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Although CD40 has been extensively studied in B-
and T-ceUl non-Hodgkin's lymphomas (NHLs)/
leukemias, and more recently in Hodgkin's dis-
ease (HD), little is known about the expression
of its ligand (CD40L) in lymphoproliferative dis-
orders other than T-cell NHLs/leukemias. A se-
ries of 121 lymphoma/leukemia samples, includ-
ing 35 cases ofHD, 34 T-ceU and 39 B-cell NHLs,
2 cases of adult T-ceU leukemia/lymphoma, and
11 cases of T-ceU acute lymphoblastic leukemia,
were evaluatedfor CD40L expression by immu-
nostaining offrozen tissue sections andflow cy-
tometry with the anti-CD40L monoclonal anti-
body M90. CD40L was constitutively expressed
by neoplastic cells in 15 of36 (42%/) T-ceU NHLs/
adult T-cell leukemia/lymphomas, almost invari-
ably those displaying the CD4+/CD8-phenotype,
whereas no CD40L-expressing tumor ceUs could
be found in B-cell NHL and HD. Among T-ceU
acute lymphoblastic leukemias, CD40L was de-
tected only on 2 cases displaying a stem-ceU-like
phenotype. InfoUicular B-cell lymphomas a large
number of CD40L-expressing CD3+/CD4+ T lym-
phocytes were found admixed with tumor ceUs
within the neoplastic foUicles and in their sur-
rounding areas. In the nonfoUicular B-cell lym-
phomas, CD40L-positive CD3+/CD4 + T lympho-
cytes were few or absent. In aU HD subtypes
other than the nodular lymphocytic predomi-
nance, CD40L-expressing CD3+/CD4 + T lympho-

cytes were numerous in the HD-involved areas
and were mainly located in closeproximity to the
Reed-Sternberg ceUs. Our data indicate that in
human lymphomas CD40L is preferentially ex-
pressed by a restricted subset of T-cell lympho-
mas, mostly with CD4 immunophenotype. Fi-
naly, we have provided morphological evidence
that CD40L mayplay an important role in the ceU
contact-dependent interaction of tumor B-ceUs
(CD40) within the neoplastic follicles or Reed-
Steriberg cells (CD40+) in HD-involved areas
and the microenvironmental CD3+/CD4 +/
CD40L + T lymphocytes. (Am J Pathol 1995,
147:912-922)

CD40 is a cellular antigen involved in B cell growth
and differentiation.1 It is a member of the tumor
necrosis factor/nerve growth factor receptor super-
family,23 acting as a receptor for a specific ligand
(CD40L).1 -6 This latter is an activation antigen of T
cells with homology to ligands for other receptors of
the tumor necrosis factor/nerve growth factor super-
family.3 Whereas CD40 is constitutively expressed
on the surface of normal, virally transformed, and
malignant peripheral blood and tonsillar B
cells,1,2,7-9 CD40L is transiently and predominantly
expressed by activated T lymphocytes of CD4 phe-
notype and by a small proportion of CD8+ T
cells.1 4-6,10 CD4+ T cells are capable of specifically
activating normal and neoplastic B cells through cell
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contact-dependent interactions mediated by the
binding of CD40L to the CD40 molecule.11-13 En-
gagement of CD40 by CD40L triggers a number of
biological events in B lymphocytes including prolif-
eration,1 cytokine production,112-14 immunoglobulin
secretion,1' 14 isotype switching,1 4,12 homotypic ad-
hesion,1' 12'13 and inhibition of the programmed cell
death in germinal center B cells.15 Most of these
effects need the co-stimulation of additional cyto-
kines secreted by CD4+ T cells.1'412-14

In tissue sections of lymphoid organs, anti-CD40
monoclonal antibodies (MAbs) show a pan-B reac-
tivity7 and stain interdigitating dendritic cells7 and
tissue or isolated follicular dendritic cells.7'16'17
Moreover, Reed-Sternberg (RS) cells of Hodgkin's
disease (HD)1819 and virtually all B-cell non-
Hodgkin's lymphomas (NHL)/leukemias,8'9'19 but not
T-cell neoplasms, express CD40.19 Conversely, with
the use of a specific MAb against CD40L (T-cell-B-
cell-activating molecule),11 it has been demon-
strated that CD4OL-expressing cells are CD3+/
CD4+ T lymphocytes preferentially located in the
mantle zone and germinal center light zone of sec-
ondary follicles in all peripheral lymphoid tissues.11
CD40L+ cells can also be identified within the inter-
follicular T-cell areas of secondary lymphoid tissues
and the medulla and cortex of normal thymus.11
Furthermore, a number (-30%) of T-cell NHLs with a
relatively mature phenotype (CD4+, CD8-) has been
shown to constitutively express CD40L.20

