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Primary thymic B-cell lymphoma is clinically char-
acterized by aleukemic, highly aggressive local
growth, infrequent distant metastasis, and infre-
quent secondary lymph node involvement VLA-I to
VLA-6 are cell surface molecules binding to matrix
molecules such as collagen; fibronectin, epiligrin,
and laminin. VLA-4 additionally binds to VCAM-I
and ICAM-2, thus mediating intercellular adhesion.
Other molecules involved in cell/cell adhesion are
LFA-I (CDlia/CDJ8), Mac-i(CDiib/CDJ8) and their
ligand ICAM-I (CD54), p150,95 (CDIIc/CDJ8),
LFA-3 (CD58), CD44, and LECAM-1. Twenty-three tu-
mors, together with normal lymphoid tissue, were
immunohistochemically examined to investigate the
expression pattern of these molecules in thymic
B-cell lymphomas and in their putative normal
counterparts, namely thymic medullary B cells. Thy-
mic B-cell lymphomas consistently lacked VLA-I, -2, -
3,-5,-6, and CDiib, expressed ICAM-I in 21 of 23
cases but were heterogenousfor VLA-4, LFA-I, CDIIc,
LFA-3, CD44, and LECAM- 1. Presence ofLFA- I corre-
lated with LFA-3 expression (P = 0.029). The recep-
tor profile of thymic B-cell lymphoma was reminis-
cent of the expressional status of normal thymic
medullary B cells in some aspects but deviated in
others: Assuming that, in terms of differentiation,
thymic B-cell lymphoma is related to the asteroid
variant of thymic medullary B cells, a propensity to
down-regulate/lose VLA-4, CD1ia, CD44, and
LEC4M-I would have to be supposed in conjunction
with a tendency to overexpress ICAM-1 and LFA-3.
Sclerosis as an inconsistent phenomenon in thymic
B-cell lymphoma was absent in 8 of23 tumors. Pres-
ence ofsclerosis correlated with LECAM-1 expression
of the tumor cells (P = 0. 038). Recent studies suggest
that a locally growing/aleukemic phenotype of a
B-cell neoplasia might be determined by the pheno-
type VLAs-, LFA-I +, ICAM-I +, CD44 -, and LECAM-
I -. Our data corroborate this view. (Am J Pathol
1992, 141:729-741)

There is ample evidence to date that primary mediastinal
B-cell lymphoma is a neoplasia with clinical, histologic,
and immunologic features that, taken together, are rather
unique.

Mediastinal B-cell lymphoma occurs in all age
groups, but predominately in young women.1-6 The typ-
ical localization is the anterior mediastinum, and a thymic
involvement could be repeatedly demonstrated. There-
fore, mediastinal B-cell lymphoma is regarded as a pri-
mary thymic tumor.1', As a normal counterpart of this
neoplasm, a recently described population of thymic
medullary B cells has been proposed.91-1

Immunologically, thymic B-cell lymphoma is a tumor
with immunoglobulin genes regularly rearranged71213
but with severe defects in expression of immunoglobulin
constituents and HLA class and 11 molecules.3451417
Thymic B-cell lymphoma is immunohistochemically de-
fined as CD5-, CD10-, CD19+, CD20+, CD21-,
CD22+, CD30-, CD37+, CD40+.13151619

Histologically, thymic B-cell lymphoma varies in cell
size from medium to large, and Reed-Steinberg-like gi-
ant cells may be present in various amounts. As a pecu-
liar feature, tumor cells regularly and rather abundantly
display leptochrome cytoplasm,20 which was typical
enough for us to initially apply the term mediastinal clear
cell lymphoma (of B-cell type) to this tumor.3 In our ex-
perience, an inconsistent sclerosing reaction of the
stroma may be present, which infrequently leads to par-
tial scarry degeneration of the involved tissue. Sclerosis is
regarded as typical of this tumor type by others,246 how-
ever, and it was indeed one of the features of thymic
B-cell lymphoma that was recognized first.21'22

In terms of tumor biology, it is a high-grade malignant
lymphoma that, when misdiagnosed or unless treated
with aggressive combined modality therapy, has a poor
prognosis. 26 Thymic B-cell lymphoma is character-
ized by aggressive local growth often involving the lungs
and, eventually, "metastasizes" to other organs such as
liver and kidney. Secondary locoregional lymph node in-
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volvement is uncommon, however, and generalized Iym-
phomatous spread with bone marrow involvement or leu-
kemia has not yet been reported.

