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ABSTRACT

Respiratory syncytial virus causes lower respiratory tract infections in
infancy and old age, affecting also immunocompromised patients. The viral
fusion protein is an important vaccine candidate eliciting antibody and cell
mediated immune responses. Cytotoxic CD8" T lymphocytes (CTL) are known
to play a role in both lung pathology and viral clearance. In BALB/c mice the
fusion protein epitope F249-258 is presented to CTL by the murine MHC class |
molecule K% In cells infected with recombinant vaccinia viruses encoding the
fusion protein, F249-258 is presented by MHC class | molecules through
pathways that are independent of the transporters associated with antigen
processing, TAP. We have now found that F249-258 can be generated from
non-infectious virus from an exogenous source. Antigen processing follows a
lysosomal pathway that appears to require autophagy. As a practical
consequence, inactivated virus suffices for in vivo priming of virus-specific CD8"

T lymphocytes.
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INTRODUCTION

Cytotoxic CD8" T lymphocytes (CTL) specifically recognise MHC class |
molecules presenting viral peptides on the surface of infected cells. In general,
presented peptides are produced after cytosolic proteolytic processing by the
proteasome of newly synthesised viral proteins. Cytosolic viral peptides are
then efficiently translocated by the transporter associated with antigen
processing (TAP) to the lumen of the endoplasmic reticulum (ER), from where
the MHC/peptide complexes reach the cell surface following the constitutive
secretory route. Alternative pathways can present antigens independently of
TAP by diverse mechanisms (reviewed in*?). Peptides presented on MHC class
I molecules are usually processed from antigens synthesised within the infected
cell. However, professional antigen presenting cells can process exogenous
antigens and cross-present peptides to CTL.

Respiratory syncytial virus (RSV) is a major cause of lower respiratory
tract infection in infants and young children®, affecting also
immunocompromised patients and the elderly. The fusion (F) glycoprotein of
RSV is a major vaccine candidate as it is an important target for neutralizing
antibodies* and virus-specific CTL>. Studies in the mouse model of human RSV
have shown that CTL play a role both in lung pathology and viral clearance®’. In
previous studies, CTL epitope F249-258 presented by the murine MHC class |
molecule K was identified in the RSV F protein®, and found to be presented
only through TAP-independent pathways® in cells infected with RSV or
recombinant vaccinia virus (r'VACV). We now report on the further

characterisation of TAP-independent presentation of epitope F249-258 from



rVACV and reveal that epitope F249-258 is processed from exogenous
precursors present in the virus inoculum. Exogenous antigen follows a
TAP-independent lysosomal MHC class | antigen presentation pathway that
appears to require autophagy for CTL activation. Interestingly, CD8" T
lymphocytes are also activated by UV-inactivated (UVi) non-infectious rVACV in

Vivo.



RESULTS AND DISCUSSION

TAP-independent presentation of F249-258 follows an exogenous

lysosomal pathway

In a previous study® we found that epitope F249-258 is presented by K¢
independently of TAP in cells infected with RSV or with rVACV expressing
either native F (vwF) or even cytosolic Fsig™ protein (vvFsig) lacking the signal
peptide (Figure 1a). In cells infected with rVACV, TAP-independent presentation
of epitope F249-258 was partially resistant to brefeldin A (BFA), a metabolite
that specifically blocks anterograde transport from the Golgi complex in the
endogenous secretory pathway®. Presentation was also partially resistant to
lactacystin (LC), a proteasome inhibitor’. Such an atypical behaviour of epitope
F249-258 suggested an exogenous processing pathway. To assess the
requirement for infectious virus, rVACV vvF and vvFsig™ infectious particles
were inactivated by UV light. Absence of infectivity was controlled for the UVi
rVACV by titration on CV-1 monolayers that revealed no p.f.u., and absence of
protein expression from UVi rVACV was confirmed by flow cytometry in infected
CV-1 and T2/K® cells (Figure 1b). Virus titration was always used as it is more
sensitive to control inactivation of UVi rVACV, since CV-1 cells infected with vwF
at m.o.i. 0.01 were not stained with F-specific antibody but however p.f.u. were
observed. Of note, the full-length proteins were not detected by cytometry when
UVi viruses adsorbed to cells (Figure 1b).

