION
Our experiments show that hsp60 A-ODNs (i) inhibit hsp6O
expression caused by various stress stimuli including IFN-y
and, as a corollary, (ii) interfere with CTL-mediated specific
destruction ofIFN-y-stressed cells. The hsp60-A-ODN effect
was specific because it did not affect IFN-y-induced MHC
class I surface expression in Schwann cells or recognition of

801 A

60.
Sa'b.40-
j20-D

0.2 1

(o 0.1 |

0 2
1 2 3 4

(N
co

2 3 4

OJ

801 B

60

40

20

90:1 30:1
E:T ratio

90:1 30:1
E:T ratio

FIG. 3. A-ODN treatment inhibits hsp60 neosynthesis in stressed
Schwann cells. Immunoblot analyses of lysates from stressed
Schwann cells in the absence (A) or presence (B) ofA-ODN. A-ODN
treatment was done 8 hr before infection with viable M. leprae (100
bacteria per cell) for 36 hr(lane 1) or before stimulation with 500 units
of IFN-y (lane 3) or 50 units of IFN-y (lane 4). A-ODN treatment of
unstimulated Schwann cells served as control (lane 2). Equal num-
bers ofSchwann cells were lysed and subjected to PAGE. Bands are
quantified by densitometric scanning (C and D). A-ODN treatment
reduced the hsp60 signal in controls by 3%; in cells infected with M.
leprae reduction was by 38% and in cells stimulated with 50 units or
500 units of IFN-'y reduction was 39%o or 20%o, respectively.

FIG. 4. Lysis of stressed Schwann cells by hsp60-specific CTL is
inhibited by A-ODN treatment. Target cells were incubated with
A-ODNs and simultaneously stimulated with IFN-,y(A) or incubated
with A-ODNs 8 hr before initiation of IFN-y stimulation (B).
Schwann cells were treated as follows: o, untreated and unstimu-
lated; A, untreated and IFN-rstimulated; O, S-ODN-treated plus
IFN-tstimulated; A, A-ODN-treated plus IFN--stimulated;*,
A-ODN-treated, IFN-y-stimulated plus hsp60 peptides-pulsed.
Hsp6O-specific CTL were used as effector cells. Symbols represent
mean values of at least three determinations with SD <10%; exper-
iments were repeated twice with comparable results. E:T, effector
cell/target cell.
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FiG. 5. Evidence for the specificity of A-ODN treatment in
target-cell lysis. (A) C57BL/6 BMM were incubated with A-ODN 8
hr before the following treatments: o, untreated; o, IFN-y-
stimulated; e, A-ODN-treated plus IFN-ystimulated; A, A-ODN-
treated, IFN-y-stimulated pulsed with tryptic peptides of hsp60.
hsp60-specific CTL were used as effector cells. (B) BALB/c BMM
were incubated with A-ODN 8 hr before infection with MCMV: c,

untreated; o, infected with MCMV; m, A-ODN-treated; e, A-ODN-
treated plus infected with MCMV. MCMV-specific CTL were used
as effector cells. Symbols represent mean values of at least three
determinations with SD <10%; experiments were repeated twice
with similar results. E:T, effector cell/target cell.

MCMV-infected target cells by specific CD8 CTL. We take
these findings as evidence that the self-epitope recognized by
the CD8 T cells raised against mycobacterial hsp60 is derived
from hsp60 in the target cells. However, the possibility
remains, that self-hsp 60 is selectively involved in processing
of unrelated self-epitopes, but not of MCMV-derived
epitopes. In these experiments we used hsp60-mediated
destruction of stressed Schwann cells as a model for nerve
damage in leprosy. Evidence has been presented that hsp60
and hsp70 represent target antigens for a/f3 and/or 'y/8T cells
in various autoimmune diseases, including adjuvant arthritis
of rats and type I diabetes of non-obese diabetic mice as well
as juvenile arthritis, reactive arthritis, multiple sclerosis, and
systemic lupus erythematosus ofhumans (19-24). Therefore,
our findings suggest a general feasibility of A-ODN applica-
tion toward characterization and down-regulation of hsp-
related autoreactivity. Although A-ODNs have been success-
fully used not only in vitro but also in selected in vivo models
(25-27), we are aware that controlled delivery and uptake of
macromolecules to specific tissues and cells still present
problems. However, substantial progress has been achieved
by using ligand-conjugated liposomes (28) or by exploiting
natural endocytosis pathways-using, e.g., the folate recep-
tor (29).