Local versus disseminated growth or a leukemic phe-
notype of a malignant B-cell proliferation has recently
been attributed to the presence versus the absence of
surface molecules mediating adhesion or "homing,"
such as lymphocyte-endothelial cell adhesion mole-
cule-1 (LECAM-1; syn. Leu-8 antigen), leukocyte func-
tion-associated antigen-1 (LFA-1; syn. CD11a/CD18),
Hermes type cell adhesion molcules (CD44; syn. Her-
mes-3 homing receptor), and intercellular adhesion mol-
ecule-1 (ICAM-1). Inghirami et a127 showed that
B-chronic lymphocytic leukemia and small cell lympho-
cytic B-cell lymphomas differed in LFA-1 expression, and
they hypothesized that absence of LFA-1 might be indic-
ative of a leukemic phenotype. CD44 expression tended
to be higher in diffuse, large B-cell lymphomas showing
generalized lymph node involvement than in cases with
more localized and contiguous growth.281' B-cell lym-
phomas presenting as large, solitary tumor masses were

found to be more frequently ICAM-1 positive than those
displaying diffuse, wide-spread lymph node involvement
and leukemia.3c" In low-grade malignant B-cell lympho-
mas, absence of ICAM-1 was statistically correlated with
a leukemic spread.31 Primary gastrointestinal B-cell yi-

phomas were found to be largely devoid of CD44 and
LECAM-1.32 Using the immunodeficient SCID mouse

system, Walter et a133 could show that Burkitt's lymphoma
cell lines caused local tumor while autologous Epstein-
Barr virus (EBV)-transformed lymphoblastoid cell
lines (LCL) showed both local tumor formation and dis-

semination, thereby regularly involving the thymus. Im-
munophenotypically, these cell lines differed in their ca-

pacity to express CD1 la, CD1 1c, CD44, and ICAM-1,
which, as previously reported,34-7 were detectable at
higher levels in LCLs.33

These observations prompted us to investigate thy-
mic B-cell lymphoma with a comprehensive panel of
monoclonal antibodies against different classes of adhe-
sion molecules (Table 1).

Material and Methods

Tumor Tissue and Lymphoma Typing

Fresh frozen tumor tissues from 23 patients with thymic
B-cell lymphoma were collected during the last 5.5 years.

The definite diagnose of thymic B-cell lymphoma was

established on the basis of histologic criteria3 and immu-
nohistochemical data concerning CD19, CD20, CD22,
immunoglobulin, HLA-A,- B,- C, and -DR expression.9'16
In addition, all available data on tumor localization,
spread, and the definite clinical Ann Arbor stage at the
time of diagnosis were taken into account. In six cases,

tumor tissue was sent to us as diagnostic lung biopsy
(Table 3), but was finally regarded as thymic B-cell lym-
phoma infiltrating the lung. Normal neonate and infantile
thymi (seven specimens) were obtained in the course of
thoracic surgery for unrelated reasons; other normal (re-
active) tissues were derived from traumatic spleens (two
specimens), hyperplastic tonsils (five specimens), and

Table 1. Adhesion Receptors Detected and Antibodies Used in This Study

Antigen MW (kDa) Receptor for/function CD No. Clone Isotype

Very late antigens
VLA-a' 210 Collagen/laminin TS2/7 IgGi
VLA-o2 170 Collagen/(laminin) CDw49b CLB-thromb/4 IgGi
VLA-a3 130/25 Collagen/fibronectin/laminin/ J143 ?

