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The growth of cutaneous T-cell lymphoma is stimulated
by immature dendritic cells

Carole L. Berger, Douglas Hanlon, Daniel Kanada, Madhav Dhodapkar, Vivian Lombillo, Nianci Wang, Inger Christensen,
Gregory Howe, Jill Crouch, Paul El-Fishawy, and Richard Edelson

In the initial stage of cutaneous T-cell
lymphoma (CTCL), proliferating CTCL
cells are concentrated in the epidermis in
close association with an immature den-
dritic cell (DC), the Langerhans cell. Be-
cause long-term in vitro culture of CTCL
cells has proven difficult, the in vivo

association with the major antigen-pre-
senting cell (APC) of the epidermis has
been postulated to play a role in directly
stimulating the clonal T-cell proliferation.

We report that CTCL cells can be repro-
ducibly grown in culture for 3 months

when cocultured with immature DCs.

CTCL cells retain the phenotype and geno-
type of the initial malignant clone, whereas
the APCs are a mixture of immature and
mature DCs. CTCL cell and DC survival
was dependent on direct membrane con-
tact. Growth was inhibited by antibodies
that bound to the T-cell receptor (TCR) or
interfered with the interaction of CD40
with its ligand on the CTCL cell. Addition
of antibody to CD3 or the clonotypic TCR
caused rapid CTCL cell apoptosis fol-
lowed by engulfment by avidly phago-
cytic immature DCs and subsequent DC

CTCL cells and immature DCs for pro-
longed periods will facilitate studies of
tumor cell biology and will allow investiga-
tion of the intriguing hypothesis that CTCL
cell growth is driven through TCR recog-
nition of class ll-presented self-peptides.
In addition, the culture of CTCL cells will
permit evaluation of therapies in vitro
before clinical intervention, thereby im-
proving safety and efficacy. (Blood. 2002;
99:2929-2939)
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maturation. The opportunity to study

Introduction

Cutaneous T-cell lymphoma (CTCL) is a clohagpidermotropic We report that CTCL cells appear to retard DC maturation and this
malignancy of memo#Rg inducer T cells;® which has been difficult to immaturity enables avid phagocytosis of apoptotic tumor cells. Uptake
study because of the inability to propagate the neoplastic cells in viwb apoptotic CTCL cells leads to the up-regulation of some DC
and the absence of suitable animal models. The malignant cells initiaihaturation markers and the potential for continued CTCL cell stimula-
proliferate in the epidermis and evolve more poorly differentiateiibn through presentation of peptide derived from the CTCL cells
subclones that later escape the confines of the skin and disseminatethemselves in the DC class Il molecules to the TCR of the CDéells
the peripheral blood and internal org&riEhe close apposition of the or release of DC-derived growth factors. This codependency may
CTCL cells and the Langerhans cell, an immature member of thgplain the factors that influence the growth of CTCL cells and elucidate
dendritic cell (DC) serie$has suggested that the malignancy may biése role of immature DCs in the disease process.
driven by Langerhans cell triggering of CTCL cell growth through
engagement of the CTCL cell T-cell receptor (TCR).
Previous studies have shown that mitogen, antigen, and mixed

leukocyte cultures (MLCs) with or without cytokines only minimallyMaterials and methods
stimulate proliferation of isolated CTCL ceftd! CTCL cells cultured

e . ) Cell cultures
with interleukin-2 (IL-2) and IL-7 and DCs cultured with granulocyte-
monocyte colony-stimulating factor (GM-CSF) and It24do not Leukapheresis cells were obtained from patients with CTCL undergoing
survive and proliferate beyond a few weeks of culture. We have recerﬁlS;Pv under the guidelines of the Yale Human Investigational Review
demonstrated that monocytes activated by passage through Ieukapﬁéi@'-d' Informed consent was provided according to the Declaration of

- . . inki. Leukocytes isolated by Ficoll-Hypaque flotation were cultured
i ntrif ion an nt extracorporeal ph hemoth n
sis centrifugation and subsequent extracorporeal photochemot eW the cytokines IL-7 (10 ng/mL) and IL-2 (10 U/mL) to support the

(ECP) treatment develop the phenotypic and functional characteris@ﬁcL cell$2 and GM-CSF (800 U/mL), IL-4 (1000 U/mL: all fra R & D

of immature DCs, Whlch can engulf apoptotic CTCL.céM/hen cells Systems, Minneapolis, MN) to promote DC differentiation from mono-
from the leukapheresis harvest were cultured in the presencec@fs13in RPMI 1640 (Gibco, Gaithersburg, MD)/20% AB serum, 20 to
supportive cytokines, both CTCL cells and DCs continued to proliferage x 106 cells/well. Cultures were established from 10 patients with CTCL
in vitro for 3 months. on multiple occasions and maintained for 3 months. The patients all had
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leukemic-phase ‘Gary syndrome with erythrodermic skin involvement and_ake Success, NY) CD2CTCL cells (2x 10° tumor cells/well) and tumor
were negative for infection with human T-cell leukemia virus 1 (HTLV-1)cell-depleted DCs (X 10° DCs/well) for 3 days. The wells were pulsed
Outgrowth of normal CD4 and CD8 T cells or Epstein-Barr virus-eluring the final 16 hours with®H]-thymidine, harvested, and counted in a
transformed B cells may occur if normal cells predominate in the periphetajuid scintillation counter. Results are the mean of 5 replicate3D.
blood of the patient. In our studies, the phenotype and genotype of the Because purified CTCL cells or DCs did not survive without direct
cultured CTCL cells and DCs were evaluated to confirm their purity. Theontact, proliferation was assessed in the cocultures with carboxyfluores-
majority of cultures established for study were derived from the peripheragin diacetate succinimidyl ester (CFSE; Molecular Probes). The cultures
blood of patients with CTCL that contained less than 10% contaminatigere stained with the predetermined optimal concentration of CFE(2
normal cells and only the initial CTCL cell malignant clone was propagaté@PMI 1640) for 20 minutes at 37°C), washed with RPMI 1640 containing
under those circumstances. The cultures were negativéjaoplasma 20% fetal calf serum to bind up free CFSE, and cultivated under standard
contamination as determined by a Mycotek Kit (Gibco Invitrogen, Grancbnditions with cytokines for 5 days. Samples were analyzed for staining by

