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Abstract

Sezary syndrome is a cutaneous T cell lymphoma characterized
by infiltration of the skin by CD4+ cells. These cells generally
respond poorly to mitogens and T cell activators. Wehave stud-
ied the action of ILl to IL4, IL6, and IL7 on the proliferation of
Sezary cells from 12 patients. With the exception of IL2 and
IL7, the cytokines studied had no proliferative effect on these
cells. Whereas IL2 had only a low proliferative capacity (two-
to threefold increase) on peripheral blood mononuclear cells,
recombinant IL7 constantly induced a very significant (340-
fold increase) proliferative response, and was used successfully
to generate cell lines in three out of eight cases. Growth of
Sezary cell lines was shown to be strictly dependent on IL7, and
after 2-5 wk of culture presented a switch to a homogeneous
phenotype CD3+4+8-7- (except for one line that remained
CD7+), with a typical morphology of Sezary cells. Their tu-
moral origin was demonstrated by the expression of the same T
cell receptor-13 gene rearrangement as the patients' T cells. Im-
portantly, cultured normal epidermal keratinocyte superna-
tants could support the growth of our Sezary lines. Further-
more, the proliferative activity contained in these supernatants
was completely blocked by a monoclonal anti-IL7 antibody.
These results suggest that IL7 may, therefore, represent an
important cytokine in the physiopathology of cutaneous T cell
lymphoma. (J. Clin. Invest. 1992. 90:1054-1060.) Key words:
cytokines * cutaneous T cell lymphoma - proliferation , cell lines
* surface markers

Introduction

Sezary syndrome is a lymphoproliferative disorder character-
ized by infiltration of the skin by malignant T cells (1). It is
associated with erythroderma, generalized lymphadenopathy,
and circulating neoplastic cells containing convoluted cerebri-
form nuclei (2, 3). Sezary cells are of mature T helper pheno-
type (4-6), although lack of CD7 antigen expression is a gen-
eral feature of these cells (7, 8). In contrast to adult T cell
leukemia/lymphoma, an aggressive disorder that has been
shown to be associated with infection by HTLV-I, Sezary syn-
drome is a relatively indolent disorder of unknown ethiology,
those cells respond poorly to T cell mitogens, to CD2and CD3
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pathways of activation, and to IL2 (9-1 1 ). This low responsive-
ness explains why attempts to grow these cells are generally
unsuccessful, and could be attributed to requirements for a
growth factor distinct from IL2 (12-14).

Wehave studied the action of cytokines relevant to T cell
proliferation: ILl to IL4, IL6, and IL7 on PBMCfrom 12 pa-
tients. Wefound that among these molecules, only IL2 and IL7
had significant growth effect. However, whereas IL2 had a lim-
ited and inconstant effect, IL7 induced a very significant
growth (3-40-fold increase) of these cells. IL7, originally de-
scribed as a mouse pre-B cell growth factor, has been shown to
induce human peripheral blood T cell proliferation (15, 16).
Interestingly, IL7 is produced by mesenchymal cells, but not by
T cells ( 16). Responsiveness to IL7 gave a selective advantage
to tumoral cells, since we were able to enrich PBL from four
patients in Sezary cells within 3 wk of culture. This led to the
establishment of three IL7-dependent cell lines with a homoge-
nous CD3+4+8-7- phenotype (except for one line which re-
mained CD7+), typical Sezary morphology, and the same T
cell receptor (TCR)-13 gene rearrangement as the patients'
blood T cells. Sezary/ mycosis fungoides syndrome is generally
associated with hyperkeratosis. In addition, it has been shown
that tumoral cells proliferate in the skin but not in blood ( 17,
18). Wealso demonstrate here that supernatants from various
epithelial cells could induce Sezary cell growth caused by IL7
production by these epithelial cells. Thus, IL7 production by
epidermal keratinocytes maybe an essential factor for the main-
tenance of malignant T cell cycling and tumor progression in
Sezary syndrome/mycosis fungoides.

