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SUMMARY

 

To clarify the immune response of CD57

 

+

 

 T cells (most of them are CD8

 

+

 

) in peripheral blood (PB)
against alloantigens in order to elucidate the T helper 1 (Th 1) immune response, we assessed the role
of CD57

 

+

 

 T cells in IFN-

 

γ

 

 (one of the representative Th 1 cytokines) production in a one-way mixed lym-
phocyte reaction (MLR). In this study, we showed that CD57

 

+

 

 T cells in responder cells were essential
for effective IFN-

 

γ

 

 production in allogeneic MLR due partly to the augmentation of the alloresponse of
regular T cells. Furthermore, IFN-

 

γ

 

 production in MLR correlated with the proportions of CD57

 

+

 

 T cells
in PB regardless of the responders’ age. We also showed that the extent of the expansion of CD57

 

+

 

 T
cells in paediatric patients after haematopoietic stem cell transplantation (HSCT) was markedly lower
than that in adult patients. In addition, CD57

 

+

 

 T cells purified and activated with a combination of
cytokines showed a greater cytotoxicity than regular T cells against human umbilical vein endothelial
cells. Because IFN-

 

γ

 

 production in one-way MLR is a useful predictor of graft-

 

versus-

 

host disease
(GVHD), especially in the acute phase that occurs after allogeneic HSCT, our findings suggested that
CD57

 

+

 

 T cells play a role in the development of GVHD and thus may explain the reason as to why a
higher donor age is associated with an increased risk of developing GVHD while, in addition, the inci-
dence of severe GVHD in paediatric patients is lower than that in adult patients.
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INTRODUCTION

 

In addition to 

 

αβ

 

 T cells without natural killer (NK) cell markers,

 

αβ

 

 T cells with NK cell markers, such as CD56 or CD57, are also
present in the peripheral blood (PB) of humans [1–4]. These NK
type T (CD56

 

+

 

 T and CD57

 

+

 

 T, most of them are CD8

 

+

 

) cells are
relatively rare in peripheral blood mononuclear cells (PBMC),
lymph nodes and spleen from healthy individuals [4,5], while
these cells are abundant in liver and bone marrow [6]. We
reported recently that CD56

 

+

 

 T and CD57

 

+

 

 T cells in PBMC stim-
ulated 

 

in vitro

 

 with anti-CD3 antibody or T helper (Th) 1 cytok-
ines, such as interleukin (IL)-2, IL-12 and IL-15, produced a large
amount of interferon-

 

γ

 

 (IFN-

 

γ

 

) and strongly expressed both the
cytoplasmic perforin and granzyme B [5] and exerted a potent
cytotoxic activity to tumour cells [5,7–9]. In addition, CD57

 

+

 

 T
cells increase in older adults and thus seem to play an important
role in the immunological changes that take place with ageing

[5,10,11]. Therefore, these cells may play a role in the various
immune states of the hosts by inducing Th 1 immune responses
[5,12].

CD57

 

+

 

 T cells have been suggested to develop extrathymically
[11] and have been reported to expand persistently in PB after
allogeneic haematopoietic stem cell transplantation (HSCT) in
adult patients [13,14]. The expanded CD57

 

+

 

 T cells are suggested
to play important roles in the pathophysiology of acute graft-

 

versus

 

-host disease (GVHD) [15] because the CD57

 

+

 

 T cells
increased markedly in acute GVHD patients in comparison to
those in patients without GVHD after allogeneic HSCT [15].
However, the mechanism by which CD57

 

+

 

 T cells are involved in
acute GVHD is largely unknown.

On the other hand, IFN-

 

γ

 

 is one of the crucial Th 1 cytokines
which are known to cause acute GVHD [16] and it also plays a
central role in the cytokine network following allogeneic recog-
nition [17]. The one-way mixed lymphocyte reaction (MLR) is a
useful predictor 

 

in vitro

 

 of acute GVHD that occurs after alloge-
neic HSCT [18]. The IFN-

 

γ

 

 levels in MLR between donors and
recipients have been reported recently to correlate with the sever-
ity of acute GVHD [19].
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In the present study, to clarify the immune response of CD57

 

+

 

T cells in the PBMC against alloantigens in order to elucidate the
Th 1 immune responses, we assessed the role of CD57

 

+

 

 T cells in
IFN-

 

γ

 

 production in one-way MLR using PBMC as responder
cells mainly from healthy volunteers. Furthermore, we investi-
gated the expansion of CD57

 

+

 

 T cells in paediatric patients after
HSCT and discuss the possible role of CD57

 

+

 

 T cells in acute
GVHD.