Island, NY), performed according to the manufacturer’s directions. gating on the lymphoblast or large cell population with a flow cytometer.
Cell division was quantified by measuring equidistant peaks that repre-
Immunophenotyping sented a halving of the fluorescent intensity with the initial peak determined

) . .at day 3, a time point taken after the initial nonspecific loss of CFSE
Cultured cells were phenotyped with a panel of monoclonal antibodies Y P P

specific for lymphocytes, monocytes, and DCs. Antibodies were eithe{rj1d oceurred.
directly conjugated to fluorescein-isothiocyanate (FITC) or phycoerythrin

(PE) or stained with a secondary fluorochrome-conjugated antimoub&nswell cultures
reagent. The antibody panel included CD3 (pan T cell); CD4 (inducer T . .
cell); CD8 (cytotoxic T cell); \B5c, VB18 (variable region of family- CD2-magnetic bea'td-enrlched CTCL cellsX110°¢/mL, results presented
specificB chain of the TCR); CD19 (pan B cell); CD14 (monocytes); CDSérom 2 represgntanv_e cultures) and bead-depleted DCs 1ﬂﬁlmL) were
(natural killer cells); class Il major histocompatibility complex (MHC)CUItured on either side of a 0.40m porous membrane (Corning Costar,

molecule; W632 (class | MHC molecule, gift from Peter Cresswell, Yalgambridge MA) in media containing the standard cytokines. To exclude

University); CD83 (DC, activated B lymphocytes); DC-LAMP (maturedeleterlous effects of contact with the membrane, the positions of the DCs
nd the CTCL cells were reversed in parallel cultures. Cultures were

DC); CD1la (immature DC); annexin V and APO-2 (early apoptotic cellsf;l L . ) .
all antibodies (except W632) were obtained from Coulter-Immunoteéﬂa'nta'ned for 3 weeks and viability monitored by trypan blue exclusion.
(Hialeah, FL) and used at the predetermined optimum dilution. Background

staining was assessed with the appropriate isotype control that was eithgtibody-mediated inhibition of CTCL cell-antigen-presenting

directly conjugated or stained with a fluorochrome-conjugated secondail| contact

antimouse antibody. Reactivity was determined by analysis with a Coulter ) ]

XL flow cytometer, direct observation with a fluorescent microscopeocultivated cells (1 of 6 cultures) were incubated with monoclonal

equipped with phase contrast optics, or by confocal microscopy. antibodies (CD3, family-specific §, CD40), used at predetermined
optimal dilutions, approximately 3a.g/mL, 10X 10°cells/100 pL/well.
Two-color detection of membrane and cytoplasmic antigens After overnight incubation with the antibodies, proliferation was measured

o ] by uptake of $H]-thymidine. Results are the mean of 5 replicateSD.
Two-color membrane staining was performed (representative results from 1

of 6 cultures) by adding the predetermined optimum concentrations of both ) )
monoclonals directly conjugated to FITC or PE (30 minutes at 4°C§ytokine enzyme-linked immunosorbent assay

Lollowe: bIZ wasl:jlng. Two-color |sot.ype-matﬁhed cor(ljtrols V\I/ere used & nernatants were harvested from 2-month cultures (3 cultures of 6 tested,
etect ackgroun §ta|n|ng. To éxamine membrane an cytop asmlgantlgfedbys after media replenishment) and the presence of cytokines evaluated
expression, a fixation and permeabilization kit was used essentlally\;a‘-:t‘,h commercial enzyme-linked immunosorbent assay (ELISA) kits (R & D

described in the manufacturer’s directions (Coulter-Immunotech). Merg'ystems) to detect tumor necrosis factoFNF-a), interferonsy (IFN-y),
brane staining was assessed with monoclonal antibodies reactive with eithes .|| .15 according to the manufacturer’s directions

CD83 or class Il directly conjugated to FITC. Cytoplasmic staining was To inhibit IL-10, a neutralizing antibody was added toXQL0f CTCL

determined Wi_th CP3'PI_E' DC-LAMP cytoplgsmic staining was gssessgg”s and 1x 10° DCs from 2-month cultures (10 ng/mR & D Systems)
after permeabilization with a secondapl antimouse reagent conjugated e, anq without the addition of X 10f CTCL cells that were rendered
FIT_C' As a control for DC-LAMP, aln '59Wpe control and the Se':Ond"j“'gpoptotic by~ irradiation. The cocultures were incubated overnight and
antibody were added after permeabilization. then analyzed by immunofluorescent staining and flow cytometry.

