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Antiviral cytotoxic T lymphocytes (CTL) are specifically induced against viral
antigens presented by MHC class I molecules on the surface of infected cells (1) .
The intracellularly synthesized antigens are processed and associated with class I
antigens within cells in a yet poorly defined way before presentation on the cell sur-
face (2). Induced effector CTL also recognize synthetic peptides bound by MHC
class I molecules from without on the cell surface in absence of an apparent need
for cell internal processing (3, 4) .

Virus-specific CTL have been shown to be crucially involved in recovery from
and in protection against lymphocytic choriomeningitis virus (LCMV) (5) andmany
other virus infections . Induction ofCTLresponse is best achieved in vivo by priming
with replicating virus . Since vaccination with live virus may cause, although rarely,
some disease, means have been sought for many years to induce virus-specific CTL
responses in vivo with nonreplicating synthetic virus antigens .

In the past few years in vivo priming of class I-restricted T cells with free proteins
or peptides was shown for ovalbumin with whole soluble protein (6) or tryptic digests
of the whole protein or relatively large peptides of the relevant T cell epitope ofoval-
bumin (7, 8) . Recently it was shown that short synthetic peptides of influenza virus
nucleoprotein can induce specific responses in vivo to the priming peptide as well
as to the virus; induction was possible with chemically modified peptides linked to
a lipid component but not with free peptides (9) .
We evaluated whether the free unmodified 15-mer peptide (RPQASGVYMGN-

LTAQ) representing a H-2a T cell epitope of LCMV nucleoprotein (10, 11) could
induce in vivo a specific CTL response to LCMV and we report on the successful
demonstration ofsuch a response. Although stringently restricted to the class I MHC
allele for the peptide used, these results demonstrate the feasibility ofusing unmodified
T cell epitope peptides as antiviral vaccines in principal .
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Mice.

	

Inbred BALB/c mice (H-2d) were purchased from the Institut fur Zuchthygiene,
University of Zurich, Switzerland .
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Virus.

	

The LCMVWE strain was originally obtained from Dr. F. Lehmann-Grube, Ham-
burg, FRG, and was grown in L929 fibroblast cells (12) . The vaccinia virus WR strain was
grown in BSC-1 cells . Recombinant vaccinia virus expressing amino acids (aa) 1-202 of the
LCMV nucleoprotein (vaccNP2) was constructed and grown as described (10) .

Synthetic Peptides.

	

Peptides were synthesized manually by the solid-phase method (13, 14)
on p-alkoxybenzyl alcohol resin (15) . Fluorenylmethyloxycarbonyl (Fmoc-) strategy was used
throughout the synthesis (Fmoc-N-a and TU side chain protection) (14) . Peptides were
cleaved from the resin by 55 % trifluoroacetate in dichloromethane, purified by reverse-phase
HPLC, ion-exchanged, and lyophilized. The freeze-dried material was analyzed on an Amino-
quant HP 1046A amino acid analyzer and by (+)FAB mass spectroscopy.

Monoclonal Antibodies .

	

The mAbs YTS 169.4 (anti-CD8) and YTS 191 .1 (anti-CD4) (16)
and low tox rabbit complement (Cedarlane Laboratories, Ontario, Canada) were used to
deplete lymphocyte subpopulations in vitro .

Priming ofMice and Lymphocyte Cultures .

	

BALB/c (H-2d) mice were primed subcutaneously
at the base of the tail with 100 1~g free peptide in IFA three times with 1-wk intervals . 7 d
after the last injection lymphocytes from draining lymphnodes were restimulated in vitro
(3 x 106/well) with irradiated syngeneic spleen cells (6 x 106/well) in 24-well Costar plates
in 10% FCS/Iscove's modified Dulbecco Medium for 6 d . Stimulator cells were sensitized
in vitro with 100-200,ug peptide/ml for 3 h and washed before use . Alternatively, mice were
injected once intravenously with 4 x 10 6 PFU recombinant vaccinia virus (vaccNP2) and
6 wk later lymphocytes from spleens were restimulated in vitro as described .