To detect viral antigen presentation, intracellular cytokine staining (ICS)

assays were performed in which TAP-deficient T2/K® cells served as targets to



activate CTL F/F249-258. This mono-specific CTL line was generated in vitro by
stimulating splenocytes obtained from vvF-infected BALB/c mice with peptide
F249-258. Figure 1c shows CTL were activated by T2/K¢ cells and by dendritic
cells either infected with rVACV (light grey bars) or with the equivalent volume
of the UVi counterparts (dark grey bars). These results suggest that
TAP-independent presentation may be due to an exogenous source of
F249-258 that was not synthesised endogenously in infected cells, but present
in the purified virus inoculum. The equal behaviour of infectious and
non-infectious rVACV suggests the existence of a sole exogenous processing
pathway. In contrast, in cells expressing the native F protein from its natural
context, RSV, we described TAP-independent endogenous presentation of
F249-258°. Detection of CTL activation occurs above a threshold established by
a certain amount of MHC/peptide complexes exposed on the surface of the
infected cell. Thus we cannot rule out the possibility that both endogenous and
exogenous TAP-independent F249-258 presentation pathways coexist in cells
infected with rVACV, but we are currently unable to discriminate among them in
our experimental setting. However, we are certain of addressing exclusively the
exogenous pathway when UVi rVACYV is used.

Dependence on protein synthesis was studied by infecting T2/K? cells
with vwF and vvFsig™ or with their UVi counterparts in the presence of protein
synthesis inhibitor cycloheximide (CH). Conventional presentation of viral
proteins requires their endogenous expression in infected cells, and thus
activation of CTL is completely blocked by CH. In contrast, Figure 1d does not
show a strict protein synthesis requirement for F249-258 presentation to CTL.

This result is compatible with the presence of epitope precursors in the virus



inoculum that, in order to complete antigen processing, may require some
protein synthesis of processing proteases or other cellular factors.

To evaluate if the peptide that represents the final epitope was already
present in the virus inoculum, infection of T2/K® cells with vwF or vwF UVi was
not allowed to proceed beyond viral adsorption (Figure 1e). Limiting
concentrations of the synthetic peptide representing the final epitope were
added in parallel to target cells immediately before fixing, and strong CTL
activation was observed (x in Figure 1e). Absence of CTL activation at time 0
min after virus addition thus allows concluding the final peptide itself was not
present in the purified rVACV inoculum. Indeed, time was required to induce
activation of CTL, probably for the processing of precursors present in the virus
inoculum.

TAP-independent processing followed by loading of exogenous
antigen-derived peptides onto recycling MHC class | molecules has been shown
to occur in endolysosomal acidic compartments'®*2, MHC class Il extracellular
antigen processing by dendritic cells is also affected by macroautophagy®***.
The requirement found for further processing of precursors of epitope F249-258
may in fact point to a lysosomal or autophagy pathway. In general, autophagy
supplies cytoplasmic components to lysosomes for their degradation. However,
the F glycoprotein might reach lysosomes either by autophagy or as a final step
after signal-peptide-mediated protein insertion into the ER. Therefore, to
address different lysosomal processing pathways, including autophagy, cells
were infected with virus expressing cytosolic Fsig™, thus theoretically allowing

antigen access to lysosomal compartments endogenously from the cytosol only

through autophagy (vvFsig’) or exogenously from the inoculum (vvFsig~ and



vFsig~ UVi). ICS assays were performed in the presence of NH4Cl, a
lysosomotropic agent that raises intralysosomal pH; leupeptin (Leup), which
inhibits trypsin-like and cysteine lysosomal proteases®; NH,Cl combined with
Leup, which blocks different forms of autophagy, including chaperone-mediated
autophagy, as well as lysosomal degradation; and 3-methyladenine (3MA)*°,
which blocks both endocytic and endogenous protein degradation through
macroautophagy*’. Figure 1f shows strong inhibitions of CTL activation by all
the inhibitors tested except by Leup. In addition, similar results were obtained
with chloroquine, another lysosomotropic agent (data not shown). In all cases
inhibitions seemed higher for UVi rVACV than for infectious rVACV. Therefore,
the data suggest that precursors of epitope F249-258 followed a lysosomal
pathway to be processed to the final epitope presented to CTL. MHC class |
presentation of an exogenous antigen has been shown to be carried out in
these acidic compartments by the Leup-sensitive lysosomal protease cathepsin
S8, Our results suggest that epitope F249-258 precursors from exogenous
sources follow a proteasome-independent and TAP-independent lysosomal
pathway that does not require Leup-sensitive endolysosomal serine or cysteine
proteases and appears to involve autophagy for epitope presentation to CTL. At
this stage it is unclear how exogenous precursors may reach lysosomes by a
form of autophagy, but a role for the fusion activity of the F protein was unlikely,
as the cytosolic Fsig™ protein was equally presented to CTL by this exogenous,
TAP-independent lysosomal pathway. Alternatively, rather than for processing,
intact lysosomes may be required to allow entry into the cytosol of infectious or
UVi virion cores™ if they carried epitope F249-258 precursors, or to allow entry

of such precursors if they used the same route as the virions. Finally,



exogenous precursors may employ some of the autophagy machinery recruited
to the plasma membrane as described for bacterial infection®.

