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Soluble CD40 ligand induces selective proliferation of lymphoma cells
in primary mantle cell ymphoma cell cultures

Niels S. Andersen, Jagrgen K. Larsen, Jette Christiansen, Lone B. Pedersen, Nicolaj S. Christophersen, Christian H. Geisler, and
Jesper Jurlander

Interaction between CD40 and the CD40
ligand (CD40L) is critical for the survival
and proliferation of B cells during immu-
nopoiesis. However, the role of CD40L in
the pathogenesis of malignant lympho-
mas is ambiguous. Primary mantle cell
lymphoma (MCL) cells were cultured in
the presence of recombinant human
CDA40L trimer (huCD40LT), and a signifi-
cant time- and dose-dependent induction
of DNA synthesis was observed in thymi-
dineincorporationassays (n =7, P < .04).
The maximal rate of DNA synthesis was
reached at huCD40LT doses of 100 ng/mL
and above after 4 days of culture, but a
significant increase of DNA synthesis was

detected already at doses of 1 ng/mL
(P = .03). HUCD40LT never inhibited the
basal level of DNA synthesis. These find-
ings established 400 ng/mL of huCD40LT
for 4 days as standard conditions in
the system. Under these conditions,
huCD40LT significantly increased the pro-
portion of cells in the S/G ,/M phases of
the cell cycle in 4 of 7 studied cases,
while the fraction of apoptotic cells re-
mained unchanged (n = 7). HuCD40LT
also induced expression of CD80/B7-1,
CD86/B7-2, and CD95/Fas and up-regu-
lated the expression of HLA-DR (n = 6).
With the use of bromodeoxyuridine incor-
poration in triple-color flow cytometric

analysis, it was found that huCD40LT
induced cell-cycle progression in light
chain-restricted cells only, of which a
median of 14% (range, 0.5%1t029%;n = 4)
returned to G o;; phase DNA content after
bromodeoxyuridine incorporation, dem-
onstrating completion of at least one cell
cycle in the presence of huCD40LT. Thus,
primary clonal MCL cells are activated
and can proliferate in the presence of
huCD40LT as a single agent. (Blood. 2000;
96:2219-2225)
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Introduction
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Mantle cell lymphoma (MCL) is a distinct CD5 B-cell Barr virus—transformed cell lines after stimulation using t
non-Hodgkin lymphoma (NHL) with low chemosensitivity andsoluble CD40L!821 However, soluble CD40L induced DNA:
a very poor prognosis, even when treated with high-dose theragynthesis in primary follicular lymphoma ceR§.At least 2 2
and autologous bone marrow transplantafidgMCL is charac- factors are important for the response to CD40 ligation. Firgt,
terized by the translocation t(11;14)(q13,q32), leading to overedifferent CD40 ligands, agonistic antibodies, or recombinadt
pression of cyclin D1 and subsequent deregulation of the critigatoteins, as well as different CD40 systems, using transfeced
cyclin D1/Retinoblastoma protein pathway of the cell cykle. and irradiated cell lines for presenting the CD40 ligand, ha@e
Cyclin D1 overexpression, however, is neither tumorigenic péeen shown to influence the effect of CD40 stimulation diffeg-
se in mouse models nor related to the proliferative activity iantly22-24The transfected cell lines influence the effect of CD%)
MCL, suggesting that the malignant behavior of the diseadigation by expression or secretion of other B-cell stimulato®
depends on further growth deregulation of MCL céIlSCD40/ molecules. Second, the functional consequences of CD40 sigRal-
CD40 ligand (CD40L) interaction is critical for the survival andng appear to be highly dependent on the B-cell type beifig
proliferation of B cells engaged in secondary immune reriggered®2%In 2 previous studies of CD40 ligation in MCL,>
sponsed®13 In lymphoma cell lines, activation of CD40 canagonistic anti-CD40 antibody and CD40L-presenting cell Iinés
induce phosphorylation of Retinoblastoma protein, suggestindath failed to induce proliferation, as estimated by thymidirge
role for CD40L in G/S phase transition and in lymphomagenincorporation and relative cell numbers, respectivVéR/. Be-
esis!* The role of CD40 activation, however, and in particulasides growth regulation, CD40L plays a critical role in the
the data on the effects on growth and apoptosis in normal aadtivation of antigen-presenting cells, including B c&A<n
malignant B cells are conflictin®. For example, CD40 ligation normal and malignant B cells, CD40 ligation induces expressi®n
results in cell-cycle progression in resting B cells and rescud co-stimulatory molecules, such as CD80/B7-1 and CD86/
from apoptosis in normal germinal center B céfid’ By B7-2, the expression of which is essential for appropriate and
contrast, a direct growth-inhibitory effect was observed iefficient antigen presentation during cognate B-cell/T-cell inter-
diffuse large cell NHL, Burkitt lymphoma (BL), and Epstein-actions, and the generation of secondary immune respghides.
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Therefore, the possible benefits of ex vivo and in vivo CD4Determination of expression of surface membrane molecules

