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Abstract: Background: Acute graft rejection mediated by alloreactive memory CD4* T cells is a major obstacle to
transplantation tolerance. It has been reported that CD8* Tregulatory cells (Tregs) have the ability to induce graft tol-
erance by restraining the function of activated CD4* T cells, but not including memory T cells. The aim of this study
is to elucidate the effect of CD8* Tregs on alloreactive memory CD4* T cells. Methods: We detected Qa-1 expression
and performed proliferative assay on memory CD4* T cells. All memory CD4* T cells were purified from mice receiv-
ing skin allografts. We performed inhibitory and cytotoxic assays on CD8* Tregs, which were isolated from a T cell
vaccination mouse model, and IL-2, IL-4, IL-10 and IFN-y levels were measured in co-culture supernatants by ELISA.
To confirm CD8* Tregs inhibition of memory CD4* T cells in-vivo, we utilized a murine model of cardiac allograft
transplantation. Results: Memory CD4* T cells mediated acute allograft rejection, and CD8* Tregs suppressed the
proliferation of memory CD4* T cells. In vitro, memory CD4* T cells were inhibited and lysed by CD8* Tregs. There was
a positive correlation between IFN-y levels, and cell lysis rate induced by CD8* Tregs. In-vivo studies demonstrated
CD8* Tregs prolonged graft survival times, by inhibiting CD4* memory T cells, through a Qa-1-peptide-TCR pathway.
Conclusions: CD8* Tregs inhibit CD4* memory T cell-mediated acute murine cardiac allograft rejection, and further
prolong graft survival times. These results provide new insights into immune regulation of organ rejection.
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Introduction

Organ transplantation is an effective treatment
for end-stage organ failure [1-3]. However,
almost all allograft patients require long-term
continuous immunosuppressive to prevent
graft rejection, making recipients susceptible
to infection and more vulnerable to cancer
[4-6]. Although major advances have been
made in patient management, graft rejection
remains a significant problem. T cells, including
pre-existing memory T cells in the recipients,
play a central role in allograft rejection [7-11].
Memory T cells consist of alloantigen specific
clones that can be generated as a result of
organ transplantation, blood transfusion or
pregnancy [12-14], as well as cross-recognition
[15]. Alloantigen specific memory T cells are
promptly activated and proliferate into effector
T cells more efficiently than naive T cells [16,
17]. Thus, a better understanding of memory T

cell-mediated rejection processes will be impor-
tant for effective control of allograft rejection
[14, 16-18].

Clinical and experimental data indicate that
current immunosuppressive treatments fail to
inhibit transplant rejection mediated by memo-
ry CD4* T cells [14, 18-20]. Indeed, much
research has focused on T regulatory cells
(CD4*CD25*FOXP3* Tregs) [21, 22], which pri-
marily target at naive T cells and the initial stag-
es of an immune reaction. These CD4* Tregs
have a limited effect on the regulation of mem-
ory CD4* T cells [23]. Here, we investigate the
effect of CD8* T regulatory cells on memory
CD4* T cells. CD8* T regulatory cells have been
extensively investigated in autoimmune diseas-
es, such as EAE (experimental autoimmune
encephalomyelitis) [24], murine autoimmune
diabetes [25], and inflammatory bowel disease
[26]. The TCR of these CD8* T regulatory cells
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can recognize the Qa-1 peptide complex
expressed on the surface of activated T cells,
and prevent delayed type hypersensitivity (DTH)
by deleting auto-reactive CD4* T cells [27-30].

However, although CD8* T regulatory cells are
known to be involved in transplant tolerance
[31-34], little is known about the interaction
between CD8* T regulatory cells and memory
CD4* T cells in alloimmunity. Here, we investi-
gate the regulation of memory CD4* T cells by
CD8* T regulatory cells in vitro and in vivo.