Lysosomes'® and, more recently, autophagy have been reported to
participate also in endogenous MHC class | presentation of viral epitopes
through a proteasome- and TAP-dependent pathway?* and a TAP- and
proteasome-independent pathway®?. Autophagy also supplies MHC class I
molecules with peptides for presentation of cytosolic antigens®. In particular,
presentation of epitope F249-258 from cells expressing the cytosolic Fsig™
protein is very suggestive of an additional TAP-independent endogenous
processing of this F protein by autophagy. No evidence was found for an
involvement of chaperone-mediated autophagy, as the inhibitory effect of NH4CI
combined with Leup was not higher than that of 3SMA (Figure 1f). However, the
presence of the exogenous pathway, revealed by testing UVi rVACV, precludes
the detailed study of additional endogenous pathways and their contribution to

overall TAP-independent presentation of these proteins.

Cross-priming of CD8" T lymphocytes specific for F249-258 in vivo

To assess in vivo the relevance of the exogenous lysosomal presentation
pathway described in cell culture for epitope F249-258, mice were vaccinated
with infectious vwF and non-infectious UVi vwF. The acute CD8" T lymphocyte
response was studied 5 or 6 days after BALB/c mice immunization by
performing ex vivo ICS assays with cells obtained from the spleen or peritoneal
exudate (PEC). wrF (light grey bars) primed CD8" T lymphocytes specific for

F249-258 at levels previously described®. Non-infectious UVi wF (light grey



bars) activated CD8" T lymphocytes at lower levels, decreasing with respect to
vVF eight to three times in spleen and PEC, respectively (Figure 2a), supporting
the hypothesis of coexisting endogenous and exogenous TAP-independent
F249-258 presentation pathways in cells infected with vvF. Interestingly, when
splenocytes from UVi vwF-immunized mice were cultured, stable CTL lines were
generated, and they not only recognized peptide-pulsed cells (data not shown)
but also cells infected with vvFsig™ (Figure 2b). Therefore, F249-258 specific
CTL are cross-primed in vivo by non-infectious virus, presumably by the
exogenous proteasome-independent TAP-independent lysosomal pathway.
Although we do not know the exact nature of the antigenic precursor source of
epitope F249-258, it must include a portion of the F protein harbouring the
epitope, which is interestingly located near important antigenic sites for
neutralising antibodies®*. Our findings have important implications for RSV
vaccine studies as they open the possibility of priming RSV-specific CTL and

antibodies with a non-infectious agent.
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METHODS

Mice

BALB/c mice (H-2¢ haplotype) (The Jackson Laboratory) were bred in our
colony in accordance to national regulations. Animal studies have been
reviewed and approved by the appropriate institutional review committee. Mice
were infected i.p. with 107 p.f.u. of wF or with an equal volume of UVi wF

containing less than 10 p.f.u. after inactivation.

Recombinant vaccinia viruses (rVACV)

Construction of rVACV vvF containing the F gene of the Long strain of
RSV has been described®. Recombinant vwFsig~ encodes a cytosolic F protein
in which the signal peptide has been deleted®. As a result, the protein is rapidly
degraded and is barely detectable in infected cells. All viruses were based on
the Western Reserve (WR) wild type vaccinia strain. Virus stocks were purified
by ultracentrifugation of crude infected cell lysates through a 36% sucrose
cushion. Inactivation of rVACV was performed by exposing rVACV to 254 nm
UV light for 30-60 min at 4°C. Inactivation of the UVi rVACV was controlled by
viral titration on CV-1 cell monolayers to confirm absence of p.f.u. after 24 h
infection. Lack of protein expression was monitored by flow cytometry staining
with anti-RSV F protein monoclonal antibody (clone 18B2, Argene). Infectious

titer was reduced below detection limit by at least 10°-fold.
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Cell lines and virus infection

T2/K® is a human lymphoblastoid T2 cell line deficient in TAP and
transfected with K%, and was provided by Dr. G. Hammerling (German Cancer
Research Centre, Heidelberg, Germany). Cells were cultured in RPMI 1640
medium supplemented with 10% FBS and 5 x 10> M 2-ME in a 5% CO;
atmosphere at 37°C. CV-1 cells are green monkey kidney fibroblasts and were
grown in DMEM. Bone marrow derived BALB/c dendritic cells were obtained as
described?’.

