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SUMMARY

Sézary syndrome (SzS) is the leukaemic variant of cutaneous T cell lymphoma (CTCL), whose
malignant T cells are of the Th2 type in most cases. In this study we investigated the tumouricidal
activity of cytotoxic T lymphocytes (CTL) present in peripheral blood of a patient with Th2-type SzS,
focusing on the effect of IL-2, IFN-g and IL-12 on their cytotoxic activity, and the relationship between
their lytic capacity and the patient’s clinical course. At four different time points during a 2-month
clinical period, CD4þ CD7¹ Sézary cells and CD8þ cells were separated from the patient’s circulating
cells. CD8þ cells were cultured with chemically attenuated, purified Se´zary cells in the presence of IL-2
to develop specific cytotoxicity. The CD8þ cells thus cultured exhibited lytic activity against
autologous Se´zary cells. Concomitant addition of IFN-g or IL-12 exerted a synergistic cytolytic
effect with IL-2 on the tumour cells. Cytotoxicity inhibition studies using MoAbs revealed that the
cytotoxicity operated in MHC class I-, CD8- andab T cell receptor-dependent manners. Furthermore,
eight CD8þ T cell clones generated from cultured CD8þ cells exhibited a strong cytotoxicity against
Sézary cells in an MHC class I-restricted fashion. During the clinical course, the activity of generated
CTL and the number of CD8þ cells were inversely correlated with disease activity as assessed by the
serum level of lactate dehydrogenase. These findings suggest that CTL down-regulate the growth of
malignant T cells in this long-standing disease. Since Th2 cytokines such as IL-4 down-modulate CTL
activity, CTL are assumed to be usually suppressed in SzS, whose malignant T cells are of Th2 type. It is
likely that the administration of IFN-g normalizes this Th2-skewing state, activates CTL, and thus
exerts the therapeutic effectiveness in the treatment of CTCL.
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INTRODUCTION

Cytotoxic T cells (CTL) bearing CD8 molecules as well as natural
killer (NK) cells play a central role as effectors against several
kinds of malignant cells [1,2]. CTL lyse tumour cells following
recognition by T cell receptor (TCR) of limited endogenous
tumour-antigen peptides in the context of MHC class I molecules
[3,4]. On the other hand, NK cells kill tumour cells by a tumour
antigen peptide-non-specific manner [5]. Tumour vaccination
intended to generate tumouricidal memory CTL by immunizing
with relevant peptides is a current topic of tumour immunity

[6,7]. CD4þ T helper (Th) cells can be divided into two distinct
subsets: Th1 cells, producing IL-2 and IFN-g, and Th2 cells,
secreting IL-4, IL-5 and IL-10 [8]. These two subsets, and the
cytokines derived from them, regulate each other as counterparts in
several biologic events [8]. Many observations have shown that
Th1 but not Th2 cytokines are the most potent cofactor in
proliferation and activation of tumour-specific cytotoxic cells
[9–11].

Cutaneous T cell lymphoma (CTCL) is a clonal T cell malig-
nancy in skin, which often leads to haematogenous dissemination
of malignant T cells [12]. Se´zary syndrome (SzS) is the leukaemic
variant of CTCL and its malignant cells have the surface phenotype
and function of mature Th cells [13]. Malignant cells in SzS mostly
belong to the Th2 type [14–16], although exceptional Th1 cases
exist [17], In patients with CTCL, a typical set of immunological
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abnormalities is usually observed. This includes decreased T cell
responses to mitogens, decreased NK cell activity, eosinophilia,
and increased levels of IgE [18]. These abnormalities can be
attributed to the malignant clone that expresses a Th2 cytokine
secretion pattern in peripheral blood [14,19]. Increased production
of IL-4 and IL-5 is known to underlie immunological alterations of
these kinds. Thus, the administration of Th1 cytokines is expected
to improve SzS, and IFN-g has been approved in Japan by the
Ministry of Health and Welfare for the treatment of CTCL.
Recently, Bergeret al. [20] reported that patients with advanced
CTCL have CD8þ cells that specifically kill autologous tumour
cells in an MHC class I-restricted fashion. The purposes of this
study were to investigate (i) whether CTL are present in the
peripheral blood of a Th2-type Se´zary patient, (ii) whether IFN-
g exerts its tumouricidal activity by directly inhibiting Th2
malignant cells [21] or by restoring Th1 cell [22] and cytotoxic
cell activities, and (iii) whether CTL are clinically relevant in the
disease activity. We demonstrate that circulating CTL against
malignant T cells do exist in a patient with SzS. The clinical
relevance of CTL was evidenced by fluctuations of the cytotoxic
activity in association with the serum level of lactate dehydro-
genase (LDH). The cytotoxic activity of these cells was enhanced
in vitro by cultivation with IFN-g or IL-12 in combination with IL-
2, while IFN-g did not directly target malignant Th2 cells.

