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Abstract
Viral infections have been associated with the rejection of transplanted allografts in humans and
mice, and the induction of tolerance to allogeneic tissues in mice is abrogated by an ongoing viral
infection and inhibited in virus-immune mice. One proposed mechanism for this “heterologous
immunity” is the induction of alloreactive T cell responses that cross-react with virus-derived
antigens. These cross-reactive CD8 T cells are generated during acute viral infection and survive
into memory, but their ability to partake in the immune response to allografts in vivo is not known.
We show here that cross-reactive, virus-specific memory CD8 T cells from mice infected with
LCMV proliferated in response to allografts. CD8 T cells specific to several LCMV epitopes
proliferated in response to alloantigens, with the magnitude and hierarchy of epitope-specific
responses varying with the private specificities of the host memory T cell repertoire, as shown by
adoptive transfer studies. Lastly, we show that purified LCMV-specific CD8 T cells rejected skin
allografts in SCID mice. These findings therefore implicate a potential role for heterologous
immunity in virus-induced allograft rejection.

INTRODUCTION
Acute and chronic rejection of transplanted foreign tissues has been associated with viral
infections, in particular by members of the herpesvirus group in humans (1–4). Virus-
induced rejection of transplanted tissues is also evident in mice, even occurring under
conditions of tolerization to alloantigens by a costimulation blockade that substantially
reduces the number of alloreactive T cells (4–6). The association of viral infections with
allograft rejection might be predicted, due to the fact that viral infections often stimulate the
outgrowth of alloreactive T cells that cross-react with virus-derived antigens in the absence
of alloantigens (7–12). For example, acute LCMV infection of C57BL/6 (B6) (H2b) mice
activates CD8 T cells that cross-react between syngeneic (H2b) cells presenting viral
peptides and uninfected allogeneic cells expressing H2d-MHC alloantigens (13–15). Cross-
reactivity between virus-specific T cells and alloantigens has also been shown in CD8 T cell
lines derived from mice infected with LCMV, influenza virus, Sendai virus, vesicular
stomatitis virus (VSV), and herpes simplex virus (HSV) and from humans infected with
EBV, CMV, and HSV (16–20). However, it has never been clarified whether virus-specific
T cells that cross-react with alloantigens proliferate in response to a transplanted allograft in
vivo. In fact, some evidence suggests that virus-specific T cells have low affinity to the
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cross-reactive alloantigens (6,14). In order to determine the importance of cross-reactive or
“heterologous” immunity in the rejection of foreign tissue grafts it is necessary to evaluate
the recruitment of cross-reactive virus-specific CD8 T cells into the immune response to
allografts.

The LCMV-induced alloreactive CD8 T cell population enters the memory pool after
resolution of infection, indicating that the alloreactive T cell repertoire in virus-immune
mice can be comprised of cross-reactive memory as well as naïve T cells (13,14,21).
Memory-phenotype alloreactive T cells are detectable in humans who have never been
exposed to alloantigens, and this may be accounted for by their exposure instead to cross-
reactive pathogens (22,23). Although the presence of memory alloreactive T cells that cross-
react with viral antigens is well documented, it again has never been clarified whether they
are of sufficient functionality to respond to allografts. The possibility that cross-reactive
memory T cells may respond to allografts in vivo is suggested by experiments, which
showed that EBV- and CMV-specific memory CD8 T cells from humans proliferate after in
vitro culture with allogeneic cells (17,24).

Here we examined the impact of virus infection on the alloreactive T cell repertoire and the
ability of virus-specific memory CD8 T cells to respond against alloantigens in vitro and in
vivo. Using our newly developed assay to differentiate naïve from effector/memory
alloreactive T cells (25), we show that the alloreactive T cell repertoire in an LCMV-
immune mouse is comprised of both memory and naïve phenotype CD8 T cells. Our
findings also demonstrate that LCMV-specific CD8 T cells readily respond to in vitro
stimulation with allogeneic cell lines and in vivo to skin allografts. The extent of T cell
proliferation and the peptide-specific populations that responded to the alloantigens varied
between individual mice, and adoptive transfer experiments showed that this diversity
reflected the unique private specificities of virus-specific T cell repertoires in individual
mice. Finally, our data show that virus-specific CD8 T cells mediate the rejection of skin
allografts. These results indicate that virus-specific memory T cells will respond to
alloantigens and that their presence may influence the host response against transplanted
foreign tissues.