 

MATERIALS AND METHODS

 

Patients

 

Twenty-two patients who received HSCT and 11 control patients
who had undergone chemotherapy alone due to malignant dis-
eases were studied. All patients were followed at the out-patient
clinic of the National Defense Medical College Hospital or Tokyo
Metropolitan Kiyose Children’s Hospital, Japan. No patients had
any underlying complications related to HSCT or had undergone
chemotherapy before the start of this study. The characteristics of
the patients are summarized in Table 1. Fourteen patients had
received bone marrow cells from either HLA-identical siblings or
single-antigen mismatched related donors or HLA (A, B, DR)-
matched unrelated donors. Cyclosporine and methotrexate were
given for acute GVHD prophylaxis [20]. The diagnosis of acute
GVHD was recognized clinically and graded according to the cri-
teria described previously [21,22], none of these patients showed
severe (grade III and IV) acute GVHD. Seven patients had
received autologous stem cells from PB using a cell separator
(CS-3000 Plus, Baxter, Chicago, IL, USA) after myeloablative
therapy followed by the administration of granulocyte colony
stimulating factor. The PB stem cell source contained approxi-
mately 1·2% CD34

 

+

 

 cells, 50% CD4

 

+

 

 cells, 40% CD8

 

+

 

 cells and
15% NK cells [23,24]. One patient had received autologous bone
marrow cells. None of the HSCT patients showed a clinically
overt cytomegalovirus infection. Because the control patients
received no HSCT, the ages of the control patients at HSCT were
regarded as the ages at which all their chemotherapies were com-
pleted. There were no significant differences in the clinical param-
eters among the allogeneic, autologous HSCT patients and the
control groups.

 

Peripheral blood samples

 

Heparinized PB samples were obtained from both the patients
and healthy adult volunteers. Samples of the young patients were
obtained from children without any significant clinical features

who visited the out-patient clinic of the National Defense Medical
College Hospital for routine examination. The study received
approval from the ethical committee of our medical school.
Informed consent was obtained from all children or their parents.

 

Cell isolation and flowcytometric analysis

 

PBL were obtained from the peripheral blood by lymphocyte sep-
aration medium (ICN Biomedicals Inc., Aurora, OH, USA) and
were then stained with FITC-anti-CD57 antibody (NC1, Beck-
man Coulter, Miami, FL, USA), PE-anti

 

αβ

 

 TCR antibody (Beck-
man Coulter) and PC5-anti-CD56 antibody (NKH-1, Beckman
Coulter) or FITC-anti-CD4 antibody (Beckman Coulter), PE-
anti-CD8 antibody (Beckman Coulter) and PC5-anti-CD3 anti-
body (Beckman Coulter). The surface phenotypes of the PBL
were analysed by a flowcytometric analyser (EPICS XL, Beck-
man Coulter). Human umbilical endothelial cells (HUVEC) were
obtained from human umbilical veins and then maintained in
culture, as described previously [25]. Such cultures were free
from detectable CD45

 

+

 

 contaminating leucocytes and uniformly
expressed von Willebrand factor and CD31.

 

Cell sorting and one-way MLR

 

CD57

 

+

 

 

 

αβ

 

 TCR

 

+

 

 (CD57

 

+

 

 T) cells in PBL were depleted by EPICS
Elite (Beckman Coulter). PBL or CD57

 

+

 

 T cell-depleted PBL
from patients who had received allo-HSCT or adult healthy vol-
unteers were adjusted to a concentration of 4 

 

×

 

 10

 

6

 

 cells/ml with
RPMI-1640 containing 20% human serum. PBL as allogenic stim-
ulator cells were always isolated from the same healthy volunteer.
The stimulator cells were irradiated 40 Gy and adjusted to 4 

 

×

 

 10

 

6

 

cells/ml with RPMI-1640 containing 20% human serum. One
hundred 

 