PATIENTS AND METHODS

Patient
A 59-year-old Japanese man had been diagnosed as suffering from
SzS on the basis of reported criteria [23–25] and followed for up
for 4 years by our Department since 1993. Histological and
immunohistochemical studies of erythrodermic skin showed infil-
tration of CD3þ, CD4þ, CD8¹, CD45ROþ, CD45RA¹ lympho-
cytes with a convoluted nucleus. He had a marked peripheral blood
lymphocytosis (300–400×109/l) with a high CD4/CD8 ratio (9–
370; the percentage of CD8þ cells, 0·2–10·4%). Flow cytometric
analyses revealed that circulating CD3þ CD4þ Sezary cells were
positive for CD45RO but negative for CD7 and CD45RA. A
clonally rearranged band for a TCRb-chain (Cb1) [26] was
found by Southern blot analysis in DNA extracted from crude
peripheral blood mononuclear cells (PBMC), CD4þ CD7¹ PBMC
purified as described below, and biopsy specimens of skin and
lymph node. A serum specimen was negative for antibody against
human T cell lymphotropic virus-1. He was treated with chemo-
therapy in 1993 and with total electron beam irradiation in 1995. In
1996 the patient had received i.v. injections of recombinant (r)IFN-
g (Maruho Phermaceutical Co., Osaka, Japan, and Suntory Ltd,
Osaka, Japan), 2×106 Japan Reference Units (JRU; 1 JRU roughly
corresponds to 4 NIH units) per day for 28 days, which resulted in
partial and transient improvement of skin conditions and a decrease
in the number of circulating CD4þ cells by< 40%. The patient had
not received any treatment including rIFN-g, systemic corticoster-
oids, chemotherapy, or psoralen and ultraviolet A therapy for at
least 2 weeks before and during this study. Oral antibiotics and
topical corticosteroids were administered transiently.

Monoclonal antibodies and recombinant cytokines
The fluorescein-conjugated MoAbs used in this study included
anti-CD3, -CD4, -CD7, -CD8, -CD45RA, and -CD45RO (Becton
Dickinson, Mountain View, CA); anti-abTCR and anti-pan HLA
class I antigen (BMA 031 and B9.12.1, respectively; Immunotech,

Marseille, France). PE-conjugated anti-CD4 MoAb was purchased
from Becton Dickinson. The purified forms of anti-CD4, -CD8,
-abTCR, and -pan HLA class I antigen MoAbs were used for
inhibition assay of cytotoxicity. BMA 031 and B9.12.1 recognize a
monomorphic epitope expressed on allabTCR molecules and all
class I antigens, respectively. Recombinant IL-2 (6·9×106 U/mg;
Genzyme, Cambridge, MA), rIL-12 (107U/mg; PharMingen, San
Diego, CA), and rIFN-g (Maruho Co and Suntory Ltd) were used
in in vitro studies.