Materials and methods
Mice

6-8 weeks old C57BL/6J mice were purchased
from Wuhan University center for animal experi-
ment/A3-lab (Wuhan, China). C3H mice were
purchased from Vital River Laboratories (VRL)
(Beijing, China), B6.129S7-Rag1™Mom/J mice
were purchased from The Jackson Laboratory
(USA). All animals were housed in the specific
pathogen-free environment at Tongji Medical
college center for animal experiment, Huazhong
University of Science and Technology. All mouse
experiments were approved by the ethics com-
mittee of Tongji Medical College and conducted
according to the guidelines of the National
Institutes of Health.

Murine skin allograft transplantation

We used a murine skin allograft transplanta-
tion model to produce CD4*CD44*CD62LCCR7T
effector memory CD4* T cells, which specifically
reacted against C3H mouse antigens [35]. Skin
grafts without hair and connective tissue from
C3H mice were cut into patches with the size of
1cm in diameter, and then immersed into the
saline. Two patches of 1 cm diameter skin were
removed from the back of C57BL/6J mice. The
wounds were covered with C3H mice skin
patches, vaseline gauze and medical patches
in sequence, and fixed by medical adhesive
tape. Medical adhesive tape, medical drip
patches and vaseline gauze were removed
after 7 days. Each recipient was maintained
separately in a single cage, and continued to be
housed for two months.

Purification of memory CD4* T cells

Memory CD4* T cells were isolated from
spleens of C57BL/6J skin allograft recipients
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using magnetic negative selection (MAGM206,
R&D, USA), which were confirmed by markers
CD4 (FITC, 50 ul, 100405, BioLegend) CD44
(PE, 100 tests, 103024, BioLegend), CCR7 (PE,
200 pg, 120106, BioLegend) and CD62L (FITC,
500 pg, 104406, BiolLegend) using Flow
Cytometry as we have previously described
[35].

Production of CD8* T regulatory cells

Naive CD4* T cells purified from the spleens of
wildtype C57BL/6J mice were cultured in 10%
FBS RPMI 1640 with 1% penicillin, 1% strepto-
mycin, concanavalinA (conA 4 pg/ml, SIGMA-
ALDRICH) and rmIL-15 (100 ng/ml, R&D) for 96
hours at 37°C and 5% CO, humidified environ-
ment. Activated CD4* T cells were collected and
washed three times by RPMI 1640 medium,
resuspended in RPMI medium at 107 cells/ml
with mitomycin C (25 yg/ml) used to attenuate
the function of activated CD4* T cells [36-38],
and incubated for 30 minutes in 37°C and 5%
CO, humidified environment before the reac-
tion was terminated by 40% FBS. Attenuated
CD4* T cells were transferred into C57BL/6J
mice by tail vein injection at a concentration of
2x10° cells/200 ul per mouse after washing
three times with RPMI medium. The CD8* T
cells (more than 95%) were purified from the
spleens of these C57BL/6J mice two weeks
later using Mag Cellect Mouse CD8" T Cell
Isolation Kit (MAGM203, R&D, USA) [27, 39].

Identification of memory CD4* T cells and their
proliferation in vivo

Memory CD4* T cells were labeled with CFSE
(Carboxyfluorescein succinimidyl ester, 10 mM,
21888, SIGMA-ALDRICH) (around 95% posi-
tive). 5x10° memory CD4* T cells were trans-
ferred into recipient mice by tail vein injection
one day before heart transplantation. Proli-
feration of CFSE-labeled memory CD4* T cells
was measured daily, from 1 day before trans-
plantation to 5 days post-operation. At day 6,
CD44, CCR7 and CD62L on these CFSE labeled
cells were detected by Flow Cytometry.