Infection of cells with rVACV was performed at a m.o.i. of 3-15 as
described®?. Protein synthesis inhibitor CH (Sigma) was used at 50 ug mi™
during infection. NH,CIl was prepared fresh and used at 20 mM. Leup (Sigma)
was used at 100 uM. 3MA (Sigma) was prepared fresh in medium and used at

10 mM.

CTL lines and detection of CD8" T-lymphocyte activation by
intracellular cytokine staining (ICS)

Generation of polyclonal CTL line CTL F/F249-258 has been described?.
Briefly, splenocytes were obtained from vvF-infected or UVi vvF-inoculated
BALB/c mice and CTL lines generated by in vitro stimulation with 10~° M peptide
F249-258 (TYMLTNSELL).

ICS assays to measure CD8" T lymphocyte activation were performed as
described®. Target cells were fixed in 1% paraformaldehyde (Electron
Microscopy Sciences) at 4°C for 10 min and washed twice before being used to
activate CTL by coculture. In ex vivo ICS, splenocytes or PEC were obtained

from BALB/c mice 5 or 6 days post-infection with 10’ p.f.u. wF or UVi vwF,
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stimulated with an excess 10~" M peptide for up to 2 h, and further stimulated
for 3 h in the presence of BFA. Following stimulation during coculture, cells

were stained and events acquired and analysed as described”®.

13



ACKNOWLEDGEMENTS

We thank Dr. G. Hammerling (German Cancer Research Centre,
Heidelberg, Germany) for cell line T2/K®. Recombinant human interleukin 2 was
a gift of the NCI Preclinical Repository. Work in the laboratory is supported by
grants from the Spanish Ministerio de Ciencia e Innovacion and Redes
Teméticas de Investigacion Cooperativa del Instituto de Salud Carlos Ill.
Technical assistance of C. Mir, S. Sanchez and Y. Laé is gratefully
acknowledged, as well as peptide synthesis from Instituto de Salud Carlos IlI

central facility.

AUTHOR CONTRIBUTIONS

CJ performed the experiments, CJ, MR, DL, and MDV conceived and
designed the experiments, CJ and MDV analyzed the data, CJ, JAM and MDV
wrote the manuscript, BGB and JAM provided reagents.

The authors declare that they have no financial conflict of interest.

14



REFERENCES

1 Johnstone C, Del Val M. Traffic of proteins and peptides across
membranes for immunosurveillance by CD8" T Lymphocytes: A

topological challenge. Traffic 2007; 8: 1486-94.

2 Del Val M, Iborra S, Ramos M, Lazaro S. Generation of MHC
class | ligands in the secretory and vesicular pathways. Cell Mol Life Sci

2011; 68: 1543-52.

3 Collins PL, Chanock RM, Murphy BR. Respiratory syncytial virus.
In: Knipe DM, Howley PM (eds.) Fields Virology. Lippincott Williams &

Wilkins, Philadelphia, PA., 2001; 1443-1485.

4 Olmsted RA, Elango N, Prince GA, Murphy BR, Johnson PR,
Moss B et al. Expression of the F glycoprotein of respiratory syncytial
virus by a recombinant vaccinia virus: comparison of the individual
contributions of the F and G glycoproteins to host immunity. Proc Natl

Acad Sci U S A 1986; 83: 7462-6.

5 Pemberton RM, Cannon MJ, Openshaw PJM, Ball LA, Wertz GW,
Askonas BA. Cytotoxic T cell specificity for respiratory syncytial virus
proteins: fusion protein is an important target antigen. J Gen Virol 1987;

68: 2177-82.

15



6 Cannon MJ, Openshaw PJ, Askonas BA. Cytotoxic T cells clear
virus but augment lung pathology in mice infected with respiratory

syncytial virus. J Exp Med 1988; 168: 1163-8.

7 Graham BS, Bunton LA, Wright PF, Karzon DT. Role of T
lymphocyte subsets in the pathogenesis of primary infection and
rechallenge with respiratory syncytial virus in mice. J Clin Invest 1991;

88: 1026-33.

