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SUMMARY

 

CD27 molecules are shown to be essential in the regulation of the death, activation and differentiation
of T and B cells. However, the influence of CD27 on cytotoxic T-cell function remains obscure. Autol-
ogous EBV transformed B-cell lines (LCL), which highly express CD27 ligand CD70, here stimulated
T cells and induced the cytotoxic T-lymphocyte (CTL) activity via T-cell antigen receptors (TCR). The
cytotoxicity against LCL was diminished when anti-CD70 blocking MoAb was added initially in the cul-
ture. Resting T cells killed more CD70-transfected P815 cells than wild type P815 cells in the presence
of anti-CD3 MoAb as measured by a 4-h 

 

51

 

Cr release assay, and the cytotoxicity of both of the cell pop-
ulations completely disappeared in the presence of concanamycin A (CMA). The expression of the
perforin by the LCL-induced CTL in the presence of anti-CD70 blocking MoAb was diminished as
compared with that without the blockage of CD27/CD70 interactions. The CTL induced by LCL did not
kill Fas-transfected WR cells. CD27 signalling in the T cells did not affect Fas ligand (FasL) mRNA
expression, LAK activity and IFN-

 

g

 

 synthesis in humans. Our data demonstrate that CD27/CD70 inter-
actions enhance the cytotoxicity of CTL in the induction phase through enhancement of killing activity
induced via the perforin-dependent mechanism, but not via the Fas/FasL system.
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INTRODUCTION

 

Cytotoxic T-lymphocytes (CTL) are deeply involved not only in
the elimination of pathogens, such as viruses, but also in the onset
of autoimmune diseases or malignant tumours [1]. CTL recognize
antigens by T-cell receptors (TCR) and destroy target cells. In
recent years, it has been demonstrated that two pathways, per-
forin/granzyme B and Fas/Fas ligand (FasL), are important in T-
cell cytotoxicity [2–5]. Perforin is a 70-kD protein and is found in
granules of T and NK cells. Perforin serves to facilitate the entry
of apoptosis-inducing granzymes, also stored in the perforin gran-
ules, into the target cells [6–8]. In Fas/FasL-mediated apoptosis,
FasL expressed on killer T cells stimulates the Fas molecules of
the target cells and induces DNA fragmentation, thus leading to
their apoptosis [9–11]. The induction and activation of CTL start
when TCR recognize  a specific  antigen  presented  by  antigen-
presenting  cells.  However, sufficient signals  are  created  when

various supplemental receptors are stimulated at the same time.
CD28; CTLA-4/CD80; CD86 interactions play an important role
as a type of costimulatory factor. Azuma 

 

et al.

 

 [12] reported that
the stimulation of CD28 molecule on resting T cells under CD3
stimulation could induce the marked cytotoxic activity.

Recent researches on the TNF/TNF receptor family have
demonstrated that TNFs are closely involved in immune
responses as costimulatory factors. It is documented that CD27/
CD70 interactions are important for T-cell activation in addition
to such B-cell functions as plasma cell differentiation, immuno-
globulin production and immunological memory [13,14]. It is
reported that CD27 signalling enhances NK cell activity [15] and
cytotoxicity of T cells in the presence of PHA [16]. In 

 

in vivo

 

study, mice expressing constitutive CD70 on B cells had hygher
peripheral T cell numbers that showed increased differentiation
toward effector-type T cells [17]. A strong inverse correlation of
killing activity between perforin expression and CD27 expression
has been reported  [18–20]. Brown 

 

et al.

 

 [21] suggest  that
Ag-specific murine CTL generation is enhanced by recombinant
human CD70 expressed on SF9 cell membranes.

The present study utilized an autologous antigen-specific
CTL induction system employing EBV transformed B-cell lines



 

CD27/CD70 interactions in CTL activity

 

425

 

© 2002 Blackwell Publishing Ltd, 

 

Clinical and Experimental Immunology

 

, 

 

130

 

:424–430

 

(LCL), which strongly express CD70, and analysed the effect of
CD27/CD70 interactions on the induction of the MHC-restricted
cytotoxicity in humans.

