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INTRODUCTION

CLDs4 of B-cell lineage represent a heterogeneous group of ma
lignancies that includes different histological and clinical entities. The
use of morphological criteria does not allow a definitive character
ization of different types of CLDs. In the last 10 years, the use of
mAbs recognizing a large variety of surface molecules in most in
stances has identified the normal B-cell counterpart from which the
malignant transformation originates (1). These studies first made the
distinction of B lymphocytes in cells lacking or expressing the CDS
molecule, this antigen being consistently present in at least two B-cell
disorders (i.e., B-CLL and MCL) whereas CDSâ€”B-cell malignancies
represent a heterogeneous group of CLDs with discrete phenotype,
including HCL, HCL-v, marginal zone NHL, centerfollicular NHL,
and lymphocytic lymphoma, among others (1â€”3).These diseases may
be differentiated from each other on the basis of the expression of
several markers, including CD23, CD25, CDI lc, CDIO, CD1O3,
CD38, and CD77 determinants.

The TNFR superfamily represents an emerging family of receptors,
the components of which bind surface membrane molecules acting as
cytokines, which are referred to as the TNFL superfamily (4â€”9). Most

of these components are implicated in cell-to-cell communication and
play a pivotal role in the regulation of normal B-cell activation,
proliferation, and differentiation, thus controlling cell survival or
death by apoptosis. In addition to the above molecules, other struc
tures are known to display a role in costimulatory mechanisms (i.e.,
CD8O and CD86 molecules). These other structures do not belong to
the TNFR superfamily, but they can be up-regulated following inter
action of TNFR superfamily molecules (i.e., CD4O) with their ligands,
or, alternatively, following triggering of TNFR molecules by specific

antibodies (10â€”15). The role of some of these molecules in the
proliferation of neoplastic B cells has been emphasized in the past
(16â€”21).In particular, TNFR II (CD12Ob) is a structure that trans
duces proliferation signals to malignant B cells in B-CLL and HCL
following binding to its ligand (TNF), a molecule that can behave as
an autocrine factor (17, 19). CD4O, as well as other TNFR and TNFL
superfamily components, has been reported to play a regulatory role
in normal and neoplastic B cells, mainly in CLL (14, 15, 22â€”25).

To investigate their pattern of distribution, CD4O-CD4OL, CD27-
CD7O, CDl2Oa,b-mTNF, CD3O-CD3OL, CD9S(Fas)-CD95L(FasL),
and CD28-CD8O/CD86 were analyzed by flow cytometry analysis
and RT-PCR on a wide spectrum of B-cell populations, including
normal B cells and neoplastic B lymphocytes from CLL, MCL, HCL,
and HCL-v. The data reported in this study suggest the possible
clinical use of these molecules in differentiating chronic B-cell ma
lignancies. In addition, evidence is provided that some receptors and
their ligands may be expressed on the same cell, thus suggesting the

4 The abbreviations used are: CLD, chronic lymphoproliferative disorder; mAb, mono

clonal antibody; CLL, chronic lymphocytic leukemia; B-CLL, B-cell CLL; MCL, mantle
cell lymphoma; HC, hairy cell; HCL, HC leukemia; HCL-v, HCL variant form; NHL,
non-Hodgkin B-cell lymphoma; TNF, tumor necrosis factor; TNFR, TNF receptor; TNFL,
TNF ligand; mTNF, membrane TNF; RT, reverse transcription; PBMC, peripheral blood
mononuclear cell; MFI. mean fluorescence intensity; oligo(dT), oligodeoxythymidylic
acid.

ABSTRACT

Several costimulatory molecules play a key role in the differentiation
of B lymphocytesand in T-B-cell interactions. In this study, we ad
dressed the question of whether different receptors and counter-recep
tors may be expressed on malignant B lymphocytes from chronic B-cell
malignancies. Using flow cytometry and reverse transcription PCR
analyses, the expression of molecules belonging to the tumor necrosis
factor receptor (TNFR) and tumor necrosis factor ligand (TNFL)
families, as well as the expression of CD8O and CD86 molecules, was
analyzed in normal B cells and In different chronic lymphoproliferative
disorders of B-cell type, including B-cell chronic lymphocytic leukemia
(CLL), mantle cell lymphoma, hairy cell leukemia (HCL), and HCL
variant.