Although CD40 has been extensively studied on
B- and T-cell NHLs/leukemias, myeloma plasma
cells,21 and more recently on HD,18'19 little is known
about the expression of its specific ligand in tumor
cells of lymphoproliferative disorders other than T-
cell NHLs/leukemias.20 Therefore, we have investi-
gated CD40L expression in a well characterized se-
ries of HD, follicular and diffuse B-cell NHLs in
addition to T-cell NHL samples. Cases of adult T-cell
leukemia/lymphoma and T-lineage acute lympho-
blastic leukemias (T-ALL) were also included in the
study. Expression of CD40L was assessed by stain-
ing with the recently generated anti-CD40L MAb
M90, which recognizes cell surface expressed hu-
man CD40L.4'22
Owing to the accumulating evidence that growth

of malignant lymphoid cells may be regulated by a
complex network of cytokine- and cell contact-de-
pendent interactions with non-neoplastic cells of the
lymphoid microenvironment,23'24 we were also inter-
ested in investigating the expression of CD40L on
reactive T cells in tissues involved by HD and NHL.
Recent data have in fact indicated that CD40 may
play a role in the regulation of RS cell expansion19

and in the contact-dependent interactions of these
cells with CD4+ T lymphocytes,1819 accumulating
as reactive cells in HD tissues.25'26 Similarly, signif-
icant functional and microenvironmental homologies
of neoplastic follicles in follicular lymphomas with the
reactive lymphoid follicles have been described,2728
and growth stimulation of follicular lymphoma cells
after CD40 ligation was also reported.29 It appeared
therefore important to define the pattern of CD40L
expression on T lymphocytes within the neoplastic
nodules of follicular B-cell lymphomas, as compared
with diffuse lymphomas. For these reasons, CD40L
expression on the microenvironmental reactive lym-
phocytes and their nature and relationship to the RS
cells of HD or tumor B cells of follicular and diffuse
lymphomas were also assessed.

Materials and Methods

Tissue Samples
The study included tissue samples of 35 cases of HD
covering all histological subtypes and 73 cases of
NHL including 34 T-cell NHLs and 39 B-cell NHLs.
Nonspecific reactive lymphadenopathies (15 cases)
were also examined. The cases that formed the ba-
sis of the study were retrieved from the files of the
Division of Pathology, Centro di Riferimento Onco-
logico, Aviano, Italy. Tissues were fixed in Bouin
solution or neutral buffered formalin. In all cases a
portion of unfixed tissue was snap-frozen in liquid
nitrogen and stored at -800C. Pathological speci-
mens with B-cell NHL were classified according to
the working formulation for NHL. The diagnosis of
T-cell NHL was based on a correlative morphologi-
cal, immunophenotypic, and when necessary geno-
typic analysis. They were categorized as reported
elsewhere.20 NHL cases were classified as shown in
Table 1. The Rye modification of the Lukes and But-
ler classification was used to classify HD.30

Cryopreserved bone marrow and peripheral blood
cells from 11 cases of T-ALL and 2 cases of acute
T-cell leukemia/lymphoma in leukemic phase were
also included in the study and retrieved from the files
of the Leukemia Unit, Centro di Riferimento Onco-
logico, Aviano, Italy.

Immunohistochemistry
Deparaffinized and cryostat sections were used for
immunophenotyping and lineage assignment of lym-
phoma cases with MAbs (fF1, CD1a, CD3, CD4,
CD5, CD8, CD9, CD10, CD15, CD19, CD20, CD21,
CD22, CD24, CD30, CD38, CD43, CD45, CD45RA,
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Table 1. Expression of CD40 Ligand b
Receptor Protein in Hodgkin'
Hodgkin's Lymphomas/Leuken

Histological diagnosis

NHLs
B-cell type

Small lymphocytic
Follicular predominantly small

cleaved cell
Follicular mixed, small cleaved cell
and large cell

Follicular predominantly large cell
Diffuse small cleaved cell
Diffuse large cell
Immunoblastic
Small noncleaved cell
Monocytoid B cell