Separation of Se´zary cells and CD8þ cells
PBMC were isolated from heparinized venous blood by density
centrifugation on Ficoll–Hypaque (Pharmacia AB, Uppsala,
Sweden). PBMC were washed twice in PBS pH 7·4 and resus-
pended at appropriate concentrations in medium. Malignant T cells
and CD8þ cells were purified from the patient’s PBMC by positive
and negative selections with immunomagnetic beads. PBMC at
2×107 cells/ml were incubated for 60 min at 48C with anti-CD4
MoAb-conjugated magnetic beads (Dynal Inc., Great Neck, NY) at
a ratio of three beads per cell. CD4þ cells bound to the magnetic
beads were collected with a magnet and cultured in a CO2

incubator overnight to separate the cells from the beads. Remain-
ing CD4¹ PBMC were subjected to CD8þ cell preparation.
Purified CD4þ cells were further incubated for 30 min at 48C
with anti-CD7 MoAb. After washing three times, cells were
suspended with anti-mouse IgG antibody-conjugated magnetic
beads (Dynal Inc.) at a ratio of 20 beads per cell. Following
incubation on ice for 1 h, cell-bound magnetic beads were removed
with a magnet. Remaining CD4þ CD7¹ tumour cells were used as
stimulator or target cells for CD8þ cells and CTL clones. CD8þ

cells were purified by incubating CD4¹ PBMC with anti-CD8
MoAb-conjugated magnetic beads at 84% purity by flow cyto-
metric analysis. Viability of purified CD4þ CD7¹ Sézary cells and
CD8þ cells was>96% by trypan blue dye exclusion test.

Immunofluorescence staining and flow cytometric analysis
Cells [106] were suspended in Hanks’ balanced salt solution
(HBSS) containing 0·1% sodium azide and 1% heat-inactivated
fetal calf serum (FCS; Filtron, Karlstein, Germany) and incubated
for 30 min at 48C with FITC- or PE-conjugated MoAbs. After three
washes, 104 labelled cells were analysed on a FACScan (Becton
Dickinson).

Reverse transcriptase polymerase chain reaction analysis of
cytokine mRNA expression
Total RNA was extracted from the freshly separated CD4þ CD7¹

tumour cell as described previously [27]. First stand cDNA was
reverse transcribed and was amplified by polymerase chain reac-
tion (PCR) as described previously [17]. The primers used were as
follows: IL-2, 50 primer ATGTACAGGATGCAACTCCTGTCTT,
30 primer GTCAGTGTTGAGATGATGCTTTGAC; IL-4, 50

primer ATGGGTCTCACCTCCCAACTGCT, 30 primer CGAA-
CACTTTGAATATTTCTCTCTCAT; IL-5, 50 primer GCTTCTG-
CATTTGAGTTTGCTAGCT, 30 primer TGGCCGTCAATGTA-
TTTCTTTATTAAG; IL-10, 50 primer ATCAGCTGGACAACT-
TGTTG, 30 primer GTCCTAGAGTCTATAGAGTC; IFN-g, 50 pri-
mer ATGAAATATACAAGTTATATCTTGGCTTT, 30 primer
GATGCTCTTCGACCTCGAAACAGCAT; andb-actin, 50 primer
TGACGGGGTCACCCACACTGTGCCCATCTA, 30 primer CTA-
GAAGCATTGCGGTGGACGATGGAGGG. The PCR products
and DNA molecular weight marker VI (Boehringer, Mannheim,
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Germany) were separated in 2% agarose gels. The gel was stained
with ethidium bromide (1 mg/ml) and visualized with an ultraviolet
transilluminator.

Generation of cytotoxic CD8þ cells and CD8þ T cell clones
RPMI 1640 (GIBCO Labs, Grand Island, NY) medium supplemen-
ted with 25 mmol/l HEPES, 2 mmol/l L-glutamine, 1 mmol/l non-
essential amino acids, 5×10¹5 mol/l 2-mercaptoethanol (2-ME),
1 mmol/l sodium pyruvate (all from GIBCO), 100mg/ml gentamycin
sulphate (Schering-Plough, Osaka Japan) and 10% heat-inacti-
vated FCS was used for all cultures. Purified CD8þ cells were
cultured at a density of 5×105 cells/ml in medium with rIL-2
(50 U/ml), rIFN-g (500, 1000 or 5000 U/ml), and/or rIL-12 (1 or
10 ng/ml) and stimulated with mitomycin-C-treated (Sigma
Chemical Co., St Louis, MO; 100 mg/ml, 30 min, 378C) CD4þ

CD7¹ tumour cells (2×105 cells/ml). One week after stimulation,
their cytotoxic activity was determined as below. By limiting
dilution (cell density 0·5 cells/well in 96-well culture plate)
following restimulation of the expanded CD8þ cells with mito-
mycin C-treated patient’s PBMC and 50 U/ml, eight clones
exhibiting high cytolysis against autologous Se´zary tumour cells
were established.

