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Immune escape from cytotoxic T-lymphocyte (CTL) responses has been shown to occur not only by changes
within the targeted epitope but also by changes in the flanking sequences which interfere with the processing
of the immunogenic peptide. However, the frequency of such an escape mechanism has not been determined.
To investigate whether naturally occurring variations in the flanking sequences of an immunodominant human
immunodeficiency virus type 1 (HIV-1) Gag CTL epitope prevent antigen processing, cells infected with HIV-1
or vaccinia virus constructs encoding different patient-derived Gag sequences were tested for recognition by
HLA-A*0201-restricted, p17-specific CTL. We found that the immunodominant p17 epitope (SL9) and its
variants were efficiently processed from minigene expressing vectors and from six HIV-1 Gag variants expressed by recombinant vaccinia virus constructs. Furthermore, SL9-specific CTL clones derived from multiple
donors efficiently inhibited virus replication when added to HLA-A*0201-bearing cells infected with primary or
laboratory-adapted strains of virus, despite the variability in the SL9 flanking sequences. These data suggest
that escape from this immunodominant CTL response is not frequently accomplished by changes in the epitope
flanking sequences.

Cytotoxic T lymphocytes (CTL) that recognize viral antigen
presented by major histocompatibility complex (MHC) class I
antigens have been shown to control viral replication in vivo in
animal models (16, 21, 30). In human immunodeficiency type 1
(HIV-1) infection, CTL specific for HIV-1-derived, human
lymphocyte antigen (HLA) class I-restricted epitopes are also
believed to be an important part of the host response against
this virus (50). However, despite the persistently high turnover
of this extremely variable virus in the presence of a vigorous
HIV-1-specific CTL response, the development of sequence
variation within targeted epitopes is inconsistent, and thus the
effectiveness of CTL responses in vivo remains questionable (5,
8, 27, 29, 36). There are a few well-documented examples of
HIV-1 escape from CTL recognition in vivo (4, 17, 25, 29, 37),
although this is not a consistent finding (5). In all reported
instances of escape, the viral mutations have been located
within the CTL epitope, which theoretically could have led to
(i) reduced binding of the epitope to the restricting HLA class
I molecule, (ii) nonrecognition by the T-cell receptor (TCR) of
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the CTL, (iii) abrogated processing of the epitope from the
precursor protein, or (iv) antagonism (12, 24, 35).
Another proposed mechanism for escape from CTL immune
surveillance is variation of the amino acids in the sequences
flanking the epitope. Such changes have the potential to prevent antigen presentation on the MHC class I molecule by
abrogating effective processing of the epitope (reviewed in
references 41 and 42). While it has been shown in a murine
cytomegalovirus model that changes in the flanking region of
the immunodominant epitope can prevent the generation of a
protective CTL response after vaccinia virus-based vaccination, no similar reports exist for the human system (13). Furthermore, there is limited information available regarding the
sequence requirements for proteasome-mediated processing
(14) and TAP-dependent transport of viral peptides (11, 44,
51), possibly reflecting relatively low sequence specificity of the
antigen-processing machinery. However, there may be some
important residues for proper antigen processing of MHC class
I restricted epitopes, which, if changed, inhibit antigen processing (11, 14, 44, 51).
In this study, we assessed the effects of sequence variation in
the flanking regions of an immunodominant viral epitope. We
focused on the HLA-A*0201-restricted CTL response against
the well-characterized immunodominant HIV-Gag p17-derived epitope SLYNTVATL (SL9, Gag p17, amino acids 77 to
85 [5, 18, 20]). Our previous studies have shown that some
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TABLE 1. In vivo proviral sequences in the SL9 flanking region from HLA-A*0201-positive and -negative patients
Patient

Date

Gag-p17 region amino acid sequences (residues 62–100)a

nb

Viral
loadc
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a
The consensus sequence is derived from the HIV-1 HXBR2 isolate and includes HIV-1 Gag residues 62 to 100. Numbering is according to reference
31. ND, not done.
b
n, number of identical sequences.
c
Viral load is expressed as the number of viral RNA copies per milliliter of plasma.
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TABLE 2. SL9 flanking sequences of HIV-1 HXB2 and recombinant vaccinia
virus Gag constructs
Origin