Hematoxylin-eosin (HE) and immunofluores-
cence staining

For histological examination, cardiac graft
blocks were placed in 10% buffered formalde-
hyde solution 48 hours before being embedded
in paraffin. Four ym heart sections were stained
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with HE staining, evaluated by a pathologist
blinded to the experimental groups, in accor-
dance with the standardization of nomencla-
ture in the diagnosis of heart rejection [40] (The
International Society of the Heart and Lung
Transplantation, ISHLT). Donor cardiac histo-
logic tissues were scored by a semiquantitative
histology scoring system. Sections were graded
0-3 based on damage of donor cardiac
allografts including epicardial, myocardial,
endocardial damage, and inflammatory cell
infiltration, O (no damage), 1 (mild damage), 2
(moderate damage), and 3 (severe damage).
Five sections of each group were chosen and
three fields of each section were captured to
score. Data was shown as mean + SEM.
Immunofluorescence staining was performed
following the specification: rat anti-mouse CD4
antibody (500 pg, 100510, BioLegend).

Purification of anti-mouse Qa-1 and anti-
mouse CD8 antibodies

Hybridoma cell lines producing anti-mouse
Qa-1b antibodies (CRL-274 3™ built by Professor
MJ Soloski in Johns Hopkins University) and
hybridoma producing anti-mouse CD8 antibod-
ies (against mouse Lyt 2.2, CRL-1971™) were
purchased from American type culture collec-
tion (ATCC, USA). The hybridoma were cultured
in Dulbecco’s Modified Eagle’s Medium (Gbico,
USA) with 10% FBS. Purification of anti-mouse
Qa-1 and anti-mouse CD8 antibodies from the
hybridoma was performed by Proteintech
Group, Inc (Wuhan, China) and the antibodies
were dissolved in glycerol (1 pg/ul).

Qa-1 expression on memory CD4* T Cells

The expression of Qa-1 on memory CD4* T cells
(experiment group with 4 pg/ml conA) was
detected by Flow Cytometry using PE-anti-Qa-1
antibodies (1 pg/10° cells, SC-23889, Santa
Cruz Biotechnology)at O h, 24 h, 48 h, 72 h, 96
h, and 120 h time point.

Proliferation assay of memory CD4* T cells
with different stimuli

Memory CD4* T cells labeled with CFSE at a
concentration from 2x10* to 1x10° cells/well
were assigned to control group, positive group
(4 pg/ml conA as stimulus), and experiment
group(co-cultured with C3H spleen cells pre-
treated with mitomycin C as stimulus at 1x10°
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cells/well). Proliferation was measured by Flow
Cytometry at O h, 24 h, 48 h, 72 h, and 96 h
time points [41, 42].

Suppression assay of CD8* T cells on memory
CD4* T cells

Memory CD4* T cells labeled with CFSE (10°
cells/well) were cocultured with CD8* T cells at
the presence of C3H spleen cells pretreated
with mitomycin C at different E/T ratios of 1:1,
1:2, 1:4 and at different time points. The most
effective ratio and time point was chosen for
the following experiments. The inhibitory effect
of CD8" T regulatory cells on memory CD4* T
cells was detected by Flow Cytometry. In block-
ing experiments, memory CD4* T cells were
incubated with an anti-Qa-1 antibody (10 ug/
ml) and CD8* T regulatory cells were incubated
with an anti-CD8 antibody (25 ug/ml) for 1 h at
4°C. Then memory CD4* T cells and CD8* T
regulatory cells were co-cultured for 96 h, the
proliferation effect of memory CD4* T cells was
measured by Flow Cytometry [42].

In vitro cytotoxic assay

Memory CD4* T cells labeled with CFSE were
incubated with CD8* T regulatory cells at differ-
ent ratio (1:5, 1:10, 1:20) for 2 hours at 37°C
and a 5% CO, humidified environment, then all
the cells were stained with Pl (Propidium lodide,
Sigma). CFSE and PI double positive was con-
sidered as percentage of lysis, and cytotoxic
ability was calculated by the formula: sample
lysis-control lysis [43, 44].