activation a_nd the. subsequentinduction of.an an_tlgen'present%coerythrin (PE)- or fluorescein isothiocyanate (FITC)-conjugated mono-
phe_notype in malignant B cells are under |nve§tlgat|on n ph_aﬁf%nal antibodies against cell surface markers (kappa and lambda light
1 trials in low-grade NHL and in B-cell chronic lymphocytic chains, cD19, CD5, CD23, CD40, CD80, CD86, CD95/Fas, CD3, and
leukemia (CLL)32-*#Here, we have used a soluble recombinantD154/CD40L) (Becton Dickinson, Mountain View, CA; Dako, Glostrup,
human CDA40L trimer (huCD40LT) to study the functionalDenmark) and the relevant isotype-matched controls were used in standard
consequences of CD40 ligation in terms of activation, proliferdlow cytometry analysis, with inclusion of all events larger than 52 on
tion, and apoptosis in primary MCL cells in vitro. We demonforward scatter and no additional gating (FACSort; Becton Dickinson). A
strate that huCD40LT as a single agent induces significatl‘?fal of 50_00_ cells were acquired and analyzed using CellQuest software
proliferation of lymphoma cells in primary MCL cell cultures. (Becton Dickinson).

Cell culture assays

Isolated MCL cells were plated at a concentration ok 20° cells per
milliliter medium in the presence or absence of various concentrations of
purified huCD40LT (Immunex Corporation, Seattle, WA) and anti-CD40L
antibodies (Becton Dickinson, Belgium) and incubated at 37°C in a
Eight patients diagnosed with MCL in the leukemic phase according to themidified atmosphere containing 5% €®or thymidine incorporation, g
Revised European-American Lymphoma classification were studied (Tablttmulated and unstimulated control cultures were plated in triplicateZin
1) 1 All patients had been off treatment for more than 30 days at the time 6-well, 200pL U-bottom plates and pulsed with &Ci [methyl-H]
sample procurement. The study was performed in accordance with proggymidine HTdR) (TRK 637; Amersham, Cardiff, UK) 16 hours beforeor
cols approved by the regional ethics committee, and all patients gave thedkvest, and thymidine incorporation was measured on a direct beta-coughter

Patients, materials, and methods

Patients

pape

informed consent to participate. (Matrix 9600; Packard, Meriden, CT). For quantification of cells undergg-
ing programmed cell death (apoptosis) and cells in the/SI@hase of the &
Sample preparation cell cycle, isolated nuclei from cells from single cultures were stained Wgh
propidium iodide (P1) and analyzed by flow cytometry, as descrifed. 3
Mononuclear cells were isolated from peripheral blood samples by density Z
gradient centrifugation, washed, resuspended, and frozen in RPMI 1640 e cell recovery f
medium (Gibco, Grand Island, NY) containing 45% fetal calf serum and 3