 

MATERIALS AND METHODS

 

Abs and reagents

 

Anti-CD70 blocking MoAb (HNE51; IgG1) and anti-CD3
MoAb (UCHT-1; IgG1) were purchased from Immunotech
(Marseille, France). Anti-Fas MoAb (7C11; IgM), which induces
apoptosis of Fas-expressing cells, was provided by Dr J. Ritz
(Dana-Farber Cancer Institute, Boston, MA, USA). Anti-CD27
MoAb (8H5; IgG1), which does not block the ligation of CD27/
CD70 was provided by Dr C. Morimoto (Dana-Farber Cancer
Institute, Boston, MA, USA). FITC- and PE-conjugated anti-
CD4 MoAb (Leu3a; IgG1), PE-conjugated anti-CD23 MoAb
(MHM6; IgG1), and FITC-conjugated anti-CD8 MoAb (Leu2a;
IgG1) were purchased from DAKO Japan (Tokyo, Japan). PE-
conjugated antiperforin MoAb was purchased from Pharmingen
(San Diego, CA, USA). FITC-conjugated anti-Fas MoAb and
FITC-conjugated anti-IgG1 MoAb were purchased from MBL
(Nagoya, Japan). PerCP-conjugated anti-CD3 MoAb was pur-
chased from Becton Dickinson (San Jose, CA, USA). Conjuga-
tion of biotin to anti-CD70 MoAb (HNE51) and anti-CD27
MoAb (8H5) were performed by the standard technique using
N-hydroxysuccinimido-biotin (Sigma, St. Louis, MO, USA).
G418 was purchased from Life Technologies (Grand Island, NY,
USA), human IL-2 from Takeda Seiyaku Co. (Osaka, Japan),
and concanamycin A (CMA) from Wako Pure Chemical Indus-
tries (Osaka, Japan).

 

Cell preparation

 

Human peripheral blood  mononuclear  cells  (PBMNCs)  were
isolated from healthy  donors  by  Ficoll-Hypaque (Pharmacia,
Piscataway, NJ, USA) density gradient centrifugation. They were
then separated into sheep erythrocyte rosette-positive (E

 

+

 

) and
negative populations [22]. The purity of T cells included in E

 

+

 

 cells
was more than 95%.

 

Immunofluoresence

 

Two- or three-colour flow cytometric analysis was performed by
a FACScan cytofluorometer (Becton Dickinson, Mountain View,
CA, USA). LCL were stained with anti-CD70-biotin plus
streptavidin-PE, anti-CD23-PE, or anti-CD27-PE. Wild/P815
and CD70/P815 were stained with anti-CD70-biotin plus strepta-
vidin-PE. E

 

+

 

 cells were stained with anti-CD8-FITC and anti-
CD4-PE, before and after coculturing with LCL in the presence
or absence of anti-CD70 blocking MoAb (5 

 

m

 

g/ml). The TCR-V

 

b

 

region of the CTL was also studied using the TCR-V

 

b

 

 repertoire
kit (Immunotech). The isotype-matched direct-labelled controls
were included in all experiments, always at levels less than 8%
positive in cells.

As for the investigation of perforin expression, E

 

+

 

 cells and
cultured T cells were stained with anti-CD3-PerCP, or anti-CD4-
FITC or anti-CD8-FITC and anti-CD27-biotin plus streptavidin-
PerCP before permeabilization. Then, perforin expression was
measured by the staining with antiperforin-PE after permeabili-
zation. They were then washed once in PBS, and fixed in 1 ml of
PBS containing 4% paraformaldehyde for 15 min at room tem-
perature. After washing twice with 1% FCS in PBS, the cells were

incubated with 1 ml of PBS containing 0·1% Triton-X-100 (Sigma
Chemical Co., St Louis, MO, USA) and 0·1% BSA for 6 min at
room temperature. After washing with 1% FCS in PBS, the cells
were stained with PE-conjugated antiperforin MoAb or isotype-
matched mouse IgG for 20 min at 4

 

∞

 

C. Samples were analysed by
flow cytometry.

 

Preparation of LCL

 

PBMNCs were separated from whole blood by Ficoll-Hypaque
density gradient. PBMNCs (5 

 

¥

 

 10

 

6

 

) were incubated with super-
natant obtained from culture medium of EBV-producing B95·8
marmoset cells and 10 ng/ml of cyclosporin A (Sandoz Pharma-
ceuticals, Surrey, UK) in RPMI1640 (Life Technologies, Paisley,
UK) containing 10% FCS (Hyclone, Logan, UT, USA) and 2 m

 

M

L

 

-glutamine at 37

 

∞

 

C. After 2 or 3 weeks of culture, large clumps
appeared; subsequent subculturing and harvesting of the cells
were carried out as needed.