ELISA assay

Detection of IL-2, IL-4, IL-10 and IFN-y levels
from supernatant of cocultured cells was per-
formed following the protocol of ELISA kit
(Dakewei Biotech Company, Shenzhen, China)

Murine cardiac allograft transplantation

All the donor cardiac grafts were from C3H
mice. Mouse recipients were divided into seven
groups (5-8 mice per group): control group
(C57BL/6)J), control group (Ragl”), mCD4
group (Ragl’” mouse received 5x10° mCD4* T
cells), CD8 group (Ragl” mouse received
5x10° CD8" Tregs), mCD4+CD8 group (Ragl”
mouse received 5x10° CD8* Tregs and 5x10°
mCD4* T cells at the same time), mCD4* CD8*
anti-Qa-1 mAb group (Ragl’” mouse received
anti-Qa-1 mAb, mCD4 and CD8), mCD4* CD8*
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Figure 1. Memory CD4+ T cells had the ability to
induce acute rejection in mice model. A. Two group
of mice received C3H cardiac allograft and surviv-
ing times were observed: mCD4 group (C3H to B6/
RAG+mCD4) (n=7, MST=15 days); Negative control
(C3H to B6/RAG) (n=5, MST>100 days). B. Compari-
son of memory CD4+ T cells between mCD4 group
and negative control.

anti-CD8 mAb group (Ragl” mouse received
anti-CD8 mAb, mCD4 and CD8). All cells were
transferred into recipients 24 hours before
heart transplantation by tail vein injection. Anti-
Qa-1 mAb and anti-CD8 mAb were adminis-
tered one day before operation by peritoneal
cavity injection (500 pg/mouse). The procedure
of acquiring donor cardiac allografts and plac-
ing them in the abdominal cavity of recipients
was performed as previously described [45].
Heart graft function was assessed daily by
manual palpation. Graft rejection was defined
as cessation of beating as determined by man-
ual palpation, and was confirmed by visual
inspection. All grafts were harvested at time of
rejection or 100 days after transplantation.

Statistical analysis

All experiments were performed at least three
independent times. The data were presented
as Mean = SEM and analyzed by a student’s
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t-test or one-way analysis of variance (ANOVA).
Kaplan-Meier analysis with a log-rank test was
used to compare heart grafts survival between
groups. Statistical analysis was performed
using Prism 5.0 (GraphPad Software, La Jolla,
263 CA, USA) or SPSS 13.0 (Chicago, IL, USA).
P value<0.05 was considered to be statistically
significant.

Results

Identification of memory CD4* T cells and its
mediating murine cardiac allograft rejection

Memory CD4* T cells isolated from C57BL/6)J
skin allograft recipient consisted of more than
95% of CD4*CD44*CD62LCCR7 T cells [35].
Memory CD4* T cells labeled with CFSE were
transferred into Ragl’” mice by tail vein injec-
tion one day before C3H cardiac allografts
transplantation. We found that fluorescence
intensity of CFSE on memory CD4* T cells from
recipients decreased with time after surgery,
and the ratio of CFSE positive cells increased
(data not shown). This data indicated that CFSE
labeled memory CD4* T cells began to prolifer-
ate 24 hours after surgery when they were con-
fronted with alloantigens. The surface markers
on CD4* T cells were measured 6 days after
surgery: CD44* accounted for 52.09%, CCR7T
for 96.01%, and CD62L for 97.02%.

To elucidate the role of memory CD4* T cells in
murine cardiac allograft transplantation, we
performed two groups of cardiac transplants:
mCD4 group (C3H to B6/RAG+mCD4) and neg-
ative control (C3H to B6/RAG). Memory CD4* T
cells mediated allograft rejection, and short-
ened survival times as compared to the nega-
tive control group (15 d vs. more than 100 d,
P=0.001, Figure 1A). CD4* T cell infiltration into
allografts was confirmed using immunofluores-
cence staining (Figure 1B).