epiligrin
VLA-a4 150 FibronectinNCAM-1/ICAM-2 CDw49d HP2/1 IgGl
VLA-a5 135/25 Fibronectin SAM1 IgG2a
VLA-a6 120/30 Laminin CDw49f GOH3 IgG2a
VLAO1 130 Common a-chain of VLA-1-6 CD29 K20 IgG2a

Leu-CAM family
LFA-i (a) 180 ICAM-1/ICAM-2 CD11a 25.3.1 IgGl
Mac-1 165 C3bi/zymosan/fibronogen/ CD1 1b BEAR1 IgGl

fact.X/(ICAM-1 ?)
p150,95 150 C3bi/fibrinogen CD1 1 c S-HCL3 IgG2b
LFA-1 (,B) 95 Common p-chain of CD11a,b,c CD18 MHM23 IgGl

Immunoglobulin superfamily
ICAM-1 90 LFA-1 CD54 MEM-1 12 IgGl
LFA-3 60-65 CD2 CD58 BRIC5 IgG2a

Hermes type homing receptor
CD44 80-95 Hyaluronate/venular high CD44 A3D8 IgGl

endothelium
Selectin
LECAM-1 70-80 Human MECA-79 antigen (PNAd) anti-Leu8 IgG2a
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lymph nodes featuring chronic, nonspecific (including
toxoplasmic) lymphadenitis (11 specimens).

Tissue Processing

From quick-frozen tissues, serial frozen sections of about
1.5 cm2 in site and 4 to 6 ,u in thickness were air-dried
overnight, fixed in acetone for 10 minutes at room tem-
perature, and immunostained immediately or stored at
- 20°C for 1 to 3 weeks.

Reagents

The monoclonal primary antibodies used in this study are
listed in Table 1. They were gifts from colleagues (see
Acknowledgement) or were supplied by Dianova, Ham-
burg, Germany and Becton Dickinson, Mountain View,
California. A polyclonal biotinylated sheep antibody to
mouse Ig (reactive with all mouse isotypes), a polyclonal
biotinylated sheep antibody to rat Ig for detection of rat-
derived GOH3, and a streptavidin-biotinylated peroxi-
dase complex, all obtained from Amersham, High Wy-
combe, UK, served as a detection system for the primary
antibodies.

Staining Procedure

The method is described in detail elsewhere.38 Monoclo-
nal antibodies in culture supernatants were used undi-
luted; ascites preparations were used as 1:2000 dilu-
tions; purified reagents were used in a protein concen-
tration of about 10 ,ug/ml. 3-Amino-9-ethylcarbazole was
used as the substrate for the enzyme; the peroxidase
reaction resulted in an intense red precipitate. The sec-
tions were faintly counterstained with Harris' hematoxylin.

Controls and Evaluation of
Antigenic Densities

Negative controls were performed in each case without
the primary antibody and, in a limited number of cases,
by employing several irrelevant monoclonal antibodies of
different mouse 1g isotypes directed against nonhuman
antigens. No staining was observed, except for the reac-
tion of granulocytes whose endogenous peroxidase was
not destroyed.

Strongly stained stromal cells or endothelial cells or T
lymphocytes and histiocytes, always present in combi-
nations characteristic of the respective antigen under
study, served as intrinsic positive controls. They also

were taken as internal parameter for the maximal reactiv-
ity, which was regarded as "high antigenic density" and
symbolized "+ + + ." A definitely weaker staining inten-
sity of the (neoplastic) B-cell population was character-
ized as "intermediate antigenic density" and symbolized
" + + ." A very weak but clearly discernible staining was
regarded as "low antigenic density" and symbolized
"+." The absence of antigen was symbolized ."
Whenever the staining intensity within a (neoplastic)
B-cell compartment was heterogenous, a simple semi-
quantitative statement was made. For comparative visu-
alization of the entire B-cell population, a CD20 immuno-
staining was used.