Cytotoxicity assay and cytotoxicity inhibition assay
To determine the cytotoxic response against tumour cells, various
numbers of cultured CD8þ cells or CD8þ cell clones were assayed
by incubating 1×104 51Cr-labelled CD4þ CD7¹ tumour cells for
6 h at 378C. Target tumour cells were radio-labelled by suspension
at a concentration of 1×107 cells/ml in medium containing 200
mCi/ml Na[51CR] (Du Pont NEN, Boston, MA) for 60 min at 378C,
and were washed three times. After incubation, the radio activity in
the medium and cells was counted in a gamma counter. The
percentage specific lysis was calculated as described previously
[28]. Inhibition of cytotoxicity was tested by the addition of anti-
CD4, -CD8, -abTCR or -pan class I antigen MoAb at various
concentrations in cultures of cytotoxic assay.

Proliferation assay
Cells (2×105/ml) of freshly isolated CD4þ CD7¹ PBMC were
cultured in triplicate in a final volume of 100ml of culture medium
in 96-well flat-bottomed microtitre plates (Corning Glass Works,
Corning, NY) with or without concanavalin A (Con A; 1 or 5mg/
ml) for 6 h at 378C in 5% CO2 in air and pulsed with methyl3H-
thymidine (3H-TdR; 1mCi/well) 8 h before harvest. The cells were
collected on glassfibre filters using a cell harvester (Cambridge
Technologies, Watertown, MA).

RESULTS

Phenotype and cytokine profile of isolated Se´zary cells
A major tumour cell population isolated from PBMC of the SzS
patient was phenotyped with MoAbs to dissect contamination of
other cells as well as to characterize CTCL malignant cells. Flow
cytometric analyses showed that purified tumour cells, correspond-
ing to 71% of PBMC, were positive for CD3, CD4, CD45RO and
HLA class I antigen and negative for CD7, CD8 and CD45RA
(Fig. 1a). Both the presence of CD45RO [29] and the absence of
CD7 [30,31] are classical features of Se´zary cells. The percentage
of contaminating cells as assessed by CD7 positivity was<0·1%. It
was implied that the high expression of HLA class I antigen (mean

fluorescence intensity (MFI) 188), compared with its level
in CD4þ cells of PBMC from a normal subject (MFI 135)
(Fig. 1a), potentially renders the tumour cells feasible as targets
for CTL. Sézary cells thus isolated were used in the following
studies.

To examine cytokine expression in these tumour cells, reverse
transcriptase (RT)-PCR was performed. The freshly isolated
cells transcribed IL-4, IL-5 and IL-10 mRNA, whereas message
for IL-2 or IFN-g was not detected (Fig. 1b). Since PBMC
from five normal individuals expressed mRNA for IL-2 and IFN-g

but not IL-4 or IL-5 mRNA, these results indicated that this Se´zary
cell population belonged to the Th2 type, as has been reported
previously [14].

No inhibitory effect of IFN-g on proliferation of Se´zary cells
The patient showed partial and transient clinical improvement after
systemic administration of rIFN-g. To test direct attenuation of
Th2-type Se´zary cells by IFN-g, we first investigated the effect of
IFN-g on the proliferation of purified Se´zary cells. As shown in
Table 1, neither unstimulated nor Con A (1 or 5mg/ml)-induced
Sézary cell growth was affected by rIFN-g at any concentration
(500, 1000 or 5000 U/ml), suggesting no direct action of IFN-g

against Se´zary cells.

