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Both innate and adaptive immune responses participate in the control of murine cytomegalovirus (mCMV)
infection. In some mouse strains, like BALB/c, the control of infection relies on the activities of CD8� T cells.
mCMV-specific CD8� T-cell responses are unusual in that, even after mCMV has been controlled in the
periphery, the numbers of circulating virus-specific CD8� T cells remain high compared to those observed in
other viral infections. To better understand the generation and maintenance of mCMV-specific CD8� T-cell
responses, we evaluated how antigen load and effector molecules, such as perforin (Prf) and gamma interferon
(IFN-�), influence these responses during acute infection in vivo. Viral burden affected the magnitude, but not
the early kinetics, of antigen-specific CD8� T-cell responses. Similarly, the magnitude of virus-specific CD8�

T-cell expansion was affected by Prf and IFN-�, but contraction of antigen-specific responses occurred
normally in both Prf- and IFN-�-deficient mice. These data indicate that control of mCMV-specific CD8�

T-cell expansion and contraction is more complex than anticipated and, despite the role of Prf or IFN-� in
controlling viral replication, a full program of T-cell expansion and contraction can occur in their absence.

Adaptive immune responses are critical for the control of
many viral and bacterial pathogens. CD8� T cells contribute
significantly to limiting viral replication during acute infection
and are thought to be essential for the ongoing control of
persistent infections. CD8� T-cell responses are characterized
by an expansion phase, during which rapid proliferation and
differentiation of antigen-specific effector T cells occurs. Anti-
gen-specific T cells then undergo contraction, whereby �95%
of these cells are eliminated, leaving a small population of cells
that persists as a stable pool of memory T cells (2, 16, 38). This
pattern of expansion and contraction, which applies to most
T-cell responses, has been shown to occur independently of
ongoing antigen display and to be influenced by early inflam-
matory signals (3, 5, 22). It has also been postulated that
perforin (Prf) and gamma interferon (IFN-�) regulate the ki-
netics of CD8� T-cell responses and that these activities are
largely independent of the antimicrobial effector functions of
these molecules (12, 13). Here, we investigated the kinetics of
antigen-specific CD8� T-cell responses in a model of cytomeg-
alovirus (CMV) infection.

Infections with herpesviruses, such as CMV, are character-
ized by persistent infection and ultimately the establishment of
latency. Under these conditions the virus remains with its host
lifelong. Although in healthy subjects infection is generally
asymptomatic, infection of immunocompromised hosts leads

to severe disease. The high prevalence of human CMV
(hCMV) infection, together with the ability of the virus to
cause a chronic ongoing infection, makes hCMV a medically
important pathogen. Murine CMV (mCMV) shares significant
homology with hCMV, and the mouse model has been used
extensively to define the contribution of various components of
host immunity to controlling CMV infection. Control of
mCMV requires the concerted activities of innate and adaptive
immune effectors. In some mouse strains NK cells control
mCMV during acute infection; however, cytotoxic CD8� T
cells are critical to control mCMV over time and to resolve
disease arising from viral reactivation (25). In humans, al-
though the T-cell response to hCMV seems to be broader than
anticipated, IE1 and pp65 represent two of the most important
viral antigens to which CD8� T cells are directed (18, 19, 32).
In the mouse, the best-characterized T-cell antigen is the H-2
Ld-restricted nonameric peptide YPHFMPTNL from the
mCMV IE1 nonstructural protein (25, 37). Importantly, IE1-
restricted CD8� T cells can transfer protection against mCMV
infection (23). CMV-specific CD8� T cells have been studied
extensively, both in humans and mice, but the precise require-
ments for the generation and maintenance of antiviral re-
sponses remain unclear. Recently, NK cells have been shown
to promote early mCMV-specific CD8 T-cell responses by lim-
iting IFN-�/� production (26). Unlike other viral infections,
the number of virus-specific CD8� T cells in primary CMV
infection increases to an unusually high level (17). As viral
loads decrease, virus-specific CD8� T-cell responses contract,
but the numbers of circulating virus-specific CD8� T cells
remain high compared to those observed in other viral infec-
tions (17, 20, 30).
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The kinetics of antigen-specific CD8� T-cell responses are
programmed early after infection (3, 4), and effector molecules
such as Prf and IFN-� can play an important role in the ho-
meostatic regulation of antigen-specific CD8� T-cell responses
in several models of infection. For example, in the absence of
IFN-�, lymphocytic choriomeningitis virus-specific CD8� T
cells show impaired expansion, as well as a considerable re-
duction in contraction (5). Analysis of the role of effector
molecules on mCMV-specific CD8� T-cell responses is com-
plicated by the fact that mice lacking Prf or IFN-� display
increased susceptibility to mCMV (21, 33). Indeed, Prf-defi-
cient hosts are highly susceptible to mCMV and normally suc-
cumb to infection. By reducing the dose of virus at the time of
infection, we have developed a model in BALB/c mice in which
overt viral replication and immunopathology are not observed
in the absence of Prf or IFN-�. Here we have characterized the
effect of antigen load on the kinetics of antiviral CD8� T-cell
responses and have utilized this model to examine the role of
NK cells, IFN-�, and Prf in regulating mCMV-specific CD8�

T-cell responses. A full program of T-cell expansion and con-
traction occurred irrespective of antigen load and in the ab-
sence of Prf or IFN-�. Importantly, NK cells, Prf, and IFN-�
were not required for the contraction of the mCMV-specific
CD8� T-cell response, despite affecting the magnitude of ex-
pansion.

MATERIALS AND METHODS

Mice. Inbred BALB/c (H-2d, I-Ad) mice of 8 weeks of age were obtained from
the Animal Resources Centre (Perth, Western Australia, Australia). BALB.B6-
CT6 mice (27) were bred in the Animal Services Facility of the University of
Western Australia. BALB/c.IFN-� �/� (GKO) and BALB/c.Prf�/� (Prf�/�)
mice were bred at the Peter MacCallum Cancer Centre. Mice with targeted gene
deletions were either generated on a BALB/c background or backcrossed to a
BALB/c background at least 10 times. During experimentation, all mice were
housed under specific-pathogen-free conditions at the Animal Services Facility
of the University of Western Australia. All animal experimentation was per-
formed with the approval of the Animal Ethics and Experimentation Committee
of the University of Western Australia and according to the guidelines of the
National Health and Medical Research Council of Australia.

Cell lines and reagents. Mouse embryonic fibroblasts were cultured in minimal
essential medium (Gibco Life Sciences, Sydney, Australia) supplemented with
neonatal calf serum (Gibco Life Sciences, Sydney, Australia).

Infection and in vivo monoclonal antibody administration. Mice were infected
intraperitoneally with either 104 or 102 PFU of mCMV-K181-Perth diluted in
phosphate-buffered saline–0.05% fetal bovine serum. Control mice received an
equal volume of phosphate-buffered saline–0.05% fetal bovine serum. For NK
cell depletion studies, mice were injected intraperitoneally with PK136 mono-
clonal antibody (anti-NK1.1) or mouse immunoglobulin G 9E10 at days �2, 0, 2,
and 4 and every 4 days after, as described elsewhere (28). Depletion of NK cells
was confirmed by fluorescence-activated cell sorter (FACS) analysis.

Determination of viral titers. Organs were prepared, and titers were deter-
mined as described elsewhere (36).

Isolation and phenotypic analysis of lymphocytes by flow cytometry. Single-
cell suspensions were prepared as described previously (1). Aliquots of cells were
preincubated on ice for 30 min with EDTA-simple salt-fetal calf serum contain-
ing 20% normal goat serum. To detect IE1-specific T cells, allophycocyanin
(APC)-conjugated T-cell receptor (TCR; H57-597; Biolegend) was used together
with APC-Cy7-conjugated CD8� (53-6.7; Biolegend) and phycoerythrin (PE)-
conjugated H-2-Ld-168-YPHFMPTNL-176 IE1 tetramer (ImmunoID Tetram-
ers, University of Melbourne, Australia). 7-Amino-actinomycin D was incorpo-
rated in the final wash at 2 �g/ml to exclude dead cells from the analysis. The
fluorescence-labeled preparations were analyzed on a FACSCanto (Becton
Dickinson, San Jose, CA). Appropriately stained controls were used to check
compensation for all fluorochromes used. Files of 2,000 IE1� CD8� events were
collected and analyzed with the FlowJo software (Stanford University, CA).