Different patterns of expression of TNFR and TNFL superfamily
molecules were demonstrated among B-cell malignancies. In particu
lar, CD4O was commonly observed on all B cells (both tumor and
normal),whereasits ligand (CD4OL),whichis usuallyundetectableon
resting normal B lymphocytes, was expressed in CLL and HCL but not
in other chronic lymphoproliferative disorders. CD27 was not shown in
normal B cells, although it was present in all malignancies and with
particularly high density in mantle cell lymphoma. CD7O was widely
distributed on tumor B lymphocytes, but not on the CD5+ normal
counterpart. CD3Owas strongly expressed in HCL variant and weakly
in B-cell CLL, whereas its ligand showed a wide pattern of expression,
including all neoplastic and normal B cells. TNFR II (CD12Ob) and
CDSOwere distributed on neoplastic B cells from all groups, usually at
an intermediate to high degree ofintensity, whereas the CDS6 molecule
was present at lower intensity than CD8O. Finally, reverse transcrip
tion PCR analysis confirmed the presence of CD4OL, CD3O, and
CD3OL mRNAs in those B cells expressing the corresponding mem
brane-bound proteins at low density.

Our data indicate that TNFR and TNFL molecules are of use
clinically both in differentiating B-cell malignancies from the normal
counterpart (i.e., CD27, CD7O, CD4OL, CD3O, and CD8O) and in
defining different chronic B-cell disorders (i.e., CD4OL, CD27, and
CD3O). Interestingly, the observation that several receptors and their
ligands (i.e., CD4O/CD4OL, CD3O/CD3OL, and CD27/CD7O) can be
expressed on the same cell suggests that these molecules play a role in
initiating and maintaining the neoplastic process by mediating B-T and
B-B interactions.
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COSTIMULATORY MOLECULES ON NEOPLASTIC B LYMPHOCYTES

involvement of B-B-cell interactions in initiating and maintaining the
neoplastic process.

PATIENTS AND METHODS

Patients. Thirty-four patients with different B-cell malignancies have been

studied. Sixteen patients (10 males and 6 females, ages 42â€”56years) with
B-CLL were graded according to Rai staging system (26) as follows: stage 0,
6 cases; stage I, 4 cases; stage II, 2 cases; stage III, 2 cases; and stage IV, 2
cases. The total lymphocyte count ranged from 25,200 to 7 1,320 cells/mm3.
Leukemic B cells from these patients expressed CD19 B cell-related antigen
and the CD5 molecule; they bear surface immunoglobulins (SmIg) at low
intensity, with restriction for Klight chain in 10 patients and for Alight chain
in 6 patients. All patients were studied at diagnosis. Six patients (four males
and two females, ages 52â€”65years) with MCL in the leukemic phase were
studied. These cells expressed the CDI9 and CD5 antigens but lacked the
CD23 and CD25 molecules (1). Eight HCL patients (five males and three
females, ages 45â€”62 years) with leukemic B cells in the peripheral blood were

investigated. The diagnosis was established on the basis of clinical, morpho
logical, cytochemical, histological, and immunological features as described
previously (19). HCs showed the immunological pattern of typical HCL,
bearing CD19, CD1O3, CD25, and CD11c molecules; all patients showed
positivity for tartrate-resistant acid phosphatase. None of the patients received
therapy at the time of the study. Four patients with HCL-v (two males and two
females, ages 40â€”55years) were included. These cells stained CDI9, CDI lc,
and CDIO3 antigens but lacked the CD25 molecule (3).

Preparation of Cell Suspensions. PBMCs from patients with B-CLDs
were harvested from freshly heparinized blood specimens by centrifugation on
a Ficoll-Hypaque gradient as reported previously (27). Normal CD5+ and
CD5â€” B lymphocytes were obtained from five cord blood samples and from

five normal spleens, respectively. Cord blood lymphocytes were recovered
following centrifugation on a Ficoll-Hypaque gradient, and splenic mononu
clear cells were collected after mechanical disruption of the spleen as already
described (28). Cell samples were washed three times with PBS and resus
pended in endotoxin-free RPMI 1640 (Sigma Chemical Co., St. Louis, MO)
supplemented with 20 misiHEPES and L-glutamine, 100 units/mI penicillin,
100 @&g/mlstreptomycin, and 10% FCS (ICN Flow, Costa Mesa, CA).

T cells were removed from the entire cell suspension by rosetting with
neuroaminidase (Sigma)-treated sheep RBC. Cell samples were further de
pleted of adherent cells by incubation for 1â€”2h in plastic Petri dishes at 37Â°C
in an atmosphere of 95% air and 5% CO2. Additional enrichment of B cells
was obtained by removing residual CD3@,CDl6@, and CD56@lymphocytes
using high-gradient magnetic separation columns (Miltenyi Biotec, Bergisch
Gladbach, Germany) as described previously (20). Briefly, 10 X 106 cells
obtained as above were incubated for 30 mm at 4Â°Cin 80 pi of PBS with
purified sodium azide-free CD3 (OKT3, Ortho Pharmaceuticals, Raritan, NJ),
CD16 (Leu-llc, Becton Dickinson, Sunnyvale, CA), and CD56 (Leu-19,
Becton Dickinson) mAbs. After two washes with PBS supplemented with