Qa-1 expression on memory CD4* T cells in-
creased as time went by in both activated and
resting groups

To assess Qa-1 expression on C3H mouse-anti-
gen specific memory CD4* T cells, memory
CD4* T cells were divided into a resting group
and an activated group (activated by 4 pg/mi
conA). Cells collected were for Flow Cytometry
detection at different time points. The Qa-1
expression on these cells in both groups
increased as time went by (Figure 2A), showing
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Figure 2. Expression of Qa-1 on memory
CD4+ T cells. A. Memory CD4+ T cells were
cultured in 96-well plate with or without Con
A, 30000 cells/well. Qa-1 was detected every
24 hours for 120 hours in a row. B. Expres-
sion of Qa-1 on memory CD4+ T cells was
shown in resting state and activated state (*,
P<0.05, comparison between resting state
and activated state at each time point).
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Figure 3. Proliferation effect of C3H mouse-antigen specific mCD4. A. CFSE labeled memory CD4+ T cells were cultured in 96-well plates 105/well with control, con
A. (4 yg/ml), C3H spleen cells (105/well). B. Cells were harvested O h, 24 h, 48 h, 72 h, and 96 h for proliferation index measurement. Proliferation index at O hour
was considered as 1. C. Supernatants were collected for the detection of IL-2 by ELISA at 96 h.
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Figure 4. Effect of CD8+ regulatory T cells on antigen specific memory CD4+ T cells (E/T). A. Qa-1-restricted CD8+ T cells were cultured with memory CD4+ T cells at
various E/T ratio=1, 2, 4. B. Proliferative effect was detected by Flow Cytometery at 96 hour. C. IL-2 in supernatant was measured by ELISA at 96h. D. The relation-
ship between supernatants IL-2 level and proliferation index of Memory CD4+ T cells
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Figure 5. Interruption of inhibitive effect of CD8+ regulatory T cells on memory CD4+ T cells by anti-Qa-1 and anti-
CD8 antibodies. A. Qa-1 restricted CD8+ T cells were incubated with anti-CD8 mAb (25 pug/ml) and CFSE-labeled
memory CD4+ T cells with Qa-1 mAb (10 ug/ml) (ratio of Qa-1 restricted CD8+ T cells to memory CD4+ T cells=4)
for 96 hours. B. The proliferation effect was tested as previously described.

a higher proportion after stimulation with conA
after 48 hours (Figure 2B).

Memory CD4™* T cells proliferated with C3H
spleen cells stimulation as time went by

The number of mCD4* T cells increased as time
went by and this proliferative effect was
enhanced after stimulation by conA or C3H
spleen cells pretreated with mitomycin C for 72
hours (Figure 3A, 3B). Figure 3 indicated that
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conA and C3H spleen cells had the similar abil-
ity to stimulate mCD4* T cells to proliferate sig-
nificantly (P<0.05). This phenomenon was also
confirmed by the ELISA assay of IL-2 indirectly
at 96 h (Figure 3C).

CD8* regulatory T cells suppressed the prolif-
eration of C3H mouse-antigen specific memo-
ry CD4* T cells

Figure 3 showed C3H mouse-antigen specific
memory CD4* T cells proliferated significantly
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Figure 6. Lysis function of CD8+ Tregs on memory CD4+ T cells. A. CFSE labeled memory CD4+ T cells and CD8+ T
cells were incubated at various E/T ratio, accompanied by inactivated C3H spleen cells. B. Lysis of memory CD4+
T cells by CD8+ T cells. C. IFN-y from cultured supernatants was detected by ELISA. D. The relationship between
supernatants IFN-y level and lysis of memory CD4+ T cells. (*, P<0.05; **, P<0.01; ***P<0.001).
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Figure 7. Protective effect of CD8+ Tregs on murine cardiac allografts. A. Mice were divided into seven groups. B.
Survival time was calculated by Kaplan-Meier analysis with a log-rank test for the seven groups. C. Histological ex-
amination of donor cardiac allografts at terminal or determined time points. D. Scores for damage of donor cardiac

allografts. (***P<0.001).

compared with the control at 96 h. So, we fur-
ther investigated the suppressive effect of
Qa-1-restricted CD8" T cells on C3H mouse-
antigen specific memory CD4* T cells according
to different E/T ratios. Our results showed that
the proliferation index and IL-2 levels of super-
natants decreased while the E/T ratio
increased, especially at E/T ratio=4 (Figure
4A-C). There was a significantly positive rela-
tionship between IL-2 levels and the prolifera-
tion index at the 96 h time point (R?=0.853,
P=0.009, Figure 4D).