Statistical analysis. For statistical analysis, the two-tailed Mann-Whitney test
was performed using Prism (GraphPad Software, San Diego, CA). All data are
shown as means � standard errors (SE).

RESULTS

Effect of antigen dose on IE1-specific CD8� T-cell re-
sponses. We established a model of infection in BALB/c mice
whereby decreasing the viral inoculum to 102 PFU resulted in
minimal viral replication in visceral organs compared to mice
infected with our standard inoculum of 104 PFU (Fig. 1).
Following infection with 102 PFU, viral titers in the spleen,
liver, and lungs were significantly reduced compared to those
observed in mice infected with 104 PFU of virus (Fig. 1).
Despite the reduced viral replication in visceral organs, the
virus did traffic and replicate in salivary glands, a site of viral
persistence involved in horizontal transmission of CMV. In
both 104 and 102 PFU infections, virus trafficked to the salivary
gland with similar kinetics, but again viral titers were lower in
mice infected with 102 PFU of virus (Fig. 1). Next, we sought
to determine whether antigen dose affects the kinetics of an-
tigen-specific CD8� T-cell responses, including their expan-
sion and contraction. BALB/c mice infected with mCMV
mount a CD8� T-cell response directed principally against the
H-2-Ld-restricted peptide 168-176 from the IE1 protein (17,
30, 37). IE1-specific CD8� T-cell responses were measured on
days 6, 10, and 18 following infection of BALB/c mice with 104

(Fig. 2A) or 102 PFU of mCMV (Fig. 2B). IE1-specific CD8�

T cells were detected, in both spleen and liver, after infection
with 102 PFU of mCMV (Fig. 2B), albeit at lower frequencies
than those observed in mice infected with 104 PFU of virus

FIG. 1. Viral titers in BALB/c mice following infection with 102 or
104 PFU of mCMV. Mice were infected with 102 (black bars) or 104

(white bars) PFU of mCMV, and spleen, liver, lung, and salivary gland
titers were determined at various times after infection. The data pre-
sented are the means � SE of five mice. Data are representative of at
least two independent experiments. Viral titers were significantly dif-
ferent between 102 and 104 PFU infections at all time points in the
spleen, liver, and lung (P 	 0.005, except for day 10 results for the liver
[P 	 0.05]). In the salivary gland viral titers were significantly different
at days 6 (P 	 0.05) and 18 (P 	 0.005).
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(Fig. 2A). Thus, antigen-specific CD8� T cells were effectively
generated in mice infected with 102 PFU of virus, even though
viral titers were low (Fig. 1). The frequencies of IE1-specific
CD8� T cells in the spleen and liver were higher in mice
infected with the 104 PFU inoculum, suggesting that the mag-
nitude of the antigen-specific T-cell response is affected by
antigen burden. Analysis of IE1-specific CD8� T-cell numbers
over the course of infection was then undertaken to determine
whether a full program of expansion and contraction did occur
in mice infected with 102 PFU of virus. The numbers of IE1-
specific CD8� T cells in the spleen at day 6 after infection were
higher in mice infected with 102 PFU than in mice infected
with 104 PFU of mCMV (Fig. 3A). Since infection with 104

PFU of virus results in an overall loss of splenocytes, this result
was not unexpected. In contrast, in the liver the number of
IE1-specific CD8� T cells was higher in mice infected with 104

PFU of virus at all the times tested (Fig. 3B). Thus, antigen
dose did affect the magnitude of expansion of virus-specific
CD8� T cells, at least in the liver. Despite the differences in the
numbers of IE1-specific CD8� T cells observed in mice in-
fected with 102 or 104 PFU of mCMV, a full program of
expansion and contraction was observed in both the spleen
(Fig. 3C) and liver (Fig. 3D) under either infection condition.