Presence of Se´zary cell-killing CTL whose induction is augmented
by IFN-g and IL-2 and fluctuations in their cytotoxic activity
during the patient’s clinical course
We examined cytotoxicity of CD8þ cells specific for autologous
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Fig. 1. Surface phenotype and cytokine mRNA expression pattern of
Sézary cells purified from peripheral blood mononuclear cells (PBMC) of
the Sézary syndrome (SzS) patient by CD4þ and CD7¹selections. (a) The
tumour cells and CD4þ cells from PBMC of a normal subject were stained
with the indicated FITC-conjugated MoAbs and analysed by flow cytome-
try. Fluorescein-conjugated mouse IgG MoAb was used as a control
antibody. (b) Total RNA was extracted from Se´zary cells (S) and PBMC
from a normal subject (N). Reverse transcriptase-polymerase chain reaction
(RT-PCR) was performed by using mRNA-specific oligodeoxynucleotide
primers for IFN-g, IL-2, IL-4, IL-5 and IL-10 cytokines. Following agarose
gel electrophoresis, RT-PCR products were visualized by ethidium
bromide.



Sézary cells at four different time points (A–D) at intervals of
10–14 days during a 2-month patient’s clinical period as indicated
in Fig. 2a,b. CD8þ cells at each time point were cultured with
mitomycin-C-treated purified Se´zary cells for 2 weeks in the
presence of rIL-2 and/or rIFN-g to develop specific cytotoxicity,
and cultured cells were assayed for their tumour-specific cytotoxi-
city. As observed at time point A (Fig. 2aA), CD8þ cells cultured
with rIL-2 significantly lysed tumour targets. Of note is that
simultaneous addition of rIFN-g with rIL-2 enhanced the cyto-
toxicity in a concentration-dependent fashion. This augmentation
of cytotoxicity by rIFN-g was due to a synergistic effect with rIL-2,
because cytotoxicity was not induced by rIFN-g (1000 or 5000 U/
ml) alone (data not shown). However, CD8þ cells at time points B
and C exerted modest cytolytic effects only when cells were
cultured with rIL-2 combined with a high concentration of
rIFN-g (5000 U/ml) (Fig. 2aBC). Again, rIFN-g concentration-
dependent induction of cytotoxicity was markedly found in CD8þ

cells at time point D (Fig. 2aD).
A cytotoxicity inhibition assay was performed to phenotype

cytotoxic effector cells. As shown in Fig. 3, cytotoxicity of the
cultured CD8þ cells at time point A was blocked concentration-
dependently by anti-class I, -abTCR, and -CD8 MoAbs, but not
anti-CD4 or control mouse IgG MoAbs. Thus, CTL were suggested
to be a main cytotoxic effector cell in cultured CD8þ cells and to
recognize Se´zary tumour peptides in the context of MHC class I by
specific binding ofabTCR and CD8 accessory molecules.

Changes in the cytotoxic activity of cultured CD8þ cells were
monitored in relation to the patient’s disease activity and the
percentage of circulating CD8þ cells. Since it is widely known
that increment in serum LDH level in CTCL patients is highly
indicative of exacerbation or progression of the disease [32], LDH
served as a function of disease activity. The cytotoxicity was
represented by the lytic activity of CD8þ cells cultured with
50 U/ml rIL-2 and 5000 U/ml rIFN-g. As summarized in Fig. 2b,
during the 2-month clinical period, Se´zary cell-specific CTL
activity was inversely correlated with the value of serum LDH as

well as the percentage of circulating CD4þ CD7¹ cells. On the
other hand, there was a positive correlation between CTL activity
and the percentage of circulating CD8þ cells at four time points.
These findings suggested that elevation of tumour-specific cyto-
toxicity in patients’ PBMC was closely associated with alleviation
of the disease in its clinical course.
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Table 1. Effect of rIFN-g on the proliferation of Se´zary
cells

Sézary cells cultured with*

Con A rIFN-g 3H-TdR incorporation
(mg/ml) (U/ml) (ct/min6 s.e.m.)