Confocal microscopy

. Apoptosis assays
The DCs were freed of CTCL cells by CD2-bead depletion and adhered to

Alcian blue—coated coverslips. DCs were stained with rabbit anti-hum&mogrammed cell death was examined (2 of 6 cultures) at intervals (0, 20,
class Il and mouse anti-human LAMP (gift from Ira Mellman, Yale30, 50 minutes and 24 hours) after the addition of 0.5 mL CD3(@3nL)
University). Alexa-Fluor antibodies (Molecular Probes, Eugene, OR) werg an antibody reactive with the variable region of the CTCL cell's
used to detect binding of the primary antibodies and FITC-conjugated gednotypic TCR. Two-color immunofluorescence was performed, after
antirabbit and Texas red—conjugated goat antimouse were used to defigation and permeabilization, using antimouse FITC/APO-2—PE to detect
irrelevant isotype control antibodies. Fluorescent staining was detectaternalized apoptotic T lymphocytes. Annexin V staining was performed to
with a Zeiss confocal microscope. detect early apoptotic cells with a commercially available kit, following the
manufacturer’s directions (Coulter-lmmunotech).
Polymerase chain reaction assay

Polymerase chain reactions (PCRs) were performed at the Yale Universitigeomicroscopy
Department of Laboratory Medicine. A probe to detect rearrangement8
consensus sequences of thechain (D2-J2) andy chain of the TCR
were used.

I-:Alls (1 10°) from 1- and 2-month cultures were plated within 30 minutes
after receiving CD3 antibody (3;83/100pu.L) on the uncoated glass surface
of a chamber slide (Mattek, Ashland, MA). The cells were maintained at
37°C under a 7% Cé@atmosphere during the 1 hour of filming and observed
with a Zeiss Axiovert microscope. Images were filmed with a CCD camera
Cell proliferation (representative results from 2 of 6 cultures) was evaluatédamamatsu, Michigan City, IN) using Open Lab software to produce a
by cultivation of magnetic bead—purified (as previously descrid&@jynal,  Quicktime movie.

Proliferation assays
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MLC groups of nonadherent floating cells as well as adherent cells that

Normal control responder T cells were purified with CD2-magnetic bea ere of large size and had a granular cytoplasm and multiple

DCs were enriched from 1- and 2-month cultures by bead-depletion ?ndritic extensions. Immunofiuorescent staining (Figure 2C)

CD2* CTCL cells. Control T cells were added to DCs at concentrations §iemonstrated many CDh3r cel!s in direct contact with class™l
100, 50, and 25¢ 10° responder T cells added t0X.10° DCs. Control T APCs. The dendritic extensions of the APCs and the close

cells were added at the same concentrations to allogeneic control B celpproximation of the T cells to the APCs were clearly visible under
and monocytes that had been depleted of T cells. Stimulators weshase contrast microscopy (Figure 2D).
prevented from proliferating by irradiation (2000 rads, cesium irradiator)
prior to the addition of responding T cells. Cultures were incubated for
days and received a 16-hour pulse #fifthymidine, prior to harvesting.
Results were calculated as the mearsD of 5 replicates (representative
results from 1 of 2 normal controls). Statistics were analyzed with thea-quse separation of either cell type resulted in rapid cell death,
Student test. proliferation was evaluated directly in the cocultures by CFSE
staining. CFSE staining intensity is halved when the cells replicate,
enabling direct quantification of cell divisidh.The results are
Results presented as the shift in fluorescence observed at day 5 measured
from the initial staining monitored at day 3, a time point chosen
because the initial nonspecific loss of CFSE has dissigated.
Figure 3, panels A and B, demonstrate lymphocyte proliferation in
The CTCL cells and DCs were cultured, with supportive cytokines, 1-month culture, followed over 5 days. The shift in CFSE
from leukapheresis specimens obtained from 10 patients mensity indicates that at least 8 rounds of lymphocyte cell division
multiple occasions and were routinely maintained in vitro for Bave occurred. The parallel cocultivated APC population (Figure
months. The ability to grow both cell types was entirely reprodu@C,D) also demonstrated at least 8 divisions over 5 days, indicating
ible and uniformly successful in all patients. a doubling time of 15 hours for both the tumor cells and the APCs.

The CTCL cells were unable to proliferate when they were
removed from contact with the antigen-presenting cells (APCghimunophenotype and genotype
(Figure 1). Purified CTCL cells obtained from cultures that had
been established for 1 and 3 months from 2 representative CT@£2 months, the CTCL cells retain the phenotype of the neoplastic,
patients did not proliferate during the 72-hour incubation perio§onal, peripheral blood T cells from which they were derived, with
despite the presence of cytokines, unless they were cultivated in h@ majority of the cells expressing CD3 (100%) and CD4 (99%),
presence of their autologous APCs. lacking CD8 (0%) and, if known, expressing aBVeactive

In addition, when proliferating CTCL cells and DCs werdamily-specific TCR \B8a (93%). No CD56 natural killer cells or
purified from 2-month cultures and separated by a transwé&iP19" B cells were identified. PCR studies demonstrated that
membrane for 2 weeks, their viability declined from 9199.7% cultured CTCL cells, tested at 2 months, retained the identical
in the cocultures to 57% 10% in isolated CTCL cells and 0% in TCR and TCRy chain rearrangements found in the original
DCs. The viability of the isolated CTCL cells continued to declin@eripheral blood isolate (results not shown).
until at 3 weeks only a few intact cells were visible. The addition of The APC population contained CD14nonocytes that repre
supernatants from long-term proliferating cocultures did not pr§eénted approximately 40% of the cells at 2 weeks and declined to
long the growth of the isolated cell populations, supporting tH&SS than 10% of the APCs by 1 month of culture. The cultured
contention that direct membrane contact is required for CTCL céf°Cs were reactive with antibodies that detected costimulatory
and DC proliferation. molecules (Figure 4A, CD80: 46%; Figure 4B, CD86: 36%). At 1