T-cell type
Small lymphocytic
Cutaneous T-cell lymphomas

Mycosis fungoides
Non-mycosis fungoides

Lymphoblastic
Peripheral T-cell lymphomas

Adult T-cell leukemia/lymphoma
T-ALL
HD*
Lymphocyte predominancet
Nodular sclerosis
Mixed cellularity
Lymphocyte depletion

*The expression of B-cell-associated markE
found in 11 HD cases (4 lymphocyte predoi
sclerosis, and 1 mixed cellularity), whereas tl
cell-associated markers was found in 2 casew
sclerosis subtype. The RS cells in the rema
were classified as of undetermined (non-B anc
and B, 1 case) phenotype.

tThe lymphocyte predominance subset ir
the nodular variant and 1 case of the diffuse v,

CD45RO, CD68, CD74, CDw75, LN3
DBA44, OPD4, DRC-1, Leu8, anti-k
globulin (Ig) light chains, epithelial r
gen, vimentin, and cytokeratin (MN
and specificities of the antibodies us

2nd CD40 included in the study. Immunohistochemistry was
's and non- performed by the APAAP technique. Negative con-
nias trol experiments were performed by incubating sec-

No. of positive/ tions with irrelevant isotype-matched mouse Ig and
tested cases by omitting the primary antibody. A subclone of

CD40L CD40 Jurkat T cells isolated in our laboratory19 and show-
ing a constitutive expression of CD40L was used as

0/39 39/39 a positive control for CD40L expression (Figure 1).
0/7 7/7 Representative B-cell lymphoma cases and reac-

tive lymph nodes were also studied either by com-
0/4 4/4 paring serial sections immunostained with CD40L,

0/2 2/2 CD40, CD3, CD4, CD8, and CD22 or by two-color
0/6 6/6 immunohistochemical staining (CD40L plus CD22
0/8 8/8 and CD22 plus CD3). Double immunohistochemistry

0/2 3/3 assays were performed on cryostat tissue sections
0/1 1/1 as follows: anti-CD40L or anti-CD22 MAbs were ap-
15/34 0/34 plied at working dilution for 1 hour at room temper-
0/1 0/1 ature and sections were then immunostained by the

9/14 0/14 APAAP method with naphthol AS-MX phosphate
2/5 0/5 along with Fast Red TR salt for the development of
1/8 0/8 alkaline phosphatase. The sections were then incu-3/6 0/6
0/2 0/2 bated overnight with anti-CD22 or anti-CD3 MAbs,
2/11 0/11 respectively, immunostained by the avidin-biotin
0/35 35/35 complex method with diaminobenzidine as substrate0/5 5/5
0/19 19/19 for the development of peroxidase, and counter-
0/10 10/10 stained with hematoxylin. In representative HD
0/1 1/1 cases, double immunohistochemistry analysis show-

ers on RS cells was ing CD4 plus CD15 or CD40L plus CD15 stainings
minance, 6 nodular

wr lopromdhe expression of T- were also performed.
s, all of the nodular A semiquantitative analysis was performed on fro-

ion-T, 21 cases; T zen tissue sections for CD40L-expressing microen-
vironmental lymphocytes in B-cell NHL and HD. In

ariant. each case the mean number of CD40L-expressing
lymphocytes was derived from the number of
CD40L-expressing lymphocytes counted in a total of

3, MB2, DBB42, 10 neoplastic nodules (in follicular NHL) or in a total
and -A immuno- of 20 fields at x40 magnification (in diffuse NHL) or
membrane anti- from the number of CD40L-expressing lymphocytes
IF1 16). Sources directly surrounding each RS cell on a total of 100 RS
,ed in this study cells counted (in HD).

have been reported in detail previously.31-33 Immu-
nohistochemistry was performed with the avidin-bi-
otin-peroxidase complex or alkaline phosphatase
anti-alkaline phosphatase (APAAP) methods as pre-
viously described.3435

Staining with CD40 and CD40L
Anti-CD40 MAb 89 (IgGl; kindly provided by Dr. J.
Banchereau, Centre de Recherche Schering-
Plough, Dardilly, France) and anti-CD40L MAb M90
(IgGl; kindly provided by Richard J. Armitage, Im-
munex Research and Development Corp., Seattle,
WA) were applied to frozen sections from all cases