 

Preparation of CD70-transfectants

 

Preparation of cDNA of CD70 was described previously [23,24].
Briefly, total RNA was purified by the single-step method from
the CD70

 

+

 

 human B cell line (Daudi cells). After amplification by
RT-PCR, the  cDNA was  digested  and  ligated  with  the  mam-
malian expression  vector BCMGSneo  (a  gift  from Drs  H.
Karasuyama, A. Kudo and F. Melchers) [25]. The constructed
DNA was transfected into the mouse mastocytoma P815 and
murine pre-B cell 300–19 by electroporation using a Gene Pulser
(Bio-Rad, Hercules, CA, USA). The transfectants were selected
by RPMI1640  medium  supplemented with  10%  FCS  in  the
presence of G418 (1 mg/ml).

 

Cytotoxic assay

 

Cytotoxicity against  wild/P815  or  CD70/P815  cells  was  tested
in a 4-h 

 

51

 

Cr-release assay. Briefly, E

 

+

 

 cells were mixed with 

 

51

 

Cr-
labelled wild/P815 or CD70/P815 cells in a total volume of 200 

 

m

 

l
in 96-well U-bottom microtitre plates at various effector: target
(E: T) ratios ranging from 40:1 to 10:1 in the presence of anti-
CD3 MoAb (0·2 

 

m

 

g/ml). To evaluate the role of perforin, the
effector cells were pretreated with 1000 n

 

M

 

 CMA for 30 min.
After 4 h of incubation at 37

 

∞

 

C in a 5% CO

 

2

 

 atmosphere, 100 

 

m

 

l of
supernatant was harvested and counted in a gamma counter
(Beckman, Palo Alto, CA, USA).

E

 

+

 

 cells were incubated at 2 

 

¥

 

 10

 

6

 

/well with 8 

 

¥

 

 10

 

5

 

/well LCL
that had been fixed with 1% formaldehyde, in the presence or
absence of anti-CD70 blocking MoAb (5 

 

m

 

g/ml) for 12 days. CTL
activity was measured against LCL in a 4-h 

 

51

 

Cr-release assay, and
against murine T cell lymphoma cell line (wild/WR) and Fas-
transfectants (Fas/WR) in a 12-h 

 

51

 

Cr-release assay. Briefly, the
effector cells were mixed with 

 

51

 

Cr-labelled LCL or Fas/WR in a
total volume of 200 

 

m

 

l in 96-well U-bottom microtitre plates
(Nunc, Roskilde, Denmark) at various effector :target (E:T)
ratios ranging from 40:1 to 20:1. To evaluate the role of perforin,
the effector cells were pretreated with 1000 n

 

M

 

 CMA for 30 min.
CMA is an inhibitor of vacuolar type H

 

+

 

-ATPase to perturb the
intracellular transport of glycoproteins and inhibit the function of
the lytic granules containing perforin and granzymes [26,27].
After 4 h or 12 h of incubation at 37

 

∞

 

C in a 5% CO

 

2

 

 atmosphere,
100 

 

m

 

l of supernatant was harvested and counted in a gamma
counter.

Cytotoxicity of activated T cells, expressed as percentage
cytotoxicity, was calculated by the following formula:
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% cytotoxicity 

 

= 

 

[(experimental release 

 

- 

 

spontaneous release)/
(total release 

 

-

 

 spontaneous release)]  

 

¥

 

  100.