The CTCL cells were morphologically medium-sized lymphomonth, the APCs were 72% class Il reactive (Figure 4C). The
cytes clustered around the APCs (Figure 2A), in a fashighaturing CD83 DC population represented 30% (Figure 4D) of

reminiscent of the Pautrier microabscess. APCs (Figure 2B) formtt¢ APCs. When APCs were tested after 3 months in culture, the
majority of the APCs expressed higher levels of class Il (Figure

4E). Further studies (Table 1) showed that at 3 weeks only 7% of
ar the DCs were mature as shown by CD83 expression on the cell
membrane and cytoplasmic reactivity with DC-LAMP (9% posi-
tive cells). After 2 months of cultivation of cells from the same
patient, the levels of CD83 expression (15%) and DC-LAMP
(36%) had increased 2- to 4-fold, indicating continued DC
maturation. In 3-month-old cultures from another patient with
CTCL, 70% of the DCs expressed membrane CD83 or cytoplasmic
DC-LAMP or both. Overall, at 1 to 2 months of culture the APCs
were predominantly immature cells admixed with approximately
30% mature DCs. By 3 months of culture, substantial DC
Ve maturation had occurred at a time point that preceded the imminent
cTCL APC CTCL+APC demise of both the CTCL cells and the APCs.

éFSE staining demonstrates proliferation of CTCL
cells and APCs

Characterization of CTCL and antigen-presenting cell
cocultures

CPMx10

Figure 1. CTCL cells proliferate only in the presence of APCs. CTCL cells were

obtained from 1- (M) and 3-month (&) cultures of 2 representative patients and were Confocal microscopic demonstration of DC
freed of APCs by CD2-magnetic bead enrichment. The purified CTCL cells were
readded after overnight culture to y-irradiated autologous APCs that had been CTCL
cell bead-depleted. After 3 additional days of culture, only CTCL cells cocultivated .
with APCs proliferated, as shown by uptake of [3H]-thymidine. The results presented The DCs obtained from 1- and 2-month cultures were freed of

are the means of 5 replicate samples = SD. CTCL cells and the expression of the cytoplasmic lysosomal

class Il sequestration
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Figure 2. CTCL cells are morphologically small CD3 * lymphocytes clustered around large granular class Il * cells with dendritic appendages.  (A) Phase contrast
microscopy (X 400) of cultured CTCL cells demonstrates that they have the morphology of small round lymphocytes. (B) The APCs were morphologically large granular cells with multiple
dendritic extensions. (C) Immunofluorescent microscopy reveals that the CTCL cells are CD3* (FITC, green) lymphocytes and the APCs express class Il MHC molecules (phycoerythrin,
red). (D) Phase contrast microscopy of the same field demonstrates the small round lymphocytes in direct contact with the membrane of large cells with multiple dendritic appendages.
Original magnification X 400.

marker lamp and class Il MHC molecules monitored. After MLCs.” The ability of CTCL cell-depleted DCs from 1- and
month of culture (Figure 5A), confocal microscopy revealed a-month cultures to stimulate a proliferative response in serially
intermediate DC phenotypavith some lysosomal colocaliza diluted normal control T-cell responders was tested. DCs purified
tion of LAMP and class Il molecules and a punctate pattern dfom 2-month cultures were significantly more stimulatory in
nonlysosomal class Il vesicles (ClIV-like) beneath the plasmdLCs (P = .001) in comparison to DCs obtained from 1-month
membrane. This phenotype has been reported after 1 day teultures or normal control B cells and monocytes, at all ratios tested
week of culturé and was still evident in many DCs after 1(100 X 103 50 X 10% 10X 10° CTCL cells: 1x 10° DCs; results
month of coculture with CTCL cells, demonstrating delayedot shown). DC immaturity at 1 month was confirmed by their
maturation. By 2 months of culture (Figure 5B), the punctatmability to stimulate a response, at all ratios tested, that was
pattern of CllIV-like structures and some lysosomal colocalizaignificantly different from that of normal control B cells and
tion was still present. Migration of class Il molecules tanmonocytes. Therefore, as indicated by the immunophenotype
dendritic extensions of the cell membrane also developedsults, at 1 month of culture the majority of the DCs were
indicating increased maturation from the intermediate phenwamature cells that can mature into immunostimulatory DCs at 2
type toward a late DC phenotype. Fluorescent microscopgonths of culture.

confirmed (Figure 5C) that some DCs had maturated at 2 months

with expression of a starfishlike morphology, class Il on the ceflytokines produced by the cultured cells may

membrane and DC-LAMP in the cytoplasm. influence DC maturation

Supernatants from 2-month cocultures contained cytokines that
could affect CTCL cell/APC interaction, including TNd-

The ability to stimulate an MLC response in normal alloreactive TFN-v, and IL-10 (Table 2). IL-15, which has been reported to
cells was tested to evaluate DC maturation. Mature DCs are potpnblong CTCL cell growth, was not found in the culture
stimulators in MLCs due to their expression of high levels of ceBupernatant&® Although CTCL cell production of TNF and
membrane class Il MHC molecules, whereas immature DCs retdffN-y may promote DC maturatiof;*8IL-10 production could
class Il molecules in the cytoplasm and are less stimulatory imhibit DC differentiation.