Natural killer cells regulate the expansion of antigen-spe-
cific responses. Having established that virus-specific CD8� T
cells undergo a full program of expansion and contraction in
BALB/c mice infected with 102 PFU of virus, we utilized this
model to define whether effector molecules affect the kinetics

of IE1-specific CD8� T-cell responses, especially the contrac-
tion phase, as shown in other models of viral infection. First,
we evaluated the impact of NK cell-mediated activities. NK
cells are rapidly activated in mCMV infection in both resistant
and susceptible mouse strains. In resistant mouse strains, like
C57BL/6, recognition of infected cells in a Ly49H-dependent
manner results in their elimination. In contrast, in mouse
strains like BALB/c, which lack Ly49H and are classified as
mCMV susceptible, despite being activated, NK cells fail to
recognize infected targets. Thus, the BALB/c model of mCMV
infection provides a unique system to study whether NK cell-
mediated responses can affect antigen-specific CD8� T-cell
responses in the absence of a cytolytic effector role on virus-
infected targets.

For these experiments we utilized the congenic BALB.B6-
CT6 (CT6) mouse strain (27), which carries the NK1.1 locus
and thus allows depletion of NK cells using the NK1.1-specific
PK136 monoclonal antibody. Control or NK cell-depleted
BALB.B6-CT6 mice were infected with 102 PFU of mCMV,
and the kinetics of the IE1-specific CD8� T-cell response were
assessed. At day 6 after infection, the frequency of IE1-specific
CD8� T cells was equivalent in control and NK cell-depleted
CT6 mice, in both the spleen and liver (Fig. 4A). Numbers of
IE1-specific CD8� T cells were also equivalent in control and
NK cell-depleted CT6 mice at this time (Fig. 4B). At day 10
postinfection, mice lacking NK cells showed significantly
higher frequencies (P 	 0.05) (Fig. 4A) and numbers (P 	
0.005) (Fig. 4B) of IE1-specific CD8� T cells compared to
control undepleted CT6 mice, in both the spleen and liver. The

FIG. 2. Frequency of IE1-specific CD8� T cells following infection
of mice with 104 (A) or 102 (B) PFU of mCMV. Spleens and livers
were harvested at days 6, 10, and 18 postinfection, and the frequency
of IE1-specific T cells was determined by FACS staining with TCR�-
APC, CD8�–APC-Cy7, and H2-Ld IE tetramer–PE. Numbers in den-
sity plots indicate the frequencies of IE1-specific cells in the CD8�

T-cell pool. Density plots are representative of results observed in six
mice from three independent experiments.

FIG. 3. Kinetics of mCMV IE1-specific CD8� T-cell responses in
the spleen and liver. (A and B) The total number of IE1-specific CD8�

T cells in the spleens (A) and livers (B) of mice infected with 102 (black
bars) or 104 (white bars) PFU of mCMV is presented as the combined
data from two experiments with three mice per time point. Means �
SE are shown. (C and D) Kinetics of the response in the spleen (C) and
liver (D) are shown as normalized IE1-specific CD8� T-cell responses;
the data are presented as a percentage, with the maximal number of
IE1-specific CD8� T cells set as 100%. Responses for mice infected
with 102 (black squares) or 104 (white squares) PFU mCMV are
shown. Combined data from two experiments with three mice per time
point are presented. Means � SE are shown.
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absence of NK cells, however, did not affect the contraction of
virus-specific CD8� T cells, and this phase of the response
occurred normally in both the spleen and liver of NK cell-
depleted mice (Fig. 4B). Thus, despite a slight delay, contrac-
tion of the IE1-specific CD8� T-cell response occurs efficiently
in the absence of NK cells.