µ

 

l of either PBL or CD57

 

+

 

 T cell-depleted PBL as
responder cells with 100 

 

µ

 

l of the stimulator cells were cultured in
96-well round-bottomed plates for 72 or 96 h in a humidified 37

 

°

 

C,
5% CO

 

2

 

 incubator. CD57

 

+

 

 T cells, CD56

 

–

 

 CD57

 

–

 

 (regular) T cells,
regular CD4

 

+

 

 T cells and regular CD8

 

+

 

 T cells were purified by
EPICS Elite from PBL of adult healthy volunteers. The purity of
each population was more than 95%. The purified CD57

 

+

 

 T cells
were added to the CD57

 

+

 

 T cell-depleted PBL and then were
adjusted to the indicated proportions (0, 5, 10 and 20%) in whole
responder cells and were also added to regular CD4

 

+

 

T cells or
regular CD8

 

+

 

 T cells. The adjusted cells, along with either the puri-
fied CD57

 

+

 

 T cells, regular T cells, regular CD4

 

+

 

 T cells or regular
CD8

 

+

 

 T cells with plastic adherent macrophages were used as
responder cells in one-way MLR as described above. Plastic
adherent macrophages were obtained by incubating whole PBL

 

Table 1.

 

 The characteristics of patients who underwent allogeneic (allo-) or autologous (auto-) haematopoietic srem cell transplantation (HSCT) and 
control pateints

Allo-HSCT (

 

n

 

 

 

=

 

 14) Auto-HSCT (

 

n

 

 

 

=

 

 8) Control (

 

n

 

 

 

=

 

 11)

Clinical diagnosis* ALL 5, AML 5, AA 3, CML 1 ALL 1, ML 2, NB 3, Wilms 1, ES 1 ALL 8, NB 1, HB 2
Age at HSCT (years) 7·5 

 

± 

 

1·0 7·8 

 

± 

 

1·5 6·6 

 

± 

 

1·3†
(range) (3·0–18·0) (2·2–14·1) (1·1–15·9)
Duration after HSCT (days) 1603 

 

± 

 

312 1848 

 

± 

 

442 1738 

 

± 

 

256
(range) (191–3, 733) (301–3, 630) (490–3, 135)

*ALL: acute lymphoblastic leukaemia; AML: acute myelogenous leukaemia; ML: malignant lymphoma; CML: chronic myelogenous leukaemia; NB:
neuroblastoma; Wilms: Wilms’ tumour; HB: hepatoblastoma; ES: Ewing’s sarcoma; AA: aplastic anaemia. †Age at cessation of all therapies.
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(2 

 

×

 

 10

 

6

 

 cells/ml) at 37

 

°

 

C in a 5% CO

 

2

 

 incubator for 1 h in 96-well
round-bottomed plates and subsequently non-adherent cells were
removed.

 

Assays for IFN-

 

γ

 

 levels

 

IFN-

 

γ

 

 levels in the supernatants of MLR cultured for 72 or
96 h were assayed using cytokine-specific ELISA (OptEIA

 

TM

 

,
PharMingen, San Diego, CA, USA).

 

Cytotoxic assay against HUVEC

 

HUVEC were resuspended and seeded into 96-well flat-
bottomed plates. Achieving confluence, HUVEC monolayers
were labelled with 100 

 

µ

 

Ci Na

 

2

 

 (

 

51

 

Cr) O

 

4

 

 overnight at 37

 

°

 

C in
RPMI-1640 containing 10% FCS, washed three times with
medium, and subjected to cytotoxic assay. Purified CD57

 

+

 

 T cells
(2 

 

×

 

 10

 

5

 

), regular CD4

 

+

 

 T cells or regular CD8

 

+

 

 T cells in 200 

 

µ

 

l of
RPMI containing 20% human serum were cultured with 100 ng/
ml of IL-2 (Pepro Tech EC, London, UK), 20 ng/ml of human IL-
12 (Pepro Tech EC) and 5 ng/ml of IL-15 (Genzyme). After 4 days
of culture, the cells were harvested and then subjected to a cyto-
toxic assay. Labelled targets (1 

 

×

 

 10

 

4

 

/well) were incubated in a
total volume of 200 

 

µ

 

l with effector cells (E : T ratio 

 

=

 

 10 : 1) in
RPMI-1640 containing 10% FCS. The plate was centrifuged after
incubation for 4 h, after which the supernatant was harvested and
counted with a gamma counter. The cytotoxicity was calculated as
the percentage of releasable counts after subtraction of sponta-
neous release. The spontaneous release was less than 15% of the
maximum release.