Increased DC maturation enhances MLC stimulation
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Figure 3. CFSE staining demonstrates multiple rounds of prolif- A
eration in both the lymphocyte and APC populations of the
cocultivated cells.  (A) Three days after CFSE staining, the lympho-
blast population was identified by flow cytometry scatter parameters.
The lymphoblast population was biphasic with the majority of cells
undergoing slower replication and a subset of cells that demonstrated
a higher rate of proliferation. To determine the number of divisions, the
fluorescence histogram was overlaid on a grid so that the center of
each peak was equidistant from the next peak and represented one D3
cycle of cell division. The number of divisions was determined by
counting the number of peaks. (B) The change in fluorescence
intensity was measured by determining the distance between the
initial peak on day 3 and the shift in fluorescent intensity of equidistant =
peaks observed on day 5. The fluorescence shift indicates that 8
rounds of cell division have occurred by day 5. (C) The APC
population was identified by flow cytometry light scatter parameters
and the replication rate determined as described in panel A. (D) By 5
days, the CFSE staining curve has shifted to the left and at least 8
peaks of cell division are present, demonstrating a doubling time,
which is equivalent to that found in the cocultured lymphocytes, of
approximately 15 hours.
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The addition ofy-irradiated apoptotic CTCL cells alone or inCD3 antibody causes apoptotic tumor cell death
conjunction with a neutralizing antibody to IL-10 was tested for aand secondary necrosis
effect on DC maturation. The results showed that althougﬂ
apoptotic tumor cells slightly increased DC differentiation, a Iarg(%
effect (as measured by membrane CD83 and coexpression
CD83/class Il) was found when a neutralizing anti—IL-10 antibod
was added (Table 3). These studies suggest that in some pati
with CTCL production of IL-10 may prevent DC maturation.

though resting T cells are stimulated to divide after CD3-TCR
I. h .
rﬁqgerlng, T cells that have entered the cell cycle become apoptotic
after CD3 signaling? To determine whether the inhibitory effect of
¢D3 binding on CTCL cell proliferation was due to blocking of
%?2 interaction or resulted from T-cell depletion, we examined
whether binding of anti-CD3 antibody or a clone-specifig-V
reactive antibody mediated CTCL cell apoptosis. The basal rate of
Effect of monoclonal antibodies on proliferation apoptosis in the CTCL cell population was 9% (Figure 7) as shown
by the binding of annexin V after incubation with an isotype
To determine whether the effect of antibodies that prevented CTGbntrol. In addition, 6% of the lymphocytes became secondarily
cell and DC interaction, monoclonal antibodies were added to thecrotic. Treatment of CD2-bead-purified CTCL cells with CD3
cocultures and proliferation monitored. CTCL cell proliferatiorantibody for 1 hour resulted in the apoptotic cell death of 19% of
was inhibited by the addition of antibodies that bound to thghe tumor cells (15% necrosis), whereas an antibody to the
clonotypic TCR (M3 antibody) or an anti-CD40 antibody, which clonotypic TCR caused 30% of the CTCL cells to undergo
reduced the access of the CTCL cell CD40 ligand to the APC CD4ogrammed cell death (23% necrosis). Therefore, approximately
molecule (Figure 6). CD40 binding may increase DC maturatiasne third of the antibody-treated CTCL cells in the cultures
and thereby reduce the population of immature DCs, which anedergo rapid apoptotic cell death and more than 20% of the CTCL
critical for continued CTCL cell proliferation. cells become necrotic. The necrotic cell death that ensued as a
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Figure 4. Flow cytometry phenotype of the APC at 1 and 3 months

1 Month of culture. (A-D) At 1 month of culture, the APCs from a representa-
A Bn tive CTCL patient are a mixture of immature APCs that express
costimulatory molecules CD80 (A) and CD86 (B); class II MHC
. Q, - o,
CDB80: 46% CD86: 36% molecules (C); and mature DC that express CD83 (D). (E) By 3
| ] months of culture, the majority of the APCs from a representative
"(1 patient express higher levels of class 1| MHC molecules.
by i 10 100 1000 a
1 1 10 100 1000
FITC PE

Class II: 72%

HZCD0

3 Months

< Class II: 97%
Eq v

1 o
FITC

consequence of antibody-mediated apoptosis may result in théutes (Figure 8C). Viewing the entire movie demonstrates that
release of inflammatory cytokines contributing to DC maturatfon.some of the DCs are aggressively phagocytic even at 2 months of
culture and ingest multiple CTCL cells. The CTCL cells appear to
Real-time motion reveals rapid DC phagocytosis be attracted to the DCs possibly through a chemokine gradient
of apoptotic CTCL cells produced by the DC. The results of this very rapid phagocytosis is

engorgement of the DC to the point where their cytoplasm becomes

To determine the rate of CTCL cell ingestion by autologous. .
cultured DC, we filmed a quick-time phase contrast movie (to vie§vIStendeOI and appears to be full of apoptotic CTCL cells.

download apple quick time viewer from Netscape download si . . . -
for both MAC and PC). Cultures from 2 CTCL patients (patientt?'make of apoptotic CTCL cells drives DC differentiation
no. 4, 2 months in culture; patient no. 1, 1 month) received CO3p3 treated CTCL cells were rendered apoptotic as demonstrated by
antibody at time 0 and filming continued for 1 hour. The comMge pinding of APO-2, a marker of early apoptotic cells (Figure 9A).
pressed movie demonstrates that as early as 8 minutes (Figure ?ﬁenty minutes after binding of the CD3 antibody to purified CTCL
8 minutes freeze frame) CTCL cells approximate to the DEejis (T20), 29% of the cells were apoptotic. In control cocultures,
membrane, are engulfed by a pseudopodal extension of the Riher cD4 antibody, an irelevant isotype-matchegl htibody
membrane (Figure 8B, 9 minutes), and are fully internalized by ](9[318), nor an isotype control caused apoptosis. The impact of this
enhanced apoptotic cell death on DC maturation was studied.