Kinetics of IE1-specific CD8� T-cell responses elicited in
the absence of Prf or IFN-�. Next, we examined whether the
kinetics of IE1-specific CD8� T-cell responses were affected by
Prf and IFN-�, since these molecules affect the expansion
and/or contraction of antigen-specific T-cell responses in other
systems. BALB/c mice lacking either Prf (Prf�/�) or IFN-�
(IFN-��/�) were infected with 102 PFU of mCMV, and the
frequencies and numbers of IE1-specific CD8� T cells were

measured at days 6, 10, and 18 after infection. Infection with
this dose of virus did not cause overt pathogenesis in either
Prf- or IFN-�-deficient mice, and viral replication in visceral
organs and the salivary gland was similar to that observed in
wild-type mice (data not shown). The frequencies of IE1�

CD8� T cells were significantly higher (P 	 0.05) in the
spleens and livers of IFN-�-deficient mice at all time points,
compared with wild-type mice (Fig. 5A). No significant differ-
ences were observed in the frequencies of IE1� CD8� T cells
between wild-type and Prf�/� mice except at day 6 in the
spleen (P 	 0.05) (Fig. 5A). In comparison to wild-type mice,
the number of IE1-specific CD8� T cells was significantly
higher in the spleens of Prf�/� mice at day 6 postinfection (Fig.
5B); no significant difference was observed at this time point in
the liver (Fig. 5B). Significantly higher numbers of IE1-specific
CD8� T cells were also observed in the livers of Prf�/� mice at
day 10 and in both the spleens and livers at 18 postinfection,
compared to wild-type mice (Fig. 5B). In comparison to wild-
type mice, IFN-��/� mice displayed significantly higher num-
bers of IE1-specific CD8� T cells in both the spleen and the
liver at days 10 and 18 postinfection (Fig. 5B). Analysis of the
kinetics of contraction of IE1-specific CD8� T-cell responses
revealed that by day 18 postinfection, contraction occurred in
both Prf- and IFN-�-deficient mice in both the spleen and the
liver. Together these data indicate that a full program of ex-
pansion and contraction of mCMV-specific CD8� T-cell re-
sponses can occur in the absence of Prf and IFN-�.

DISCUSSION

hCMV is a major pathogen of humans. The reactivation of
latent hCMV still poses a major health risk in immunocom-
promised patients, and a better understanding of the responses
required to control this pathogen is therefore of immediate
clinical relevance. The goal of the current study was to define
the kinetics of mCMV-specific CD8� T-cell responses elicited
in the absence of Prf or IFN-�. This was achieved by tracking
the expansion and contraction phases of CD8� T-cell re-
sponses elicited against the H2-Ld-restricted immunodominant
mCMV IE1 epitope. This epitope represents the best-charac-
terized antigen in the mCMV immune response (15, 17, 23, 25,
30, 37), and IE1-specific CD8� T cells have been shown to
transfer resistance to subsequent infections (15, 23). Further-
more, in hCMV infection antiviral CD8� T-cell responses
seem to be focused to IE1 and pp65, at least during primary
acute infection (19). Accordingly, we focused our analysis on
CD8� T-cell responses restricted to the IE1 epitope. Interest-
ingly, the IE1-specific CD8� T-cell response displays some
unusual characteristics, the most striking of which is the high
number of circulating virus-specific CD8� T cells that remain
throughout the course of infection, even after the virus has
been controlled at least in peripheral target organs (17, 30).
Since virus-specific CD8� T-cell responses influence the ability
to control subsequent infection (15, 23) and contribute to the
maintenance of viral latency and the control of viral reactiva-
tion (23, 31), a better understanding of the factors that under-
pin these responses will provide important insights into the
management of hCMV. Indeed, the murine model of CMV
infection in BALB/c mice closely mimics infection with hCMV
in terms of the antigenicity of the viruses and the immu-