15% dimethylsulfoxide supplemented with antibiotics. Cells were frozen ol exclusion assays of whole-cell preparations from single MCL Cé—rll
—80°C using an automated cell freezer (FTS-systems, Stone Ridge, Nxjjtures were used to define which cells in the scatter profiles were viable
and stored in liquid nitrogen. Before use, the cells were thawed, wash&dth complete exclusion of PI. Two distinct populations were defined in tﬁe
and resuspended in RPMI 1640 medium containing 10% fetal calf serweatter profiles based on cells with and without PI exclusion. Viable cegls
and antibiotics. The percentage of CBED19" MCL cells in the were significantly larger and excluded Pl completely. In our recovery ass@y,
mononuclear fraction was always higher than 90%, and no additioriablated cells were plated in triplicate in 50-mL culture flasks at %
non—B-cell depletion was performed. concentration of 2< 10° cells/mL with and without huCD4OLT in a final @

=2
=

volume of 5 mL for up to 2 weeks. Cells sized between 8 an@2®I/L 3
were counted 3 times using a Coulter Z1 particle counter (Coulgér
Electronics Limited, Luton, UK). The averages of these 9 counts were uSed
to calculate the viable cell recovery in the cultures at different time poings.
Semi-nested PCR analysis of MCL patients carrying the t(11;14) with

breakpoints in the major translocation cluster was performed as descrilf¢ow cytometric analysis of monoclonality, DNA synthesis,
previously? Cyclin D1 RNA overexpression was detected using a semiquagnd cell-cycle progression

titative reverse transcription (RT)-PCR, which competitively amplified o ] g
cyclin D1, D2, and D3, as describ8dNon-MCL cases of NHL, CLL, and Multiparameter flow cytometry analysis with combined measurementcof
normal donor samples were used as negative controls. Six of 8 patients Rigtality, DNA synthesis, and DNA content was carried out essentiallydas
the t(11;14) translocation or cyclin D1 RNA overexpression by pcRescribed”-* In brief, primary MCL cells were cultured for 4 days in’%
analysis (Table 1). In the remaining 2 patients (nos. 1 and 2), the diagnoﬂ@'e cultures in the presence or absence of 400 ng/mL of huCD40LT gnd
of MCL was based on pathology and the CID19*, CD23", surface supplemented with 5@umol/L bromodeoxyuridine (BrdUrd) (Sigma, St2

immunoglobulin bright immunophenotype, which was detected in all gouis, MO) for an additional 24 hours of culture. After harvest, the ce%
patients (Table 1). were first stained with PE-conjugated anti-kappa or anti-lambda antibodfes.

The cells were then permeabilized and fixed in a mixture of 1% paraformal-

dehyde and 0.05% Nonidet P40. Incorporation of BrdUrd, as evidence of
Table 1. Patient characteristics DNA synthesis, was then detected using anti-BrdUrd FITC-labeled antibod-
ies (Becton Dickinson) after 1 mg/mL DNase | (DN-25; Sigma) digestion

Polymerase chain reaction (PCR) to detect t(11;14) and cyclin
D1 RNA overexpression

q 4pd'6122000!

UPN# Sex/Age/Stage* Cytology Immunophenotype Cyclin D1 R X -

for 30 minutes. DNA content was measured using the DNA-specific dye
1 M7V Typical ~ CDS57CD23", Ig Bright  Not found 7-amino-actinomycin-D (7-AAD) (Sigma). For each sample, 20 000 events
2 Fi8siv Typical ~ CDS*CD237, Ig Bright  Not found were acquired and analyzed (FACS Vantage; Becton Dickinson). To
3 Figsiv Typical  CD5*CD237,IgBright  CyclinDIRNAT  exclude nuclei without proliferative capacity, we defined an acquisition gate
4 mrzanv Typical  CD5*CD23",IgBright  CyclinDIRNAT  gych that only events from the;(@eak and brighter were acquired. This
5 m/sonv Typical ~ CD5*CD23", IgBright CyclinD1RNAT  gate contained approximately 70% of the total events. After gating on
6 Fle1nv Typical  CD57CD237, Ig Bright  t(11;14) MTC lymphoma cells expressing the clonally restricted light chain of the
7 mre6/v Typical ~ CDS'CD23",1gBright  CyclinDIRNAT  particular MCL case, a combined analysis of DNA synthesis and DNA
8 M/53/IV Blastc ~ CD5°CD23-, Ig Bright  t(11;14) MTC content was performed.