 

Lynphokine-activated killer (LAK) activity against Fas/WR

 

E

 

+

 

 cells were incubated at 2 

 

¥

 

 10

 

6

 

/well with 8 

 

¥

 

 10

 

5

 

/well mock-
transfectants (mock/300–19) or CD70-transfectants (CD70/300–
19) fixed with 1% formaldehyde in the presence of IL-2 (25 ng/
ml) for 5 days with or without anti-CD70 blocking MoAb (5 

 

m

 

g/
ml). These activated T cells were mixed with 

 

51

 

Cr-labelled Fas/WR
in a total volume of 200 

 

m

 

l in 96-well U-bottom microtitre plates
at effector:target (E:T) ratios ranging from 40:1 to 20:1. After 12
h of incubation at 37

 

∞

 

C in a 5% CO

 

2

 

 atmosphere, 100 

 

m

 

l of super-
natant was harvested and counted in a gamma counter.

 

Reverse transcription polymerase chain reaction (RT-PCR) of 
FasL mRNA

 

Total RNA was  extracted from  E

 

+

 

 cells  (1 

 

¥

 

 10

 

6

 

 cells) by  the
acid-guanidium thiocyanate-phenol-chloroform (AGPC) method
using a RNAzol rapid RNA purification kit (Biotecx, Houston,
TX, USA) as previously described [28]. Briefly, first-stranded
cDNA copies were synthesized by using M-MLV reverse tran-
scriptase (Superscript II; GibcoBRL, Gaithersburg, MD, USA)
with oligo (dT) (GibcoBRL) as a primer in a total volume of
20 

 

m

 

l, and was used for PCR reaction. Primer sequences were as
follows: FasL sense primer 5

 

¢

 

-AAGGGTGGCCTTGTGATC-3

 

¢

 

and antisense primer 5

 

¢

 

-GACCAGAGAGAGCTCAGA-3

 

¢

 

, 

 

b

 

2

 

-
microglobulin sense primer 5

 

¢

 

-GCTATGTGTCTGGGTTTCAT-
3

 

¢

 

 and antisense primer 5

 

¢

 

-CCCACTTAACTATCTTGGGC-3

 

¢

 

.
2 

 

m

 

l of cDNA was amplified in PCR under the following condi-
tions using respective primers and 5 U of Taq DNA polymerase
(GibcoBRL): 94

 

∞

 

C for 1 minute, 55

 

∞

 

C for 2 min and 72

 

∞

 

C for
3 min; 30 cycles. After amplification, PCR products were sepa-
rated by electrophoresis on 1·2% agarose gel containing ethidium
bromide and visualized by UV light illumination.

 

Statistical analysis

 

Statistical analysis of the specific cytotoxicity in each experiment
was performed by two-sample 

 

t

 

-test. Differences with 

 

P

 

 < 0·05
were considered significant.

 

RESULTS

 

Effects of CD27/CD70 interactions on resting T-cell cytotoxicity

 

To investigate whether or not CD27/CD70 interactions affect the
cytotoxicity of resting T cells, we transfected CD70 gene into P815
cells and prepared CD70-transfectants (CD70/P815). CD70
expression was not seen on wild type P815 cells (wild/P815), but
after the transfection of CD70, the expression became marked
(data not shown). We measured the ability of resting T cells to kill
wild/P815 and CD70/P815 for 4 h in the presence of anti-CD3
MoAb. In the presence of anti-CD3 MoAb, resting T cells killed
wild/P815, and the cytotoxicity against CD70/P815 was stronger
than that against wild/P815 (Fig. 1a). This enhancement in the
cytotoxicity was mostly negated by the addition of CMA (Fig. 1a).
These findings confirm that CD27/CD70 interactions enhance the
cytotoxicity of resting T cells in the presence of CD3 signalling via
perforin-mediated mechanism.

 

Effects of CD27/CD70 interactions on the induction of 
cytotoxic activity

 

In order to ascertain effects of CD27/CD70 interactions on CTL
activity, we assessed CTL activity induced by autologous LCL on

which CD70 were strongly expressed (data not shown), with or
without anti-CD70 blocking MoAb. At 12 days after the cocultur-
ing of T cells and fixed LCL, the ratio of CD4/CD8 populations of
activated T cells was similar to that of resting T cells, and there
was no change in the CD4/CD8 ratio with or without anti-CD70
blocking MoAb, and CD3

 

–

 

/CD56

 

+

 

 NK cells were <1% (data not
shown). CTL activity induced by LCL with the initial addition of

 

Fig. 1.