0.5% BSA, 20 ,.d of colloidal superparamagneticmicrobeads conjugated with
goat antimouse IgG antibodies were added. The CD3@,CDl6@, and CD56@
cells being rosetted with microbeads were then isolated and removed applying
a magnetic system to the outer wall of the columns. Cord blood CD5 + B
lymphocytes were further enriched by removing residual CD1 lb@, CDl3@,

and CDl4@ cells using Leu-15 (Becton Dickinson), WM-47 (Dako, Glostrup,
Denmark), and Leu-M3 (Becton Dickinson) mAbs and by positive enrichment
using CD5 mAb and magnetic beads. Following this multistep negative selec
tion procedure, more than 98% of the resulting cell population was CDl9@
(Leu-l2, Becton Dickinson), whereas less than 1%was CD3@.More than 97%
of the cells were viable when tested by the trypan blue exclusion. Enriched
B-cell samples simultaneously stained with CD19 and CD5 (IOT1a, Immuno

tech, Marseille, France) mAbs showed the following percentages of
CDl9@CD5@ lymphocytes: cord blood B cells from 92 to 96%, splenic B cells
from 1 to 3%, and B-CLL cells from 98 to 100%.

mAbs. The commercially available mAbs used belonged to the Ancell
(Bayport, MN), Becton Dickinson & Co., DAKO, Immunotech (Marseille,
France), PharMingen (San Diego, CA), Serotec (Oxford, United Kingdom),
and Ancell (Bayport, MN) series and included the following: CD5 (BL1a and
UCHT2), CD23 (Leu-20), CD25 (a chain of IL-2R), CD27 (M-T27l), CD28

(L293), CD4O (5C3), CD4O ligand (CD4OL/CD154, 24â€”31),CD7O (BU69),
CD8O(BB1),CD86 (BU63), CD95 (UB2), and isotype-matched controls. The
following non-commercially available mAbs were also used: CD3O (M44) and
CD3Oligand (CD3OIJCD153, M8l; kindly provided by Dr. A. Troutt, lmmu
nex Co., Seattle, WA); B0.l54.2 anti-TNFa mAb (kindly provided by Dr. G.
Trinchieri, Philadelphia, PA); utr-l and htr-9 recognizing the 75-kDa TNFR
(CD12Ob,TNFR II) and the 55-kDa TNFR (CD12Oa,TNFR I), respectively
(kindly provided by Dr. M. Brockhaus, Basel, Switzerland).

Flow Cytometric Analysis of B Cell-related and Counterreceptor Mol

ecules. The expression of the above-mentioned antigens on B cells was
assessed by flow cytometry analysis using direct or indirect immunofluores

cence assay as described previously (27). An indirect immunofluorescent
technique was performed as reported previously (28) to evaluate the positivity
for CD12Oa,CDl2Ob, CD3OL,and mTNF. Following incubation of cells with
the above-mentioned mAbs or the control matched mAb, they were washed,
and a FITC-conjugated antimouse IgG mAb (Technogenetics, Turin, Italy) was
added. After this last incubation, cells were washed and subjected to analysis.

For FACS analysis, 1 X l0@ cells were acquired, and the analysis was
determined by overlaying the histograms of the samples stained with the
different reagents. Cells were scored using a FACScan analyzer (Becton
Dickinson), and data were processed using the CELLQuest or Lysys programs
(Becton Dickinson). Log MFI values were obtained by subtracting the MFI of
isotype control from the MFI of the positively stained sample. Furthermore, to
evaluate whether the differences between the peaks of cells were statistically

significant with respect to control, the Kolmogorov-Smirnov test for analysis
of histograms was used (20), according to the CELLQuest software user's
guide (Becton Dickinson).

RNA Extraction, cDNA Synthesis, and PCR Amplification of CD3O,
CD3OL, and CD4OL. Total cellular RNA was extracted using the Ultraspec-Il
RNA isolation system (Biotecx Laboratories, Houston, TX) from purified
leukemic cells (>99% CDI9+ lymphocytes) and phytohemagglutinin (5 @tg/
ml)-stimulated PBMCs. cDNAs were prepared from 2 @.tgof total cellular RNA
by RT at 42Â°Cfor 30 mm in a 20-Mlreaction. eDNA was synthesized in the
presence of Moloney murine leukemia virus reverse transcriptase (2.5 units),
using 2.5 p@Moligo(dT) acid primer and reaction conditions described by the
manufacturer (Invitrogen Corp., San Diego, CA). The reaction was stopped by
heating the sample to 99Â°Cfor 5 mm.