Amino acid sequence (HIV-1 Gag, p17 amino acids 62–100)a

individuals maintain a strong CTL response to this epitope in
the setting of a high viral load without developing escape
variants within the epitope (5). Thus, it was important to determine whether variation in flanking residues might have the
potential to prevent the processing and presentation of this
epitope. Minigenes expressing episomal vectors, vaccinia virus
constructs encoding different Gag sequences, and common
laboratory-adapted HIV-1 strains, as well as clinical viral isolates, were used for these analyses (46, 48, 54). Despite various
changes in the epitope flanking sequences, no evidence was
observed for the occurrence of immune escape by changes in
the epitope flanking sequences.
MATERIALS AND METHODS
Subjects. Thirteen HIV-1-infected individuals (eight HLA-A*0201 positive
and five HLA-A*0201 negative), with a duration of infection ranging from 4 to
17 years, were included in this study. Six subjects are part of the San Francisco
City Clinic Cohort (39), and six subjects (221L, 161j, 115, 035i, VI-06, and 53i)
are from the Boston area. One subject (LWF) was accidentally infected with
HIV-1 IIIB (47) and his HIV-1-specific CTL responses have previously been
reported (40). The viral load was measured by the Roche Amplicor assay (Roche
Molecular Systems, Branchburg, N.J.), with a lower detection limit of 400 viral
copies/ml. The subjects had not received antiviral treatment by the time the
samples were obtained except for subjects VI-06 (viral load, 12,300/ml; AZT/

Nev/ddI) and 53i (450,000/ml, AZT/Delaviridine). All subjects gave written informed consent for these studies.
Cell lines. Epstein-Barr virus (EBV)-transformed B lymphoblastoid cell lines
were maintained in RPMI 1640 medium containing 20% (vol/vol) heat-inactivated fetal calf serum (FCS), 10 mM HEPES buffer, 50 U of penicillin per ml, 50
g of streptomycin per ml, and 2 mM L-glutamine (46). T-cell lines and clones
were maintained in the same medium containing 10% FCS (designated R10)
supplemented with 50 U of recombinant interleukin-2 (IL-2) (designated R1050) per ml. Recombinant IL-2 was a kind gift from M. Gately and Hoffman-La
Roche.
Sequencing of viral DNA. Proviral DNA was extracted from frozen peripheral
blood mononuclear cell (PBMC) pellets and used in serial dilutions in a nested
PCR reaction as described earlier (5). The lowest detectable target sequence
copy number in the endpoint diluted sample was used for nested PCR amplification. The same internal primers were used to sequence the resulting 642-bp
PCR product in both directions. Sequence data are available from GenBank
under accession numbers AF017813 to AF017828, AF017841 to AF017980,
AF060031 to AF060073, and AF073382 to AF073441. The SL9 epitope sequences without flanking residues have been reported previously for the HLAA*0201-negative individuals and in part for the second time points of patients
115I, 18030, and 221L (5).
Cytotoxicity assays using vaccinia virus and episomal vectors. Infections with
recombinant vaccinia virus expressing various Gag sequences and transfections
with episomal vectors were performed as previously described (45, 54). Briefly,
autologous EBV-transformed B cells were infected at a multiplicity of infection
(MOI) of 3 with vaccinia virus and incubated overnight in 2 ml of R20 medium
in 24-well plates. The cells were harvested, pulsed with 51Cr, and used as target
cells in cytotoxicity assays at 10,000 cells/well. The recombinant vaccinia viruses

FIG. 1. Recognition of the SL9 epitope expressed by different vaccinia virus constructs. HLA-A*0201-positive B-LCL cells were infected overnight with vaccinia
virus constructs or pulsed with optimal peptides (SL9 for clones 115.D4 and 13010.B17) or, in this experiment, with the HLA-B52 restricted peptide 122E (Gag p24,
RMYSPTSI, amino acids 275 to 282) recognized by clone 19-203 for 90 min. The effector/target ratio was 5:1. This experiment was repeated three times with different
CTL clones and target cell lines from three different donors, yielding the same pattern of recognition.
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a
The consensus sequence is derived from the HIV-1 HXB2 isolate and includes HIV-1 Gag residues 62
to 100. Numbering is according to reference 31.
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used expressed either the entire HIV-1 Gag sequence (constructs 11-102, 22-102,
22-104, 22-105, 22-202, and 22-204), the patient LWF-derived p17 sequence with
(p17-L75Y) or without (p17-wt) a leucine-to-tyrosine change at position 75, or
the SL9 sequence only with an additional N-terminal methionine residue (VVmet-SL9). HMY-A2 cells were used for the transfection with the episomal
vectors expressing either the SL9 epitope only or the SL9 epitope with the
additional three N-terminal flanking amino acids Glu-Leu-Arg and Glu-Tyr-Arg,
respectively (48, 54). In peptide titration assays, peptides were titrated directly in
the assay at final concentrations ranging from 100 g/ml to 10 pg/ml and were
incubated with 51Cr-labeled target cells alone for 45 min prior to the addition of
effector cells. CTL clones specific for epitopes in p24 and specific for SL9 were
used at indicated effector/target cells ratios.
Inhibition of viral replication. CTL-mediated inhibition of HIV-1 laboratoryadapted virus strains or patient-derived primary isolates were tested as previously
described (48). T1 cells (HLA-A*0201 positive), H9 cells (HLA-A*0201 negative), and CD4⫹ T cells form patients VI-06 and 035i were infected with HIV-1
IIIB and HIV-1 NL4-3, respectively (MOI ranging from 2 ⫻ 10⫺3 to 10⫺1 50%
tissue culture infective doses/cell [48]). After infection, the cells were seeded in
a 24-well plate at 5 ⫻ 105 cells/well, in a total volume of 2 ml of R10-50 in the
presence of SL9-specific CTL clones at effector/target ratios ranging from 0.25:1
to 2:1. At 3- to 4-day intervals, 1 ml was removed for HIV-1 p24 antigen