Cytotoxiciy Assay.

	

In vitro restimulated lymphocytes from lymphnodes or spleens or pri-
mary LCMV immune bulk splenocytes from mice infected intravenously with 200 PFU
LCMVWE 8 d previously were tested on appropriate target cells, B10.D2 (H-2d) and DBA/l
(H-29), as described in detail elsewhere (10) .

Results and Discussion
Major T Cell Epitope in H-2d Mice.

	

The major T cell response in BALB/c (H-2d)
mice is directed against the as 112-132 region of LCMV nucleoprotein ; the peptide
as 118-132 is well recognized by CTL in association with Ld (10, 11) (Fig . 1 A) . The
cytotoxic T cell response of H-2d mice to LCMV resulted in lysis of target cells in-
fected with LCMV or preincubated with peptide as 118-132, but not of target cells
if preincubated with LCMV nucleoprotein peptide as 157-171 (Fig. 1 B) . These
two peptides were used in the following studies as relevant/positive (aa 118-132) and
irrelevant/negative (aa 157-171) peptide antigens .

Induction In Vivo of LCMVand Peptide-specific CTL by a T Cell Epitope Peptide .

	

The
capacity of these peptides to induce a peptide- and virus-specific CTL response in
vivo was evaluated in H-2d mice by subcutaneous injection of unmodified free pep-
tides emulsified in IFA. 7 d after the last injection the lymphocytes from the draining
lymphnodes were isolated and restimulated in vitro with irradiated syngeneic spleen
cells coated with the relevant or irrelevant peptide . Lymphocytes from mice primed
with peptide as 118-132 and restimulated with this peptide in vitro generated a specific
cytotoxic T cell response against LCMVinfected and peptide-coated target cells (Fig.
2 A) . The response was specific since neither peptide as 157-171-coated target cells
nor vaccinia virus WR-infected target cells were recognized by peptide as 118-
132-primed lymphocytes .

Restimulation of this same effector population was specific since peptide as 157-
171-coated stimulator cells failed to induce a significant response (Fig . 2 B) .
When the peptide as 157-171 was used for in vivo priming and peptide as 118-132

for restimulation in vitro, no specific T cell response was generated neither against
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as 118-132

	

RPQASGVYMGNLTAQ
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FIGURE 1 .

	

LCMV Tcell epitope in H-2d mice. (A)
Amino acid sequence of the T cell epitope (peptide
as 118-132) and peptide as 157-171, which was used
as a control peptide in all the studies. (B) Specific
lysis by LCMV immune splenocytes of BIO.D2 (H-
2d) fibroblast cells infected with LCMVWE (/) or
sensitized before the assay with peptide as 118-132
(A) or with peptide as 157-171 (0).

the irrelevant peptide nor the peptide as 118-132 (Fig. 2 C) . This result shows that
the relevant peptide as 118-132 cannot readily induce a virus-specific effector popu-
lation in vitro. Both priming and restimulation with the irrelevant peptide as 157-171
failed to induce a specific CTLresponse to any of the described target cells (Fig . 2 D) .
Acomparable CTL response is triggered in mice by infection with a recombinant

vaccinia virus expressing the relevant subregion as 1-202 of the nucleoprotein of
LCMV (10) . This subunit vaccine expresses all the nucleoprotein sequences neces-
sary for endogenous processing ofthe antigen (17) . Tlymphocytes from mice primed
with vaccNP2 (aa 1-202) express specific cytotoxic activity only when restimulated
in vitro with the relevant peptide as 118-132 (Fig . 2 E) but not with peptide as 157-171
(Fig. 2 F) . The specific effector T cell population induced by peptide as 118-132
in IFA and those induced by recombinant vaccinia virus vaccNP2 and restimulated
in vitro were comparably specific for LCMVinfected target cells and for target cells
coated with peptide as 118-132 (Fig . 2 A, E) .