Methods

Patients. Westudied 12 patients with their informed consent, 9 males
and 3 females, (onset of disease: 38-79 yr age/mean: 59±10.5, evolu-
tion at the time of diagnosis: 0-12 yr, mean 3.5±4 yr), followed in
dermatology departments of the Avicenne and Henri Mondor hospi-
tals. All patients had generalized erythroderma with various associated
signs, including hyperkeratosis, severe itching, and exfoliation. Patients
classified according to the mycosis fungoides cooperative group were
all of stage IV. Leukocytosis varied from 8,500 to 85,000/mm3, with
CD4+ lymphocyte counts from 44 to 93% of the cells. One patient
(BOS) had a severe eosinophilia (40,000/mm3).

mAb and immunofluorescence analysis. A panel of FITC-conju-
gated or phycoerythrin-conjugated (PE) mAbused in this study in-
cluded anti-CD4 (T4), anti-CD7 (121), anti-CD8 (T8), anti-CD2
(Ti 1), anti-CD3 (T3), anti-CD25 (IL2R1), anti-CD14 (My4), and
anti-CD19 (B4), all from Coulter clone (Margency, France), anti-
CD56 (leu 19) (Becton Dickinson, Pont-de-Claix, France), anti-CD7 1
(OKT9) (Ortho Pharmaceutical, Raritan, NJ), and anti-HLA-DR
(DI.12). Mononuclear cells (106/0.1 ml) were incubated 20 min
at 4°C in the dark with FITC and PE-mAb for two-color immunofluo-
rescence staining. Controls consisted of cells stained with isotype-
matched mouse immunoglobulins conjugated to FITC or PE. Scatter
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gated PBMCwere analyzed using a FACStar® cytometer (Becton
Dickinson).

mAbanti-IL7 was a kind gift from Dr. A. Namen(Immunex, Seat-
tle, WA).

Cytokines. rILlf (50 U/ml), rIL-2 (50 U/ml), rIL3 (50 U/ml),
and rIL4 (100 U/ml), all from Sandoz (Geneva, Switzerland), rIL6
(10 U/ml, kind gift of C. Damais, Paris, France), rIL7 (10 ng/ml,
Tebu, LePerray en Yvelines, France). Human IL7 was also used as
supernatants of a murine bone marrow-derived stromal cell line
(M2 10B4) infected with a retrovirus (JZEN-TK.Neo) containing the
human IL7 gene (M2 1OB4-hIL7). Mock supernatants used as control
were obtained from M210B4 infected with the original retroviral vector
(D. Thacker).

Proliferation assay. Cells 105/0. 1 ml were incubated in triplicate in
96-well round bottom plates with PHA-M (10 ,g/ml from Sigma
Chemical Co., St. Louis, MO), or cytokines in RPMI 1640 10% FCS
(Seromed, Berlin, Germany). Cultures were pulsed overnight with 1
ztCi/well [3H]thymidine (CEA Gif/Yvette, France), and radioactivity
was measured on days 3 and 6 of culture by liquid scintillation count-
ing (Beckman, Gagny, France).

T cell culture. PBMCfrom patients were cultured at 5 x 105/ml
with 20%M210B4-hIL7 supernatant ( IL7-sup) in RPMI 1640 supple-
mented with 10% FCS. Some cultures were initiated with autologous
serum in place of FCS during the first 2 wk of culture. Medium was
changed twice a week, and cultures were split when cell concentration
reached 2 x 106 cells/ml. Cells were cultured thereafter by half me-
dium changed every 2-3 d, and maintained at 0.5-1 x 106/ml. To
show IL-7 dependency, some cultures were switched to IL-7-free me-
dium by replacing IL-7-sup with 20% M210B4-Neo supernatant
(Mock-sup).

