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INTRODUCTION

Infection of mice with mouse hepatitis virus (MHV) results in a variety of acute and
chronic infections. Intraperitoneal (i.p.) infection with MHV results in an acute hepatitis,
intracerebral (i.e.) infection induces an acute encephalomyelitis and some survivors show
evidence of chronic demyelination (1,2).

Previous research demonstrated that a variety of immune mediators play a role in
the modulation of MHV infections including macrophages, natural killer cells, B and T
lymphocytes. Passive transfer of monoclonal antibodies (mAb) specific for the structural
proteins of MHV provides protection against the acute phase of the infection (3,4).
Adoptive transfer of MHV-specific CD4+ T cells prevents the initial acute form of the
disease; however similar to the passive transfer of anti-viral mAb no reduction in virus
titer was found in the recipients (5).

Many viral models demonstrate the importance of cytotoxic T cells (elL's) in virus
elimination. Thus far only a few studies implicate a role for cytotoxic T cells during
MHV infection. Sussman et al. (6) have characterised a cell population which not only
protects mice from a MHV-JHM induced lethal disease but also results in clearance of
virus from the CNS of the infected animals. Further, the clearance of virus requires
compatibility between donor and recipient at the MHC class I genes (7). This implicates
a role of viral specific CTL's in the protection against lethal infection. Until now two
groups have described elL's specific for MHV-JHM in BALB/c mice (8,9); although
Stohlman et al. (9) showed the presence of cells directed against the nucleocapsid (N)
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protein, the exact epitope has not been determined yet, nor the presence of cells specific
for other structural proteins of MHV-JHM.

In this study we have generated MHV-A59 specific CfL's in C57B1./6 mice, which
were immunized with the temperature sensitive mutant of MHV-A59, named ts342 (10),
and boosted 10 days later with MHV-A59 wild type. Because of difficulties in genera
ting stable CfL clones we are currently trying to determine the fine specificity of the
CfL's by eluting the naturally processed viral peptides from the MHC class I molecules
of MHV-A59 infected RMA tumor cells and subsequent functional analysis of the HPLC
separated peptides. In this report we mainly focus on the establishment of a reliable
system to separate and isolate peptides from MHC class I molecules.

METHODS

Mice

C57B1./6 mice used in our experiment were 6 - 15 weeks of age and were bred in
the animal facilities of the GOL, Utrecht.

Viruses and Cell lines

MHV-A59, MHV-JHM and the temperature sensitive mutant of MHV-A59, named
ts342 (10), were propagated on Sac- cells in Oulbecco's modified Eagle's medium
(DMEM) supplemented with 5% fetal calf serum (PCS). RMA, RMA-S cells (H-2b

)

(11,12), EL-4 (H-2b
) and CfL were cultured in Iscove's modified Oulbecco medium,

supplemented with 10% FCS, penicillin (50 IU/ml), streptomycine (50 IU/ml) and 2-ME
(2 x lO's M). VSV-specific CfL Clone N32 (kindly provided by Monica Imarai of the
laboratory of S. Nathenson, Albert Einstein College of Medicine, Bronx, NY 10461) was
generated and weekly restimulated as described (13).

Virus Challenge and Immunization

Mice were inoculated intraperitoneally either with 10' PFU ts342 or as controls with
PBS, 10 days later all mice received a lethal dose of 4 x 1()3 PFU MHV-A59 or MHV
JHM. Infected mice were monitored for death up to day 20. For in vitro experiments
mice were immunized with H)" PFU ts342 and boostered 10 days later with 5 x H)" PFU
MHV-A59 wild type.