quantitative enzyme-linked immunosorbent assay measurement (DuPont, Boston, Mass.) and replaced with fresh medium.

RESULTS
SL9 flanking sequences in HLA-A*0201-positive and HLAA*0201-negative individuals. Sequence variation within regions flanking CTL epitopes have been reported to contribute
to immune evasion (9, 13). To determine whether such a mechanism of escape plays a role in HIV-1 infection, we examined
the sequences flanking the immunodominant, HLA-A*0201restricted CTL epitope SL9 in HIV-1 Gag p17. This epitope
was selected because our previous studies indicated that escape variation within the SL9 epitope is not more frequent in
HLA-A*0201-positive than in HLA-A*0201-negative individuals and that the presence of potential escape variations did
not correlate with viral load during chronic infection (8). Since

TABLE 3. SL9 flanking sequences expressed by replication-competent HIV-1 strains and patient isolates
Isolate

a

Gag-p17 region amino acid sequence (amino acids 62–100)a

The consensus sequence is derived from the HIV-1 HXB2 isolate and includes HIV-1 Gag residues 62 to 100. Numbering is according to reference 31.
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FIG. 2. Processing of SL9 from patient LWF-derived Gag sequences expressed as vaccinia virus minigene constructs and episomal vectors. (A) Vaccinia virus
construct expression system. HLA-A*0201-positive B-LCL cells were infected overnight with vaccinia virus constructs expressing patient LWF-derived p17 sequences
or the SL9 epitope only. (B) Episomal vector expression system. Alternatively, HMY-A2 cells were stably transfected with episomal vectors expressing SL9 with or
without three additional N-terminal amino acid residues. B-LCL and HMY-A2 target cells were 51Cr labeled for 90 min and incubated with a polyclonal SL9-specific
CTL line at the indicated effector/target ratios for 4 h in a standard cytotoxicity assay.
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sequence variation can also mediate escape from CTL recognition by altering peptide processing (2, 3, 13–15, 33, 34, 52),
the SL9 flanking regions of virus isolates from eight HLAA*0201-positive individuals with detectable SL9 CTL responses were compared to sequences from five HLA-A*0201negative, HIV-1-infected individuals (Table 1). We focused on
changes within 15 amino acids of the SL9 epitope, since other
studies have shown that residues close to the epitope can
influence processing (2, 3, 13–15, 33, 34, 52). Although four
other potential CTL epitopes have been reported in this region
(restricted by HLA-A1, -A11, -B8, and -B62), only two of the
HLA-A*0201-positive individuals express one of these alleles
(HLA-A11 in subject LWF and HLA-B8 in 221L) (6).
Of the 39 amino acid positions analyzed, 17 were found to
exhibit variability compared to the HIV-1 HXB2R sequence.
The most frequent variation was an arginine-to-lysine change
at position 76 (R76K), but this variant was seen in both HLAA*0201-positive and -negative individuals and in persons with
high (⬎10,000 viral particles/ml) and low viral loads. Although
16 changes were exclusively found in HLA-A*0201-positive
individuals, none of these changes was associated exclusively
with high viral load, and these variants never comprised more
than two-thirds of the viral population in vivo. In subject LWF,
who was accidentally infected with HIV-1 IIIB, only a single
change was found in Gag p17 in samples obtained at two time