Flow Cytometry
MAbs used to immunophenotype NHL (see above),
including anti-CD40L MAb M90 along with additional
antibodies recognizing CD6, CD34, CD13, and
CD33 antigens, were employed for direct and indi-
rect immunofluorescence of isolated leukemia cells
in suspension as previously described.33 As a sec-
ond step, reagents fluorescein isothiocyanate-
conjugated (Technogenetics, Milan, Italy) or
phycoerythrin-conjugated (Immunotech, Marseille,
France) F(ab')2 fragments of goat anti-mouse Ig
(heavy plus light chains) were employed as appro-
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Figure 1. Jurkat leukemic T-cell clone showing a constitutive expression ofCD40L. A significant number of cells are strongly stained with anti-CD40L
MAb M90 displaying a prominent dot-like pattern. Original magnification, x 250.
Figure 2. CD40L expression in frozen tissue section of human reactive lymph node with anti-CD40L MAb M90 and the APAAP method. CD40L
positivity is manifested as dot-like or membrane staining on isolated small lymphocytes localized in the mantle zone (mz) and germinal center(gc)
of a seconzdaryfollicle. Oniginal magnification, X250.
Figure 3. Immunohistochemical demonstration ofCD40L expression in a non-mycosis-fungoides cutaneous T-cell lymphoma employing the APAAP
method on a frozenl tissue section. Tumor cells shou' a dot-like and membrane staining pattern with anti-CD40L MAb M90. Original magnification,
x 250.
Figure 4. Immunohistochemical demonstration ofCD40L expression in apenpheral T-cell lymphoma employing theAPAAP method on afrozen tissue
section. Most neoplastic cells show cytoplasmic immunoreactivity with the anti-CD40L MAb M90. Original magnification, x 400.

priate. For two-color immunofluorescence cells were
first incubated with anti-CD40L MAb M90 followed
by phycoerythrin-conjugated anti-mouse Ig and
subsequently with fluorescein isothiocyanate-
conjugated anti-CD4, -CD7, -CD2, -CD3, and -CD5
(Becton Dickinson, Mountain View, CA). Nonspecific
binding of MAbs was assessed by labeling cells with
unconjugated or phycoerythrin-conjugated isotype-
matched control mouse Igs (Becton Dickinson). Vi-
able, antibody-labeled cells were identified accord-

ing to their forward and right angle scattering,
electronically gated, and analyzed for surface fluo-
rescence on a FACScan flow cytometer (Becton
Dickinson).
A minimum of 5000 cells were analyzed for each

sample. Antibody staining was considered positive
when more than 20% of tumor cells exhibited fluo-
rescence intensity greater than that of 96% of cells
stained with isotype-matched negative control anti-
body.
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Table 2. Expression of CD40 Ligand in T-Cell Non-Hodgkin's Lymphomas/Leukemias According to Their
Immunophenotypes

Histological diagnosis Phenotype Total Positive

Small lymphocytic CD4+, CD8+ 1 0
Cutaneous T-cell lymphomas
Mycosis fungoides CD4+, CD8- 14 9
Non-mycosis fungoides CD4+, CD8+ 1 0

CD4-, CD8- 2 1
CD4+, CD8- 2 1

Lymphoblastic CD4+, CD8+ 1 0
CD4-, CD8- 3 1
CD4+, CD8- 4 0

Peripheral T-cell lymphomas CD4+, CD8+ 1 0
CD4+, CD8- 5 3

Adult T-cell leukemia/lymphoma CD4+, CD8- 2 0
T-ALL CD4-, CD8- 5 2

CD4+, CD8+ 4 0
CD4+, CD8- 2 0

Results

Expression of CD40L and CD40 in
Non-Neoplastic Lymph Nodes
In frozen tissue sections from reactive human lymph
nodes, expression of CD40L was restricted to small
lymphocytes. These cells displayed a prominent dot-
like pattern or punctate paranuclear staining,
whereas a small number of positive cells exhibited a

membrane staining pattern with the MAb M90 (Fig-
ure 2). CD40L+ cells were localized in the mantle
zone and germinal center light zone of secondary
follicles, thus paralleling the distribution of CD4+ T
lymphocytes in the follicles as well as the follicular
dendritic cell network stained by the DRC-1 MAb. In
several of the follicles, positive cells accumulated
along the boundaries between the germinal center
and the mantle zone. Usually numerous CD40L-
expressing cells were also immunodetected within
the interfollicular and paracortical areas.