Earlier attempts to interfere with autoimmune damage by
T cells have accomplished inhibition ofT-cell subpopulations
through phenotype or T-cell receptor isotype and were
independent of the T-cell epitope specificity (30, 31). This
strategy, however, is relatively nonspecific, for it affects not
only T-cell clones responsible for autoimmune damage but
also unrelated T-cell clones that coincidently express the
same phenotype or T-cell receptor but have a different
antigen specificity. Alternatively, inhibition of autoimmune
damage has been attempted by competitively inhibiting in-
teractions between the T-cell receptor and its epitope using
peptide analogs (32). Success of this strategy is complicated
by the HLA polymorphism, necessitating application of
different peptides to prevent target-cell recognition by T cells
in different individuals. In contrast, blocking the neosynthe-
sis of potential autoantigens with specific A-ODNs, as de-

scribed here, excludes T cells of irrelevant epitope specificity
but expressing the same phenotype and T-cell receptor
isotype. At the same time, this strategy interferes with
recognition of the responsible autoantigen independent of the
fine epitope specificity of the T cells involved.

U.S. and U.Z. contributed equally to this work. We thank Drs.
H.-P. Pircher, R. Zinkernagel, R. Gupta, and L. Mertin for critically
reading the manuscript, Drs. G. J. Hammerling, B. Schoel, J. D. A.
van Embden, and R. Gupta for providing us with helpful reagents,
and Dr. J. Clement for the densitometric scanning analyses. This
work received financial support from Sonderforschungsbereich 322,
German Leprosy Relief Association, and United Nations Develop-
ment Program/World Bank/World Health Organization Special Pro-
gram for Research and Training in Tropical Diseases.

1. Lindquist, S. (1986) Annu. Rev. Biochem. 55, 1151-1191.
2. Ellis, J. (1987) Nature (London) 328, 378-379.
3. Young, D. B., Lathigra, R., Hendrix, R. W., Sweetser, D. &

Young, R. A. (1988) Proc. Nat!. Acad. Sci. USA 85, 4267-4270.
4. Kaufmann, S. H. E. (1990) Immunol. Today 11, 129-136.
5. Young, R. A. (1990) Annu. Rev. Immunol. 8, 401-420.
6. Lamb, J. R., Bal, V., Mendez-Samperio, P., Mehlert, A., So, A.,

Rothbard, J., Jindal, S., Young, R. A. & Young, D. B. (1989) Int.
Immunol. 1, 191-196.

7. Munk, M. E., Schoel, B., Modrow, S., Karr, R. W., Young, R. A.
& Kaufmann, S. H. E. (1989) J. Immunol. 143, 2844-2849.

8. Koga, T., Wand-Wdrttenberger, A., DeBruyn, J., Munk, M. E.,
Schoel, B. & Kaufmann, S. H. E. (1989) Science 245, 1112-1115.

9. Steinhoff, U., Schoel, B. & Kaufmann, S. H. E. (1990) Int. Immu-
nol. 2, 279-284.

10. Kaufmann, S. H. E., Schoel, B., Koga, T., Wand-Wflrttenberger,
A., Munk, M. E. & Steinhoff, U. (1991) Immunol. Rev. 121, 67-90.