Twenty minutes after the addition of CD3, sequentially timed
samples were taken from the DCs, and fixed and permeabilized to allow
detection of internalized T cells. In Figure 9A, 2-color flow cytometry

Table 1. Expression of maturation markers on cultivated DC

Antibody (% positive cells)

Patient no./time in culture cbss DCLAVP demonstrated that at early time points only small numbers of‘CD3
173 wk 7 9 apoptotic blebs from CTCL cells were found in the cytoplasm of mature
Zi mo ii ii CD83" DCs. After overnight incubation, 24% of the DC had matured,
mo

were membrane CD83and contained CD3CTCL-derived material.
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Figure 5. Confocal microscopic evaluation of DCs from 1- and 2-month cultures.
DCs were stained for cytoplasmic expression of the lysosomal marker LAMP (red) and class Il MHC (green). The 2 images were merged to reveal colocalization of lysosomal
compartments containing class Il MHC (yellow). (B) DCs purified from 2- month cultures demonstrate class Il colocalization (yellow) with LAMP (red) in lysosomal
compartments and migration of class Il molecules (green) to dendritic extensions of the cell membrane (arrow). (C) Fluorescent microscopic observation demonstrates
cytoplasmic DC-LAMP staining (red) and membrane class Il staining (green) on dendritic appendages of mature DCs with starfish morphology at 2 months of culture. Original

maghnification X 630.

LONG-TERM GROWTH OF CTCL CELLS AND DCs

Two Months

2 Months

DC-lamp

2 Months

The increase in membrane CD83 expression after overnight incubatidf phagocytosis of CTCL cells increases membrane
with apoptotic CTCL cells was confirmed by 1-color flow cytometrglass | and Il expression
(Figure 9B). An antibody to CD4, which binds to the CTCL cells and i$; axamine the impact on the DC of CTCL cell ingestion, MHC

! ' g class | and Il expressions were monitored. Class | (Figure 10A) and
apoptosis or enhanced phagocytic uptake, indicating that Fc recepipzs | (Figure 10B) expression on the DCs was substantially

the same isotype as the CD3 antibody (lgGlid not cause rapid

mediated uptake of the antibody-positive CTCL cells did not play

significant role in the observed phagocytosis.

Table 2. Cytokines produced in the supernatants of the cocultivated
CTCL cells and APCs

Cytokine (pg/mL) Patient 1 Patient 2 Patient 3
IFN-y 24611 200 = 4.0 0
TNF-o 64.6 = 0.5 30.0 = 1.30 30.0 = 1.40
IL-10 198.0 = 14.0 0 0

Table 3. Influence of apoptotic tumor cells and anti—IL-10 neutralizing
antibody on DC maturation
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(A) DCs were purified from 1-month cultures by CD2-bead depletion of CTCL cells. The

ificreased 24 hours after ingestion of apoptotic CTCL cells.

+ y-irradiated

No treatment CTCL + vy-irradiated CTCL cells

Patient 1 cells cocultured APCs (%) CTCL cells (%) + alL10 (%)
CD83 12 9 34
Class 11/CD83 1 15 37
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Figure 6. Antibodies that interfere with direct membrane contact of the CTCL

cells and the APC block proliferation. The cocultures were incubated with
antibodies to the clonotypic TCR (VB5c), CD40 on the APC or an isotype control
(IgG1), and proliferation measured by uptake of [3H]-thymidine. Interference with the
TCR or the interaction of CD40 with its ligand on the CTCL cells inhibited proliferation.
The results represent the mean = SD of 5 replicate samples.
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Discussion

The pathognomonic hallmark of CTCL is the intraepidermal
Pautrier microabscess, composed of large clusters of CTCL cells
that are malignant and in mitosis, surrounding Langerhans cells
(an immature DC) both in the epidermis and in dermal
infiltrates2! Although the diagnostic importance of this disease
feature has been known for decades, the implications for the
immunobiology of CTCL have remained obscure. The ability to
investigate the dynamic interaction between the C2TCL
cell and the DC has been limited by difficulties in cultivating
CTCL cells. We have established long-term cultures that permit
dissection of the interaction between the CTCL cell and the DC.
The ability to study both cell types will have significant
ramifications for our understanding of the factors that drive the
malignant T-cell proliferation in CTCL and may permit the
design of innovative therapies.

Our studies are the first to report the establishment of long-term

Sequential samples were taken from purified DCs (T0) prior @ltures of CTCL cells that preserve the phenotype of the initial
overnight incubation and after 24 hours of incubation (T24) witmalignant clone and can be reproducibly propagated, from the
autologous purified CTCL cells that had been rendered apoptoitikapheresis of all patients with CTCL tested. Although others
by CD3 binding. DCs from patient 1 (3-week culture) increased theave reported CTCL cell growth in vit3;!6-2%the ability to culture
intensity of their class | expression 5-fold and their class ICTCL cells has been limited to selected patients with unusual
expression 1.8-fold. DCs from 2 patients markedly increased thbenotypes, or HTLV-1 virally transformed cells and the life span
intensity of their MHC class | and Il expression after phagocytosis these cell lines was short. In our cultures, the growth, viability,

of apoptotic CTCL cells (Table 4).