MATERIALS AND METHODS
Mice

Male C57BL/6J (B6, H2b), BALB/cJ (H2d), CBA/J (H2k) and B6.CB17-Prkdcscid/SzJ (B6/
SCID) mice were purchased from The Jackson Laboratory (Bar Harbor, ME) at 4 to 5 weeks
of age. B6/SJL mice (B6.SJL-Ptprca/BoyAiTac, CD45.1, stock No: 004007) were purchased
from Taconic Farms, Inc. (Hudson, NY). All experiments were done in compliance with
institutional guidelines as approved by the Institutional Animal Care and Use Committee of
the University of Massachusetts Medical School.

Viruses and Cell Lines
Stocks of LCMV, strain Armstrong, were prepared in baby hamster kidney cells (BHK21) as
previously described (26). For the generation of virus-specific T cell responses, mice were
inoculated ip with 5 × 104 PFU of LCMV and were considered immune 6 weeks or longer
after infection. The P815 cell line (H2d), a DBA/2 mouse-derived, methylcholanthrene-
induced mastocytoma, was maintained in MEM (Gibco) previously described (13).

Preparation of LPS-treated splenocytes
LPS-treated splenocytes were prepared as described previously (25). Briefly, splenocytes
from the indicated mouse strains (2 × 106 cells/ml in supplemented RPMI) were treated with
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LPS (15 μg/ml) for 3 days in vitro. Following incubation, the cultures were washed 3 times
with supplemented RPMI, g-irradiated (20 Gy), and frozen at −70°C until used.

Intracellular Cytokine Staining
Cytokine-producing CD8 T cells were detected using the Cytofix/Cytoperm Kit Plus™ (with
GolgiPlug™, BD Biosciences, San Diego, CA), as described previously (27). Splenocytes (2
× 106 cells) were incubated with 1 μM synthetic peptide, with the indicated LPS-treated
splenocyte populations (1 × 106 stimulator cells per sample) or with 250 ng/ml of anti-
mouse CD3e mAb (145-2C11, BD Biosciences) in the presence of 10 U/ml of human
recombinant IL-2 (BD Biosciences) and 1 ml/ml GolgiPlug™ for 5 h at 37°C. Following the
incubation, splenocytes were stained with mAb specific for CD8 (53-6.7), CD11a (M17/4)
and CD44 (IM7), fixed and permeabilized and stained with mAb specific for IFN-γ or TNF
(XMG1.2 and MP6-XT22, respectively, BD Biosciences).

In vitro splenocyte cultures
Splenocytes from LCMV-immune or naïve B6 mice were labeled with 2 μM
carboxyfluorescein diacetate succinimidyl ester (CFSE, Sigma, St. Louis, MO), washed, and
cultured with mitomycin-C treated P815 (H2d) in 12 well tissue culture plates (1 × 107

splenocytes and 1 × 106 allogeneic cells), as previously described (28). After 6 days the cells
were recovered and evaluated for proliferation by dilution of CFSE and antigen specificity
by intracellular cytokine assay. In some instances splenocytes from individual mice were
used to set up duplicate cultures, which were kept separate during in vitro culture and
analysis

Skin Transplantation
BALB/c or B6 skin (1 to 2 cm in diameter) was transplanted onto the dorsal flanks of B6
mice or B6/SCID mice (29). Graft rejection was defined as the first day that the entire graft
was rejected. The generation of alloreactive T cell responses was examined by intracellular
cytokine assay (25).

Adoptive transfer of LCMV-immune splenocytes
Splenocytes from LCMV-immune B6 mice (CD45.2) were labeled with CFSE (2 μM),
washed and adoptively transferred (3 × 107 cells) intravenously into naïve B6/SJL mice
(CD45.1) mice. One day after transfer, recipient mice received either syngeneic or
allogeneic skin grafts. T cell responses were examined at the indicated time points, and
donor CD8 T cells were identified by staining with a mAb specific for the congenic marker
CD45.2 (104, BD Biosciences). The donor cells were evaluated for proliferation by dilution
of CFSE and for antigen specificity by intracellular cytokine assay.