In Vivo Peptide Primed Cytotoxic Activity Is Mediated by CD8+ andMHCClass I-restricted
T Cells. The following experiments were performed to exclude that free peptides
might induce CD4+ effector lymphocytes and to confirm that effector cells were clas-
sical CD8i CTLs. Effector T cells induced by peptide as 118-132 in vivo (Fig . 2
A) were susceptible to treatment with anti-CD8 plus complement, whereas treat-
ment with anti-CD4 had no effect (Fig. 3 A) .

In vivo peptide-primed cytotoxic T cells of BALE/c (H-2d) origin were tested on
syngeneic (H-2d , B10.D2) and allogeneic (H-2v, DBA/1) target cells infected with
LCMV Both target cells do not express class II MHC antigens . There is a clear
restriction specificity for H-2d target cells (Fig . 3 B); this specificity control is par-
ticularly convincing since the same T cell epitope defined by peptide as 118-132 of
LCMV nucleoprotein is recognized on H-2 Ld (10, 18) and H-2 L9 (Schulz, M.,
P Aichele, R . M. Zinkernagel, and H. Hengartner, manuscript in preparation) .
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FIGURE 2.

	

Peptide- and virus-specific CTL priming in vivo. BALB/c (H-2d) mice were primed
either by 3 x injection s.c. with peptide as 118-132 (A, B) or peptide as 157-171 (C, D), or once
by i .v. injection ofrecombinant vaccinia virus vaccNP2 (aa 1-202) (E, F) . Draining lymph node
cells (A-D) or spleen cells (E, F) were prepared and restimulated in vitro with irradiated spleen
cells, which were incubated before either with peptide as 118-132 (A, C, E) or with peptide as
157-171 (B, D, F) . After 6 d in culture, cytotoxic activity was tested on syngeneic target cells
infected with LCMVWE (/) or vaccinia virus WR (O), or target cells sensitized before with
peptide as 118-132 (A) or peptide as 157-171 (0).

The present results show that unmodified viral peptides mixed with a mild adju-
vant (not containing BCG) are able to induce MHC-dependent, virus-specific cyto-
toxic Tcells in vivo. Together with the recent demonstration that peptides covalently
linked to a lipid component (9) can readily induce aCTL response, the present evi-
dence suggests that cocktails ofviral peptides maybe used as antiviral Tcell vaccines .
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FIGURE 3. Peptide-primed effector cells are
CD8' and MHC class I restricted . CTL of
BALB/c (H-2 d) were primed in vivo and restim-
ulated in vitro with the relevant peptide as
118-132. (A) Effector populations were depleted
ofCD4' (0) or CD8* (O) cells by specific anti-
body plus complement treatment and remaining
specific lysis was tested on LCMVWE infected
target cells. (B) Lysis of B10.D2 (H-2 d) (O) or
DBA/l (H-2q) (/) fibroblasts infected with
LCMVWE by in vivo peptide-primed CTL;
these fibroblast cell lines are MHC class II an-
tigens-negative.



Summary
Induction in vivo of antiviral cytotoxic T cell response was achieved in a MHC

class I-dependent fashion by immunizing mice three times with a free unmodified
15-mer peptide derived from the nucleoprotein oflymphocytic choriomeningitis virus
in IFA . The effector T cells are CD8+ , restricted to the class I Ld allele of the ana-
lyzed mouse strain, and are specific both at the level of secondary restimulation in
vitro and at the effector T cell level . These results suggest that cocktails ofviral pep-
tides may be used as antiviral T cell vaccines .

Received for publication 22January 1990.

AICHELE ET AL.

	

BRIEF DEFINITIVE REPORT

	

181 9

References
1 . Zinkernagel, R . M., and P. C . Doherty. 1974. Restriction of in vitro T cells mediated

cytotoxicity in lymphocytic choriomeningitis within a syngeneic or semiallogeneic system .
Nature (Lond). 248 :701 .

2 . Braciale, T. J ., L . A . Morrison, M. T. Sweetser, J . Sambrook, M. J . Gething, and V. L .
Braciale. 1987 . Antigen presentation pathways to class I and class 11 MHC-restricted
T lymphocytes . Immunol. Rev. 98:95 .