A

63

v1 ¥1-Tx Annexin: 9%

47

and survival of the CTCL cells is dependent on direct membrane

C

O B C

u = -

_’Fl Y1 CD3-Tx Annexin: 19% v VB5c-Tx Annexin: 30%

FITC -

Figure 7. Antibodies that bind to CD3 or the clono-
typic TCR cause rapid apoptosis of CTCL cells. ~ CTCL
cells were CD2-bead purified from 2-month cultures and
incubated for 1 hour with an isotype control (A; 19G,),
CD3 (B), or an antibody to the variable region of the 8
chain of the clonotypic TCR (C; VB5c). Apoptosis was
assessed by the binding of annexin V-FITC, a marker of
early apoptotic cells. Tx indicates treatment.
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Figure 8. Freeze-frame photomicrographs demon-
strate that the APC are avidly phagocytic and ingest

the apoptotic CTCL cells.  (A) CTCL cells (arrows) begin
to adhere to the cell membrane of an APC, at 8 minutes
after the addition of CD3 antibody. (B) The CTCL cells
(arrows) become surrounded by a pseudopodial exten-
sion of the APC membrane, at 9 minutes. (C) The CTCL
cells (arrows) have become fully internalized in the
cytoplasm of the APC, at 10 minutes. Original magnifica-
tion X 400.

LONG-TERM GROWTH OF CTCL CELLS AND DCs
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contact with autologous, immature DCs. Separation of the cells biable beyond 1 month in vitré At 1 to 2 months in culture with
a membrane or the transfer of supernatant fluid from proliferatit@TCL cells, approximately two thirds of the DCs were immature
cultures does not support growth of either isolated cell type forcells capable of aggressive phagocytosis and were admixed with

prolonged period.

mature DCs. After 3 months in culture the majority of the DCs had

The prolonged survival of the DCs and their ability to prolifermatured and begun to degranulate and die.
ate and remain aggressively phagocytic is another remarkableThe immaturity of the DC is central to the prolonged growth of
feature of the culture system. Normally, DCs cultured witlhe CTCL cells in the cultures. The CTCL cell may aid in the
GM-CSF and IL-4 do not proliferate extensively and do not remaimaintenance of DC survival, through ligation of CD40 on the DC

Apoptotic Tcells CD83DC Ingesting T cells

% Positive cells
=] ]

-
=]

Timeat 37°C

CD83 20-50 Minutes

249

CD83 24 h: 32%

-ZcCcooO

Figure 9. CD3 mediates apoptosis of CTCL cells that are ingested by the APC,
resulting in maturation to CD83 *+ DCs. (A) Two-color cytofluorimetry of sequential
samples obtained from the cocultured cells at 20 minutes after the addition of CD3
antibody demonstrate that 30% of the CTCL cells have become apoptotic as
determined by their coexpression of CD3 (detected with a secondary antimouse
antibody conjugated to FITC) and APO-PE (a marker of early apoptotic cells).
Apoptosis of the CTCL cells increases at 35 minutes and begins to decline by 50
minutes. The number of DCs containing apoptotic material from the CTCL cells
increased from 10% at 20 minutes to 30% of the APCs after overnight incubation,
demonstrating maturation of the APC driven by phagocytosis of apoptotic tumor cells.
(B) Immunofluorescent staining of sequential specimens from the CD3-treated
cocultures demonstrates that DC maturation as measured by CD83 expression
increases after overnight incubation with the apoptotic CTCL cells, as measured by
flow cytometry.

by CD40 ligand on the tumor cell, an interaction that has been
shown to prolong the survival of both DCs and antigen-stimulated
T cells through enhanced DC maturation, which increases their
ability to present antigen to T cef8In some patients, secretion of
the maturation inhibitory cytokine IL-10 may serve to promote DC
immaturity. In contrast, other cytokines such as TdBnd IFN-y

are also produced by the CTCL cells and may affect the long-term
growth of the DCs and aid in their maturation. IL-15, which has
been reported to be important in CTCL cell survitalvas not
produced in the culture supernatants, although IL-15 may play a
role in supporting CTCL cell growth in vivo.

Maturation of DCs is associated with a loss of phagocytic
ability.2* The immaturity of the cultured DCs was demonstrated by
their ability even after 1 to 2 months of culture to rapidly engulf
apoptotic tumor cells. The tumor cells were rendered apoptotic by
TCR triggering with CD3 or an antibody to the variable region of
the clonotypic TCR. The ability to provoke CD3-mediated apopto-
tic cell death may reflect the activated status of the proliferating
CTCL cells that have entered the cell cy&léAlthough resting T
cells proliferate in response to CD3 stimulation, activated T cells
undergo apoptotic cell death. We have previously demonstrated
that isolated CTCL cells cultured with IL-2 and IL-7 in the absence
of DCs do not proliferate and do not undergo apoptosis when
stimulated with CD3® In contradistinction, the CTCL cells
cultured with DCs are proliferating as shown by radioisotope
incorporation and CFSE staining, and after antibody-mediated
TCR triggering, at least 30% of the CTCL cells will undergo
programmed cell death.

In the cultured cells, in the absence of antibody-driven apopto-
sis, gradual DC maturation over a 3-month period was observed
and may be due to the uptake of tumor cells that have reached the
limit of their proliferative capacity and died. It is possible that DC
uptake of dying CTCL cells drives the long-term proliferation of
CTCL through 2 potential mechanisms. Maturing DCs express
higher levels of class Il MHC molecules and murine models have
shown that association of mature CD% cells with class It DCs
supports the survival of the CD4 T cefsThe DCs may process
peptides derived from the engulfed apoptotic CTCL cells and
present them in class Il MHC molecules to resting CTCL cells,
thereby promoting their proliferation. Alternatively, the DCs may
release a nonspecific growth factor that drives the CTCL cells to



2938 BERGERetal BLOOD, 15 APRIL 2002 - VOLUME 99, NUMBER 8

A Class I B Class II Figure 10. Uptake of apoptotic CTCL cells increases
class | and Il MHC expression on the maturing DCs.
(A,B) Flow cytometry demonstrates increased class | and
Il MHC expression on the maturing DCs after overnight
incubation with CTCL cells that had been rendered
apoptotic by CD3 antibody. The white curve demon-
strates class | or Il binding at TO. The black curve
demonstrates enhanced class | or Il expression after
overnight incubation with apoptotic CTCL cells.