For the amplification of CD3O,CD3OL,CD4OL,FasL, and (3-actin,a PCR
was conducted in a 50-@d reaction using 2 @lof eDNA as template. The PCR
mixture consisted of 1.5 mmol/liter MgCl2, 50 mmol/liter KC1, 10 mmol/liter
TRIS-HCL, 0.2 mM/liter concentrations of each deoxynucleotide triphosphate,

2.5 units of Taq polymerase (Perkin-Elmer Corp., Norwalk, CT), and 25 @M
each specific primer. The following sense and antisense oligonucleotide primer
sequences were used. For CD3O: 5'-CACCGGAGGGCCTGCAGGAAGC
GAAT, 3'-CCCAGGCCTCAC'ITFCCAGAGGCAGC (expected size of 574
bp); for CD3OL: 5'-CTCCTGGAGACACAGCCATGC, 3'-TGCTTGTATC
TATGTACTGGA (expected size of 618 bp); for CD4OL:5'-ACATACAAC
CAAAC11@CTCCC,3'-AGATGTFGlTVrACrGCTGGC (expected size of
398); for FasL: 5'-GGGATGlTI'CAGCTCTI'CCACCTAC, 3'-GCTCTA
GAACATTCCTCGGTGCCTGTAAC (expected size of 600 bp); for @-actin:
5'-GTGGGGCGCCCCAGGCACCA, 3'-CTCCUAATGTCACGCACGAT
TFC (expected size of 540 bp; Ref. 29). CD3O, CD3OL, CD4OL, and FasL
were amplified under the following conditions: 45 s of melting at 94Â°C,45 s
of annealing at 60Â°C, and 120 s of extension at 72Â°C for 30 cycles followed by

a final extension for 7 mm at 72Â°Cin a Perkin-Elmer Cetus thermal cycler. For
@3-actin, amplification conditions were 60 s of melting at 94Â°C, 60 s of

annealing at 55Â°C, and 120 s of extension at 72Â°C for 30 cycles followed by

a final extension of 7 mm at 72Â°C.Twenty @ilof each PCR product was
electrophoresed in a 2% agarose gel in Tris-borate EDTA buffer. Gels were
stained with ethidium bromide and photographed. To avoid contamination,
reagent controls were performed. Furthermore, monocyte and T-cell contam
ination of B-cell mRNA samples was checked using specific primers for CD3

and CD14. No detectable messages for these molecules were observed in
enriched B-cell samples.

RESULTS

Table 1 summarizes the overall results of flow cytometry data
obtained in different cell suspensions. All of the molecules under
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Table

Cell type CD4O CD40L'@1

Summary

CD27'@ofpatternsCD7Oâ€•ofCD3Oâ€•expression

of

CD3OLcostimulatoryTNFR ImoleculesTNFR IIin

B-cell CLDs

mTNF'@ CD95 CD95Lb CD8O CD86 CD28

++++c@++++++++â€”+â€”+â€”+++â€”++++â€”+++++â€”++â€”+â€”+â€”+++â€”++++â€”â€”â€”â€”++â€”+â€”+â€”+â€”â€”+++++++++â€”++â€”++++â€”+++++â€”++++â€”+++++++++â€”+++++â€”++++â€”++++â€”++â€”+â€”+â€”+â€”+++â€”

COSTIMULATORY MOLECULES ON NEOPLASTIC B LYMPHOCYTES

CLL
MCL
Normal CD5+ B cells
HCL
HCL-v
Normal CD5â€”B cells

a Putative relevanceon clinical grounds.
b Data concerning CD95L were obtained by RT-PCR.
C_ , negative;+ to + + + + , gradingof the intensityof a moleculeon the surfacemembrane.

study showed a unimodal expression on cell surface, and the histo
gram was shifted to the right in relation to the intensity of antigen
expression. The findings were obtained by overlaying histograms of a
defined molecule and the related control. Table 2 shows the MFIs of
the molecules tested.

Flow Cytometry Analysis of Costimulatory Molecules on Nor
mal B Lymphocytes. Both CD5+ and CD5â€” normal B cells were
taken into account for flow cytometry analysis (Tables I and 2; Figs.
1 and 2). Some of these molecules have been initially reported as
negative (28), probably related to the enrichment procedure of normal
B cells. To rule out the effect ofenrichment technique, freshly isolated
samples were herein double stained with CD5, CD19, and other
mAbs. The analysis of these molecules showed that CD4O was highly
expressed on normal CD5+ B cells (Fig. lc), as well as normal
CDS â€”B cells (Fig. 2c). Its ligand, CD4OL, was absent (Figs. if and
2J). CD27 and CD7O were lacking on normal CD5+ B lymphocytes
(Fig. i,@ and 1, respectively), whereas they have been demonstrated at
very low intensity on normal CD5 â€”B cells (Fig. 2, i and 1, respec
tively). CD3O (Figs. io and 2o) was not detected, whereas CD3OL was
present both on CD5+ (Fig. lr) and CD5â€” (Fig. 2r) B cells. CD8O
was observed to various degrees on both CD5+ (Fig. lu) and CDS
(Fig. 2u) normal B lymphocytes, whereas CD86 was negative on
CD5 + (Fig. lx) and positive on CD5â€” (Fig. 2x) normal B lympho
cytes.