3 . Townsend, A . R . M., J . Rothbard, F. M. Gotch, G. Bahadur, D. Wraith, and A. J .
McMichael . 1986 . The epitopes of influenza nucleoprotein recognized by cytotoxic T
lymphocytes can be defined with short synthetic peptides . Cell. 44:959 .

4 . Hosken, N. A., M. J . Bevan, and F. R . Carbone. 1989 . Class I-restricted presentation
occurs without internalization or processing ofexogenous antigenic peptides.,). Immunol.
142:1079.

5 . Buchmeier, M. J ., R . M . Welsh, E J . Dutko, and M. B. A . Oldstone. 1980 . The virology
and immunobiology oflymphocytic choriomeningitis virus infection . Adv. Immunol. 30:275 .

6 . Staerz, U. D., H . Karasuyama, and A . M. Garner. 1987 . Cytotoxi c T lymphocytes against
a soluble protein . Nature (Loud.) . 329:449 .

7 . Carbone, F. R., and M. J . Bevan . 1989 . Induction ofovalbumin-specific cytotoxic T cells
by in vivo peptide immunization . J. Exp. Med. 169:603 .

8 . Ishioka, G . Y., S. Colon, C . Miles, H . M . Grey, and R. W. Chesnut . 1989 . Induction
of class I MHC-restricted, peptide-specific cytolytic T lymphocytes by peptide priming
in vivo. j Immunol. 143:1094 .

9 . Deres, K., H . Schild, K . H . Wiesmuller, G. Jung, and H. G . Rammensee . 1989 . In vivo
priming ofvirus-specific cytotoxic T lymphocytes with synthetic lipopeptide vaccine. Nature
(Lond.). 342 :561 .

10 . Schulz, M., P Aichele, M. Vollenweider, F W. Bobe, F. Cardinaux, H. Hengartner,
and R . M . Zinkernagel. 1989 . MHC dependent T cell epitopes ofLCMV nucleoprotein
and their protective capacity against viral disease . Eur. J. Immunol. 19:1657 .

11 . Whitton, J . L ., A . Tishon, H . Lewicki, J. Gebhard, T. Cook, M. Salvato, E . Joly, and
M. B . A . Oldstone . 1989 . Molecular analyses of a five-amino-acid cytotoxic T-lymphocyte
(CTL) epitope : an immunodominant region which induces nonreciprocal CTL cross-
reactivity. ,f Virol. 63:4303 .

12 . Lehmann-Grube, F 1971 . Lymphocytic choriomeningitis virus . Virol. Monogr 10 :1 .
13 . Merrifield, R . B . 1963 . Peptide synthesis . I . The synthesis ofa tetrapeptide . J. Am. Chem .

Soc. 85 :2149 .
14 . Stewart, J . M., and J . D. Young . 1982 . Solid Phase Peptide Synthesis . W. H . Freeman

Co., San Francisco .
15 . Wang, S. S . 1973 . p-alkoxybenzyl alcohol resin and p-alkoxybenzyloxy-carbonylhydrazide

resin for solid phase synthesis ofprotected peptide fragments .J. Am. Chem. Soc. 95:1328 .



1820

	

AICHELE ET AL .

	

BRIEF DEFINITIVE REPORT

16 . Cobbold, S . R, A. Jayasuriya, A . Nash, T D. Prospero, and H. Waldmann . 1984. Therapy
with monoclonal antibodies by elimination ofT cell subsets in vivo. Nature (Loud.). 312:548 .

17 . Whitton, J . L ., and M . B . A . Oldstone. 1989 . Class I MHC can present an endogenous
peptide to cytotoxic T lymphocytes . J. Exp. Med. 170:1033 .

18 . Orn, A., R . S. Goodenow, L . Hood, P. R. Brayton, J . G . Woodward, R . C . Harman,
and J . A . Frelinger. 1982 . Produc t of a transferred H-2Ld gene acts as a restriction ele-
ment for LCMVspecific killer T cells . Nature (Lond) . 297:415 .