FIG. 4. Frequencies and numbers of IE1-specific CD8� T cells in
the spleens and livers of mice lacking NK cells. CT6 mice treated with
an irrelevant immunoglobulin or with the anti-NK1.1 PK136 monoclo-
nal antibody prior to infection with 102 PFU mCMV were used for
these experiments. (A) Frequencies of IE1-specific CD8� T cells at
days 6, 10, and 18 after infection were determined by FACS staining
with TCR�-APC, CD8�–APC-Cy7, and H2-Ld IE tetramer–PE. Num-
bers in the density plots indicate the mean frequencies of IE1� cells in
the CD8 T-cell pool. Density plots are representative of six mice from
two independent experiments with three mice per group. (B) Numbers
of IE1-specific CD8� T cells at days 6, 10, and 18 after infection;
numbers represent the means � SE of five to six mice from two
independent experiments.
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nodominance of the major epitopes (18, 23, 32). Infection of
BALB/c mice lacking IFN-� or Prf with a standard sublethal
dose of mCMV (104 PFU) leads to increased viral titers and/or
mortality (N. Sumaria and M. A. Degli-Esposti, unpublished
data), making it impossible to analyze the relevance of these
molecules in the context of the generation and maintenance of
antiviral CD8� T-cell responses. We therefore established and
characterized a model where infection is initiated by a lower
viral inoculum (102 PFU). First, we assessed the impact of viral

load on IE1-specific CD8� T-cell responses. In other infection
systems expansion of antigen-specific CD8� T cells has been
reported to be largely independent of antigen display (3, 22),
despite the fact that high antigen loads can define the magni-
tude of expansion (3). Similarly, contraction of antigen-specific
CD8� T-cell responses is independent of duration of infection
or antigen display (3, 5, 22). Unlike what is observed in the
expansion phase, the magnitude of contraction is also indepen-
dent of antigen display (3, 5); however, the timing of antigen
display can affect the onset of antigen-specific CD8� T-cell
contraction (24). In our model of mCMV infection with a
reduced viral dose (102 PFU), the magnitude of expansion of
IE1-specific CD8� T-cell responses was diminished, but a full
program of expansion and contraction was observed, despite
viral replication being below the level of detection in the prin-
cipal target organs (spleen and liver) during the acute phase of
infection.

Antigen-specific CD8� T-cell kinetics, including expansion
and contraction, can be regulated by Prf and IFN-�. One of the
principal sources of these effector molecules in viral infections,
including mCMV infection, is NK cells. Indeed, NK cell-de-
rived IFN-� regulates the homeostasis of antigen-specific
CD8� T cells and has been reported to promote expansion, as
well as regulate contraction (29).

In the absence of NK cells we observed higher frequencies
and numbers of IE1-specific CD8� T cells at day 10 postinfec-
tion. Although the waning of the response was slightly slower
in the absence of NK cells, effective contraction was not im-
paired. Higher numbers of IE1-specific CD8� T cells were also
observed in mice lacking IFN-�, supporting the notion that
NK-cell derived IFN-� affects the size of the IE1-specific
CD8� T-cell pool. IFN-� has also been reported to play a
critical role in the contraction of antigen-specific CD8� T-cell
responses in other models of infection (5). In our system IFN-�
only mildly affected the extent of contraction of the IE1-spe-
cific CD8� T-cell response, and overall the response con-
tracted by 60 to 80% by day 18 postinfection. A similar effect
was reported after infection with vesicular stomatitis virus, a
pathogen whose control does not require IFN-� (8). In our
model, in the absence of IFN-� the lowest level of contraction
was observed in the liver. Although it is possible that this effect
is completely independent of viral control, it should be noted
that even after low-dose infection, low-level viral replication
was observed in the livers of IFN-�-deficient mice (data not
shown). Thus, it is most likely that the slightly reduced con-
traction observed in mCMV-infected IFN-��/� mice is due to
the effect of IFN-� on pathogen clearance, rather than a direct
effect on antigen-specific CD8� T cells. This conclusion con-
curs with the finding that IFN-� is not necessary for the con-
traction of antigen-specific CD8� T-cell responses in vesicular
stomatitis virus infection (8) but is essential for contraction in
Listeria sp. and lymphocytic choriomeningitis virus models (5),
the latter being pathogens whose control heavily relies on the
antimicrobial effects of this cytokine (5, 6). Furthermore, a
defect in contraction was not observed in NK cell-depleted
mice, indicating that the source of IFN-� that affects IE1-
specific CD8� T-cell contraction is a cell type other than NK
cells. Indeed, the main sources of IFN-� from day 6 after
mCMV infection are CD4� and CD8� T cells (data not
shown).