Flow Cytometry Analysis of Costimulatory Molecules on Leu
kemic B Cells from CLL. The phenotypic pattern of leukemic cells
from the 16 B-CLL patients studied was consistent with the common
immunological profile of these cells (low-density SmIg, CD5+,
CD23+, and CD25Â±). The CD4O molecule was detected at high
density in all patients (Fig. la). The expression of its ligand, CD4OL,
although faint, was significantly shifted with respect to control mAb
(Fig. 14 CD27 and its ligand, CD7O, were expressed on B-CLL
malignant cells (Tables 1 and 2 and Fig. 1, g and j). The CD3O
molecule was faint in CLL (Fig. lm); its ligand (Fig. ip and Tables 1
and 2) was detectable at low density. Flow cytometry analysis of
CDl2Oa and CD12Ob (Table 1) was consistent with the data reported
in the literature (18, 19). In fact, the CDl2Ob (TNFR II, p75), but not
the CDl2Oa (TNFR I, p55) was shown on leukemic cells in B-CLL
(Table 1). The CD95 antigen was consistently present on these cells
(Tables I and 2), whereas its ligand was lacking. Concerning the

CD8O and CD86 molecules, B-CLL leukemic cells were commonly
stained with CD8O (Fig. Is), whereas the CD86 molecule was lacking
or was very faint (Tables 1 and 2 and Fig. lv). The counterreceptor for
these two molecules, represented by CD28, was absent in all B-CLL
neoplastic cells (Table 1).

In conclusion, B-CLL cells bear CD4O, CD4OL, CD27, CD7O,
CD9S, and CD8O and differ from normal CD5+ B cells that lack
CD4OL, CD27, CD7O, and CD3O molecules. CD4OL and CD3O also
proved to be useful in differentiating B-CLL from MCL (Table 1).
CD3O also may be expressed by malignant B cells in B-CLL but not
on normal B lymphocytes. Furthermore, CD3O can distinguish CLL
from HCL-v, as well as distinguishing these two disorders from
normal B cells and other B-cell malignancies.

Flow Cytometry Analysis of Costhnulatory Molecules on Neo
plastic B Cells from MCL. B lymphocytes from six patients with
MCL in leukemic phase stained with the mAbs CD19, CD2O, and
CDS, whereas CD23, CDllc, and CD1O molecules were lacking.
The flow cytometry analysis of TNFR superfamily molecules and
their ligands, as well as the CD8O/CD86 antigens, is reported in
Tables I and 2 and in Fig. 1. CD4O has been observed on purified
mantle cells (Fig. lb), with a pattern similar to that shown in other
B-cell types, whereas its ligand, CD4OL, was lacking (Fig. le).
Malignant cells from MCL showed both the CD27 (Fig. lh) and its
ligand CD7O (Fig. 1k) on their surface membrane; CD27 was
highly expressed on these cells as compared to B-CLL lympho
cytes (Fig. lg). CD3O was usually lacking (Fig. ln), whereas its
ligand was definitively detectable (Fig. lq). Of the two TNFRs,
only CDl2Ob was seen in MCL. CD8O was highly expressed on
mantle cells (Fig. 1t), whereas CD86 was weak (Fig. 1w).

These data indicate that the peculiar features of MCL are repre
sented by the marked expression of CD27 and CD8O antigens and the
lack of CD4OL and CD3O molecules. This distinguishes mantle cells
from normal CD5+ B lymphocytes and from other malignant B cells.

Flow Cytometry Analysis of Costimulatory Molecules on B
Cells from HCL. Data related to flow cytometry analysis are pre
sented in Tables 1 and 2 and in Fig. 2. The CD4O histogram was
highly shifted with respect to the control antibody on HCs from all
patients (Fig. 2a). HCs also bore CD4OL (Fig. 2d). CD27 (Fig. 2g) and
its ligand, CD7O, (Fig. 2j) were expressed at low density on HCs.
CD3O was always completely negative on these cells (Fig. 2m),