Combined analysis of serial sections and two-
color immunohistochemistry indicated that CD40L
expression was restricted to a fraction (no more than
20%) of CD3+/CD4+ T lymphocytes within second-
ary follicles. The interfollicular and paracortical areas

contained a greater number of CD4OL-expressing
CD3+/CD4+ T lymphocytes (data not shown).
As expected, the anti-CD40 MAb showed a pan-B

reactivity, staining follicular mantle and germinal
center B cells, in addition to interdigitating dendritic
cells. CD40+ follicular dendritic cells tended to lo-
calize in the light zone of the germinal centers and
progressively decreased in number toward the man-

tle zone (data not shown).

Expression of CD40L and CD40 in
NHLs/Leukemias
Immunoreactivity with anti-CD40L MAb M90 and
anti-CD40 MAb 89 in the total series of NHLs and
leukemias is summarized in Table 1.

T-Cell NHLs/Leukemias
The well characterized panel of 34 different T-cell
NHLs included cutaneous T-cell lymphoma (19 cas-
es), T-cell lymphoblastic lymphoma (LBL; 8 cases),
peripheral T-cell lymphoma (6 cases), and small lym-
phocytic T-cell neoplasm (1 case). Immunopheno-
typic analysis revealed different T-cell phenotypes
(CD4+/CD8-, CD4+/CD8+, and CD4-/CD8-) (see
Table 2). Overall, 15 of the 34 T-cell lymphomas
(44%) expressed immunodetectable CD40L,
whereas the CD40 antigen was not evident in any of
the T-cell lymphomas investigated (Table 1). Most of
the CD40L-expressing T-cell lymphomas (13/15)
were CD4+, CD8- neoplasms; they included 9 of 14
cases of CD4+/CD8- mycosis fungoides (64%), 3 of
5 cases of CD4+/CD8- peripheral T-cell lymphoma,
and 1 case of non-mycosis fungoides cutaneous
T-cell lymphoma. The remaining 2 CD40L+ T-cell
lymphomas (1 non-mycosis fungoides cutaneous T-
cell lymphoma and 1 LBL) displayed the CD4-/
CD8- phenotype (Table 2).
The LBL tumor cells were characterized by a

f3F1 +, CD3+, CD5+, CD43+, CD45R0+, MB2+,
CD4-, CD8-, CDla-, CD10-, CD38- phenotype.
Seven of eight LBLs, the T-cell small lymphocytic
lymphoma, and the two acute T-cell leukemia/lym-
phoma cases with CD4+ phenotype, were CD40L-
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LOG RED FLUORESCENCE
Figure 5. Expressiont ofCD40L by hunmani lc-ukenmic Tcells as detected by two-color immunofluiorescence. Cells u'ere inctibated with anti-CD40L MAb
M90 follouwed by phycoerythrin-conjugated anti-mouse immunoglobulins and subsequently with fluorescein isothiocyanate-conjuiglatecd anti-CD7
MAbs. Foutr regionis ase idetntified by setting quadrant markers at the highest levels of nonspecific fluorescence. The x axis represents log-green
fluorescence; the y axis represents log-red fluorescence. Double-positive cells are identified in the upper right region. A: Bone marroun cellsfrom a
patietnt with pre-T-ALL with stem-cell-like phenotype ( TdT, CD7+, CDS, cyCD3+, CD34+, DR+) co-express CD7 and CD40L; B: Peripheral blood
cellsfrom a patient with pre-T-ALL with a stem-cell-like phenotype ( TdT, CD7+, CD5+, cyCD3+, CD34+, DR-) co-express CD7 and CD40L.

(Table 2). In all of the CD40L+ lymphoma cases, a

definite membrane surface and/or cytoplasmic im-
munoreactivity for CD40L was detected in most neo-

plastic cells (Figures 3 and 4). Tumor cells from most
(9/11) of the T-ALL cases analyzed, encompassing
pre-T (TdT+, CD7+, cyCD3+), early T (TdT+, CD7+,
cyCD3+, CD2+), and intermediate (CD1a+, CD4+/
CD8+) or mature (CDla-, CD4+/CD8-) thymic phe-
notypes, did not show surface CD40L (Tables 1 and
2). Conversely, anti-CD40L MAb M90 stained blast
cells from two cases of acute lymphoblastic leuke-
mia of T lineage (Figure 5) classified as T stem cell
leukemia36'37 on immunological grounds (TdT-,
CD7+, CD5-, cyCD3+, CD34+, DR' or TdT-,
CD7+, CD5+, cyCD3+, CD34+, DR-). In both cases

tumor cells lacked CD40, CDl a, CD2, CD4, and CD8
and were negative for myeloid antigens (CD13,
CD33, or cytoplasmic myeloperoxidase) but dis-
played TCR-y or TCR-y and -,B rearrangements (not
shown), ruling out the alternative diagnosis of CD7+
acute myeloid leukemia.