UPN# indicates unique patient number; M, male; F, female; Ig Bright, moderate to
high expression of surface membrane-bound immunoglobulin; cyclin D1 RNA1,  Statistical analysis
cyclin D1 RNA overexpression; and t(11;14) MTC, translocation (11;14) with break- i X i
points in the major translocation cluster detected by PCR analysis. The nonparametric Wilcoxon signed rank sum test was used to compare

* Stage at procurement of peripheral blood samples. assay results from samples cultured under different conditions.
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Table 2. Effect of huCD40LT on apoptosis, proliferation, and viability
of cells in primary MCL cultures after 4 days of culture
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Results , — —
Apoptosis* (%) Proliferationt (%) Viabilityt (%)
HuCD40LT specifically induces DNA synthesis UPN#  Medium huCD40LT Medium huCD40LT Medium huCD40LT
in primary MCL cell cultures 1 4.2 35 35 27 5.2 8.0
) . e . 2 14.7 20.4 6.6 107 10.0 53.0
We first applied a thymidine incorporation assay to assess whether3 124 26.6 119 . 28 175
huCD40L_T could induce DNA synthesis in primary MCL cultures. 347 372 106 175 6.6 17
The quality of the response was homogeneous, and huCD40LTg 179 255 52 56 399 241
induced dose-dependent thymidine incorporation in all of the 7 ¢ 175 18.7 1.9 2.1 7.8 19.2
MCL samples studied (Figure 1A). The quantity of the response, 7 7.9 6.2 4.9 145 ND ND
Median  19.9 19.7 6.4 108 122 265
P value .80 .08 .03
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Figure 1. Dose-response assay and kinetics of huCD40LT stimulation of
primary MCL cell cultures. (A) Dose-response assay: Isolated mononuclear cells
from 7 MCL patients were plated at 2 X 106 cells/mL and cultured in the absence or
presence of increasing doses of huCD40LT for 4 days. Cultured cells were pulsed
with 3HTdR 16 hours before harvest and measurement of thymidine incorporation.
The maximal response in the presence of huCD40LT (mean, 8162 cpm; range,
61-48 000 cpm) was obtained at doses between 100 and 1000 ng/mL, and
huCD40LT-induced 3HTdR incorporation was significantly higher than in the controls
(mean, 1813 cpm; range, 4-12 500 cpm) from doses of 1 ng/mL and above (P = .03,
Wilcoxon). Data are shown as mean and range of the triplicate cultures. (B) Kinetics:
Mononuclear cells from 6 MCL patients were plated at 2 X 106 cells/mL and cultured
in the presence of 400 ng/mL of huCD40LT, and *HTdR incorporation was measured
after 1, 2, 4, or 8 days of culture. The difference between days 1 and day 4 was
significant (P < .04, Wilcoxon). Data are shown as mean and range of the triplicate
cultures. (C) Spontaneous DNA synthesis: Control cultures were plated at 2 X 108
cells/mL in medium alone, and 3HTdR incorporation was measured after 1, 2, 4, or 8
days of culture. No significant spontaneous 3HTdR incorporation could be demon-
strated as compared with the stimulated cultures. Data are shown as mean and range
of triplicate cultures. UPN indicates unique patient number.

UPN# indicates unique patient number; huCD40LT, 400 ng/mL of soluble
recombinant human CD40 ligand trimer; and ND, not done.