Table 2 Flow cytometiy analysis of costimulatory molecules in B-cell CLDsÂ°

Cell types CD4O CD4OL CD27 CD7O CD3O CD3OL TNFR I TNFR II mTNF CD95 CD8O CD86 CD28

CLL 207.3Â±18.143.1Â±14.7 36.4Â±10.722.2Â±14.9 21.9Â±5.4 37.7Â±6.7 1.1Â±0.9 28.3Â±6.3 5.8 Â±1.3 28.9Â±7.3 100.4Â±18.123.1Â±8.2 3.9 Â±2.6
MCL 213.4Â±22.8 5.2 Â±3.2 130.7Â±19.160.2Â±28.9 4.7 Â±2.7 77.6Â±16.13.8Â±2.1 30.8Â±8.9 9.9 Â±4.4 27.9Â±6.5 83.2Â±13.730.2Â±7.3 5.4 Â±2.1
Normal CD5+ 201.6 Â±24.7 9.4 Â±3.3 3.7 Â±2.1 5.2 ft 0.8 4.4 Â±2.1 53.0 Â±19.7 2.3 Â±1.3 34.7 Â±5.9 7.4 Â±4.3 23.2 Â±3.9 34.8 Â±11.7 9.4 Â±3.4 6.3 Â±2.7

B cells
HCL 249.8 Â±30.1 51.2 Â±17.4 57.8 Â±7.6 28.6 Â±13.3 1.7 Â±1.7 67.0 Â±21.7 6.4 Â±2.4 75.8 Â±6.9 28.3 Â±5.2 34.8 Â±8.3 151.3 Â±21.6 70.3 Â±22.2 3.3 Â±0.8
HCL-v 230.5 Â±22.5 1.0 Â±0.7 32.6 Â±13.3 50.7 Â±4.3 100.7 Â±7.4 87.7 Â±7.5 3.9 Â±2.9 88.1 Â±9.1 36.4 Â±6.9 30.4 Â±5.1 70.3 Â±22.2 48.5 Â±7.0 4.7 Â±1.1
Normal CD5â€”265.4 Â±12.9 4.8 Â±2.9 15.6 Â±1.9 12.1 Â±2.6 3.8 Â±1.1 12.8 Â±1.7 8.3 Â±3.1 36.7 Â±7.4 7.6 Â±3.7 29.8 Â±4.3 46.3 Â±8.4 18.5 Â±9.1 5.9 Â±0.9

B cells

a@@ reportedasmean Â±SE of the MFIs for eachgroupof subjectsafter subtractingthe MR of isotypecontrolmAb from the MR of positivelystainedsamples.Bold numbers
denote the significant values.
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MCL normalCD5+Bcells

d

Fig. 1. Flow cytometry analysis of the expression
ofCD27/CD7O, CD4O/CD4OL,CD3O/CD3OL,CD8O,
and CD86 molecules on normal and malignant CDS+
B cells. The analysis was performed on enriched B
cells after acquiring I X l0@cells. Overlayed histo
grams related to control and cells stained with specific
mAbs are shown in each panel. The Kolmogorov
Smirnov test was used to assess the statistical differ
ence between histograms.

whereas its ligand was detected (Fig. 2p), as in other malignant and
normal B cells. Of the two TNFRs, only CDl2Ob has been shown on
leukemic B cells; mTNF was also detectable on HCs (Tables 1 and 2).
CD95 was usually present at low density, whereas its ligand was
lacking. The CD8O molecule has been observed (Fig. 2s) on HCs at a
density higher than CD86 (Fig. 2v).

In summary, HCs differ from normal CD5 â€”B lymphocytes for the
presence of CD4OL and mTNF on their surface membrane and for the

higher density of CD8O antigen. Furthermore, the expression of
CD4OL differentiates HCL from HCL-v and MCL, whereas CD3O
expression better differentiates HCL from HCL-v and B-CLL.

CD4O

CD4OL:

CD27

CD7O

CD3O

CD3OL:

CD8O

CD86

Log. fluorescence intensity

Flow Cytometry Analysis of Costimulatory Molecules on B
Cells from Patients with HCL-v. With respect to the classical form
of HCL, the CD4OL was lacking in HCL-v (Fig. 2e), whereas CD27
(Fig. 2h), CD7O (Fig. 2k), CD3O (Fig. 2n), CD3OL (Fig. 2q), CD95
(Table 1), and CDl2Ob (Table 1) were regularly present. Both CD8O
(Fig. 2:) and CD86 (Fig. 2w) were expressed; CD8O was stronger than
CD86. Both CD4OL and mTNF were detectable on HCs with respect
to the control B lymphocyte.