B-Cell NHL
The study included 39 cases of B-cell NHL covering
the most frequent histological subtypes according to
the working formulation. As shown in Table 1, tumor
cells of all B-cell NHLs were immunostained by anti-

CD40 MAbs but did not express immunodetectable
CD40L. Conversely, a variable number of non-
neoplastic lymphoid cells in areas involved by the
lymphomas were CD40L+, as shown by immunohis-
tochemistry (Table 3). Combined serial section and
two-color immunohistochemistry analysis showed
that, in both follicular and diffuse NHLs, CD40L+
lymphoid cells were CD3+/CD4+ T lymphocytes
(data not shown). In follicular lymphomas a large
number of CD40L-expressing T cells were immuno-
detected within the neoplastic follicles and in their
surrounding areas (Figure 6). In particular, the mean
number of T lymphocytes stained by the anti-CD40L
MAb M90 in neoplastic nodules of follicular lym-
phoma cases ranged from 40 to 200 (Table 3). As
shown by a double immunostaining of the neoplastic
follicles with anti-CD22 and M90 MAbs, CD40L-
expressing T lymphocytes were found to be closely
admixed with CD22+ tumor B cells (Figure 6). The
number of CD40L+ lymphoid cells was also in-
creased in the neoplastic follicles of NHL, as com-

pared with the amount of CD40L-expressing cells
usually detected in reactive follicles (data not
shown). In the nonfollicular B-cell lymphomas,
CD40L+ non-neoplastic lymphocytes were few or

absent, ranging from 0 to 6.5 cells in a total of 20
microscopic fields examined in each single case

(Table 3).
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Table 3. Semiquantitative EvaluiationZ of CD40L-Expressing Microenvironmental Lymphocytes in B-Cell Nonz-Hodgkin's
Lymphomas and Hodgkin's Disease

Histological type

NHLs
Follicular
Diffuse

HD
Lymphocyte predominance

(nodular)
Other subtypes

Mean number of
CD40L+ lymphocytes
within each neoplastic

nodule*

40-200

Mean number of
CD40L+ lymphocytes
in diffuse areas, per

fieldt

Mean number of
CD40L+ lymphocytes
surrounding each RS

cellt

0-6.5

0-2

2.5-5

*In each case the mean number of CD4OL-expressing lymphocytes was derived from the number of CD4OL-expressing lymphocytes in
a total of 10 neoplastic nodules.

tin each case the mean number of CD40L-expressing lymphocytes was derived from the number of CD40L-expressing lymphocytes
counted in a total of 20 fields at x40 magnification.

tin each case the mean number of CD4OL-expressing lymphocytes was derived from the number of CD40L-expressing lymphocytes
directly surrounding each RS cell on a total of 100 RS cells evaluated.

Expression of CD40L and CD40 in
Hodgkin's Disease

Immunoreactivity of anti-CD40L MAb M90 and anti-
CD40 MAb 89 in the total series of 35 HD cases,

grouped according to the histological subtypes is
shown in Table 1. RS cells did not express CD40L,
although they strongly stained with the anti-CD40
MAb 89 in all cases of HD examined, as expected. In
all of the HD subtypes other than the lymphocytic
predominance subtype (nodular variant), CD40L-
expressing lymphoid cells were numerous in the HD-
involved areas and were mainly located in close
proximity to the RS cells (Figure 7). Two-color immu-
nohistochemistry analysis showed that only CD4+ T

Figure 6. Dou(ble immunostaining employing the avidin-biotimn coni-

plex antd APAAP methods on a frozeni tissue section of a follicular
B-cell ymuphomna. Withini a nieoplasticfollicle, CD22- B-cell Ivm77phomla
cells are stainied browun and CD40L+ T lymnphocytes are stained red.
Or4inzal magn)ification. X 250.

lymphocytes expressed CD40L (data not shown). As
summarized in Table 3, a mean of 2.5 to 5 CD40L+
T cells surrounded a single RS cell in the non-
lymphocyte-predominance HD cases. Only scat-
tered CD40L+ lymphoid cells were conversely found
within the nodules of the lymphocytic predominance
subtype cases (Table 3).