*Fraction of apoptotic cells as estimated by propidium iodide staining of isolated
nuclei and flow cytometry.

o]
TFraction of cells in the S/G,/M phases of the cell cycle as estimated by %
propidium iodide staining of isolated nuclei and flow cytometry. s
fPercent viability as determined by propidium iodide exclusion and scatter &
profiles using flow cytometry. g
g
=
g
however, was heterogeneous among the individual cases. ;s"he
maximal rate of DNA synthesis (mean, 8162 cpm; range, &l-

48 000 cpm) was reached at huCD40LT doses between 100 ng%nL
and 1000 ng/mL and was significantly higher than the Dl\@\
synthesis in the presence of medium alone (mean, 1813 cpm; ra(fgge,
4-12 500 cpm;P = .03, Wilcoxon) (Figure 1A). We never ob-§
served any direct inhibitory effects of huCD40LT on the ba@l
DNA synthesis in primary MCL cell cultures, not even at doses §)f
huCD40LT up to 10000 ng/mL (Figure 1A). The ability 0§
huCDA40LT to induce DNA synthesis in purified leukemic cells wgs
significantly higher in MCL cultures than in cultures from patienfs
with CLL (data not shown). Kinetic studies, using a fixed dose §f
400 ng/mL of huCD40LT, showed that the induction of DN@
synthesis was also dependent on time and reached a maxknal
response at day 4P(< .04, Wilcoxon) (Figure 1B). S|gn|f|cantr
spontaneous synthesis of DNA could not be demonstrated anm
the first week of culture (Figure 1C). The specificity of the resporjge
was demonstrated in co-cultures, in which the combined prese_n_?lce
of 100.g/mL of anti-CD40L antibody and 400 ng/mL of huCD40LE:
reduced the huCD40LT-induced DNA synthesis to the level of t@e
unstimulated control (data not shown). On the basis of these results
we chose 400 ng/mL of huCD40LT for 4 days as the standard
conditions for further experimentation.

¥20z Ae 0

HuCD40LT increases the number of viable and cycling cells,
but does not rescue cells from spontaneous apoptosis,
in primary MCL cell cultures

The ability of huCD40LT to induce DNA synthesis in the system is
not necessarily equivalent to proliferation of a majority of the
cultured cells. In fact, as little as 0.1% residual cells have been
noted to contribute significantly to thymidine incorporation in
mixed culture systems like the one applied h&rel staining and

flow cytometric analysis of DNA content were therefore under-
taken to assess the effects of huCD40LT on spontaneous apoptosis,
cell-cycle progression, and viable cell recovery. No significant
changes in the percentage of cells within the sylp&ak of the PI
histogram, representing cells undergoing apoptosis, were detected
in cells cultured under standard conditions and compared with
medium alone (Table 2). The percentage of cells in the,/$IG
region of the PI histogram, representing cells in the §,d8 M
phases of the cell cycle, was increased from a median of 6.4%
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(range, 1.9% to 11.9%) in medium alone to a median of 10.8% UPN5 UPN3
(range, 2.1% to 22.5%) in the presence of huCD40LT (Table 2).

Although this difference did not reach statistical significance, _Day 0 _Day0
patients 2, 3, 4, and 7 showed clear increases in the percentages of

cells in S/G/M phases, suggesting that at least some of the 4
proliferative response occurs within the clonal population of MCL
cells. The viability of cells increased significantly from a median of
12.2% (range, 3.8% to 39.9%) in the presence of medium alone to a
median of 26.5% (range, 8% to 53%) in the presence of huCD40LT,
as assessed by flow cytometry—based Pl exclugton (03, n= 6,
Wilcoxon) (Table 2). Thus, although the majority of cells were not
viable at day 4, huCD40LT induced thymidine incorporation and
increased the fraction of cycling and viable cells.