72

Anti-Qa-1 and anti-CD8 antibodies reduced the
suppressive activity of CD8* regulatory T cells
on memory CD4* T cells

Figure 4 Showed that CD8* Tregs had the ability
to suppress the proliferation of antigen specific
memory CD4* T cells at E/T ratio=4 at the 96
hour time point. This phenomenon leads us to
ask how CD8" T cells inhibited the activity of
C3H mouse-antigen specific memory CD4* T
cells. Studies in autoimmunity have described
a role for CD8* Tregs [24-26]. In these studies
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CD8* Tregs have been shown to suppress auto-
reactive CD4* cells via recognition of Qa-1-
peptide complex [24, 26]. Given these reports
we analyzed the role of Qa-1 and CD8* Tregs.
Our data shows that anti-Qa-1 or anti-CD8 anti-
bodies inhibited the suppressive activity of
CD8" Tregs, and combined administration of
anti-Qa-1 and anti-CD8 also had a blockade
effect (Figure 5A, 5B). These data indicated
that CD8* regulatory T cells also inhibited the
proliferative activity of alloreactive memory
CD4* T cells through Qa-1-peptide-CD8-TCR
pathway.

Killing effect of CD8* regulatory T cells on C3H
mouse-antigen specific memory CD4* T cells

The lysis rate of memory CD4* T cells was used
to evaluate the killing effect of Qa-1-restricted
CD8" T cells in this experiment. The data
showed that the lysis rate of memory CD4* T
cells (CFSE labeled) at different E/T ratios, and
this Killing effect could be blocked by anti-Qa-1
or anti-CD8 mAb (Figure 6A, 6B). The higher
E/T ratio was, the more obvious killing effect
and the lower concentration of IFN-y could be
detected (Figure 6B and 6C). There was an
obvious positive relationship between lysis rate
and IFN-y level (R?=0.686, P=0.006, Figure
6D). However, some inhibitory cytokines, such
as IL-4 and IL-10 were not measurable in these
supernatant (data not shown).

Protective effect of CD8* regulatory T cells on
murine cardiac allografts

In order to test the inhibitory effect of CD8*
Tregs on memory CD4* T cells in vivo, mice
were divided into seven groups before they
were given specific treatments (Figure 7A). All
heart allografts from C3H to B6/Ragl1” group
(n=6, OR, Figure 7B) survived more than 100
days, except one, which failed at 57 days, obvi-
ously longer than those from C3H to B6/WT
group (n=8, MST=8 days, P<0.01) (Figure 7B).
After injection with mCD4, cardiac allograft sur-
vival time (n=7, MST=15 days, P<0.01, Figure
7B) was shorter compared with the C3H to
B6/Ragl” group. However, the survival time
was prolonged significantly by treatment with
CD8* Tregs (C3H to B6/Rag+mCD4+CD8 group,
n=5, MST=37 days, P<0.05, Figure 7B), even
longer in the CD8 group (n=5, MST=58 days,
P<0.05, Figure 7B). These data indicated that
CD8* Tregs exerted their protection against
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rejection by inhibiting C3H mouse-antigen spe-
cific memory CD4* T cells. Protective function
of CD8* Tregs was diminished by anti-Qa-1 mAb
(n=5, MST=13 days, P<0.05, Figure 7B) and
anti-CD8 mAb treatments (n=5, MST=16,
P<0.05, Figure 7B), which confirms that CD8*
Tregs inhibited C3H mouse-antigen specific
memory CD4* T cells by Qa-1-peptite-CD8-TCR
complexes.