Statistical Analysis

Fisher's exact test was applied for analysis of contin-
gency tables.

Results

The results are summarized in Tables 2 and 3.
Serial immunostained sections of normal thymi

showed that the population of medullary B cells (as
shown by CD20[L26] [Figure 1 a]) was devoid of VLA-o&,
-2, -a3, -o5, and -a6, while expressing VLA-o4 in high
antigenic density (Figure 1 b); the common VLA-r1 chain
was also detectable; however, the cells stained definitely
weaker. Both cytomorphologic variants of thymic medul-
lary B cells, i.e., the lymphoid and the asteroid vari-
ant,10'11 further expressed CD44 and ICAM-1 in moder-
ate (Figure 1d) and CD11a/CD18 in high amounts.
CD11 b and LFA-3 were undetectable within this popula-
tion, and CD1 1 c expression was restricted to the asteroid
B-cell variant, which expressed CD1 1 c at intermediate
levels (Figure 1 c). As compared with the cytologically
and microtopographically defined forms of B-cell differ-
entiation outside the thymus, thymic medullary B cells
immunophenotypically resembled B cells within the ex-
trafollicular compartments of the peripheral lymphoid tis-
sues (i.e., marginal zone of spleen, intraepithelial B cells
of tonsil, and sinusoidal B cells of lymph node), differing
only in their mode of VLA-5 and ICAM-1 expression. They
had far less in common with mantle zone B cells, follicular
center B blasts, or plasma cells (Table 2).

Presence and extent of sclerosing reaction within thy-
mic B-cell lymphoma varied considerably; the immuno-
stained tumor specimens (mean diameter, about 1.5 cm)
were used for a simple grading of sclerosis (Table 3).
Eight of 23 cases did not evidence any signs of sclerosis;
nine cases contained some fibrous bands that, by their
arrangement, elucidated the alveolar growth pattern
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Figurel. Normalinfantile thymus. Serialfrozen sections stained with different monoclonal antibodies using an indirect immunoperoxidase
technique and aminoethylcarbazole as the chromogen (dark grey to black) and afaint hematoxylin nuclear counterstain [same technique
usedforallfiguresl a: CD20OL26) reveals the entire medulklry B-cellpopulation surrounding a Hassall's corpuscle [HI b: Medullary B-cells and
medullay and cortical thymocytes strongly express VLA-a1. C: While the lymphocytic variant of medullary B-cells is CDllc-, the asteroid
B-cell variant (Hofmann et al, 0) express CD11c at intermediate levels (arrows, the strongly stained cells are medullary histiocytes); d: Strong
expression ofICAM-1 in medullary B-cells and in a subset of thymic cortical and medullary epithelium (a-d: x 128).

(e.g., case 2, Figure 2c, and case 6, Figure 3e), and
the remaining six tumors showed broad collagenous
bands and foci of necrosis.

The adhesion receptor profiles of the 23 thymic B-cell
lymphomas studied were homogenous in some aspects,
but heterogenous in others (Table 3). Corresponding to
the phenotype of medullary B cells, thymic B-cell lym-
phoma was negative for VLA-a& (Figure 2a), -a, -a' (Fig-
ure 2b), -a5, and -a6; in one single tumor (case 6), a

subset of the neoplastic population expressed very low
amounts of VLA-a&. VLA-a4 expression was markedly
heterogenous: Only one tumor (case 23) expressed VLA-
at4 in an antigenic density comparable to that of normal
medullary B cells; case 4 was VLA-a4 positive through-
out, albeit at a reduced antigenic level, and case 12 was
only very faintly VLA-o4-positive; five further cases were

made up of an admixture of VLA-ao4-positive and VLA-a4-
negative tumor cells (e.g., case 2; Figure 2c).

VLA-,1 was expressed in a pattern essentially corre-

sponding to that of VLA-a4, but at distinctly lower levels.