Therefore, we next assessed whether huCD40LT could also
increase the absolute number of cells in primary MCL cultures.
Compared with day 0, the absolute number of viably recovered
cells from patients 3 and 4 doubled within 1 week of culture in the
presence of huCD40LT (data not shown). We were unable to extend
the cell growth in these cultures beyond day 8, and washing, ; :
replating, and restimulation with huCD40LT did not induce any T el iR
further increase in viable cell recovery. This failure to induce
responses to huCD40LT after 1 week of culture may be a result of Day 4. sCD40L _Day 4: sCD40L
MCL lymphoma cell differentiation and CD40 rewiririg. : = At

>
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HuCDA4O0LT induces expression of CD80/B7-1, CD86/B7-2,
and CD95/Fas in primary MCL cell cultures

To explore whether the failure to induce extended growth could be
caused by loss of CD40 expression, we analyzed the expression of
a number of surface membrane markers (see Materials and
methods) in primary MCL cell cultures. The vast majority of
CD19" cells expressed readily detectable CD40 throughout 4 days CcD19 >
of culture in the presence of huCD40LT in all of the 6 MCL cases _ o
studied (data not ShOWﬂ). We never observed coexpression F@Fre 2. Induced expression of CD80/B7-1 after huCD40LT st|mulat|pn of
. primary MCL cell cultures.  Isolated mononuclear cells from 6 MCL patients were
(;D154/CD4:OL on C.:Dlg Ce."S regardless of the Cum‘!re condi thawed at day 0 and analyzed using flow cytometry, or seeded at 2 x 106 cells/mL
tions. Consistent with previous repoffs® huCD40LT induced and cultured in the presence or absence of 400 ng/mL for 4 days. Before and after
ianifi i i Iture, the harvested cells were incubated with anti-CD19 (FITC) and anti-CD80/
significant expression of the costimulatory molecule CD80/B7-%
CD19 Il di f th lif ti £ thB7-1 (PE) antibodies. A total of 5000 cells were counted using standard flow
on _ cells regar . ess o € proliierative r_es_ponsz_a o ?tometry analysis. The 2 MCL patients shown represent one case with low (no. 5)
particular MCL case (Figure 2). CD86/B7-2 was similarly induceghd one with high (no. 3) proliferative response to huCD4OLT stimulation, respec-
on CD19 cells. A|0ng with the up-regulation of the activationtively. Dot-plot analyses are shown from day 0 and after 4 days of culture, in the
H : ce (day 4: control) or presence of huCD40LT (day 4: huCD40LT) from the 2
markers, we aIsp noted an |nducepl expressmn. of the death re‘ce.pl@?’;aﬁems_ <CDA0L indicates huCDAOLT stimulation.
CD95/Fas and increased expression of the major histocompatibility
complex molecule HLA-DR. All samples remained CD2&gard
less of the culture conditions (data not shown).
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other proliferation assays. Simultaneous analysis of BrdUrd inc8r-
poration and DNA content (7-AAD) in light chain-restricted ceIl§
from the primary MCL cell cultures yielded 2 populations d§
BrdUrd-positive cells, based on 7-AAD fluorescence intensity: one
population of cells in S/gM phase and another population in
To verify that huCD40LT-induced cell-cycle progression toolpost-mitotic G,; phase. As seen in Figure 3B, huCD40LT induced
place in the clonal cells of the primary MCL cultures and not in angt least a 3-fold increase of clonal BrdUrd-positived@lls, which
residual nonleukemic cells, in particular residual T cells receivingave progressed through and completed the cell cycle within the
costimulatory signals from MCL cells activated by huCD40LT, wéast 24 hours of the BrdUrd incubation period of the 5-day culture.
applied a multiparameter flow cytometric assay. In this assayuCD40LT induced a median of 14% (range, 0.5% to 29%; 4)
simultaneous measurement of clonality (light-chain restrictionf G,/BrdUrd-positive cells as compared with the unstimulated
FL2), DNA synthesis (BrdUrd incorporation, FL1), and DNAcontrol cultures. Because the cells in this analysis were gated for
content (7-AAD, FL3) was carried out. The kappa and lambdaht-chain restriction, this observation can be explained only by
light-chain markers were first used to identify cells in whicthuCD40LT-induced proliferation of primary MCL cells.