Histological evaluations of donor -cardiac
allografts are presented in Figure 7C. Cardiac
allograft damage in the mCD4 group was more
severe than in the negative control while less
serious compared with the mCD4* CD8 group.
Both anti-Qa-1 and anti-CD8 decreased histo-
logical scores as compared with mCD4* CD8
group (Figure 7D).

Discussion

Alloreactive memory CD4* T cells belong to a
sublineage of CD4* T cells, but they have their
own characteristics, which include, lower acti-
vation threshold, long term (usually couple of
years) survival independent of the antigen, and
MHC complexes, which are normally circulating
in secondary lymphoid tissue and non-lymphoid
tissue, and directly hypersensitive reaction to
intruding specific antigens [46]. Transplant
rejection is the main cause of the loss of heart
transplant function. Strict human leukocyte
antigen (HLA) matching before transplantation,
and the application of non-specific immunosup-
pressive drugs after surgery, are used to pre-
vent transplant rejection. However, despite
these approaches, acute transplant rejection
still occurs and is still one of the common com-
plications, which leads to organ failure.
Alloreactive memory CD4* T cells that preexist
in transplant recipients play an important role
in this process, and are largely unresponsive to
conventional immunosuppressive regimes.
Therefore, there is a need to understand the
mechanisms that lead to memory cell expan-
sion, and how to control alloreactive memory
CD4* T cell-mediated acute transplant rejec-
tion.

Memory T cells are distinct from naive T cells
duetotheir expression of CD45RA", CD45R0O",
CD44" and CD11a". Memory T cells are divid-
ed into central memory lymphocytes (T.,)
(CCR7" and CD62L") and effector memory T
lymphocytes (T,,,) (CCR7"* and CD62L"") [47,
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48]. The memory CD4* T cells isolated from
spleens in this study were more than 95%
CD4*CD44*CD62LCCRT T cells, belonging to
T, Alloreactive memory CD4" T cells have the
ability to induce acute transplant rejection rap-
idly because they can migrate into the donor
graft and mediate graft rejection, independent
of secondary lymphoid tissues such as spleen,
lymph nodes and mucosa lymphoid tissues
[49]. Our data showed that alloreactive CD4*
T, became activated and proliferated as early
as 24 hours after surgery, and that the ratio of
CD4* T cells increased with time. These results
indicated that CD4" T_, were activated and
could proliferate at an early stage when stimu-
lated with specific antigen [46]. The expression
of CCR7 (96.01%) and CD62L (97.02%) on
CD4* T cells 6 days after transplantation re-
mained high, but CD44* expression decreased
(from more than 95% to 52.09%). CD44, which
is a single glycoprotein located on the surface
of cell membrane, belongs to the family of cell
adhesive molecules [23]. CD44 takes part in
activation of T cells by increasing Ca?* influx
through combining with its ligand, facilitates T
cell adhesion to capillary endothelial cell, and
mediates T cell migration to target tissues [23].
Moreover, acute rejection mediated by T, in
mCD4 group was confirmed by pathological
character of allografts. The survival time of
allografts also definitely confirmed that allore-
active CD4" T, took part in transplant rejection
and had a negative impact on graft survival
time (Figure 1A). Additionally, our immunofluo-
rescence staining data showed abundant CD4*
T lymphocyte infiltration into donor heart in
mCD4 group, with CD4 cells predominantly
located in the central layer of myocardium
(Figure 1B). Taken together, these data support
a role for memory CD4* T cells mediating trans-
plant rejection.