Epithelial cell culture. Epithelial cells were collected from children
undergoing corrective surgery of the abdomen or ears, as described (19,
20), slightly modified. Briefly, skin was cut into pieces of 1 cm2 and
floated on 0.25% trypsin for 1 h at 37°C. Cell suspension was removed
and trypsin was inactivated with FCS. Cells were then washed in RPMI
1640 with 100,ug/ml DNAseand cultured in flasks at 4,000 cells/cm2,
and viability, assessed by trypan blue exclusion, was always > 90%.
Culture medium used was DME(Flow Laboratories, Irvine, Scotland)
containing 10% FCS, 100 mMpyruvate, 200 mMglutamin, 4.5 g/liter
glucose, 3.7 g/l NaHCO3, 100,ug/ml penicillin, 100,gg/ml streptomy-
cin, 2.5 Ag/ml Amphotericin B, 0.4 ,ug/ml hydrocortisone, 20 ng/ml
EGF, and 10-10 M cholera toxin (all from Sigma). Medium was
changed every 3-4 d and cells were grown to confluence within 4-6 wk.

Keratinocyte nature was assessed by positive immunostaining with an-
ticytokeratin, but not by antivimentin antibodies, as previously de-
scribed (20). For IL7 production, confluent cultures were washed with
culture medium and incubated for 48 h with 2 ml medium per 25 cm2
flask.

Southern blot analysis. DNA was extracted and purified from
Sezary PBMCand from established cell lines from three patients (BEL,
CHA, RIC), according to standard procedure (21). For TCR-# gene
rearrangement, 10 ,ug of genomic DNAwere digested with BamHI,
EcoRI, and HindIll restriction enzymes and separated by electrophore-
sis in 0.6% agarose gel. Separated DNAfragments were then transferred
onto nylon membrane (Hybond N; Amersham, Les Ulis, France), and
hybridized with 32P-labeled probe specific for Cfll and C,B2 TCR-,B
constant regions (22). Autoradiography was performed by exposure on
Kodak X-AR5 film with intensifying screens.

IL-7 bioassay. IL-7 bioactivity was measured using a thymocyte
proliferation assay based on the direct mitogenic activity of both mu-
rine and human IL7 on murine thymocytes (23). Briefly, 3-wk-old
BALB/c thymocytes were cultured at 106 cells per well in 0.2 ml of
RPMI 1640 medium supplemented with 10% FCS, 5 x I0 - M2-mer-
captoethanol, 200 ug/ml glutamine, and containing serial dilutions of
the supernatant to be assayed or known concentrations of purified
recombinant human IL7. After 3 d, cultures were pulsed with 1 qCi per
well [3H ] TdR and harvested 6 h later for counting. In these conditions,
all the mitogenic activity contained in the supernatants could be
blocked by a saturating dose of anti-IL7 mAb.

Results

Immunologic phenotype of PBMC. PBMCwere isolated from
blood samples of patients, by centrifugation over Ficoll gra-
dient. Lymphocytosis of patients ranged from 6,000 to 80,000/
mm3, and Sezary cells, as atypical lymphocytes with cerebri-
form convoluted nuclei, determined by morphological exami-
nation, represent 15-85% of total patients' lymphocytes. As
shown in Table I, CD4+ cells ranged from 44 to 97%, (in large
excess over CD8+ cells) in all the patients. CD7 is a pan-T cell
marker expressed on > 90% of CD4+ cells of normal PBMC
(7). In our series, the percentage of atypical lymphocytes al-
most correlated with a low number of CD7+ cells: as shown, all
the patients with at least 60%of atypical lymphocytes have 15%

Table I. Phenotypic Analysis of Sezary PBMC

Atypical
Patients lymph
(stage) (%) CD2 CD3 CD4 CD7 CD8 CD14 CD19 CD25 CD56 CD71 DR