 

(a) CD27-mediated cytotoxicity by resting T cells. E

 

+

 

 cells were
preincubated with or without CMA (1000 n

 

M

 

) for 30 min The pretreat-
ment cells were then tested for the cytotoxicity against wild/P815 (upper)
or CD70/P815 (lower) (1 

 

¥

 

 10

 

4

 

/well) in the presence of 0·2 

 

m

 

g/ml anti-CD3
MoAb at E:T ratios of 40:1, 20:1, and 10:1 in a 4-h 

 

51

 

Cr-release assay. 

 

�

 

Medium,  

 

�

 

 anti-CD3 MoAb,  anti-CD3 MoAb 

 

+

 

 CMA. (b) Effects of
CD27/CD70 interactions on cytotoxic T-lymphocyte activity. E

 

+

 

 cells
(2 

 

¥

 

 10

 

6

 

/well) were cocultured with autologous LCL (8 

 

¥

 

 10

 

5

 

/well) in the
presence (

 

�

 

, ) of 5 

 

m

 

g/ml anti-CD70 MoAb or in the absence (

 

�

 

, ) of
anti-CD70 MoAb for 12 days. The pretreated cells were tested for the
cytotoxicity against autologous LCL (1 

 

¥

 

 10

 

4

 

/well) at E:T ratios of 40:1
and  20:1  with  ( , ) or  without  (

 

�

 

, 

 

�

 

) CMA  (1000 n

 

M

 

) in  a  standard
4-h 

 

51

 

Cr-release assay. Results are expressed as the mean percentage of
cytotoxicity 

 

±

 

 SD of triplicates. Representative data from three experi-
ments using different donors are shown. Statistical analysis: two-sample 

 

t

 

-
test; n.s., not significant; *

 

P

 

 < 0·01; **

 

P

 

 < 0·05.
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anti-CD70 blocking MoAb in the culture was lower than that
without the antibodies (Fig. 1b). These findings suggest that
CD27/CD70 interactions act during the CTL induction to influ-
ence their cytotoxicity. When CMA, an inhibitor of vacuolar type
H

 

+

 

-ATPase, was added to the effector cells before the contact
with the target cells, their cytotoxicity was greatly suppressed with
or without anti-CD70 blocking MoAb (Fig. 1b). Therefore, per-
forin/granzyme  B  appears  to  be  closely  involved  in  CD27/
CD70-mediated cytotoxicity.

 

Perforin expression in CTL

 

We investigated perforin expression in the induced T cells by
autologous LCL using flow cytometry with or without anti-CD70
blocking MoAb. Very low levels of perforin expression in resting
CD4

 

+

 

 and CD8

 

+

 

 T cells were found (data not shown). 12 days after
the stimulation, the levels of the perforin expression with anti-
CD70 blocking MoAb were lower than that without anti-CD70
blocking MoAb (Fig. 2). Therefore, CD27/CD70 interactions
appear to enhance the cytotoxicity by, at least in some part, facil-
itating the production of perforin.

Inverse correlation of the expression of CD27 and perforin
in CTL
We next determined the influence of CD27/CD70 interactions on
perforin expression in CTL. Since there was a strong inverse cor-
relation between perforin expression and CD27 expression [18],
we analysed the expression of CD27 and perforin in CTL. For this
purpose, E+ cells were cocultured with LCL in the presence or
absence of anti-CD70 blocking MoAb, and perforin expression
was assayed in  CD27+ and  CD27– cells. At  12 days  after
the coculture with LCL, perforin expression in the cells without
anti-CD70 blocking MoAb was more increased than those in the
presence of anti-CD70 blocking MoAb, and perforin expression
was especially recognized in CD8+CD27– T cells (Fig. 3).

These data indicate that CD27 expression is diminished with
the increase of CTL activity and the increased expression of per-
forin is found particulary in CD8+CD27– T cells.