points approximately 6 years after infection. This consisted of
a change from leucine to tyrosine at position 75 (L75Y) and is
unique among our cohort; it has not been described in other
individuals (26). These data indicate that there are no consistent SL9 flanking sequence changes which are exclusively
found in HLA-A*0201-positive individuals with high viral
loads.
Processing of HIV-1 Gag sequences expressed by recombinant vaccinia viruses. To define more precisely the effect of
sequence variation in flanking residues on CTL recognition, a
series of HIV-1 Gag vaccinia virus constructs from patient
isolates (Table 2) was tested for recognition by distinct HLAA*0201-restricted, SL9-specific CTL clones derived from different chronically infected donors (Fig. 1). To control for the
expression and processing of the Gag protein from the various
vaccinia virus constructs, specific CTL clones that recognize an
epitope in HIV-1 Gag p24 presented on the same target cells
were used. When the different recombinant vaccinia virus constructs were tested for CTL sensitization, all were recognized
by at least two SL9-specific CTL clones. An exception was
construct VV-Gag 11-102, which was not recognized by CTL
clone 13010.B17. As determined by peptide titration assays,
this lack of recognition was due to a mutation within the SL9
epitope of construct VV-Gag 11-102 (Y79F) which specifically
interfered with recognition by clone 13010.B17 (data not
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FIG. 3. Inhibition of viral replication by SL9-specific CTL clones and peptide titration of SL9 and the NL4-3 encoded variant V821/T84V. (a and b) HLA-A*0201expressing CD4 cells were infected with viral isolates from subjects VI-06 or 053i and cultured in the presence ({) or absence (}) of the SL9-specific CTL cone 115D4.
(c and d) HLA-A*0201-positive T1 cells (c) and HLA-A*0201-negative H9 cells (d) were infected with HIV-1 IIIB and cultured in the presence of SL9-specific CTL
clone 115D4 ({) or clone 161jXA/14 (‚) or without CTL (}). (e) T1 cells were infected with HIV-1 NL4-3 isolate and cultured with the same clones as for panels
c and d. The production of p24 was measured after 3 to 15 days. (f) For peptide titrations, clones 115.D4 and 161j.XA/14 were both tested on the SL9 sequences
expressed by HIV-1 HXB2 (HIV-1 IIIB, SL9 consensus sequence) and by HIV-1 NL4-3 (SL9 variant V82I/T84V). Peptide titration was carried out with HLA-A*0201positive EBV-transformed B-LCL cells as target cells in a standard 51Cr release assay.
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Figure 3 shows the results for inhibition of HIV-1 isolates
with flanking sequence changes. Both patient-derived primary
isolates (Table 3) were efficiently inhibited by clone 115D4,
indicating efficient processing of the SL9 epitope from these
sequences (Fig. 3a and b). Replication of the laboratory strain
IIIB was likewise efficiently inhibited by two CTL clones tested
(Fig. 3c), but only when the infected cells expressed HLAA*0201 (Fig. 3d). Inhibition of the molecular clone NL4-3 was
less efficient (Fig. 3e), but peptide titration assays showed that
this was due to impaired recognition of sequences changes
(V82I/T84V) within the epitope (Fig. 3f). The differences between the inhibition of HIV-1 IIIB and NL4-3 could therefore
be due to impaired interaction of the TCR with the peptideMHC complex rather than to differences in antigen processing.
It is noteworthy that clone 115D4, which showed a 2-log difference in the peptide titration assays, had a clearly diminished
ability to control NL4-3 replication. For clone 161j.XA/14, the
recognition of the V82I/T84V was reduced by 5 logs, which
may be the reason for the almost complete loss of inhibition of
replication for strain NL4-3 by this clone.
These data indicate that none of the changes observed in
these virus strains influence the processing of the SL9 peptide
or its variants; rather, the only reduction in recognition was
due to changes within the epitope.
DISCUSSION
We previously reported that the immunodominant CTL response to the HLA-A*0201-restricted SL9 epitope in HIV-1
Gag p17 does not readily induce changes within the epitope
that would lead to escape from CTL recognition (5). Here, we
have extended these studies to the sequences flanking the
presented nonameric epitope by analyzing the impact of
changes in the SL9 flanking sequences on the processing and
the presentation of this epitope. We find no evidence that
commonly occurring flanking residue changes adversely affect
CTL recognition. All the vaccinia virus constructs and the
episomal vectors were recognized by a panel of CTL clones
when they contained the SL9 consensus sequence or an SL9
variant recognized by the CTL clones used. Furthermore, viral
strains with a variety of naturally occurring flanking sequence
variations are inhibited by SL9-specific CTL clones. These
results demonstrate that SL9 and its variants were efficiently
processed from all of these sequences and also show an association between the degree of inhibition of viral replication and