BEL(IVA) 85 87 90 92 3 1 2 2 3 3 3 2
BIL (IVA) 20 31 88 84 59 8 1 3 6 2 ND 10
BOS(III) 25 62 59 56 36 10 18 15 13 5 29 31
CHA(IVA) 60 96 95 93 7 3 2 1 38 ND ND 7
CLA (IVA) 20 69 68 66 48 12 ND 8 ND 3 ND 10
DEB(IVA) 80 90 95 97 6 6 8 7 14 7 43 46
GEO(III) 60 83 87 81 15 6 6 4 5 ND ND 11
LAC (III) 62 83 87 81 15 10 4 6 34 6 7 11
LAV (IVB) 15 83 69 69 60 15 5 6 6 6 7 10
RIC(III) 40 90 93 87 94 5 2 4 3 4 2 5
TET (IVA) 30 71 69 69 24 16 12 4 8 ND ND 7
ZIC (III) ND 78 75 75 68 9 13 5 4 4 16 3

Stages are indicated according to national cutaneous T-cell lymphoma workshop staging classification. Atypical lymph percent Sezary cells based
on morphological examination on May Grunwald Giemsa staining. Results are expressed as percentage of positive viable cells. ND, not done.

Interleukin- 7 and Cutaneous T Cell Lymphoma 1055



or less of CD7+ cells. With the exception of patient RIC, dou-
ble staining experiments confirmed the existence of a signifi-
cant proportion of CD7- cells among the CD4 population
(data not shown). These data indicate the existence in a major-
ity of patients, of a subpopulation of cells expressing a helper T
cell phenotype, CD3+CD4+CD7-, which is a classical feature
of Sezary lymphoma cells (4-8). Also, as reported by others,
these blood cells do not seem to express activation markers: for
a majority of patients CD25, HLA-DR, and CD71 (transferrin
receptor) showed minimal expression. Other lineage markers
for B cells (CDl 9), monocytes (CD 14), and natural killer cells
(CD56) showed normal expression.

Proliferative responses of PBMC. The proliferative re-
sponses of PBMCwere compared, using a T cell mitogen
(PHA) and various cytokines (Table II). As shown, PBMC
from the 12 Sezary patients were only weakly proliferating on
day 3 to PHAand the level of mitogenic response does not
correlate with the disease stage nor the proportion of Sezary
cells in the blood. Although PHAinduced T cell proliferation is
mainly considered as IL2 dependent, direct IL2 response of
patients' PBMCwas absent or weak (two- to threefold in-
crease). One exception is patient CHA, who had 38% of
CD25+ lymphoid cells and responded to recombinant IL2 with
a proliferative index of 9. Other cytokines, IL13, IL3, and IL4,
did not induce any significant proliferation on a 3-d assay. In
contrast, recombinant IL7 could generate in all patients a very
substantial (3- to 40-fold increase) proliferative response.

Whencompared to normal T cells, the IL7 response peaked
on days 2-3 on Sezary PBMC,while normal cells showed max-
imal proliferation on days 6-7. Based on these data, IL7 is the
best cytokine we tested capable to induce Sezary cell prolifera-
tion.

Establishment ofIL7 dependent lymphoma cell lines. Next,
we tried to test the capacity of IL7 to maintain in long term
culture human Sezary cells. For this, PBMCfrom eight pa-
tients were cultured with supernatant of a human 1L7-produc-
ing mouse stromal cell line (M210B4-hIL7). This line, in
which the human IL7 gene has been introduced by retroviral
gene transfert (provided by Dean J. Thacker), produced on a
regular basis 40-60 ng/ml of hIL7 in the supernatant. Cultures

were maintained as described in Methods. Fig. 1 A show the
establishment and growth characteristics of a cell line from
patient RIC on the initial 10 wk of culture. In IL7 containing
medium, a slow but regular growth is observed, with a
doubling time of about 10 d. When the culture is switched to
medium containing supernatant from control stromal line
(M2 10B4.Neo) containing the retroviral vector only, the cells
stopped to multiply and eventually died within 4-5 wk. Fig. 1 B
confirmed on established culture the IL7 dependency. Prolifer-
ation was measured by [3H I thymidine incorporation on ali-
quots of cultures maintained on IL7 containing medium or
mock supernatant. As shown on two cell lines, while prolifera-
tion was sustained in the continuous presence of IL7, depletion
of this cytokine induces a dramatic decrease of the proliferation
rate of these cell.