These studies, and that of others, support a key
role for CD4* TEM in graft rejection, and there-
fore strategies to diminish or control these cells
may be of great therapeutic significance. In
spite of improved immunosuppressive regimes,
donor-specific memory CD4* T cells can still be
detected [50]. Researchers also tried other
potential therapeutic approaches to prolong
allograft survival, such as clearing donor-specif-
ic memory CD4* T cells by antibodies, immuno-
toxins, and radiation, preventing migration of
memory CD4* T cells via administration of
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FTY720 [51], blocking co-stimulatory pathway
[52-54]. However, in this study, we performed a
new approach to modulate CD4* T_,,. Here we
utilized CD8" Tregs, and demonstrate the sup-
pressive capacity of these cells on alloreactive
memory CD4* T cells in vitro and in vivo.

Our data showed that alloreactive memory
CD4* T cells proliferate promptly post trans-
plantation when confronted with specific anti-
gens. Qa-1 expression on memory CD4* T cells
began to increase significantly after 48 hours
of conA stimulation (Figure 2), and it increased
with time, which was consistent with endoge-
nous CD4* T cells [55].

CD8* T regulatory cells, firstly described in
autoimmune diseases, were shown to be capa-
ble of preventing autoimmune diseases, and
can be generated by a T cell vaccination pro-
cess [27, 39, 55, 56]. Inhibitory function of
CD8* T regulatory cells mainly depends on its
recognition of Qa-1 (HLA-E in human) complex-
es that have the ability to present a mass of
self and foreign peptide [27, 57]. Our data indi-
cated that CD8" T regulatory cells required a
minimum quantity (E/T ratio=4) and time (96 h)
in vitro to exert their suppressive function. In
the antibody-blocking assay, both anti-Qa-1
and anti-CD8 mAb could efficiently reverse the
inhibitory function of CD8* T regulatory cells,
which reflected CD8* Tregs recognized memory
CD4* T cells via TCR-Qa-1-peptide pathway
(Figures 4 and 5). In killing assays, we found
there was an obvious positive relationship
between lysis rate of memory CD4* T cells and
IFN-y levels (Figure 6). IFN-y, associated with its
ability to elevate Qa-1 expression on activated
cells [58], plays an inhibitory role in the interac-
tion of CD8* T regulatory cells on CD4* T cells
[39, 59, 60], which was confirmed by our data
(Figure 6). IFN-y plays paradoxical roles in
immune reactions [59], and its role here still
requires further investigation. However, what-
ever kind of role it plays in the inhibitory effects
of CD8* Tregs, IFN-y could be used as a direct
index for the lysis function of CD8* Tregs. Taken
together, these data provide intriguing evidence
for a novel approach to protect the heart
allograft from memory CD4 T cell mediated
graft injury.

Our data confirms that CD8* Tregs can inhibit
the function of memory CD4* T cells, and impor-
tantly prolong survival time of allografts (Figure
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7B). The important role of Qa-1 and CD8 Tregs
was confirmed by anti-Qa-1 and anti-CD8 mAb
blockade, which inhibited protective effects on
CD8* Tregs and significantly shorten allograft
survival times (Figure 7B). These results indi-
cated that the TCR-Qa-1-peptide pathway is
involved in the inhibitory function of CD8"* Tregs.
We also found that CD8 cells could shorten sur-
vival time compared to the negative group (C3H
toB6/RAG) (Figure 7B), which might be attrib-
uted to the purity of CD8* Tregs or plasticity of
their regulatory phenotype. These isolated
CD8* T cells might also contain a small fraction
of cytotoxic CD8* T cells. However, this method
of CD8* regulatory T cell purification has been
used in similar studies [27, 39, 55].

In conclusion, our data demonstrates that CD8*
T regulatory cells inhibit the proliferation of
memory CD4* T cells by recognizing Qa-1-
peptide through an IFN mediated Killing mecha-
nism, and protect allografts from rejection
mediated by memory CD4* T cells. Both Qa-1
and CD8 mAb can interrupt this effect. Further
studies on mechanisms of CD8" Tregs regulat-
ing memory CD4* T cells may yield new
approaches to fight allograft rejection.
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