Purification and adoptive transfer of virus-specific CD8 T cells
Splenocytes from B6.SJL (CD45.1) mice infected 8 days previously with LCMV were
stained with NP396-MHC tetramers and with mAb specific for CD8 as described previously
(13). Purified populations of double positive (tetramer and CD8) cells were then sorted
using a MoFlo XDP Digital Cell sorter (Beckman Coulter). The sorted populations were
then incubated for 1 hr at 37°C and then 1–2 × 106 cells were transferred into the indicated
recipient mice. Transferred LCMV-specific CD8 T cells were monitored by staining with
NP396-tetramer, and mAb against CD8 and CD45.1 (A20, BD Biosciences).
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RESULTS
The alloreactive T cell repertoire in LCMV-immune mice contains both naïve and memory
cells

We compared the alloreactive T cell repertoire between naïve and LCMV-immune B6 mice,
we used TNF-production to distinguish naïve alloreactive T cells (TNF+/IFN–γ−/CD11alo)
from memory/effector cells (TNF+/IFN–γ+/CD11ahi), as we have previously described (30).
Splenocytes from LCMV-immune and naïve B6 mice (H2b) were stimulated in vitro with
either LCMV-derived peptides or with allogeneic splenocytes (BALB/c, H2d or CBA/J,
H2k), and 5 hours later cytokine production was evaluated by intracellular cytokine assay.
Following stimulation with LCMV-derived peptides, CD8 T cells from LCMV-immune
mice produced both IFN–γ and TNF (Figure 1A). In contrast CD8 T cells from naïve mice
did not (Supplemental Figure 1A), as has been previously described (31). Following
stimulation with alloantigens, a detectable population of memory phenotype (CD44hi and
CD11ahi) CD8 T cells produced IFN–γ (Figure 1B) over background levels stimulated by
syngeneic cells, confirming that memory alloreactive CD8 T cells are generated by infection
with LCMV (13). IFN-γ producing, alloreactive CD8 T cells were not detected in
splenocytes from naïve B6 mice (Supplemental Figure 1B) (25). We next examined the
production of TNF by the CD8 T cells from naïve B6 mice following stimulation with either
syngeneic or allogeneic splenocytes. Figure 1C shows that TNF was produced exclusively
within the CD11alo population of these naïve mice. In contrast, stimulation of LCMV-
immune splenocytes with alloantigens resulted in TNF production by both naïve (CD11alo)
and memory (CD11ahi) CD8 T cells (Figure 1D). Of note is that the frequencies of
alloreactive T cells detected by TNF production were only slightly elevated after virus
infection, though approximately 50% were now of a memory phenotype. In addition the
memory phenotype alloreactive CD8 T cells from LCMV-immune mice were poly-
functional, with approximately 50% of the IFN-γ producing cells, also secreting TNF
(Supplemental Figure 1C). Together these results confirm that following a viral infection the
alloreactive T cell population is altered and contains both memory and naïve CD8 T cells.

Alloantigens stimulate the in vitro proliferation of LCMV-specific memory CD8 T cells
To address whether memory alloreactive T cells that are cross-reactive with viruses
participate in the immune response to alloantigens, CFSE-labeled splenocytes from LCMV-
immune mice were cultured in vitro with an allogeneic (H2d) cell line (P815) for 6 days.
Following the culture period, CD8 T cells were examined for division by CFSE dilution
(Figure 2A). In vitro culture with P815 cells stimulated CD8 T cells from LCMV-immune
mice to undergo multiple rounds of division, with 19 to 81% of the T cells being CFSElo. To
determine the antigen-specificity of the CFSElo populations, cells recovered from the
cultures were re-stimulated in vitro with either the indicated cell lines (Figure 2B), anti-CD3
(Figure 2B) or with LCMV-specific peptides (Figure 2C) and then evaluated for IFN-γ
production. A high proportion of the CFSElo CD8 T cells produced IFN–γ following re-
stimulation with P815 cells, indicating that many of the divided T cells were specific for
H2d-antigens (Figure 2B).