To further confirm that IL7 was the only growth factor
involved in the proliferative capacity of the M210B4-1L7 su-
pematant, blockade experiments with anti-IL7 MAbwere per-
formed (Fig. 2). Results confirm the absence of activity in
mock supernatant (M2 10B4-Neo), while proliferation in-
duced by M210B4-hIL7 could be inhibited in a dose-depen-
dent manner by mAb; complete blockage was achieved by 2 tg
of anti-IL7 mAb.

These results demonstrate that long term culture from pe-
ripheral blood of Sezary patients can be established and main-
tained with IL7. On the eight patients (BEL, BIL, BOS, CHA,
CLA, LAV, RIC, and ZIC), we tried to derive cell lines, al-
though all responded initially to IL7 and could be cultured for
2-10 wk, three lines (CHA, BEL, and RIC) could be success-
fully established. One (LAV) was lost by spontaneous EBV-B
cell overgrowth.

Phenotypic analysis of Sezary lines. As previously men-
tioned from phenotypic analysis of patients' PBMC, loss of
CD7expression broadly correlated with the percentage of atypi-
cal lymphocytes. Therefore, we compared the time course ex-
pression of CD4and CD7markers during the first 10 wk of cell
culture in IL7. As shown in Fig. 3, starting from 60 to 88% of
CD4+ cells in the four patients used in these experiments
(BEL, CHA, RIC, and CLA) showed an increased CD4expres-
sion over time. More importantly, during the same period,

Table II. Proliferative Response to Cytokines of Sezary PBMC

Culture conditions

Patients Medium PHA-M ILlIl IL2 IL3 IIA IL7

BEL 487±142 2,046±521 231±29 1,440±33 302±91 382±27 7,918±449
BIL 724±68 1,398±826 732±79 646±67 731±34 ND 14,618±878
BOS 450±43 396±11 445±14 988±116 257±72 554±103 2,780±410
CHA 623±86 4,520±190 700±46 5,444±437 812±251 630±91 4,514±451
CLA 420±23 6,200±116 201±63 2,077±34 203±41 388±63 18,670+1,362
DEB 1,150±134 2,811±128 127±44 3,271±47 324±20 1,410+129 2,621±87
GEO 993±117 ND ND 981±38 ND ND 5,278±422
LAC 956±81 2,250±531 117±59 1,180±162 1,171±20 1,413±102 14,810±905
LAV 628±30 2,964±55 112±61 1,225+49 1,052±46 820±63 10,170±823
RIC 432±112 3,836±409 121±14 168±204 206±127 987±28 2,806±164
TET 119±126 715±12 61±28 170±28 ND ND 2,903±530
ZIC 700±142 3,035±344 388±71 1,728±43 ND ND 11,212±402

Results are expressed as cpm tritiated thymidine incorporated by 105 cells during the last 18 h of a 3-d culture. ND, not done.
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CD7 expressing cells were rapidly lost and became virtually
undetectable after 4 wk, except for patient RIC, who remained
CD7+, this phenotype being stable in long term culture. An-
other patient (BEL), from whom a line was successfully de-
rived, was not informative in these experiments since PBMC
already contained more than 90% of CD4+CD7- cells.

Immunofluorescence analysis of long term culture cells
showed an homogenous phenotype of nonactivated resting
helper T cells, CD2+CD3+CD4+, Tac-, and HLA-DR-,
other non-T cell lineage markers are negative (not shown).
Cytologic examination of May-Grunwald Giemsa staining of
the three established cell lines confirmed phenotypic homoge-
neity, cells presenting as lymphocytes with circonvoluted cere-
briform nuclei and frequent binucleated cells, characteristic of
Sezary lymphoma cells (not shown).