In terms of the markers evaluated in this study, the distinction between

the classical HCL and its variant form is based on the presence of CD3O
and the lack of CD4OL in HCL-v with respect to HCL.
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HCL HCL-variant

CD4O

CD4OL

CD27

Fig. 2. Flow cytometry analysis of the expres- CD7O
sion of CD27/CD7O, CD4O/CD4OL, CD3O/CD3OL
CD8O,andCD86moleculeson normalandmalig
nant CD5â€”B cells. The analysis was performed on
enriched B cells after acquiring I X l0@'cells.
Overlayed histograms related to control and cells
stained with specific mAbs are shown in each
panel. The Kolmogorov-Smirnov test was used to
assess the statistical difference between histograms. CD3O

CD3OL

CD8O

CD86

Log. fluorescence intensity

Characterization of FasL, CD3O, CD3OL, and CD4OL on Hu
man B Cells by PCR Analysis. Due to the low expression of some
TNFR and TNFL superfamily molecules on malignant B cells, the
presence of CD4OL, CD3O, CD3OL, and FasL molecules were also
analyzed by RT-PCR (Fig. 3). mRNA for FasL was commonly absent
both in normal and malignant B lymphocytes (data not shown). The
findings reported in this figure are consistent with the data obtained by
flow cytometry analysis. In particular, CD3O was faint in CLL and
strongly expressed in HCL-v, whereas it was usually lacking in other
malignant B cells tested (HCL and MCL). CD3OL was detected in all
neoplastic B cells taken into consideration. CD4OL was consistently

shown in CLL and HCL, whereas it was lacking in MCL, HCL-v, and
control B lymphocytes (both CD5+ and CD5â€”; Lanes 6 and 12,
respectively).

DISCUSSION

This study was designed to investigate the expression of TNFR
superfamily molecules and their ligands on B cells from normal
subjects and on malignant B lymphocytes from patients with CLDs,
including B-CLL, MCL, HCL, and HCL-v. We observed that several
molecules are present in malignant B cells (i.e., CD27, CD7O, and
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CD86), but not in the normal counterpart and that some of them
(CD4OL, CD27, and CD3O) are specifically expressed in discrete
B-cell malignancies (B-CLL, MCL, HCL, and HCL-v). Our data also
emphasize the presence of a defined receptor and its ligand on the
same tumor B cell, such as CD27-CD7O, CD4O-CD4OL, or CD3O-
CD3OL molecules. The coexpression of these pairs suggests that some
molecules allow both T-B- and B-B-cell contacts and may play a
relevant role in the B-cell accumulation occurring in these disorders.

The first goal of this study was the identification of new molecules
that may be relevant in the diagnosis of CLD. In particular, CD4OL
mAb stained CLL and HCL neoplastic B lymphocytes, but not MCL
and HCL-v; CD27 was detectable at a higher density in MCL than
CLL and other B-cell malignancies; CD3O was present in HCL-v and
not in HCL and other disorders; and CD8O showed a higher intensity
in MCL, HCL, and HCL-v than in other CLDs. These results
strengthen the clinical utility of assessing these molecules in the
diagnosis of patients with malignant B-cell neoplasms. In fact, the
analysis of the above-mentioned molecules not only allows a better
distinction between CD5 + and CD5â€”malignancies but also permits
a better discrimination of malignant B cells sharing a similar pheno
typic profile. In this regard, detecting the presence of CD4OL and
CD3O molecules better differentiates B-cell malignancies coexpress
ing the CD5 molecule (i.e., CLL and MCL). In addition, the analysis
of CD4OL allows the identification of an additional phenotypic hall
mark that is useful in distinguishing HCL from HCL-v.

The demonstration herein provided of the presence of CD4OL on
freshly isolated malignant B cells represents a novel finding in these
disorders. In fact, CD4OL is commonly detectable on activated T cells
and other immunocompetent cells but not on resting normal B lym
phocytes; the latter express the molecule only following in vitro
stimulation (30). Our observation and data from the literature indicate
that the CD4O/CD4OL complex may be relevant not only in B-T-cell
communications but also in B-B-cell contacts (31, 32). In this context,
the presence of the CD4O/CD4OL pair on the same cell might lead to
B-B-cell contacts that ultimately drive the proliferation and accumu

lation of malignant B lymphocytes, thus ending in a â€œself-rescueâ€•
from apoptosis. On the contrary, CD4O-mediated signaling is closely
linked to apoptosis during B-cell development and differentiation. In
fact, the triggering of this pathway up-regulates the expression of Fas,
which may drive cell death after binding to its ligand (3 1, 33â€”36).The
Fas antigen (CD9S) is commonly detected on almost all normal and
malignant B cells analyzed in this study. Fas may induce B cells
susceptible to Fas-mediated death following binding to specific anti
bodies or by T cell-derived FasL.

Another issue that deserves a comment is the possible involvement
of the CD4O/CD4OL pair in autoimmune phenomena. In particular, in
up to 30% of patients with B-CLL, the presence of autoantibodies
against hematopoietic antigens on the surface membrane of RBCs,
and more rarely on platelets, has been demonstrated (37); these
antibodies may account for autoimmune hemolytic anemia and throm
bocytopenia observed in some patients with CLDs. Several studies
performed in a model of murine nephritis have shown that the au
toantibody production accounting for autoimmune disorders (i.e.,
systemic lupus erithematodes) is dependent upon cognate help from
CD4+ T cells, due to the involvement of the CD4O/CD4OL interac
tion (38). With this as a background, it can be suggested that the
expression of CD4O and CD4OL on neoplastic B lymphocytes in
B-CLL4riggers not only the accumulation of these cells, but also, via
the up-regulation of CD8O and CD86, the transformation of anergic B
cells of CLL into fully functional antigen-presenting cells.