As shown in Figure 2C, LCMV-specific CD8 T cells (identified by the production of IFN-γ
after stimulation with LCMV-derived peptides) underwent multiple rounds of division
following exposure to alloantigens, but distinct epitope-specific populations were observed
among individual mice. GP33-specific CD8 T cells proliferated in all mice examined,
representing a substantial proportion (62% and 67%) of the divided CD8 T cells in 2 of the
mice (1 and 4, Figure 2C). The high proportion of the GP33-specific CD8 T cells in the
CFSElo population indicates that many of the virus-specific cells must have specificity for
the alloantigen. For other LCMV-derived peptides distinct patterns were observed, with
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strong proliferation of NP396-specific CD8 T cells in mice 1 and 3, of GP276-specific CD8
T cells in mouse 1, and of GP118-specific CD8 T cells in mouse 3. GP33-specific CD8 T
cells comprised the dominant response in 3 out of the 4 mice, with the NP396-specific
response dominating in one mouse. It is also important to note that in each case where
epitope-specific T cells were stimulated to divide, only a proportion of the total population
responded, as there were some remaining CFSEhi LCMV-specific CD8 T cells not
responding to the alloantigens. This would be expected for an antigen-specific response as
opposed to a non-specific stimulation. Moreover, while CD8 T cells from naïve mice were
stimulated to divided in response to stimulation with allogeneic cells, none of the CFSElo

cells were LCMV-specific (Supplemental Figure 2).

Skin allografts stimulate the in vivo proliferation of LCMV-specific memory CD8 T cells
To test whether skin allografts would stimulate LCMV-specific memory CD8 T cells to
proliferate in vivo, splenocytes from individual LCMV-immune mice (CD45.2) were
labeled with CFSE and transferred into separate congenic mice (CD45.1). One day after
transfer recipient mice were engrafted with either syngeneic (H2b) or allogeneic (H2d) skin.
Allogeneic skin grafts were rejected by all recipients within 12 days, while syngeneic grafts
remained intact. Thirteen days after engraftment donor CD8 T cells from the spleen were
examined for proliferation by CFSE dilution and for antigen specificity by intracellular
cytokine assay (Figure 3). Only a small percentage of donor CD8 T cells were stimulated to
proliferate in mice engrafted with syngeneic skin (Figure 3A). In contrast, a large proportion
of donor CD8 T cells (42 to 55% being CFSElo) were stimulated to divide in mice receiving
skin allografts (H2d) (Figure 3B). CFSElo donor CD8 T cells produced IFN–γ following re-
stimulation in vitro with H2d-splenocytes (Figure 3B), indicating that many of the divided T
cells were specific for H2d-antigens. Donor CD8 T cells derived from naïve B6 mice also
proliferated in response to an H2d-skin allograft, and these CFSElo cells also produced IFN–
γ following re-stimulation in vitro with H2d-splenocytes (Figure 3B).

To determine if the immune donor cells proliferating in the presence of skin allografts were
specific to LCMV, donor CD8 T cells were examined for their ability to recognize LCMV-
derived peptides by intracellular cytokine assay. As shown in Figure 3C, LCMV-specific
CD8 T cells were detectable after transfer into mice that received syngeneic skin grafts, but
these donor CD8 T cells were still CFSEhi, indicating that only a low level, if any, of
homeostatic division had occurred. In contrast, some LCMV-specific CD8 T cells divided
multiple times in mice receiving skin allografts, with distinct epitope-specific populations
responding in individual mice (Figure 3D). As observed with the in vitro culture
experiments (Figure 2), GP33-specific CD8 T cells underwent division in a majority of mice
examined (14 out of 18 mice in 4 experiments) and represented a large proportion of the
divided cells in two mice shown in Figure 3D (24 and 43% of the CFSElo cells). For other
LCMV-derived peptides distinct patterns were observed, with strong proliferation of NP396-
specific CD8 T cells in mouse 3. Although some donor CD8 T cells from naïve B6 mice
divided in response to skin allografts, these cells did not recognize LCMV-specific peptides
and were probably part of a normal alloreactive T cell response from naïve cells (Figure
3D). Together these results demonstrated that skin allografts will stimulate LCMV-specific
memory CD8 T cells to proliferate in vivo.