Analysis of TCRi# gene rearrangement. To further confirm
that cells expanded in IL7 were derived from the malignant
clone present in the blood, analysis of TCR-,B gene rearrange-
ment was performed. For each patient (BEL, CHA, and RIC),
Southern blots were performed from fresh PBMCand cells
from the established lines after DNAwas cut with BamHI,
EcoRI (Co3I ), or HindIll (C,B2). For all three lines, an identical
rearrangement was observed when compared with the periph-
eral blood cells, as shown on the blot autoradiographs of Fig. 4,
demonstrating that malignant cells are present in each Sezary
line.

Epidermal keratinocytes produce hIL7. Several reports sug-
gested that skin, in contrast to the blood, is a preferential site of
proliferating tumoral cells in vivo. Thus, epidermal cells
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Figure 1. Establishment and IL7 growth depen-
dency of cultured Sezary cells. (A) Growth of pa-
tient RIC's PBMCwith IL7 20%M20B4-hIL7
containing medium (plain line) and mock super-
natant (dashed line). (B) Proliferation of long
time cultured lines from patients RIC (closed cir-
cles) and CHA(open circles) with (plain line)
and without (dashed line) IL7 containing medium.

should provide a suitable microenvironment for Sezary cells.
Therefore, we tested the capacity of cultured epidermal kera-
tinocytes from normal individuals to support the proliferation
of our Sezary lines. As shown in Fig. 5, supernatants from these
cells could induce a dose-dependent proliferative response of
Sezary cells. In addition, this proliferation could be completely
specifically blocked by a saturating dose of anti-IL7 mAb, since
a similar dose of isotype matched anti-IL3 mAbwas ineffec-
tive. These data demonstrate the production of IL7 by unsti-
mulated cultured cytokeratin + vimentin - keratinocytes.

To better estimate the level of IL7 production by keratino-
cytes, bioactivity of several supernatants was quantified in a
mouse thymocyte proliferation assay. Table III summarizes the
results obtained. As expected, M210B4-Neo supernatant was
devoid of any IL7 activity, whereas M210B4-hIL7 produced

, 40-60 ng/ ml of hIL7. The other control used, thymic epithe-
lial cells cultured in the same conditions as keratinocytes, also
showed high levels of IL7 production (150 ng/ml). In these
conditions, IL7 activity contained in keratinocyte supernatants
ranged between 15 and 60 ng/ml, whereas Sezary lines from
patients CHAand RIC did not produce any activity. These
data may suggest a possible in vivo paracrine growth of Sezary
cells in the skin.

Discussion

Sezary syndrome is a form of cutaneous T cell proliferative
disorder characterized by generalized erythroderma accompa-
nied by abnormal lymphoid cells in the blood. The etiology of
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Figure 2. mAbanti IL7 inhibits the growth of S&zary line induced by
M210B4-hIL7 supernatant. 50,000 cells from BEL, CHA, and RIC
lines were cultured with medium and/or 20% M210B4-hIL7 sup in
the presence or absence of increasing dose of anti-IL7 MAb. On day
3, cultures were pulsed with 1 ,uCi of 3H-TdR per well.
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Figure 3. Time course
evolution of CD4and
CD7 expression by
Sezary PBMCculture
in IL7 containing me-
dium. PBMCof patients
LAV, CHA, RIC, and
CLA were cultured in
20% M210B4-IL7 con-
taining medium and the
percentage of cells ex-
pressing CD4 and CD7
antigens were evaluated
by FACSOanalysis at
the indicated times of
culture. - o -, LAV;
- i-, CHA;- o-
RIC; - -, CLA.
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Table III. Human IL7 Production by Epithelial Cells

Figture 4. Analysis of
TCR-f gene rearrange-

ments demonstrating
clonal origin of Sezary
lines. DNAfrom pe-

ripheral blood (PB) and
line (L) from patient
BEL, CHA, and RIC
cells were digested with
either EcoRI or HindIll
to detect Co I or C32
gene rearrangements by
Southern blot hybrid-
ization. Bars, germ line
positions; arrows,

rearranged bands.