Generation of MHV Specific Cytotoxic T Lymphocytes

Spleen cells of primed C57B1./6 mice were isolated 3 - 6 weeks after boosting and
stimulated in bulk culture with irradiated (2500 rad) MHV-A59 infected spleen cells
(multiplicity of infection (m.o.i.) of OJ) for 5 days at 37°C in humified air with 5%
CO2,

Cell Mediated Cytotoxicity Assay

Varying numbers of in vitro stimulated spleen cells were added to 3 x 1()3 NaS1Ct04

labelled target cells in 0.2 ml culture medium in 96 well U shaped well plates and were
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incubated for 4 h at 37°C and 5% CO2, After the incubation the supernatant was
collected and the radioactivity determined in a gamma counter. Results are expressed as
percentage specific release dermed as [(experimental release)-(spontaneous release)]/
[Maximal (detergent release)- (spontaneous release)]. Spontaneous release was always
less than 30% of maximal release.

Peptide Isolation

RMA-S cells (1 x 1(f) were washed and incubated for 5 h in 350 ml Iscoves
medium containing 1 pM of VSV-N52-59 peptide. After incubation, cells were washed
twice with PBS and lysed at a concentration of 1 x lOS cells/ml in PBS containing 0.5%
Nonidet-P40 (Sigma) (NP40) and 0.1 mM PMSF. The cell lysate was stirred for 30 min
at 4°C and cleared from nuclei and debri by centrifugation at l00.000g, 30 min at 4°C.
Affinity purification of class I MHC molecules according to Falk et al. and Sette et al.
(14,15) was performed with some modifications. Supernatant was passed through
chromatography columns (bed volume, 2 ml) filled with mAb B8.24.3 (Kb specific) and
mAb 28.14.8S (Db specific) coupled to CnBr activated Sepharose 4B beads (Pharmacia
LKB). The columns were washed with 20 column volumes 0.5% NP40IO.1% SDS/PBS,
2 column volumes of 0.05% NP40/PBS and 2 column volumes of 0.05 M NaHC03/
0.15 M NaCI (pH 8.0), containing 0.5% Sodium Deoxycholic acid (DOC) (Sigma).
Finally the Kb and Db molecules were eluted with 0.05 M diethylaminelO.15 M NaCI
(pH=ll) containing 0.5% DOC. Eluents were swirled in 0.1% trifluoroacetic acid (lFA)
for 30 min, boiled for 3 min and centrifuged 1O.000g, 10 min. Supernatants were passed
over Chromabond C18 columns (Macherey Nagel) and the peptides were eluted with
50% acetonitril/O.l% lFA. Eluents were lyophilized and dissolved in 100 pi aqua-bidest
and tested in a SICr release assay. 50 pi (1:100 dilution) was added to 3 x 103 NaS1OO4

labelled EL-4 cells in 100 pI Iscoves medium plus 10% FCS. Then the VSV-N specific
en.. clone N32 was added to the wells and the plates were incubated at 3rC for 4 h.

RESULTS

Protection of Mice against a Lethal MHV Infection after Immunization with Ts342

After priming C57BL/6 mice intraperitoneally with MHV-A59, mice died of an
acute hepatitis within 7 days (even with a very low dose of 100 PFU). To circumvent
this we tried to prime C57BU6 mice with lif PFU ts342 and tested if the mice were
protected against a lethal challenge of 4 x lQ3 PFU MHV-A59. Figure 1 shows that
preimmunization with ts342 protects mice against a subsequent immunization with a
lethal dose of MHV-A59. In addition, ·immunization with ts342 protects also against a
lethal challenge of 4 x lQ3 PFU MHV-JHM, indicating that there is a protective cross
reactivity between ts342, a mutant of MHV-A59, and MHV-JHM.

MHV Specific CTL Activity

Spleen cells of MHV-A59 primed mice were cultured with syngeneic irradiated
spleen cells infected with MHV-A59. Table 2 shows that after 5 days of culture the
spleen cells specifically lysed RMA targets infected with MHV-A59. After several
restimulations however the MHV-A59 specificity was lost, probably due to the low

409



100

10
g
>
">:; .0..

10

h
h

H

H

-Ir- control
chal. JHIol

~ im. ts342
chal. JHIol

-+- control
chal. A59

- im. ts342
chal. A59

o
o • 12 18 1D

days after challenge

Figure 1. Immunization with ut PFU ts342 protects mice against a challenge with 4 x 10' PFU MHV
A59 or MHV-HiM.