Alloantigen-stimulated proliferation of cross-reactive LCMV-specific memory CD8 T cells
is determined by private specificity

The different patterns of epitope-specific proliferation shown in Figures 2 and 3 may
indicate either a stochastic process or a reflection of the private specificity of the TCR-
repertoire for epitope-specific T cells within individual mice. Previous work has shown that
virus-specific CD8 T cells from individual mice use different TCR repertoires (32), and that
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this private specificity of virus-specific T cells in individuals dictated the patterns of cross-
reactivity (33, 34). To determine if private specificity accounts for the diversity in the
proliferation of virus-specific CD8 T cells to skin allografts in vivo, CFSE-labeled
splenocytes from individual mice were divided and adoptively transferred into separate
congenic mice, which received allografts 1 day later. Thirteen days after engraftment, the
donor CD8 T cells were evaluated for proliferation and for antigen-specificity (Figure 4).
The donor CD8 T cells derived from individual mice displayed similar levels of division by
the CD8 T cells and similar patterns of epitope-specific cross-reactivity. In both recipient
mice that received splenocytes from mouse 1 (Figure 4A), GP33-specific CD8 T cells
comprised the dominant proportion of the divided cells, with a small proportion of NP396-
specific CD8 T cells and no detectable GP276-specific CD8 T cells in the divided
population. In both recipient mice that received splenocytes from mouse 2 (Figure 4B),
GP33-, GP276- and NP396-specific CD8 T cells were all detectable in the divided
population. In both recipient mice that received splenocytes from mouse 3 (Figure 4C),
NP396-specific CD8 T cells comprised the dominant proportion of the divided cells, with a
small proportion of GP33-specific CD8 T cells and no detectable GP276-specific CD8 T
cells in the divided population. We observed similar patterns of private specificty with
replicate cultures from individual LCMV-immune mice (Supplemental Figure 3). These
results indicate that the diversity of epitope-specific CD8 T cells stimulated to divide in vivo
is a reflection of the private specificity of an individual.

Virus-specific CD8 T cells mediate rejection of skin allografts
Even though virus-specific CD8 T cells cross-react with alloantigens (8,10,13–15,24), the
ability of virus-specific CD8 T cells to directly mediate rejection of allogeneic tissues in
vivo has not been shown. To formally demonstrate this, CD8 T cells specific for the LCMV-
epitope NP396 were purified from mice acutely infected with LCMV and adoptively
transferred into B6/SCID mice engrafted with BALB/c skin (H2d). This epitope was chosen
because we had previously demonstrated that approximately 12% of NP396-specific CD8 T
cells from B6 mice acutely infected with LCMV are cross-reactive with H2d-antigens (13)
and because this is the largest epitope-specific response in B6 mice (35). NP396-specific
CD8 T cells were purified by sorting NP396-tetramer positive CD8 T cells from acutely
infected B6/SJL (CD45.1) mice (8 day pi). We used mice that were acutely infected with
LCMV because this allowed us to recover the necessary number of NP396-specific CD8 T
cells for the adoptive transfer experiment. The frequency of NP396-tetramer positive cells
both pre- and post-sort is shown in Figure 5A, with the sorted population being 95%
tetramer positive. One or two million CD8 T cells were transferred into 4 recipient B6/SCID
mice in 2 separate experiments. NP396-specific cells were detected in the peripheral blood
of 5 out of 8 recipient mice 9 days after transfer (Figure 5B). Of these 5 recipients that still
retained NP396-specific CD8 T cells, 4 rejected the skin allografts over a 50 day period,
while B6/SCID mice receiving no cells (N = 6) or mice in which the transferred cells were
not detectable (N = 3) maintained grafts until the end of the experiment at day 100 (Figure
5C, p = 0.013). These data indicate that effector virus-specific CD8 T cells are able to reject
skin allografts.