Discussion

We have recently characterized by immunohisto-
chemistry and flow cytometry the expression pattern
of CD40 in human lymphomas, thus demonstrating
that anti-CD40 MAbs stained consistently RS cells of
HDe18.9 and neoplastic B cells but not tumor T cells
from NHL.19 Furthermore, by assessing the differen-
tial expression of CD40L in HD- and NHL-derived
human cell lines we showed that only a few tumor
cell lines of T-cell phenotype (HDLM2 and Karpas
299) may display CD40L mRNA by reverse tran-
scription polymerase chain reaction.19

In the present report, we expand our character-
ization by investigating the expression and tissue
distribution of CD40L in a large series of HD and B-
or T-cell lymphoma/leukemia samples. In addition,
we have extended our preliminary observations of
CD40L expression by T lymphocytes surrounding RS
cells.18

Anti-CD40 MAb 89 on frozen sections stained RS
cells in all HD cases as well as tumor cells of all
B-cell NHLs but was unreactive in all of the T-cell
lymphomas (34 cases) tested. These results further
corroborate the findings of our previous studies,1519
in which a large panel of HD and B-cell NHLs but a
smaller number of T-cell lymphomas were evaluated
for CD40 expression by immunostaining of paraffin-
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Figure 7. Double immunostaining employing the avidin-biotin complex and APAAP methods on a frozen tissue section from a nodular sclerosing
HD. CD15- RS cells are stained brown and CD40L+ surrounding lymphocytes are stained red. Original magnification, X 250.

embedded and frozen sections. On the other hand,
we have shown here that CD40L, as immunode-
tected by the M90 MAb,4'22 is constitutively ex-

pressed by neoplastic T cells, almost invariably dis-
playing a CD4+/CD8- phenotype. In addition, by
analyzing cases of T-ALL we have shown that a

restricted subset of such leukemias, previously iden-
tified as T stem cell leukemia36 37 and characterized
by a stem-cell-like phenotype (TCR-,B+ and/or --y+,
CD34+, CD7+, cyCD3+, CD1-, CD4-, CD8-) and
by peculiar biological and clinical features,3637 may
express CD40L. Our data indicate therefore that, in
addition to mature T cell neoplasms, specific sub-
sets of leukemic cells of pre-T (LBL) or earlier T-cell
phenotype may also display surface CD40L. Al-
though CD40 surface expression has been detected
on a subset of CD34+ hemopoietic progenitors,38 no

data are so far available for the expression of CD40L
by early lymphohemopoietic cells. Whether CD40L
detected by us on these subsets of very immature T
cell neoplasms mirrors the transformation of a nor-

mally existing progenitor or is a result of abnormal
events triggered by the neoplastic change remains
to be established.

In contrast with previous studies,20 we have also
investigated the expression of CD40L in frozen sec-

tions of HD and B-cell NHL, showing that no CD40L-
expressing tumor cells could be found in either of
these groups of neoplasms. Thus, we can conclude
that in human lymphomas CD40L detected by immu-
nohistochemistry and flow cytometry with the anti-
CD40L MAb M90 is preferentially expressed by a
restricted subset of mature T-cell neoplasms, most of
them with a CD4+ phenotype, and by rare T-cell
leukemias of early stem cell phenotype. Taken to-
gether, our study largely confirms previous results
obtained on a large series of T-cell NHLs with the
anti-CD40L MAb 5C8.20
On the basis of our results it appears overall that

neoplastic B cells (CD40+/CD40L-) and T cells
(CD40-/CD40L+) mirror their putative normal cell
counterparts as to the expression patterns of both
CD401' 7-9 and CD40L.1' 45 A significant functional
difference, however, is that whereas CD40L expres-
sion in normal T lymphocytes is a transient and
highly regulated process,4539 some tumor T cells
may display a constitutive expression of the mole-
cule. This finding may be particularly important in
understanding lymphoid tumor growth. Although it
has been shown that the CD40/CD40L co-stimulation
pathway may allow for selective expansion of CD4+
T cells after interactions with CD40-bearing antigen-
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presenting cells40 and that recombinant CD40L in-
duces normal T cell proliferation,22 the relevance of
CD40L expression for cellular growth of T-cell lym-
phomas/leukemias still deserves additional in-
sights.20 Whether the constitutive expression of
CD40L in some tumor T cells reflects an autocrine
loop or provides a selective growth advantage by
favoring cell contact-dependent interaction of tumor
cells with surrounding CD40+ cells and a co-
stimulatory function remains to be elucidated. Many
cellular types in the lymphoid microenvironment, in-
cluding B cells,8 monocytes,41 and dendritic
cells,1617 do express CD40 and are able to provide
cytokines and other regulatory signals that influence
tumor T cell growth.23