FIG. 5. Frequencies and numbers of IE1-specific CD8� T cells in
the spleens and livers of mice lacking IFN-� or Prf. BALB/c mice (wild
type) or BALB/c mice lacking either IFN-� (IFN-��/�) or Prf (Prf�/�)
were infected with 102 PFU mCMV. (A) Frequencies of IE1-specific
CD8� T cells at days 6, 10, and 18 after infection were determined by
FACS staining with TCR�-APC, CD8�–APC-Cy7, and H2-Ld IE tet-
ramer–PE. Numbers in the density plots indicate the mean frequency
of IE1� cells in the CD8 T-cell pool. (B) Numbers of IE1-specific
CD8� T cells in the spleen and liver at days 6, 10, and 18 after
infection; numbers represent the means � SE of six mice from two
independent experiments for all times, except for day 6. �, P 	 0.02; ��,
P 	 0.005; ���, P 	 0.0005.
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The increased frequency and number of IE1-specific CD8�

T cells observed in IFN-�-deficient mice indicate that IFN-�
interferes with the generation of antigen-specific CD8� T cells.
IFN-� is generally thought to be essential for optimal antigen
processing/presentation and, thus, the generation of maximal
virus-specific T-cell responses (14). Indeed, IFN-� is critical for
the generation of IE1 nonamers (11). However, IFN-� has also
been reported to negatively regulate CD8� T-cell responses
(9). Analysis of the mechanisms by which IFN-� can affect the
generation of T-cell responses is in progress. Recent studies
have defined and examined CD8 T-cell responses directed
against a number of other viral epitopes, including those de-
rived from m04, m45, m83, m84, and m164 (17, 30). These
responses display the usual kinetics of expansion and contrac-
tion during acute infection, but the IE1- and m164-specific
CD8� T-cell responses show “memory inflation” and accumu-
late over time during the persistent and latent phases of infec-
tion (17, 30). The relevance of “memory inflation” remains
unclear at present; however, CD8� T-cell responses specific
for “inflationary” mCMV epitopes display an effector memory
phenotype which could possibly indicate that their activation
and proliferation are induced over time by a continuous en-
counter with antigen (17, 30). Future studies, similar to the
ones described here, investigating the role of NK cells, Prf, and
IFN-� on antiviral CD8� T-cell responses specific for “infla-
tionary” and “noninflationary” mCMV epitopes during the
persistent/latent phases of infection will be of interest.

Like IFN-�, Prf affected the magnitude of IE1-specific
CD8� T cells in the liver at day 10 postinfection. A slight
reduction in the level of contraction was also observed in
Prf-deficient mice but, as observed in IFN-�-deficient mice,
significant contraction still occurred in mice lacking Prf. These
data indicate that the homeostasis of virus-specific CD8� T
cells is largely independent of Prf and IFN-� and that a full
program of expansion and contraction of mCMV-specific
CD8� T-cell responses can occur in the absence of either of
these effector molecules.

In conclusion, although many of the features of antigen-
specific CD8� T-cell homeostasis are universal, our data sug-
gest that analysis of antigen-specific T-cell responses and the
factors that control their homeostasis requires careful inter-
pretation specifically in the model under investigation. The
finding that improved expansion of mCMV-specific CD8� T
cells is achieved in the absence of IFN-� without a major defect
in contraction may aid in the development of improved vaccine
therapies. Strategies to improve the generation of hCMV-spe-
cific T cells ex vivo are being assessed (7, 10, 34, 35), and a
better understanding of the factors that control the kinetics of
these responses will aid the design of such protocols.
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