DISCUSSION
Viral infections are a serious complication for transplant recipients and are often associated
with rejection of engrafted tissues. Historically, herpes viruses such as CMV, EBV and
HSV, were the primary concern for transplant recipients, but other viruses, including
influenza virus and polyoma viruses (BK and JC virus) are also problematic (2,36–39). In
this report, we show that LCMV-specific memory CD8 T cells proliferate in response to
alloantigens both in vitro and in vivo. This represents, to our knowledge, the first
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demonstration that virus-specific memory CD8 T cells are recruited into the immune
response against tissue allografts in vivo. The alloantigen-induced division of LCMV-
specific memory CD8 T cells involved multiple epitope-specific populations, which varied
between individual mice. The variation between individuals was attributed to the unique
private specificity of the memory T cell pool for each mouse. These results demonstrate that
virus-specific CD8 T cells generated by past viral infections will respond against foreign
tissue grafts and that the epitope-specificity of this cross-reactive response will be dictated
by an individual’s unique TCR repertoire.

Our study makes the observation that virus-reactive CD8 T cells proliferate in response to
alloantigens and that the epitope-specificity of the proliferating cells is variable between
individual mice, with distinct patterns of epitope-specific populations responding. This
diversity in the activation of cross-reactive memory CD8 T cells was also observed in
models of sequential viral infections with LCMV and VV and with LCMV and PV (33,34).
Our results reinforce the concept that the virus-specific CD8 T cells from individual mice
have a unique epitope-specific TCR-repertoire and that this private specificity will impact
directly on the induction of an allo-cross-reactive T cell response (33,34).

Memory alloreactive T cells are a serious concern for transplant patients, as the pre-
transplant frequency of donor-reactive memory T cells correlates with the likelihood of an
acute rejection episode (22). Memory alloreactive CD8 T cells respond rapidly to
transplanted tissues in mice and produce inflammatory cytokines, which stimulate the
allograft to secrete chemokines that enhance the recruitment of innate immune cells, such as
polymorphonuclear leukocytes, to the engraftment site (40). The survival of virus-induced
cross-reactive T cells into memory may account for the detection of alloreactive memory
CD8 T cells in humans never been exposed to alloantigens (13,22). Previous studies have
suggested that cross-reactive virus-specific CD8 T cells are an important consideration for
transplantation patients. For example, human CD8 T cells specific for an EBV-epitope
(FLRGRAYGL) presented by HLA-B8 recognize HLA molecules B14, B44 and B35 as
alloantigens (12,17), and HLA-B44-positive renal transplants show decreased survival in
HLA-B8 positive recipients (7).

Our findings presented in Figure 5 indicate that a population of effector CD8 T cells specific
for an individual virus-derived epitope can mediate the rejection of a skin allograft.
Although we used mice acutely infected with LCMV for this experiment in order to obtain
sufficient numbers of T cells, we predict that virus-specific memory CD8 T cells will also
mediate rejection of transplanted tissues and that this population will differ between LCMV-
immune hosts due to the variability in the allo-cross-reactive repertoire. In these experiments
it was not meaningful to use a control non-tetramer-specific population, because cross-
reactive alloreactive T cells are found among T cells with other viral epitope specificities
(Figures 2, 3 and 4) and there are more than 20 LCMV epitopes. Further, in these
experiments some alloreactive T cells would not be cross-reactive with the virus. What we
find convincing though, is that graft rejection only occurred in hosts that retained and had
apparently stimulated the proliferation of the NP396-specific T cells. When those T cells
were not recovered, the allografts remained intact. While we anticipate that the donor
NP396-specific CD8 T cells infiltrate the skin allografts and mediate rejection, it is also
possible that the small population of donor CD8 T cells that did not bind NP396 tetramer
could be undergoing homeostatic expansion in the B6/SCID host and then contributing to
the rejection process. We are currently evaluating this possibility.

The generation of alloreactive memory T cells by infection may represent a long-term
barrier for the use of costimulation blockade to induce allograft tolerance, as memory T cells
are less reliant on costimulation for activation as compared to naïve cells (13,21,41–45).
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LCMV-specific CD8 T cells were still capable of responding to stimulation with alloantigen
after costimulation blockade. Even if cross-reactive, alloreactive memory cells can be
identified prior to transplantation, it may be difficult to predict whether they would
proliferate in response to the allograft, as division of cross-reactive cells can be quite
stringent and is variable between individuals. Virus-specific human CD4 T cells also cross-
react with alloantigens, suggesting that both memory CD8 and CD4 T cells generated by
past infection may respond to allografts in vivo (46,47).