Cell type

M2lOB4-Neo
M21OB4-hIL7
Human keratinocytes
Thymic epithelial cells
Sezary line CHA
Sezary line RIC

hIL7

ng/ml

Not detectable
40-60
15-60

150
Not detectable
Not detectable

BALB/c thymocytes were cultured at 106 cells per well in 0.2 ml of
RPMI 1640 medium supplemented with 10% FCS, 5 x 10' M
2-mercaptoethanol, 200 ,gg/ml glutamine, and containing serial dilu-
tions of the supernatant to be assayed or known concentrations of
purified recombinant human IL7. After 3 d, cultures were pulsed with
1 ,ACi per well 3H-TdR and harvested 6 h later for counting.

the disease has remained unclear, studies being hampered by
the lack of in vitro model. While T cells proliferating in the skin
are difficult to access, circulating lymphocytes are usually re-

fractory to T cell mitogen stimulations (9-1 1 ). Despite occa-

sional response of some patients to IL2 this insensitivity to
stimulation explain that establishment of Sezary cell lines have
generally been unsuccessful ( 12-14). IL7, initially described as

a pre-B cell growth factor, is a cytokine produced by mesenchy-
mal cells, which can also sustain the proliferation of thymo-
cytes and human peripheral blood T cells ( 15, 16). Here we

demonstrate that IL7 is a potent growth factor on peripheral
blood Sezary cells, and can be used to generate in vitro stable
1L7-dependent malignant cell lines.

We studied a series of 12 Sezary patients with advanced
disease and 15-85% atypical Sezary cells in the blood. As re-

ported, immunofluorescence studies of patients' PBMCsug-

gest a classical CD4+ resting helper T cell phenotype for circu-
lation lymphoma cells (3-6). Lack of Leu8 and CD7 expres-

sion on peripheral blood Sezary cells have been previously
reported and proposed as a marker for circulating Sezary cells,
allowing distinction of cutaneous T cell lymphoma from acute
T cell leukemias (CD7+) (7, 8). In our study, lack of expres-

Medium

1% S CHA

* RIC

5%

10%

20o

20%o + anti-EL7

200% + anti-ILS

0 1000

3H-TdR Incorporation (cpm)

Figure 5. Proliferation of cultured Sezary cells to keratinocytes su-

pernatants. 50,000 cells were cultured in 200 ,u of medium with or

without increasing concentrations of cultured keratinocyte superna-

tant (see Methods), with and without 2 ,ug of anti-IL7 of anti-1L3
MAbs. Proliferation was measured by thymidine incorporation on

day 3.

sion of CD4+CD7- phenotype correlated quite well with the
percentage of atypical lymphocytes in the blood. Wealso ob-
served a progressive loss of CD7-expressing cells during the
initial period of establishment of our Sezary cell lines. How-
ever, in one patient initially expressing a high percentage of
CD4+CD7+ PBMC, a maintenance of this phenotype was

noted in the malignant cell line. Despite this exception, we

believe that a CD7- phenotype, associated with a large excess

of CD4 to CD8 expression, is a good marker for cutaneous T
cell lymphoma. In addition, our ability to maintain CD7+ RIC
Sezary cells in long term culture militates against a possible
modulation of CD7antigen expression or a preferential growth
of CD7- normal T cells, because of the culture conditions we

used.
Refractoriness of Sezary cells to respond to T cell stimuli is

a common observation. One possible explanation is the need
for an activation signal and/ or a particular cytokine ( s) require-
ment for Sezary cell proliferation. This is illustrated by the fact
that, although circulating malignant cells are usually resting,
skin-infiltrating T cells from mycosis fungoides/Sezary syn-

drome patients have an activated phenotype, expressing Tac
and HLA-DR, and are in active cell cycling (8). Proliferative
response to IL2 can sometimes be observed, but as in our

study, most of the patients PBMCfailed to respond or re-

sponded poorly to this cytokine. Preactivation usually in-
creases or induces IL2 responsiveness ( 14). However, physio-
logical relevance for IL2 induced proliferation in the skin is
unclear because Sezary cells usually failed to produce sufficient
amount of IL2 to support their own proliferation, and other
sources in the skin are not obvious (24). In this context, our

observation that recombinant IL7 could directly induce the
proliferation of PBMCfrom all the patients we tested is of
importance. We also observed that this proliferation is not
blocked by Cyclosporin A, confirming that 1L7-induced re-

sponse is not IL2-mediated. In addition, while proliferation of
Sezary PBMCresponse to IL7 reached a plateau on days 3-4,
that of normal T cells needed 6-7 d (25, 26). This kinetic

suggests that the proliferative cells responding to IL7 belonged
primarily to the malignant compartment.