8 Johnstone C, de Ledn P, Medina F, Melero JA, Garcia-Barreno B,
Del Val M. Shifting immunodominance pattern of two cytotoxic T-
lymphocyte epitopes in the F glycoprotein of the Long strain of

respiratory syncytial virus. J Gen Virol 2004; 85: 3229-38.

9 Johnstone C, Guil S, Garcia-Barreno B, Lopez D, Melero JA, Del
Val M. Relevance of viral context and diversity of antigen processing
routes for respiratory syncytial virus cytotoxic T-lymphocyte epitopes. J

Gen Virol 2008; 89: 2194-203.

10 Grommé M, Uytdehaag FGCM, Janssen H, Calafat J, van
Binnendijk RS, Kenter MJH et al. Recycling MHC class | molecules and
endosomal peptide loading. Proc Natl Acad Sci USA 1999; 96: 10326-

31.

11  Schirmbeck R, Reimann J. Alternative processing of endogenous
or exogenous antigens extends the immunogenic, H-2 class I-restricted

peptide repertoire. Mol Immunol 2002; 39: 249-59.

16



12 Neumeister C, Nanan R, Cornu TI, Luder CGK, ter Meulen V,
Naim H et al. Measles virus and canine distemper virus target proteins
into a TAP-independent MHC class I-restricted antigen-processing

pathway. J Gen Virol 2001; 82: 441-7.

13 Blanchet FP, Moris A, Nikolic DS, Lehmann M, Cardinaud S,
Stalder R et al. Human immunodeficiency virus-1 inhibition of
immunoamphisomes in dendritic cells impairs early innate and adaptive

immune responses. Immunity 2010; 32: 654-69.

14 Lee HK, Mattei LM, Steinberg BE, Alberts P, Lee YH, Chervonsky
A et al. In vivo requirement for Atg5 in antigen presentation by dendritic

cells. Immunity 2010; 32: 227-39.

15 Umezawa H. Structures and activities of protease inhibitors of

microbial origin. Methods Enzymol 1976; 45: 678-95.

16  Seglen PO, Gordon PB. 3-Methyladenine: specific inhibitor of
autophagic/lysosomal protein degradation in isolated rat hepatocytes.

Proc Natl Acad Sci U S A 1982; 79: 1889-92.

17 Hendil KB, Lauridsen AM, Seglen PO. Both endocytic and
endogenous protein degradation in fibroblasts is stimulated by
serum/amino acid deprivation and inhibited by 3-methyladenine.

Biochem J 1990; 272: 577-81.

18  Shen L, Sigal LJ, Boes M, Rock KL. Important role of cathepsin S
in generating peptides for TAP-independent MHC class |

crosspresentation in vivo. Immunity 2004; 21: 155-65.

17



19 Laliberte JP, Weisberg AS, Moss B. The membrane fusion step of
vaccinia virus entry is cooperatively mediated by multiple viral proteins

and host cell components. PLoS Pathog 2011; 7: e1002446.

20  Travassos LH, Carneiro LA, Ramjeet M, Hussey S, Kim YG,
Magalhaes JG et al. Nod1 and Nod2 direct autophagy by recruiting
ATG16L1 to the plasma membrane at the site of bacterial entry. Nat

Immunol 2010; 11: 55-62.

21 English L, Chemali M, Duron J, Rondeau C, Laplante A, Gingras D
et al. Autophagy enhances the presentation of endogenous viral antigens
on MHC class | molecules during HSV-1 infection. Nat Immunol 2009;

10: 480-7.

22  Tey SK, Khanna R. Autophagy mediates transporter associated
with antigen processing-independent presentation of viral epitopes

through MHC class | pathway. Blood 2012.

23  Schmid D, Munz C. Innate and adaptive immunity through

autophagy. Immunity 2007; 27: 11-21.

24  Lopez JA, Bustos R, Orvell C, Berois M, Arbiza J, Garcia-Barreno
B et al. Antigenic structure of human respiratory syncytial virus fusion

glycoprotein. J Virol 1998; 72: 6922-8.

25 Bembridge GP, Lopez JA, Cook R, Melero JA, Taylor G.
Recombinant vaccinia virus coexpressing the F protein of respiratory
syncytial virus (RSV) and interleukin-4 (IL-4) does not inhibit the

development of RSV-specific memory cytotoxic T lymphocytes, whereas

18



priming is diminished in the presence of high levels of IL-2 or gamma

interferon. J Virol 1998; 72: 4080-7.