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Naive and memory phenotype alloreactive CD8 T cells are detectable in LCMV-
immune mice
Splenocytes from LCMV-immune B6 mice (A, B and D) or naïve B6 mice (C) were
stimulated with peptides or with splenocytes (allogeneic, irradiated LPS-treated cells) that
were either syngeneic (H2b) or allogeneic (BALB/c, H2d or CBA, H2k), as described in
Materials and Methods. After culture, splenocytes were stained for cell surface markers and
for intracellular IFN–γ and TNF. For analysis, samples were gated on CD8+ cells, and the
values shown represent the percentage of CD8 T cells staining positive for either cytokine.
The data are representative of 4 experiments.
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Figure 2. H2d-antigens stimulate LCMV-specific memory CD8 T cells to proliferate in vitro
CFSE-labeled splenocytes from LCMV-immune B6 mice were cultured in vitro for 6 days
with P815 cells (H2d) as described in Materials and Methods. (A) After the in vitro culture,
CD8 T cells were evaluated for division by dilution of CFSE, and the values shown
represent the percentage of CD8 T cells that are CFSElo. (B) Cultured cells were incubated
with either syngeneic (H2b) or allogeneic (H2d) splenocytes or with a mAb specific for CD3
for 5 hr and then evaluated for the production of IFN–γ̃ (C) Alternatively, cultured cells
were incubated with the indicated peptides for 5 hr and then evaluated for the production of
IFN–γ. For the intracellular cytokine assays, samples were gated on CD8+ cells, and the
values shown represent the percentage of either CFSElo or CFSEhi CD8 T cells staining
positive for IFN–γ. The data are representative of 5 experiments.
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Figure 3. H2d-skin allografts stimulate LCMV-specific memory CD8 T cells to proliferate in vivo
CFSE-labeled splenocytes (3 × 107) from LCMV-immune B6 mice were adoptively
transferred into naïve congenic recipient mice, which were engrafted with either syngeneic
(B6, H2b) skin (A and C) or BALB/c (H2d) skin (B and D) 1 day later, as described in the
Materials and Methods. (A and B) Thirteen days after engraftment, donor CD8 T cells
(CD45.2) from the spleens of recipient mice were evaluated for division by dilution of
CFSE, and the values represent the percentage of CD8 T cells that are CFSElo. Recovered
splenocytes were incubated with either syngeneic (H2b) or allogeneic (H2d) splenocytes for
5 hr and then evaluated for the production of IFN–γ. (C and D) Alternatively, recovered
splenocytes were incubated with the indicated peptides for 5 hr and then evaluated for the
production of IFN–γ. For analysis, samples were gated on CD8+ cells, and the values shown
represent the percentage of either CFSElo or CFSEhi CD8 T cells staining positive for IFN–
γ. The data are representative of 4 experiments.
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Figure 4. LCMV-immune CD8 T cells from a single immune mouse exhibit similar responses to
H2d-skin allografts in separate recipients
CFSE-labeled splenocytes (3 × 107) from individual LCMV-immune B6 mice (A, B and C)
were adoptively transferred into separate congenic recipient mice, which were engrafted
with BALB/c (H2d) skin 1 day later, as described in the Materials and Methods. Thirteen
days after engraftment, donor CD8 T cells (CD45.2) from the spleens of recipient mice were
incubated with the indicated peptides for 5 hr and then evaluated for the production of IFN–
γ. For analysis, samples were gated on CD8+ cells, and the values shown represent the
percentage of either CFSElo or CFSEhi CD8 T cells staining positive for IFN–γ. The data are
representative of 3 experiments.
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Figure 5. LCMV-specific CD8 T cells mediate rejection of skin allografts
B6/SJL mice (CD45.1) were infected with LCMV and 8 days later spleens were harvested
and pooled. (A) Splenocytes were stained with NP396-MHC tetramers and with mAb to
CD8, and double positive cells were purified by sorting. The purity of NP396-tetramer
positive cells is shown as the percentage of total cells and as the percentage of CD8 T cells
(values in parentheses). (B) Purified NP396-specific CD8 T cells (1–2×106 cells) were then
adoptively transferred into B6/SCID mice bearing BALB/c skin grafts. (C) Skin graft
survival was monitored over the next 100 days. The data are representative of 2
experiments.
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