- zZCc0O00O
16
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15 20

proliferate. However, supernatants from the cultured cells do ne¢ptides to both CD4 and CD8 T cells. The nonproliferating CTCL
support the growth of isolated CTCL cells, indicating that anpopulation may be drawn to the maturing DCs by chemokine
secreted growth stimulant acts directly on the CTCL cells, does retpression and exposed to class Il presented self-peptide that can
penetrate a 0.4 membrane, and does not survive transfedrive their entry into the cell cycle, thereby maintaining the growth
Ultimately, when the all the DCs mature and die no further stimulusf the malignancy. As long as the DCs are immature, perpetuated in
is provided for the CTCL cells and they die as well. vivo by renewal from the bone marrd®CTCL cell growth will be

The maturation level of the DCs may have profound influencgsomoted, suggesting that therapies such as psoralen and UV-A
on the type of effector CD4 T-cell response initiated. In afight in the epidermis may mediate their beneficial effect through
alloreactive model, using naive CD4 T cells isolated from corghe depletion of the immature DC population, as well as by a direct
blood, stimulation with immature DCs skewed the T-cell populampact on CTCL cell proliferatiodt32 Skin Langerhans cells that
tion toward IL-10, producing IL-2, IL-4, IFNy nonproducing contain Birbeck granules and express E-cadherin and Lag may
inhipitory T cells (Trl cells) that failed to p_rol_ifera?é.Recent represent a separate population from the monocyte-derived DCs
studies have shown that some features of this immunosuppressigjied in our culture syste# Comparative studies of the impact
T-cell subset resemble the CTCL cells that are growing in o, cTcL cell growth of these 2 DC subsets will be pursued in
long-term cultures, including production of IL-10 and growthfuture experiments.

;l;]pported K}Ihthe ;:Xlt_oi('neﬁ IL-2 and CiLD;S (fordalrevulelvv’,v”jee The restricting element that presents the antigen that stimulates
evack). Although Trl cells express and class TCL cell proliferation in the cultures may be class Il MHC

molecules and cytoplasmic CTLA-4, only occasional expression %folecules but is not CD1a, which is expressed by epidermal
these molecules is found when CTCL cells from some patients gre . ' )
. : . . angerhans cells but is not found on the cultured immature DCs.
examined, but this phenotype is not a consistent feature of . . . .
. . L o - e nature of the putative antigen remains to be elucidated.
malignant T cells. Using the in vitro cultures, it will be possible tcb tides derived from the CTCL cells themselv e likel
determine whether the CDACTCL cells are derived from a subset’ P co> Gerved Iro € cefls themselves are likely

of Trl-like T cells and whether the immunosuppressive ca\pacitiggno:'d"jltes %ngérfucf thﬁ clonotypic TS:R Vl\’h'Chl ||\sArHeéogn:zedlby
of this cell type explain some of the features of this malignancy. autologous cells when presented in class molecules

The quick-time movie images indicate that apoptotic cTcpPn an APC3* Transforming retroviruses have been implicated in

cells are drawn to the DCs by a mechanism that remains to B¢ ontogeny of CTCL. Reports suggest that HTLV-1-related
elucidated but probably represents a chemoattractive gradieigduences may be found in the DNA of lymphocytes from some
Epidermal Langerhans cells, migrating from skin after sensitizatig@tients with CTCL and in keratinocytes from noninvolved sRin.
with antigen, have been shown to up-regulate the expression ¢t Nonproductive retroviral sequences could provide a source of
macrophage-derived chemokine as they matldeawing antigen- Peptide for Langerhans cell presentation to CTCL cells. Alterna-
specific T cells to the DCs by chemoattraction. The results obtainB¥ely, retroviral products from an unknown virus that infects
in our cultures may be used to construct a theoretical model of hd@ngerhans cells or keratinocytes may serve as a source of peptide.
CTCL grows both in vitro and in vivo. In the cultures and in the Itis clear that the long-term cultures will allow investigators to
skin of patients with CTCL, some of the CTCL cells may havé&elve more deeply into the factors that drive the proliferation and
already encountered antigen and are actively proliferating. Wherogression of CTCL. For the first time it will be possible to study
this proliferative population of CTCL cells undergoes programmetie interaction of the malignant CTCL cells and APCs in vitro and
cell death and is engulfed by immature DCs, they drive D@easure the factors that either promote or retard the growth of the
maturation, which may potentiate DC presentation of CTCmalignancy. Based on our preliminary observations, we postulate
that CTCL may represent an antigen-driven malignancy of CD4 T
Table 4. Increased expression of MHC molecules on DCs after phagocytosis cells that fails to responq to immunoregulation, due at_leaSt in part,
of apoptotic CTCL cells to the impact of the malignant T cells on APC maturation. Beyond
the significance of these results for normal and tumor cell immunobiol-
ogy, they raise major opportunities for the design and development of

Antibody (%/mean fluorescence intensity)

Class | Class Il X X | L
) improved immunotherapy. Titration of dosshedule of administra-
Patient TO T24 TO T24 . . . .
tion, and cellular impact of radiation, chemotherapy, antibody,
1 (3-wk culture) 93/15.3 96/82.3 26/34.0 49/61.0 cytokine, and oligonucleotide administration can now be finely
2 (5-wk culture) 78/12.4 99/122.8 18/1.72 50/96.8

tuned in vitro prior to institution in vivo.
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