– 0 3256 9.2
– 500 2096 10.3
– 1000 3276 11.5
– 5000 3566 10.2
1 0 356316 1745
1 500 447676 2349
1 1000 479656 2521
1 5000 413726 2108
5 0 1085656 4336
5 500 1013966 3678
5 1000 1021076 5045
5 5000 987636 3756

*The freshly purified Se´zary cells (2×105 cells/well)
were cultured with or without concanavalin A (Con A) and
rIFN-g for 96 h.
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Fig. 2. Relationships of cytotoxic activity of cultured CD8þ cells, circulat-
ing CD8þ cell percentage, and serum lactate dehydrogenase (LDH) level in
the patient’s clinical course. (a) CD8þ cells were obtained from the patient
at four different time points (A–D) at intervals of 10–14 days during a 2-
month clinical period. CD8þ cells separated at each time point were
cultured in the presence of rIL-2 (50 U/ml) (A), or rIL-2 (50 U/ml)
combined with rIFN-g (500 U/ml (B), 1000 U/ml (W), or 5000 U/ml (X))
with mitomycin-C-treated purified Se´zary cells. Cytotoxicity of the cul-
tured CD8þ cells (effector cells) was assayed by51Cr-release of labelled
Sézary tumour cells (target cells) at the indicated effector/target ratios. (b)
CD8þ cells separated at each time point were cultured in medium
supplemented with rIL-2 (50 U/ml) and rIFN-g (5000 U/ml). Se´zary cell-
specific cytotoxicity was measured by cytolytic assay at an effector/target
ratio of 10 (X). PBMC were stained by fluorescein-conjugated anti-CD8
MoAb and subjected to flow cytometric analysis (W). PBMC were double-
stained by fluorescein-conjugated anti-CD7 MoAb and PE-conjugated anti-
CD4 MoAb, and percentage of CD4þ CD7– cells was calculated by flow
cytometry (A). LDH levels in sera were measured at each time point (B).



Comparison of rIL-12 with rIFN-g in the augmentative effects on
Sézary cell-specific cytotoxicity
In addition to rIFN-g, IL-12, which was recently found to be a
cytotoxic cell potentiator [33,34], may also be an enhancer of the
cytotoxicity of CD8þ cells. Therefore, CD8þ cells separated at
time point C were cultured with mitomycin-C-treated tumour cells
in medium supplemented with rIL-12 and/or rIL-2. No enhance-
ment efficacy of cytotoxicity was exhibited when CD8þ cells were
cultured with rIL-12 (1 or 10 ng/ml) alone, whereas cytotoxicity
was elevated in a rIL-12 concentration-dependent manner in
combination with rIL-2 (50 U/ml) (Fig. 4). This augmentative
effect of rIL-12 was much greater than that of rIFN-g. Considering
that rIL-12 produced a strong cytotoxicity even at time point C
when CTL appeared to be functionally depressed, it was suggested
that IL-12 has more potency than IFN-g as an enhancer during the
induction event of Se´zary cell-specific CD8þ cells.

Generation of CTL clones specific for Se´zary cells
Eight CD8þ T cell clones were generated by limiting dilution of
the cultured CD8þ cells at time point A. All of these clones
exhibited anabTCRþ CD4 CD8þ phenotype (Fig. 5a). When com-
pared with short-term-cultured CD8þ cells (see Fig. 2a), these CTL
clones exerted strong cytotoxicity even at low effector/target ratios
(Fig. 5b). The cytotoxic activity was almost fully blocked by anti-
MHC class I, -abTCR, or -CD8 MoAb (Fig. 5c), as observed in
crude CD8þ cells (see Fig. 3).

DISCUSSION

This study clearly demonstrates that Se´zary cell-specific CTL or
their precursors do exist in advanced SzS. Of particular interest

was the observation that the cytotoxic activity of these cells as well
as the percentage of circulating CD8þ cells fluctuated in
association with disease activity as assessed by the serum level
of LDH. Thus, disease activity seems to be influenced by not only
the number of CD8þ cytotoxic cells but also their functional
activity on a per cell basis. However, caution is necessary in
drawing definite conclusions, because we analysed only one
patient in this study. Since this patient had a high percentage of
Sézary cells in PBMC, it appears to evaluate the percentage of
CD8þ CTL and their cytolytic activity against Se´zary cells.
We found that in another Se´zary patient, who had< 20%
CD4þ CD7¹ cells, CTL activity was less marked than in the
present case.