Cases 21 and 23, although clearly VLA-a4 positive (al-
though only in parts of case 21), did not express any
detectable VLA-11, and, vice versa, case 10 was weakly
VLA-31 positive in the absence of any VLA-a chains.

CD1 la was expressed in high amounts in two cases
(Figure 3a) and twice in intermediate amounts. Most thy-
mic B-cell lymphomas of our series, however, lacked this
molecule completely or were only very weakly CID1 a
positive, thus deviating from normal thymic medullary B
cells. All thymic B-cell lymphomas were CD11 b negative
(Figure 3b). By contrast, thymic B-cell lymphomas dif-
fered considerably in their ability to express CD1 1 c: five
tumors showed an overall overexpression (Figure 3c),
and two others were entirely CD1 1 c positive at a level
comparable to that of the asteroid variant of thymic med-
ullary B cells; 10 cases were clearly CD1 1 c negative
throughout (Figure 3d), and two tumors were composed
of weakly CD1 1 c-positive and CD1 1 c-negative cells. The
common p-chain of Leu-CAM, i.e., CD18, was detect-
able in heterogenous antigenic densities generally corre-
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Figure 2. VLA expression in thymic B-cell lymphoma. a: Case no. 3 is completely devoid of VLA-a'; strongly VLA-a'-positive endothelial cells
serve aspositive intrinsic controls (x64). b: Case no. 15 lacks any detectable VLA-a3; thymic remnants are highlighted as a VLA-a3 + cellular
network (x64). c: Case no. 2 is composed ofan admixture of VIA-a4- and VLA-a4+ + tumor cells; the low degree ofsclerosis in this case is
visible as a filigran meshwork of unstained fibrillar structures (x 128). d: Case no. 1; the neoplastic population is VLA-ot- while vascular
endothelium, stromal cells and the reactive mononuclear infiltrate express this molecular in high to moderate amounts (x 128).

sponding to those of all Leu-CAM oa-chains expressed by
an individual tumor; however, case 18 showed no CD18
expression whereas CD1 1c was detectable in interme-
diate and CD1 la in low antigenic density. In cases No. 2
and 10, CD18 was detectable in lower antigenic density
than CD1 1 c. This indicates single chain expression or
relative overexpression of the a-chain in a minority of tu-
mors. By contrast, a relative overexpression of the
a-chain was observed in cases 3 and 15.

Except for three cases (cases 5, 13, and 20), thymic
B-cell lymphomas were entirely ICAM-1 positive. Com-
pared with the intermediate level of ICAM-1 expression in
normal thymic medullary B cells, there was an overex-
pression of this molecule in nine of our tumors (Figure 3e).
LFA-3 was expressed either very strongly (11 cases) or
was lacking entirely (12 cases). There was a statistically
significant correlation between LFA-3 expression and
presence of LFA-1 (P = 0.029). CD44 subdivided thymic
B-cell lymphoma into a positive and a negative subgroup
of about equal size, and three tumors were composed of
CD44-positive and CD44-negative cells (Figure 3g). Pat-

terns of LECAM-1 expression were likewise heteroge-
nous in thymic B-cell lymphoma; only two tumors corre-
sponded to reactive medullary B cells by their high anti-
genic density (Figure 3f). Although incongruous at the
individual level (e.g., case 23), presence of LECAM-1 on
tumor cells was statistically correlated with presence of
sclerosis (P = 0.038).