 

Statistical analysis

 

All values were expressed as mean 

 

±

 

 s.e. The Mann–Whitney 

 

U

 

-
test was used to compare differences between unpaired samples,
while Wilcoxson’s signed-rank test was used to compare differ-
ences between paired samples. Spearman’s rank correlation was
used to examine the relationship between various parameters,
and the deviation was examined by Fisher’s 

 

Z

 

 exchange. Statisti-
cal analysis was performed using the Statview software package

(version 4·5). Differences were considered to be significant when

 

P

 

 

 

<

 

 0·05.

 

RESULTS

 

CD57

 

+

 

 T cells in responder cells are essential for effective 
IFN-

 

γ

 

 production in one-way MLR

 

To explore the role of CD57

 

+

 

 T cells in IFN-

 

γ

 

 production in MLR,
MLR was performed after a depletion of CD57

 

+

 

 T cells from
responder PBL. Control PBMC were also passed through a cell
sorter to neutralize the effect of sorting procedure on lympho-
cytes. The results showed that IFN-

 

γ

 

 production in MLR using
CD57

 

+

 

 T cell-depleted PBL as responder cells were significantly
lower than those using whole PBL from patients (Fig. 1a) as well
as adult healthy volunteers (Fig. 1b). Furthermore, the IFN-

 

γ

 

production in MLR rose gradually as the proportions of CD57

 

+

 

 T
cells added to responder cells increased, especially when cultured
for 96 h (Fig. 2).

 

CD57

 

+

 

 T cells augment IFN-

 

γ

 

 production of regular T cells in 
one-way MLR

 

IFN-

 

γ

 

 production of purified CD57

 

+

 

 T cells in one-way MLR was
unexpectedly lower than that of the purified regular T cells
(Fig. 3a). However, when 20% of CD57+ T cells in regular CD4+ T
cells or CD8+ T cells were present, IFN-γ production in one-way
MLR was augmented significantly (Fig. 3b). These results suggest
that CD57+ T cells may play an important role as a bystander
stimulator to induce IFN-γ production from other T cells.

IFN-γ production in one-way MLR correlates with the 
proportion of CD57+ T cells in the PBL of healthy volunteers
Based on the above results and the fact that CD57+ T cells in PBL
are known to increase with ageing, using PBMC from healthy
volunteers as responder cells, the relationships between IFN-γ
production in one-way MLR and the responders’ age or the
proportions of CD57+ T cells in PBMC were examined. IFN-γ
production in MLR increased constantly with the responders’ age

Fig. 1. Decrease in IFN-γ production in one-way MLR due to the depletion of CD57+ T cells in responder cells. MLR was performed after
the depletion of CD57+ T cells from responder PBL. After a 72- or 96-h culture, the IFN-γ levels of the culture supernatants were analysed
using ELISA. (a) patients following allogeneic HSCT. (b) adult healthy volunteers (n = 5). All data represented are the mean ± s.e. from
five independent experiments. *P < 0·05.
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Fig. 3. CD57+ T cells augment IFN-γ production of regular T cells in one-way MLR. MLR was performed using the purified CD57+ T cells,
regular T cells (a), the purified regular CD4+ T cells, CD8+ T cells or either regular CD4+ T cells or CD8+ T cells added with 20% of CD57+

T cells (b) as responder cells from healthy volunteers (n = 5). After a 72- or 96-h culture, IFN-γ levels of the culture supernatants were
analysed using ELISA. All data represented are the mean ± s.e. from five independent experiments. *P < 0·05.
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(Fig. 4a). Furthermore, IFN-γ production in MLR also correlated
with the proportion of CD57+ T cells in the PBL of the responders
regardless of age (Fig. 4b).