BrdUrd incorporation occurred in the presence of huCD40LT. As

shown in Figure 3A, the majority of cells incorporating BrdUrd

after 4 days of culture stained positive for a restricted light chaiDjscussion

These results indicate that the cells belonging to the MCL

population, and not residual nonclonal cells in the culture systein,this study, we demonstrate that activation of CD40 by a purified
are the major contributors to the DNA synthesis observed in thecombinant human CD40 ligand trimer as a single agent induces

HuCD40LT induces selective cell-cycle progression
in clonal MCL cells in primary MCL cell cultures
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proliferation of lymphoma cells in primary MCL cell cultures. Thispleted the cell cycle within 24 hours, between day 4 and day 5 of
conclusion is based on several lines of evidence from 4 differethte culture period; and (6) we never observed any growth
proliferation assays: (1) huCD40LT induced dose- and timéahibition, not even at very high doses of huCD40LT. The
dependent thymidine incorporation; (2) huCD40LT increased theiCD40LT-induced proliferation occurred without any concomi-
percentage of cells in S, 5or M phases of the cell cycle; (3) tant effects on the degree of spontaneous apoptosis.

huCDA40LT increased the viable cell recovery; (4) essentially all The implications of these results are important for 3 aspects of
huCD40LT-induced BrdUrd incorporation occurred in cells expresMCL biology: the interpretation of data from different CD40
ing a restricted light chain; (5) a significant proportion of thessystems, the response elicited by CD40 in heterogeneous primary
BrdUrd-positive, light chain—restricted clonal MCL cells com-cultures, and the possible role of CD40 in the pathobiology and
treatment of MCL.

Our results are contradictory to previous studies of the role of
CDA40 activation in MCL and other NHL lymphom&%21.2627|n
NHL cell lines, CD40 ligation induced a direct growth inhibi-
tion8-21and in 2 MCL studies, the proliferative response of CD40
activation was very weak or abséfi€’ These contradictions stress
that the interpretation of studies of CD40 function must reflect the
applied CD40 activation system as well as the developmental st&ge
of the triggered B celt® For example, the agonistic antibody useﬁj

2 g HE bl " " in one of the MCL studies may significantly underestimate the f&ll
Antl-BrdUrd Antl BrdUrd effect of CD40 ligation when compared with the huCD4G&The $
use of irradiated stimulatory cell lines presenting either CDZ0
B sCD40L Controls ligand or agonistic CD40 antibodies introduces the risk that othsw\fer
presently identified or unidentified biologic substances may infgi-
204 ence the observed response%! Our results clearly demonstratEBq

e that a purified recombinant CD40L trimer induces proliferation & g1
primary MCL clonal cells.

Although the MCL cells did respond to additional activation <§‘
the interleukin-4 receptor (data not shown), activation through
CD40 alone was sufficient to trigger the proliferative responge
without any requirement for supplementary stimulation throuﬁh
cytokine receptors. This is important because proliferation ass§ys
may measure the results of activation of residual T cells in tﬁe
mixed systen?? In particular, the present study confirms tha
huCD40LT induced phenotypic changes of MCL cells associagd
with acquisition of an effective antigen-presenting phenotyg.
Thus, DNA synthesis in mixed primary cell cultures like the o@
used in this study could be the result of direct huCD40LT-inducgd
growth of MCL cells or, alternatively, could be the result q§
CD40-induced phenotypic changes and subsequent activationgand
proliferation of residual T cells, responding to the antigen presenfed
by CD40-activated MCL cells with coexpression of CD80/B7L§.
and CD86/B7-2. The simultaneous analysis of phenotype, DNA
synthesis, and DNA content did not support the latter possibili
Essentially all BrdUrd incorporation occurred in cells with r§
stricted light-chain expression, which strongly suggests that thése
cells belong to the malignant clone. Thus, the results of this statly
are in keeping with a recent study in which primary follicular
lymphoma cells were found to undergo proliferation in the

A

1
10% 10°?
R ]

104

1!
1’
'

Anti-kappa

Anti-lambda

u
o

10

'I

= 30%

10

10%

10!