Discussion

We have shown that thymic B-cell lymphoma has an ad-
hesion receptor status that can be summarized as VLA-
a1- a2-W a3-,-a5-, -a6-, CD1 b-, ICAM-1 +, and
which is heterogenous for VLA-a4, CD11 a, CD1 1 c, LFA-
3, CD44, and LECAM-1. Thus, the receptor profile of thy-
mic B-cell lymphomas is similar to the expressional status
of normal thymic medullary B cells, especially concern-
ing ICAM-1, VLA-o&, -a, -a3, -a5, and _a6, which are
absent in medullary B cells but expressed on (subsets of)
mantle zone B cells. Nevertheless, similarity has its limits:
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Figure 3. Expression of Leu-CAMs, CD44, and LECAM-1 in thymic B-cell lymphoma. a: Case No. 9 shows strong expression of CDJJa on
tumor cells with minimal sclerosis. b: Case no. 15: The malignant B-cells are CD1 lb - whereas stromal cells and a subset of the reactive
mononuclear infiltrate is CD1lb+; sclerosis is minimal. C: All tumor cells ofCase no. 6 strongly express CD11c. d: By contrast, Case no. 7,
is a CDllc- tumor containing CDllc+ dendritic interstitial cells; e: Like the majority of thymic B-cell lymphomas, Case no. 6 strongly
expresses ICAM-1; there is a low degree ofsclerosis visible as unstainedfibrillar structures. f: Case no. 2: LECAM-1 is detectable in high antigenic
density within the neoplastic population; low degree ofsclerosis. g: Case no. 6 shows heterogenous expression ofCD44 within the tumor cell
population: some of the neoplastic cells show an intermediate level of expression, while the majority is CD44-; high levels of CD44 are
confined to dendritic interstitial cells (a-g: x 128).

Assuming that, in terms of tumor differentiation, thymic
B-cell lymphoma is related to the asteroid variant of thy-
mic medullary B cells, a propensity to down-regulate/lose
VLA-a4, CD1 1 a, CD44, and LECAM-1 would have to be

supposed in conjunction with a tendency to overexpress
LFA-3 and ICAM-1.

Currently, there are no published data on expression
of VLA proteins in B-cell lymphomas. We observed VLA-
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3, -4, and -5 in acute B lymphoblastic leukemia (B-ALL),
VLA-2,-3,-4 and -5 expression in chronic B-lymphocytic
leukemia (B-CLL), and VLA-4 and -5 expression in hairy
cell leukemia (HCL). By contrast, primarily aleukemic
B-cell lymphoma types, with very few exceptions,
showed VLA expression restricted to VLA-4, which was

regularly detectable in plasmacytomas and was incon-
sistently present in follicular center cell Iymphomas.39 Ac-
cordingly, VLA-4 is the only member of the VLA- (syn.
,1-integrin) family that is to some extent expressed in
thymic B-cell lymphoma. VLA-4 on B cells was shown to
bind to the IICS region of fibronectin40; VLA-4 is also in-
volved in cell-cell interaction because it has been shown
to bind the vascular cell adhesion molecule VCAM-i 41,42
and the intercellular adhesion molecule ICAM-243 and to
co-mediate B-T and B-B lymphocyte aggregation.42 Our
data confirm Hemler's observation44 of the relative abun-
dance of VLA-ax4 as compared with the level of VLA-1l-
expression, which seems to be typical of lymphoid cells
in general. It is not clear whether these abundant VLA-
x4-chains mate with another type of f-chain or are ex-

pressed as monomers.

CD1 la represents the a-chain of LFA-1. On B cells,
LFA-1 is involved in homotypic adhesion, activation, pro-

liferation, differentiation, and, by its capacity to bind to
high endothelial venules, in lymphocyte homing.45
Known ligands for LFA-1-mediated adhesion are

ICAM-1 and ICAM-2.4647 In B-cell ontogeny, LFA-1 is
first detectable at the surface IgM + B-cell stage,45 and,
correspondingly, is lacking on B-ALL.48 Clayberger et
a149 showed that LFA-1 is absent in most common and
B-ALLs and in Burkitt's lymphomas, but is expressed in
most nodal B-cell lymphomas of low and intermediate
grade of malignancy. Inghirami et a127 found LFA-1 to be
a marker that differentiates between B-CLL (LFA-1 -) and
small cell lymphocytic lymphoma (LFA-1 +). Caligaris-
Cappio et a150 showed that, in contrast to LFA-1-
negativity of B-CLL and HCL, lymphomas originating in
the germinal center, and thus corresponding to a sessile
stage in B-cell development, are LFA-1 +. Here we show
that most thymic B-cell lymphomas are devoid of LFA-1.
Although it is conceivable that LFA-1 to some extent de-
termines the pattern of growth and spread in B-cell neo-

plasia (see below), Medeiros et aI51 and Horst et a129
failed to find a significant correlation between mode of
LFA-1 expression and clinical course in diffuse large cell
lymphoma.