recognition of the SL9 variant, suggesting that inhibition was
dependent on TCR recognition rather than on the processing
of the SL9 epitope.
The data presented here suggest that viral escape from
epitope processing may be difficult to achieve. Because the
processing machinery has limited polymorphism and must be
versatile enough to supply peptides for multiple HLA alleles,
one would expect rather nonspecific protease activity, which
should make escape from processing difficult (41). Despite this
presumably unspecific antigen processing, some amino acid
residues have been described to be important in proteasomemediated processing and TAP-dependent peptide transport
into the endoplasmic reticulum (1, 3, 11, 13–15, 32, 34, 35,
41–44, 51, 52). However, a close analysis of all the sequences
presented here did not reveal changes that have been described to affect antigen processing, such as the substitution of
residues immediately flanking the epitope by charged amino
acids (35) or by glycine or proline (3, 13–15, 34, 41, 42, 52). In
addition, substitution of lysine residues involved in ubiquitindependent antigen degradation (14, 43) did not affect the processing of the K87R variants, since vaccinia virus constructs
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shown). However, the epitope variant in VV-Gag 11-102 was
clearly appropriately presented, since cells infected with VVGag 11-102 were efficiently lysed by the SL9-specific clone
115.D4. Fluorescence-activated cell sorter analyses demonstrated that the amount of cell lysis was associated with the
amount of intracellular HIV-1 Gag-p24 produced (data not
shown), indicating that the observed minor differences in cell
lysis induced by infection with the different vaccinia virus constructs were due to the amount of antigen produced rather
than to different efficiencies in the processing of the variant
p17 sequences. These data indicate that none of the flanking
region changes listed in Table 2, including the most frequent
R76K mutation, prevented the processing of SL9 from the
HIV-1 Gag protein.
Effect of the unique L75Y mutation on SL9 processing from
vaccinia virus constructs and episomal vectors. Patient LWF,
a laboratory worker who was infected with HIV-1 IIIB, showed
strong and persistent SL9-specific CTL activity in PBMC for at
least 8 years (40). The autologous viral population showed
remarkable stability, and only one change from the infecting
virus was observed in p17 6 years after infection (Table 1). We
therefore evaluated whether a leucine-to-tyrosine change at
position 75 could prevent SL9 processing. It should be noted
that there are two CTL epitopes described that contain a
tyrosine residue at position 75 (26), and CTL responses against
these epitopes could have induced this change. However, both
epitopes are restricted by HLA alleles not expressed by patient
LWF, which makes it unlikely that this mutation occurred
under CTL pressure. To assess whether the change could be a
result of immune pressure against the SL9 epitope, different
expression systems were used to analyze the effect of this
variation on SL9 processing. First, vaccinia virus constructs
expressing either the SL9 epitope alone or the two different
p17 sequences found in patient LWF (with or without the
L75Y change) were compared for sensitization of SL9-specific
CTL clones. Figure 2A shows that cells infected with all three
constructs were well recognized by SL9-specific CTL lines,
indicating that L75Y does not block antigen processing. These
findings were confirmed by transfecting HLA-A*0201-positive
HMY-A2 cells with episomal vectors expressing the SLYNTV
ATL, ELRSLYNTVATL, and EYRSLYNTVATL sequences,
respectively (Fig. 2B). All three vectors were able to sensitize
target cells for SL9-specific CTL lysis, indicating that the SL9
peptide was efficiently presented by these constructs. Furthermore, expression of the SL9 epitope from the L75Y mutated
precursor protein resulted in slightly enhanced recognition
with both expression systems. These data suggest that the
unique L75Y change observed in patient LWF did not abrogate the processing of SL9.
Processing and presentation of the SL9 peptide in HIV-1infected cells. The recognition of vaccinia virus-expressed Gag
by SL9-specific CTL indicates that the observed changes do
not prevent processing in recombinant vaccinia virus-infected
cells. To rule out possible artifacts, such as vaccinia virus construct-mediated superphysiological expression of recombinant
antigens (10, 23, 28), we determined whether flanking sequence changes can alter CTL recognition in HIV-1-infected
cells (49). Laboratory-adapted virus strains and patient isolates
were used in an in vitro replication inhibition assay described
previously (48). These experiments allowed for the analysis of
very common sequences present in replication-competent virus
strains (HIV-IIIB, NL4-3, and JR-CSF) and their impact on
SL9 processing in a more physiological setting than with the
vaccinia virus constructs (Table 3). The inclusion of two patient