The role of CD27 and CD7O molecules in the regulation of tumor
cell growth in patients with B-CLL has already been strengthened by
the observations of Ranheim et a!. (24). Our findings extend the
observations coming from CLL to other tumor cells, including HCL-v
and MCL. B-CLL and MCL are characterized by the expansion of
clonal B lymphocytes bearing the CD5 antigen, a molecule that is
commonly detectable on normal B-I lymphocytes. The finding that

tumor CD5 + B lymphocytes from B-CLL and MCL patients are
equipped with CD27 and CD7O antigens, whereas normal B-I cells do
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Fig. 3. RT-PCR analysis of mRNAs for CD4OL,CD3O,and CD3OLon purified B cells from chronic lymphoproliferative disorders and normal subjects. M, molecular weight marker;
C+, phytohemagglutinin-stimulated PBMCs; Câ€”,negative control obtained following PCR amplification without eDNA. Lanes 1â€”3.three patients with B-CLL; Lanes 4 and 5. two
patients with MCL; Lane 6. normal CD5+ B cells; Lanes 7â€”9,three patients with HCL; Lanes 10 and ii, two patients with HCL-v; Lane 12. normal CD5â€”B lymphocytes.
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not bear them, suggests that these molecules play a relevant role in the
B-B-cell contacts in these disorders.

CD3O is a TNFR superfamily molecule detectable on several neo
plastic cells, including Reed-Sternberg cells in Hodgkin's disease and
large-cell lymphomas (4, 5, 7, 39). Our data expand these observa
tions, demonstrating that the CD3O molecule may also be constitu

tively present on tumor B lymphocytes from patients with HCL-v. The
ligand for CD3O has been demonstrated at varying intensity on tumor
and normal B lymphocytes (Ref. 23 and our data). Although CD3O is
highly expressed on resting HCL-v, leukemic B cells, and, to a lesser
extent, B-CLL lymphocytes, its ligand is systematically detectable on
normal and malignant B cells. Our findings that different subsets of
neoplastic B cells bear this membrane molecule at different intensities
suggest that this heterogeneous expression is related to the B-cell
maturation stage.

The CD4O-mediated signaling activates pathways involved in
growth, immunoglobulin class switch recombination, and induction of
genes encoding costimulatory molecules for T cells, including B7â€”l
and B7â€”2proteins (CD8O and CD86, respectively), and proteins
involved in differentiation (6, 10, 12, 15, 40â€”43). Our data showed
that malignant B cells bear both CD8O and CD86 molecules, although
at different degrees of intensity. Whereas CD86 is very weak, CD8O
is usually detected at intermediate density on normal and malignant B

cells; the positivity of tumor cells is statistically significant with
respect to normal B lymphocytes. In this context, the intensity of
expression of these molecules may be relevant in the interactions
between leukemic B cells and normal T lymphocytes. In fact, it has
been reported that the threshold level of expression of CD8O and, to
a lesser extent, of CD86, is important in the induction of T-cell
proliferation in a MLR in vitro (12). According to the animal model
(12), we speculate that the lack of expression or low expression of
CD8O molecule may explain the paucity of immune reaction against
tumor, particularly in terms of cytotoxic function. Support for this
hypothesis comes from the demonstration that in discrete NHL (i.e.,
follicular lymphoma) the priming of malignant B cells with CD4OL
induces an increase in CD8O/CD86 expression and a consequent
recognition of these cells by normal T lymphocytes (12). The latter
mediate cytolytic activity and induce apoptosis of malignant B cells.

Taken together, our data indicate that the engagement of the CD4O
molecule on malignant B cells by the CD4OL, present on the same
cells or, alternatively on â€œnormalâ€•autologous T cells, results in a

series of phenomena that could end in the following: (a) bidirectional
proliferative signals with proliferation of tumor B lymphocytes and
accumulation and/or selection of antitumor reactive T cells; (b) dis
equilibrium between cell accumulation via rescue from apoptosis and

tumor cell death through apoptotic mechanisms mediated by Fas; and
(c) autoimmune phenomena due to an inappropriate triggering of B
cells, with the consequent production of autoantibodies. In this view,
functional in vitro studies using malignant B cells triggered by CD4O
may clarify the role of CD8O/CD86 molecules on auto- or alloreactive
T cells. Future studies should be focused on investigating the func
tional role of CD4OL expressed on tumor B cells to gain insights into
the B-B-cell communications.
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