This strong proliferation to IL7 allowed us to test the possi-
bility to maintain in long term lymphoma cells. Eight patients
were evaluated, all grew well for at least 2-6 wk; three could be
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established as IL7-dependent cell line. A fourth one was lost at
week 6 by EBVB cell overgrowth. Reasons for failure to main-
tain other lines for longer period is unclear, however, IL7 have
been reported to induce cytotoxic T cell generation (27-29).
Cell lines were maintained in medium containing supernatant
from a mouse stromal cell line containing the human IL7 gene
by retroviral-mediated gene transfer (M2 lOB4-hIL7). IL7 de-
pendency was demonstrated by progressive death of cells after
switching to medium containing supernatant from control cell
line (M2 1OB4-Neo). The implication of HTLV-I as a potential
etiologic agent for mycosis fungoides/Sezary syndrome has
been suggested, although contradictory reports exist in the liter-
ature ( 30, 31 ). Although our patients were serologically nega-
tive for HTLV-I (data not shown), we haven't tested the ab-
sence of viral sequences in the lymphocytes, however, exoge-
nous IL7 dependency of our cells indicates that if HTLV-I is by
any way necessary, it is not sufficient for cell line maintenance.

The cells grow slowly in culture, with a mean doubling time
of 10 d, which is consistent with the relatively indolent nature
of this disorder. Importantly, beside the homogeneity of the
phenotype, cell line presented the typical morphology of
Sezary cells on May Grunwald-Giemsa staining with a convo-
luted cerebriform nuclei. Furthermore, analysis of TCR-,B
chain gene rearrangement demonstrate that for three lines, an
identical rearranged band is evidenced when comparing the
blood and cultured Sezary cells. This ascertains that the lines
are relevant to the malignant clone. It also suggests that Sezary
cells have a selective growth advantage for IL7 responsiveness.
Of note, we failed to maintain in long term culture normal
PBMCwith IL7.

As mentioned above, Sezary cells are activated and prolifer-
ate in the skin of mycosis fungoides/Sezary syndrome and are
associated with hyperkeratosis. This leads us to investigate the
production of IL7 by cultured keratinocytes. Weshowed that
indeed these cells produce a factor that could induce the prolif-
eration of the lymphoma cells and that could be blocked by
anti-IL7 mAb. In addition, IL7 content could be measured in a
bioassay and ranged between 15 and 60 ng/ ml, a dose compara-
ble to those of the IL7-producing cell line we used to maintain
our Sezary lines. This production is not limited to epidermal
epithelial cells, since (as shown in Table III) thymic epithelial
cells cultured in the same conditions as keratinocytes also pro-
duced IL7, as previously reported ( 15, 16).

Tumors arise as a result of multiple oncogeneic events on
continuously cycling cells. Chronic stimulation and exacer-
bated cytokine-induced proliferation, augment the risk of
transformation and certainly play an important role in tumor
progression. This can be illustrated by the implication of IL6
and IL2 in the evolution of multiple myeloma and Walden-
strom macroglobulinemia, and of adult T cell leukemia, respec-
tively (32-35). IL7 has also been presented as a proliferating
factor for pre-B and T acute lymphoblastic leukemias (36, 37).

In conclusion, for the first time, we demonstrated that IL7
is a potent growth factor for Sezary cells, and may be an impor-
tant paracrine cytokine in the physiopathology of cutaneous T
cell lymphoma.
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