CD57+ T cells are cytotoxic against HUVEC
When purified CD57+ T cells from the PBL of healthy adult vol-
unteers were stimulated with a combination of IL-2, IL-12 and IL-
15 for 4 days, CD57+ T cells showed a much stronger cytotoxicity
against HUVEC than either regular CD4+ T cells or regular CD8+

T cells (Table 2.).

Proportions of CD57+ T cells in PBL increase following 
allogeneic and autologous HSCT in paediatric patients
The proportions of CD57+ T cells in PBMC increased significantly
more in the patients following allogeneic HSCT (8·6 ± 1·7%,
P < 0·05) and autologous HSCT (5·0 ± 0·6%, P < 0·01) than in

control patients (2·6 ± 0·5%) (Fig. 5). However, there were no
significant differences in the proportions of regular T cells and
CD56+ NK cells in PBMC (not shown).

DISCUSSION

CD57+ T cells have been reported recently to be potent IFN-γ
producers [5,26]. IFN-γ is well known to be a representative Th 1
cytokine and acts against bacterial infections and malignant
tumours [27,28]. IFN-γ is also one of the important cytokines in
controlling and amplifying the immune response against alloan-
tigens or initiating acute GVHD [29]. On the other hand, MLR is
a useful model of the immune response between donors and
recipients [18] and IFN-γ is reported to play a key role in MLR
[19].

As shown in this study, CD57+ T cells in PBMC were shown to
induce the production of a larger amount of IFN-γ in MLR.
CD57+ T cells are mostly CD8+ and thus are supposed to recog-
nize MHC class I antigens. However, it was noteworthy that, in
contrast to CD3 or Th 1 cytokine-stimulated IFN-γ production [5],
IFN-γ production of purified CD57+ T cells themselves in MLR
was lower than that of the purified regular T cells. CD57+ T cells
may thus play an important role as a bystander stimulator which
induces IFN-γ production from other T cells in MLR. CD57+ T
cells stimulated with alloantigens might produce some cytokines
or factors which could stimulate regular T cells to produce Th1
cytokines. To clarify this phenomenon, further investigation will
be needed.

Fig. 2. Increase in IFN-γ production in one-way MLR when the propor-
tion of CD57+ T cells in responder cells increases. MLR was performed
using the cells to adjust the indicated proportions (0, 5, 10 and 20%) of
CD57+ T cells in whole responder cells from healthy volunteers (n = 5).
After a 72- or 96-h culture, the IFN-γ levels of the culture supernatants
were analysed using ELISA. All data represented are the mean ± s.e. from
five independent experiments. *P < 0·05.
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Table 2. Cytotoxicities of cytokine-actived CD57+ cells against HUVEC

Subsets
% cytotoxicities against HUVEC†

(E : T ratio = 10 : 1)

CD57+ T cells 28·1 ± 10·4
Regular CD4+ T cells 4·8 ± 0·8*
Regular CD8+ T cells 2·6 ± 0·9*

†All data represented are the mean ± s.e. from four individuals.
*P < 0·0.5 versus CD57+ T cells.
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The predictive factors for the severity of acute GVHD after
allogeneic HSCT have all been well documented. The most pow-
erful factor governing the severity of acute GVHD is the HLA
disparity between the allogeneic donor and the transplant recip-
ient [30]. However, other factors such as the advanced age of
donors or recipients and gender mismatching may therefore also
be associated with the severity of acute GVHD. The incidence of
severe acute GVHD in paediatric patients has been reported to
be lower than that in adult patients [31]. A steadily increasing age
of the donors is also considered to be associated with an increased
risk of acute GVHD [32]. However, the exact reason as to why
increasing age of either the recipients or donors is associated with
an increased risk of developing acute GVHD has yet to be
elucidated.

We have shown that the IFN-γ production in MLR increased
constantly with the responders’ age and also correlated with the
proportion of CD57+ T cells in PBMC, regardless of the respond-
ers’ age. Because the levels of the IFN-γ produced in MLR can be
used to predict the severity of acute GVHD [19], these findings
may explain why an increasing donor’s age for HSCT is associated
with an increased risk of developing acute GVHD [32]. Several
clinical studies have shown that acute GVHD can be prevented

by removing T cells from the donor marrow. Conversely, although
CD8+ cells in the donor marrow cells are important for preventing
rejection of donor marrow cells, the number of CD8+ cells needed
to prevent rejection caused severe acute GVHD [33]. CD57+

CD8+ T cells are abundant in the bone marrow [6], and this fact
raises the possibility that the depletion of CD57+ T cells from the
marrow cells or peripheral stem cell source may prevent acute
GVHD.