Fas/FasL-mediated cytotoxicity
We investigated whether or not Fas/FasL interactions are in-
volved in LCL-induced T-cell cytotoxicity using Fas-transfectants
as target cells. Fas/WR strongly expressed Fas antigen, whereas
Fas expression  was  not  seen on wild/WR (Fig. 4a).  When  Fas
molecules on  LCL  or  wild/WR  were  stimulated  with  anti-Fas
antibodies, the killing of LCL or wild/WR (data not shown) was
mild, whereas Fas/WR killing was marked (about 90%) (Fig. 4b).
Although LCL-induced CTL were cytotoxic against LCL, they
showed no cytotoxicity against Fas/WR (Fig. 4b) or wild/WR
(data not shown).  These  findings  clarify  that  the  CD27/CD70-
mediated cytotoxicity induced by LCL is not mediated via the
Fas/FasL pathway.

Effects of CD27/CD70 interactions on lymphokine-activated 
killer (LAK) activity
LAK, stimulated by IL-2, are known to kill Fas/WR [29]. There-
fore, we investigated whether or not CD27/CD70 interactions
affect Fas-mediated LAK activity. In other words, we added
either mock/300–19 or CD70/300–19 when LAK were induced by
IL-2, and then assessed the ability of LAK to kill Fas/WR. There
was no difference in the killing activity against Fas/WR between
the initial addition of mock/300–19 and CD70/300–19, when LAK

were induced in the presence of IL-2 (Fig. 4c). Also, the initial
addition  of  anti-CD70  blocking  MoAb did  not  have any effect
on the killing in the presence of mock/300–19 or CD70/300–19
(Fig. 4c). In addition, although IL-2 induces the expression of
FasL mRNA by T cells, CD27 signalling did not affect the FasL
mRNA expression (Fig. 4d).

These findings indicate that CD27 signalling is not involved in
LAK activities via Fas and FasL expression.

DISCUSSION

The results of the present study indicate that CD27/CD70 inter-
actions play an important role as a costimulatory factor in the

Fig. 2. The expression of perforin in cytotoxic T lymphocyte. E+ cells were
cocultured with autologous LCL in the absence of (a) or in the presence
of (b) 5 mg/ml of anti-CD70 MoAb for 12 days. The pretreated cells were
stained with antiperforin-PE (——) after permeabilization. Isotype-
matched PE-labelled mouse IgG MoAb was used as the negative control
(·········). Representative data from three experiments using different
donors are shown.
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cytotoxic activity of T cells, and that this T-cell cytotoxicity
involves the perforin/granzyme B pathway, but not the Fas/FasL
pathway in human.

When resting T cells are stimulated by the P815 cell line hav-
ing Fc receptors in the presence of anti-CD3 MoAb, P815 cells are
killed within a short period of time via the perforin/granzyme B-
mediated pathway [12,30–32]. As with CD80-transfected P815
cells described previously [12], the ability of resting T cells to kill
P815 cells was enhanced by the contact with CD70-transfected
P815 cells in the presence of anti-CD3 MoAb, which was com-
pletely negated by CMA. On the basis of the findings, CD27/
CD70 interactions appear to promptly enhance the perforin/
granzyme B-mediated killing (Fig. 1a).

Since CD80 and CD86 are expressed on LCL [33], it is rea-
sonable to assume that CD80; CD86/CTLA-4; CD28 interactions
are also involved in CTL activity [34,35]. EBV-activated B cells,
LCL strongly expressed CD70 as well as other activation markers,
indicating that EBV infection causes the activation of B cells and