1Y

10°

104
;

'
il

Anti-BrdUrd

Figure 3. Induction of cell-cycle progression and proliferation of clonal cells

after huCD4O0LT stimulation of primary MCL cell cultures. Isolated mononuclear
cells from 4 MCL patients were seeded at 2 X 10° cells/mL and cultured in the
presence or absence of 400 ng/mL for 4 days. On day 4, the cultures were incubated
with bromodeoxyuridine (BrdUrd) for 24 hours. After harvest, the cells were analyzed
using multiparameter flow cytometry. (A) Dot-plot analyses of kappa and lambda
light-chain expression, respectively, combined with detection of BrdUrd incorporation
in one MCL cell culture after stimulation with huCD40LT. (B) Dot-plot analyses of
simultaneous detection of BrdUrd incorporation (DNA synthesis) and 7-amino-
actinomycin-D (7-AAD) (DNA content) after exclusion of small DNA fragments and of
cells that did not clearly express the light chain of the malignant clone of the particular
MCL case. Dot-plot analyses of 4 huCD40LT-stimulated and -unstimulated MCL cell
" sho cultures are shown (displayed dots represent 25% of total counts). The percentages
of cells in the framed regions indicate the fraction of cells that traversed through
S-phase with BrdUrd incorporation, completed cell division, and returned to G;-phase.
sCD40L indicates huCD40LT stimulation.
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presence of huCD40L&. This conclusion raises concern for thesufficient to commit a fraction of primary MCL lymphoma cells to
application of CD40L therapy in vivo in MCL. On the other handcell-cycle progression in vitro, although the size of this fraction is
ex vivo expansion of primary MCL cells with an effectivehighly variable. In vivo CD40L is induced on activated T cells at
antigen-presenting phenotype may be a useful tool for the applicifferent stages of immunopoiesis in secondary lymphoid tissues.
tion of adaptive immune therapy in MCL. The abundance of follicular dendritic cells in MCL-infiltrated
One unexplained finding in this study was our failure to extenggmph nodes may lead to higher numbers of activated T cells and
absolute expansion of primary MCL cells beyond 1 week dhcreased CD40L expression, as have been observed #8In
culture. Despite restimulation, washing, dilution, and replating, thime with this, we have previously observed somatic mutations in
cells from the 2 patients studied with the recovery assay (patientgha heavy chain of the immunoglobulin gene in clonal MCL cells,
and 4) ceased proliferation within 1 week of culture. This suggesiglicating that antigen selection can take place in at least some
that stimulation through CD40 somehow alters subsequent restingases of MCL3 To do so, the B cell, in which the final transforma
lation through CD40. Whether this phenomenon is caused by MGion took place, must have had the capacity to interact productively
lymphoma cell differentiation after huCD40LT stimulation andwith a T cell. Together with the results of the present study, these
altered signaling by the receptor or altered gene-expression profidea suggest that cooperation between inherent cell-cycle deregula-
following the primary CD40-derived signal is not known. Althoughory genetic lesions in MCL and a CD40L-rich microenvironment

the quality of the response was comparable among the 8 patiefgy be sufficient to induce cell-cycle progression of importancegn
studied, the magnitude of the response was highly heterogeneguspathogenesis of MCL.

(Figures 1 and 3, Table 2). This difference could also be the result
of either differential signal transduction through CDA40 or differen-

tial gene-expression profiles between low- and high-responder
cases. To address these issues, we are currently investigating/.\la,eknowledgments
kinetics and array of gene expression, as well as CD40-mediated
signal transduction after huCD40LT stimulation, in low- andVe thank the Nordic Lymphoma Group and Dr Erik Segel f@’r

high-responder cases of MCL.
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