CD57+ T cells in PBMC in adult patients expanded not only
following HSCT [13,14,34] but also following other organ trans-
plantations [35]. The proportions of CD57+ T cells in the adult
patients after allogeneic HSCT have been reported to be remark-
ably high (15–60%) [14]. We also confirmed that adult patients
who had received autologus HSCT showed that the mean propor-
tion of CD57+ T cells in PBMC was more than 20% (our unpub-
lished observation). As shown in this study, the expanded CD57+

T cells in the PB from the patients as well as healthy volunteers
were considered to induce a large amount of IFN-γ production in
one-way MLR. Fukuda et al. reported that CD57+ T cells but not
CD57–CD8+ T cells increased remarkably in patients with acute
GVHD compared to patients without acute GVHD after alloge-
neic HSCT [15]. However, the extent of the expansion of CD57+

T cells in paediatric patients demonstrated herein was substan-
tially lower than that in adult patients. The incidence of severe
(grades III–IV) acute GVHD in paediatric patients was reported
to be lower than that in adult patients [36]. Consistent with these
findings, none of patients in this study showed severe acute
GVHD. The differences between adult patients and paediatric
patients in the extent of the expansion of CD57+ T cells following
HSCT may be one of the mechanisms which can explain this phe-
nomenon. Mackall et al. [37] suggested that CD8+ CD57+ T cells
expand rapidly via the extrathymic pathway after completion of
the chemotherapeutic regimen. Since the thymuses are already
involuted in adult patients and may not regrow after HSCT,
CD57+ T cells may expand extrathymically and thus be present
continuously in large numbers in the peripheral blood of adult
patients. On the other hand, paediatric patients after HCST may
have lower CD57+ T cells because they may use their thymuses to
reconstitute their peripheral T cells at a greater rate than adults
[38].

Endothelial cell injury [39] in the liver [40], lung [41] and skin
[42] in patients with GVHD after allo-HSCT has been well

Fig. 4. IFN-γ production in one-way MLR correlates with the proportion of CD57+ T cells in the PBMC of healthy volunteers. MLR was
performed using PBMC from healthy volunteers as responder cells. After a 72-h culture, the IFN-γ levels of the culture supernatants were
analysed using ELISA. The relationships between IFN-γ production and the responders’ age (a) or the proportion of CD57+ T cells in
PBMC (b) were examined. The data are based on the findings of several independent experiments from 34 individuals.
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reported. We have also demonstrated herein that CD57+ T cells
acquired a stronger cytotoxicity than regular T cells against
HUVEC. Taken together, these findings suggest the possibility
that CD57+ T cells expanded following HSCT may play a role in
initiating acute GVHD. However, we cannot rule out the possi-
bility that, in one respect, GVHD itself may result in the gener-
ation of CD57+ T cells in peripheral blood after HSCT, rather
than CD57+ T cells being the cause of GVHD.

On one hand, although the expanded CD57+ T cells may be
involved in initiating acute GVHD, it should be noted that these
cells may also be related to a favourable prognosis after HSCT, as
the patients in this study were considered to be long-term surviv-
ing patients. CD57+ T cells have also been reported to expand in
long-term adult survivors after allogeneic HSCT [13] or other
organ transplantation. We recently demonstrated that CD57+ T
cells have a stronger antitumour effect against various tumour
cells than regular T cells [5,12]. The possibility was also raised that
CD57+ T cells may be either alloreactive or autoreactive and these
cells expanded in the patients subjected to both type of HSCT,
thus inducing a graft-versus-leukaemia effect [43,44]. Therefore,
although CD57+ T cells and their IFN-γ inducing capacity may
indeed be involved in acute GVHD, their role in maintaining suc-
cessful HSCT should also be considered.

In conclusion, both CD57+ T cells in the stem cell source from
donors and expanded CD57+ T cells in the PB in recipients fol-
lowing HSCT are considered to play important roles in the pro-
duction of IFN-γ against alloantigens.
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