11. Steinhoff, U. & Kaufmann, S. H. E. (1988) Eur. J. Immunol. 18,
969-972.

12. Singh, B. & Gupta, R. S. (1992) DNA Cell Biol. 11, 489-4%.
13. Wand-Wfrttenberger, A., Schoel, B., Ivanyi, J. & Kaufmann,

S. H. E. (1991) Eur. J. Immunol. 21, 1089-1092.
14. Flesch, I. & Kaufmann, S. H. E. (1987) J. Immunol. 138, 4408-

4413.
15. Volkmer, H., Bertholet, C., Jonjic, S., Witteck, R. & Koszinowski,

U. H. (1987) J. Exp. Med. 166, 668-677.
16. Reddehase, M. J. & Koszinowski, U. H. (1984) Nature (London)

312, 369-371.
17. Iyer, R. P., Phillips, L. R., Egan, W., Regan, J. R. & Beaucage,

S. L. (1990) J. Org. Chem. 55, 4693-4698.
18. Akhtar, S., Kole, R. & Juliano, R. L. (1991) Life Sci. 49,1793-1801.
19. Rajagopalan, S., Zordan, T., Tsokos, G. C. & Datta, S. K. (1990)

Proc. Nat!. Acad. Sci. USA 87, 7020-7024.
20. Selmaj, K., Brosnan, C. F. & Raine, C. S. (1991) Proc. Nat!. Acad.

Sci. USA 88, 6452-6456.
21. van Eden, W., Thole, J. E. R., van der Zee, R., Noordzij, A., van

Embden, J. D. A., Hensen, E. J. & Cohen, I. R. (1988) Nature
(London) 331, 171-173.

22. De Graeff-Meeder, E. R., van der Zee, R., Rijkers, G. T., Schuur-
man, H.-J., Kuis, W., Bijlsma, J. W. J., Zegers, B. J. M. & van
Eden, W. (1991) Lancet 337, 1368-1372.

23. Elias, D., Reshef, T., Birk, 0. S., van der Zee, R., Walker, M. D.
& Cohen, I. R. (1991) Proc. Nat!. Acad. Sci. USA 88, 3088-3091.

24. Hermann, E., Lohse, A. W., van derZee, R., van Eden, W., Mayet,
W. J., Probst, P., Poralla, T., Meyer zum Bischenfelde, H.-K. &
Fleischer, B. (1991) Eur. J. Immunol. 21, 2139-2143.

25. Lisziewicz, J., Sun, D., Klotman, M., Agrawal, S., Zamecnik, P. &
Gallo, R. (1992) Proc. Nat!. Acad. Sci. USA 89, 11209-11213.

26. Lallier, T. & Bronner-Fraser, M. (1993) Science 259, 692-695.
27. Wahlestedt, C., Golanov, E., Yamamoto, S., Yee, F., Ericson, H.,

Yoo, H., Inturrisi, C. E. & Reis, D. J. (1993) Nature (London) 363,
260-263.

28. Renneisen, K., Lesermann, L., Matthes, E., Schroder, H. C. &
Muller, W. E. G. (1990) J. Biol. Chem. 265, 16337-16342.

29. Leamon, C. P. & Low, P. S. (1991) Proc. Nat!. Acad. Sci. USA 88,
5572-5576.

30. Acha-Orbea, H., Michell, D. J., Timmermann, L., Wraith, D. C.,
Tausch, G. S., Waldor, M. K., Zanvil, S. S., McDevitt, H. 0. &
Steinman, L. (1988) Ce! 54, 263-273.

31. Urban, J. L., Kumar, V., Kono, D. H., Gomez, C., Horvath, S. J.,
Clayton, J., Ando, D. G., Sercarz, E. E. & Hood, L. (1988) Cell 54,
577-592.

32. Urban, J. L., Horvath, S. J. & Hood, L. (1989) Cel! 59, 257-271.

Proc. Natl. Acad. Sci. USA 91 (1994)

oJ