IL-4, IL-5 and IL-10 from Th2 cells cause IgE hyper-production,
eosinophil activation, and inhibition of antigen-presenting cell
capacities, respectively [35].In vitro immunological abnormalities
in SzS patients are similar to consequences of these known
biological effects of Th2 cytokines [14], and malignant T cells in
most cases of SzS may be of Th2 type, as observed in this patient.
IL-4 inhibits the activation or proliferation of cytotoxic cells such
as NK cells, lymphokine-activated killer (LAK) cells, and CTL
[36,37], and down-regulates the production of IL-2 and IFN-g by
Th1 cells. In addition, IL-4 reduces the mRNA transcription of
cytotoxic mediator granules such as perforin or granzyme B in
cytotoxic cells activated by IL-2 [38]. Thus, IL-4 produced by
Th2 Sézary cells seems to down-modulate killer cells in several
possible ways in patients with SzS. In fact, the production of IL-2
and IFN-g is inhibited and the activity of cytotoxic cells is
decreased in SzS [14,19]. IL-2 and IFN-g produced by Th1 cells
promote the generation, differentiation, and activation of cytotoxic
cells, including CTL, NK cells, LAK cells and tumour-infiltrating
lymphocytes [6,9–11]. Deterioration of Th1 activities that is
triggered by a large amount of Th2 cytokines produced by
Sézary cells may lead to reduction in the percentage and cytotoxic
activity of CTL.

It was demonstrated thatin vitro cultivation with rIFN-g
combined with rIL-2 enhanced CTL activity. IFN-g antagonizes
the biological activity of IL-4 [39] and can even inhibit the growth
of Th2 cells [40]. In our study, the addition of rIFN-g at a
concentration of 5000 U/ml to cultures did not inhibit the prolif-
erative response of purified Se´zary cells to Con A. This suggests
that the therapeutic efficacy of rIFN-g administration does not stem
simply from the direct inhibitory effect of IFN-g on malignant Th2
cells. Rather, it is likely that rIFN-g exerts its therapeutic effect by
stimulating CTL-mediated immunity. In addition, IFN-g may
promote the expression of MHC class I or cell adhesion molecules
on the surface of tumour cells, which enhances tumour antigen-
specific cytolysis by CTL [41]. Moreover, it is possible that the
administration of IFN-g normalizes the Th2-skewing circumstance,
resulting in activation of CTL.

IL-12, when combined with IL-2, has a synergistic effect on the
capacity of tumouricidal CTL [34]. Our study clearly demonstrates
that IL-12 combined with IL-2 more powerfully enhances the
capacity of CTL against Se´zary cells than IFN-g plus IL-2. IL-12
exhibits potent Th1 cytokine-inducing effects during the responses
to microorganism antigen [42,43]. In addition, IL-12 augments
NK cell activity and CTL proliferation and activation [33,34].
Therefore, IL-12 is featured as a Th2 cell inhibitor [22]. The
production of IL-12 is reportedly inhibited in PBMC of SzS
patients [44], resulting in the impaired cytotoxic cell function in
SzS patients.
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Fig. 3. CD8-,abTCR-, MHC class I-dependent cytolysis of Se´zary cells by
the cultured CD8þ cells. Inhibition assays of cytotoxicity of cultured CD8þ

cells using anti-abTCR, -pan HLA class I, -CD4 and -CD8 MoAbs were
performed. Cytotoxicity was assayed by51Cr-release of labelled Se´zary
tumour cells at an effector/target ratio of 10. Anti-abTCR (B), -pan HLA
class I (X), -CD4 (W) and -CD8 (A) MoAbs were added at the start of the
cytotoxic assay at the indicated concentrations. Mouse IgG MoAb (K) was
used as a control antibody. Data are expressed as mean6 s.e.m. of the
results of duplicate experiments.



Both assistance of Th1 cytokines and stimulation with specific
antigen peptide–MHC class I complex are needed for successful
maturation of CTL. CTL recognition of the tumour antigen
peptides in the context of MHC class I molecule is a central
topic of today for tumour-specific recognition [6,7]. Whereas it is
suggested by the reported [20] and current studies that the Se´zary
tumour antigen peptide is recognized by CD8þ CTL in an MHC
class I-restricted manner [20], the antigen peptide in CTCL
cells remains unknown. Further studies of purification and
characterization of Se´zary tumour antigen peptide that stimulate
specifically CTL may provide a therapeutic strategy for killing
tumour cells as well as vaccination in SzS.
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