26 Bembridge GP, Lépez JA, Bustos R, Melero JA, Cook R, Mason H
et al. Priming with a secreted form of the fusion protein of respiratory
syncytial virus (RSV) promotes interleukin-4 (IL-4) and IL-5 production
but not pulmonary eosinophilia following RSV challenge. J Virol 1999;

73: 10086-94.

27  Sathe P, Pooley J, Vremec D, Mintern J, Jin JO, Wu L et al. The
acquisition of antigen cross-presentation function by newly formed

dendritic cells. J Immunol 2011; 186: 5184-92.

28 Eisenlohr LC, Yewdell JW, Bennink JR. Flanking sequences
influence the presentation of an endogenously synthesized peptide to

cytotoxic T lymphocytes. J Exp Med 1992; 175: 481-7.

19



FIGURE LEGENDS

FIGURE 1. Proteasome-independent and TAP-independent
presentation of epitope F249-258 follows a lysosomal exogenous
pathway. (a) rVACV encoding different forms of RSV F glycoprotein used in
this study were based in the Western Reserve (WR) wild-type vaccinia strain.
Virus vwF encodes the wild type F protein of RSV. Hydrophobic regions are
signal peptide (sp), fusion peptide (fp), and transmembrane region (tm).
Processing by furin-like proteases in the ectodomain (arrows) yields the F1 and
F2 chains. Virus vvFsig™ encodes a cytosolic form of the F protein lacking the
signal peptide. The CTL epitope (A) presented by K® assessed in this study is
F249-258 (TYMLTNSELL). (b) CV-1 cells were infected for 24 h with the
indicated virus at the indicated m.o.i., p.f.u. counted, and cells stained with anti-
RSV-F antibody. For UVi an estimated m.o.i. < 10" was calculated. T2/K¢ cells
were infected for 5 h with indicated rVACV (m.o.i. 5) or with their UVi
counterparts (m.o.i. < 10_5). Background staining by cells infected with WR is
shown in grey. (c-f) T2/KY cells were infected with rVACV at a m.o.i. of 3-15
(light grey bars) or with the same volume of UVi non-infectious virus, equivalent
to a m.o.i. <107 (dark grey bars). ICS assays were performed by stimulating
CTL F/F249-258 monospecific for epitope F249-258 with the indicated fixed
targets in the presence of BFA to intracellularly accumulate IFNy produced upon
CTL activation. Represented data are the percentages of total CD8"
lymphocytes that expressed IFNy or the percentage of inhibition of CTL
activation. When the mean is represented the standard deviation is shown by

error bars. Lack of side effects by inhibitors was controlled by measuring CTL
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activation by limiting concentrations of exogenous peptide in the presence of
inhibitors, as well as their effect on rVACV protein expression. (c) DC, dendritic
cells, Data are the mean of at least five independent experiments. (d) Cells
were infected with the indicated virus in presence of protein synthesis inhibitor
CH. Data in the left panel are the mean of one to five independent experiments.
A representative experiment is shown in the right panel. (e) Cells were
incubated with vvF, UVi vwF or parental strain WR at 37°C for the indicated
times. As control, CTL activation induced by cells incubated with synthetic
peptide just before fixation and washing is shown (x). Results from a
representative experiment are shown. (f) Cells were infected with vwFsig in the
presence of inhibitors NH,Cl (lysosomotropic agent), Leup (inhibitor of
lysosomal serine and cysteine proteases) or 3MA (autophagy inhibitor).
Percentage activated CTL in the absence of inhibitors ranged from 11 to 38.

Data are from one to two independent experiments.

FIGURE 2. CD8" T lymphocytes specific for epitope F249-258 are
cross-primed in vivo by non-infectious UVi vvF. (a) Ex vivo ICS assays were
performed with splenocytes or peritoneal exudate cells (PEC) obtained from
BALB/c mice 5 or 6 days after immunization with 10’ p.f.u. wF (light grey bars)
or UVi wF (dark grey bars). Percentage of total CD8" lymphocytes that were
stained with anti-IFNy after activation with peptide F249-258 is represented. The
mean of 2 independent experiments with a total of 2 and 5 mice infected with
vWF or UVi v, respectively, is represented and the standard error of the mean
indicated by error bars. (b) Splenocytes obtained from one of the five BALB/c

mice inoculated with UVi vwF were stimulated in vitro to generate a CTL
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F/IF249-258 line. An ICS assay was performed with the obtained CTL line and
T2/K? cells infected with the indicated virus. Percentage of total CD8"
lymphocytes that expressed IFNy is represented. F249-258 peptide-coated cells

activated 60% of the CTL line CD8" T lymphocytes.
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