isolates allowed testing of additional, common changes in the
SL9 flanking region.
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fitness in a negative way. This would also explain why the
majority of HLA-A*0201-positive individuals have SL9-specific CTL precursors even after years of chronic infection and
would also offer an explanation as to why the SL9-specific
responses are considered “immunodominant” (5, 18). However, this would also imply that these SL9-specific CTL are
unable to control viral replication, despite a lack of escape
variants, again favoring the possibility that SL9-specific CTL in
vivo are functionally impaired, e.g., that they may lack help
from CD4 T cells (19, 22, 38). While such functionally impaired CTL have been described recently in a murine model
(53), the human system may require longitudinal studies that
follow acutely infected individuals with preserved HIV-1-specific CD4 T-cell responses to answer the question as to what
degree functional impairment of CTL responses or variability
of viral sequences is responsible for persistent high viral loads
found in untreated patients.
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22-102, 22-202, and 22-204, which express this variant, were
well recognized.
Furthermore, changes of residues preferred by the TAP
heterodimer (hydrophobic residues in the third position, hydrophobic and charged residues in position 2, and hydrophobic
and acidic residues at the C-terminal end) did not occur (15,
34). Thus, it also seems unlikely that the TAP-allele polymorphism could have an impact on the occurrence of escape variants, which is also underscored by the fact that in our experiments B-cell lines and CD4 T cells from different subjects
expressing different TAP1 and TAP2 alleles were able to process the HIV-Gag protein and to present SL9 (data not
shown). Furthermore, in a cohort of 13 chronically HIV-1infected, HLA-A*0201-positive patients, TAP-allele polymorphism is not correlated with viral load, although it may be
possible that TAP polymorphism becomes relevant for certain
variants (data not shown).
Given the high viral turnover of HIV-1 in vivo, one might
expect the virus to rapidly develop effective SL9 escape variations, which either abrogate recognition by TCR or profoundly
impair antigen processing. Accordingly, a lack of escape may
be due to constraints in viral fitness. The variations in the in
vivo flanking sequences shown in Table 1 are likely to represent replication-competent in vivo sequences. Conceivably,
some changes may not be tolerated due to viral fitness constraints, making it impossible for the virus to escape. Analysis
of the sequences listed in the Los Alamos HIV Database show
that the C-terminal end of SL9 and the C-terminal flanking
sequences are indeed very conserved (31). This region has also
been described as important for correct protein folding, p17
trimer complex formation, and viral replication (7). Consequently, the lack of escape variation may not be due to the lack
of CTL-mediated immune pressure but rather due to the limited tolerance for changes around the SL9 epitope. However,
in the presence of strong CTL pressure, such inability to escape
should allow the host to inhibit viral replication.
Our studies do not address whether amino acid substitutions
different from the ones that have been found in in vivo sequences could influence antigen processing, but they do indicate that the specific changes we observed in natural HIV-1
variants did not prevent epitope processing. It remains possible
that changes in the epitope flanking region may partially but
not completely inhibit the efficient processing of the epitope.
Although we cannot completely rule out that this may explain
the different levels of cell lysis observed with the various vaccinia virus constructs used, several lines of evidence speak
against it. First, reports that describe successful escape from
antigen processing demonstrate not only partial but often complete inhibition of cell lysis, indicating that processing escape
variants can evade processing completely (13, 52). Second, the
linear association between the amount of expressed antigen
and the degree of cell lysis observed (data not shown) suggests
that the limiting factor for cell lysis observed here is antigen
availability rather than variable efficiency in epitope processing. This suggests that the variants that were tested with the
different vaccinia virus constructs were comparably processed
and presented.
Since many of the in vivo SL9 variants are recognized (5)
and since epitope processing does not seem to be abrogated,
this indicates that the strong SL9-specific CTL responses that
are detectable in vitro may not exert a strong selection pressure
in vivo, either due to (i) the functional impairment of the CTL
in vivo, (ii) the plasticity of TCR recognition, or (iii) the existence of immune privileged sites where the virus is not accessible to CTL. Alternatively, the virus may not be able to escape
CTL pressure since potential escape variants influence viral
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