Table 1. MHV-A59 specific cn response of spleen cells of MHV-A59 primed C57BL/6 mice stimulated
in bulk culture with MHV-A59 infected syngeneic spleen cells.

Effector cells Err ratio Target = RMA
% lysis

bulk MHV-spe- 50:1 5%
cific CTL

25:1 4%

12:1 4%

6:1 3%

efficiency of the MHV infection of the stimulator cells, as was shown by FACscan
analysis using mAb directed against the structural proteins S and M (data not shown).

Isolation of Naturally Processed Peptides from the MHC Class I Molecules

In order to circumvent the generation of MHV specific CfL clones and subsequent
ly determining their fine specificity we tried a more direct way to analyse the MHV
epitopes, by eluting peptides from the MHC class I molecules of MHV-A59 infected
RMA cells and testing them in a functional CfL assay. Before we started these
experiments, we investigated the approach first by using a well defmed system We used
a VSV specific CfL clone which recognizes VSV peptide 52-59 in a Kb restricted
manner. We incubated RMA-S cells together with the VSV peptide 52-59 for 5 h and
lysed the cells after extensive washing. The cell lysate was passed through an affmity
chromatography column filled with anti-Db and anti-Kb beads. Spot-blot experiments
showed that we were able to purify MHC class I Kb and Db molecules from the columns
(data not shown). Subsequently peptides were extracted from the different class I
molecules and tested functionally in a CfL assay. Results are shown in table 2. We
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succeeded to isolate peptides from MHC class I molecules since the affinity purified
anti-Kb fraction sensitized EL-4 cells to lysis by VSV-specific Kb restricted CI'L's to the
same extent as the VSV peptide itself. In the same test the affinity purified anti-Db
fraction was not active.

Table 2. Sensitization of EL-4 target cells by VSV N52-59 peptide or material eluted from anti-Kb and
anti·1)b columns for recognition by VSV-specific CTL clone N32.• % lysis at Err ratio 5:1. • EL-4 cells
incubated with a 1:100 dilution of the fraction.

Targets

EI.r4 + VSV peptide NS2-S9 (1 pM)

.EL-4 + affinity. purified a-K' fraction·

EL4 + affinity purified a-D' fraction·

DISCUSSION

Effector cells • clone N32
% lysis·

34%
"',' ...."'~ .~ .. , ". " .. ~ ",;~~,~

" ," " '," '~"', : ~~~~

. , .. ~ .::." ~..' ".. :
.' ".,. .. ..:
.... ... :
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To understand the contribution of CI'L's in the protection against an acute disease
caused by MHV-A59 we have generated MHV-A59 specific CI'L's. Immunization with
ts342 gives the opportunity to prime the mice with MHV-A59. We were however until
now unable to generate stable MHV-A59 specific en. clones, probably because of the
fact that the efficiency of infection of the spleen cells which were used as stimulator
cells is very low. Recently Mobley et al. (17) were also unable to demonstrate CTL
activity against MHV-JMH in spleen cell preparations from immunized C57BL/6 mice,
probably due to C57BL/6 intrinsic factors. To bypass these problems we set out to
characterise the fine specificity of the MHV-A59 specific CTL's by eluting the naturally
processed viral peptides from the class I molecules of MHV-A59 infected RMA cells.
The validity of the approach was investigated using a well defined system: RMA-S cells
were incubated with VSV N52-59, lysed and the different MHC molecules were isolated
by affinity chromatography. We used RMA-S cells because this antigen processing
defective mutant cell line expresses empty MHC class I molecules at the cell surface.
These molecules are normally unstable but by efficiently loading them with exogeneous
peptides can be stabilized. The procedures followed for purification of MHC class I
molecules and subsequent elution of peptides, were shown to be succesful as indicated
by the VSV peptide specific CTL response of clone N32, thus confirming the validity of
the approach. Currently this approach is applied for MHV-A59 infected RMA cells.
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