induces strong CD70 expression on their surface (data not
shown). The MHC-restricted cytotoxicity of CTL induced by LCL
was weakened, when CD27/CD70 interactions were inhibited by
adding anti-CD70 blocking MoAb in the induction phase
(Fig. 1b). CD27/CD70 interactions play a crucial role not only in
the immunoglobulin production attributable to T–B interaction
[14] and enhancement of NK or T cell activity [15] but also in the
augmentation of CTL activity. CTL activity was not completely
suppressed by CMA, and the activity with CMA did not decrease
further compared to the activity with the presence of anti-CD70
blocking MoAb in the induction phase (Fig. 1b), thus suggesting
that the enhancement of CTL activity by CD27/CD70 interac-
tions is largely perforin/granzyme B dependent. In addition, lev-
els of perforin expression by CTL were decreased by the initial
addition of anti-CD70 blocking MoAb in the induction phase,
which supports the view that perforin production is involved in
the enhancement of CTL activity via CD27 signalling (Fig. 2). The
relation between perforin and CD27 expression on CTL has been
investigated [18–21]. CMV-specific CD8+ T cells, which are both
CD27– and CD28–, appear to be fully mature effector cells and
express perforin [19]. There is a strong inverse correlation
between perforin and CD27 expression, even when comparing
HIV-specific and CMV-specific populations from the same
donors, implying that perforin-producing cells are CD27– [18].
Our data also suggested that the increase of CTL activity induced
by LCL was mainly involved in CD8+CD27– T cells (Fig. 3). The
enhancement of the CTL-cytotoxicity may be involved in CD27
down-regulation induced via CD27 signalling by CD70.

As CMA did not completely suppress the cytotoxic activity of
induced CTL (Fig. 1b), Fas/FasL and/or TRAIL [36] may be
involved. In our experiments, CTL induced by LCL did not kill
Fas/WR at all, indicating that the cytotoxic activity of CTL is not
mediated by Fas (Fig. 4b). We analysed the FasL expression on
CTL by flow cytometry, but failed to detect FasL because it dis-
appeared from the surface due to cleavage ([37] and our unpub-
lished data). Unfortunately, we could not confirm the sufficient
FasL surface expression even with the addition of metalloprotein-
ase [38].

The system using the Fas/WR cell line as a target is specific for
Fas/FasL-mediated cytotoxicity; FasL-transfectants lyse Fas/WR
cells but not wild/WR cells in our experiments (data not shown).
LAK cells induced by IL-2 can kill Fas/WR [28]. This observation
prompts us to ascertain whether CD27/CD70 interactions affect
LAK activity via Fas/FasL-mediated killing. CD27 signalling did
not enhance the Fas-mediated cytotoxicity against Fas/WR cells
or the FasL mRNA expression in the presence of IL-2, thus clar-
ifying that CD27 signalling is not involved in Fas/FasL-mediated
cytotoxicity even in the LAK system (Fig. 4c,d).

It is reported that prestimulation via CD27 enhanced the
cytotoxic activity of murine NK cells in an IFN-g-dependent man-
ner [39]. But in our experiment in humans, IFN-g was not involved
in the CD27-mediated T-cell cytotoxicity (data not shown).

Brown et al. [21] suggest that CD27/CD70 interactions have
an effect on CTL activation or differentiation events occurring
later in alloantigen-induced responses in mice. In our study, the
enhancement of CTL activity induced by CD27/CD70 interac-
tions was analysed in autologous antigen-specific CTL in humans.
However it is unknown what is the specific antigen of autologous
LCL. Recently, Savoldo et al. [40] analysed TCR-combinatorial
diversity of EBV-specific CTL by MoAb recognizing TCR-Vb
specific regions. They reported  EBV-specific  CTL  presented

Fig. 3. Correlation of the expression of CD27 and perforin on CTL. E+

cells were cocultured with autologous LCL in the absence of or in the
presence of 5 mg/ml of anti-CD70 MoAb for 12 days. E+ cells were stained
with anti-CD27-biotin plus streptavidin-PerCP and anti-CD4-FITC or
anti-CD8-FITC before and after cocultured with LCL. Then, these cells
were permeabilized as described in Materials and Methods, and stained
with antiperforin-PE. Similar data were obtained in three independent
experiments.
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considerable  heterogeneity, with  no  specific  over- or  under-
representation of any Vb family. Our data also showed hetero-
geneous repertoire  of  TCR-Vb subsets  in  CTL  induced  by
autologous LCL (data not shown).

In the future, it will be necessary to analyse effects of CD27/
CD70 interactions  on CTL that  have been  cultured for  a
longer time, and to investigate cytotoxic mechanisms other than
perforin/granzyme B and Fas/FasL.
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