The functional significance of the expression of
CD40L on reactive T lymphocytes of B-cell NHL also
deserves speculation. Some of the CD40/CD40L-
mediated interactions described for the normal B-
cell/T-cell cross-talk'1213 may in fact be operating
also in lymphomas. Previous studies have also indi-
cated that the interaction of lymphoma B cells from
human follicular NHL and T helper cell clones was
similar to that seen with normal B cells and T cells
and that these neoplastic B cells may respond to
normal activation and differentiation signals.28 In ad-
dition to a cell contact-dependent mechanism, acti-
vated CD4+ T cells may influence lymphoma growth
by providing a number of cytokines involved in B cell
proliferation such as interleukin (IL)-3, IL-4, IL-6, IL-9,
and low or high molecular weight B cell growth fac-
tor.23'24 Accordingly, the in vivo engagement of
CD40 on neoplastic B cells by CD40L on activated
CD4+ T cells may have an important role in lym-
phoma cell proliferation. On the basis of our morpho-
logical findings, such a mechanism, however, ap-
pears restricted to follicular lymphomas. In this
group of neoplasms a large number of CD40L-
expressing CD4+ T lymphocytes were found to be
admixed with tumor B cells whithin the neoplastic
follicles, whereas in tumor tissues of nonfollicular
B-cell lymphomas, CD40L+ T cells were few or ab-
sent. Our data on the distribution of CD40L+ T cells
further support a close functional similarity between
the follicular lymphomas of supposed germinal cen-
ter B cell origin and their normal counterpart. This
similarity is also strengthened by the notion that
these tumors tend to maintain an association with the
accessory cells within the B cell areas (ie, the DRC-
1 +/CD40+ DRCs).12 The combination of the func-
tional data with our morphological findings suggests
that the reactive CD4+/CD40L+ T cells in follicular
lymphomas may play a role in regulating tumor
growth in vivo. Whether the absence of CD4+/

CD40L+ T cells in diffuse lymphomas indicate that
tumor cells may have escaped this regulatory mech-
anism remains to be elucidated.

Owing to the present demonstration that also RS
cells of HD express CD40 but lack CD40L, our over-
all results indicate that the expression of CD40 and
its ligand is mutually exclusive in human lymphomas.
Thus, an autocrine loop involving CD40 and CD40L
appears unlikely in these disorders.

For the HD cell growth, previous data have sug-
gested that the CD40/CD40L interaction plays a crit-
ical role in the interaction of T cells and RS cells in
HD-involved tissue areas.18'26 Furthermore, we have
shown that in vitro rosetting of activated CD4+ T cells
to cultured human RS cells (L-428) is mediated in
part by the CD40/CD40L adhesion pathway.19 The
data presented here show that a strong constitutive
expression of CD40L can be found on reactive CD4+
cells that surround RS cells in vivo, suggesting that in
HD tissues CD40L+/CD4+ T lymphocytes might in-
teract with tumor cells via CD40. Such interaction
might result in the transmission of growth signals to
RS cells. In this regard we have previously shown
that recombinant CD40L promotes colony growth of
HD cell lines.19
The almost exclusive presence of CD40L+ lym-

phocytes surrounding RS cells in the HD subtypes
other than lymphocytic predominance (nodular vari-
ant) may provide additional support for the separa-
tion of the lymphocytic predominance (nodular vari-
ant) subtype. The functional significance of the
differential distribution of the CD40L+ T lymphocytes
among the subtypes of HD remains to be clarified.

In conclusion, we have provided morphological
evidence that the CD40/CD40L pathway may play an
important role in cell contact-dependent interaction
of tumor B cells (CD40+) within the neoplastic nod-
ules of follicular lymphomas or RS cells (CD40+) in
HD-involved areas and the microenvironmental
CD40L-expressing CD3+/CD4+ T lymphocytes.
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