The CD1 1c molecule is also known as p150,95, Leu-
M5, or S-HCL3.45 Like CD11 b, CD11 c-in conjunction
with CD1 8-is able to bind C3bi45 and fibrinogen.52 Be-
cause it was found to interact with a counter-receptor on

stimulated epithelium, it is also regarded as an adhesion
molecule.53 Schwarting et al54 were the first to describe
the now established expression of CD1 1 c in HCL. CD1 1 c

was further detected in a minority of B-CLLs55 and im-
munocytomas (lymphoplasmacytoid lymphoma).56
Mielke and Mdller38 demonstrated CD1 1 c expression in
cases of primary gastrointestinal B-cell lymphoma that
had an immunoprofile corresponding to extrafollicular B
cells. In their first description of this antigen, Schwarting et
a154 stated that medullary B cells of the thymus are
CDllc- (which is in contrast to our detection of a
CD1 1 c + subpopulation). This may be accounted for the
fact that the asteroid B-cell variant9'10 had not yet been
described. Corresponding to the differential CDi 1 c ex-
pression in thymic medullary B cells, this antigen was
heterogeneously expressed in our series of thymic B-cell
lymphomas (as previously published for a smaller series
of cases by Moller et al.18). Investigating the CD1 ic ex-
pression in thymic B-cell lymphoma, Brandter et al13
found two of two cases to be CD1 1 c +, and Al-Sharabati
et a119 showed eight of eight cases to be CD1 1c-.

ICAM-1 (CD54) is a 90-kDa integral membrane gly-
coprotein with five immunoglobulinlike domains.57 The
generally low expression of B cells can be enhanced by
lectin stimulation, and it therefore has been classified as
activation antigen.44 ICAM-1 is a ligand of LFA-145 and
probably also of CD1 1 b/CD1 8,58 thus mediating adhe-
sion. With very few exceptions, thymic B-cell lymphomas
express ICAM-1 in abnormally high levels. Against the
background of the typical presentation of thymic B-cell
lymphoma as a locally growing tumor, this finding neatly
corresponds to observations of Boyd et al,?0 who dem-
onstrated higher amounts of ICAM-1 in lymphomas that
appeared as large solitary tumor masses compared with
those displaying widespread lymph node involvement.
Stauder et a131 reported a correlation between lack of
ICAM-1 and a leukemic phenotype in cases of low-grade
malignant B-cell lymphomas. In diffuse large cell lym-
phoma, presence versus absence of ICAM-1 was not
correlated with mode of spread or clinical course.-9

LFA-3 was detectable in about half of the cases of
thymic B-cell lymphomas studied. LFA-3 expression sta-
tistically correlated with expression of LFA-1. Co-
expression of these two receptors was observed in Bur-
kitt's lymphoma lines. The existence of a co-modulating
mechanism was suggested because both LFA-1 and
LFA-3 can be induced by interleukin-4.59 This mecha-
nism might be operative also in thymic B-cell lymphoma.

Recent work on molecular cloning and immunochem-
istry of CD44 shows that this antibody cluster defines an
immunologically related but structurally very diverse fam-
ily of membrane proteoglycans and glycoproteins. The
classic form of the CD44 molecule is the 80- to 90-kDa
hyaluronate binding form involved in high endothelial
venule-binding, which is designated CD44H (H derived
from hematopoietic).1 Various isoforms of CD44 have
been described that have one (or more) additional extra-
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cellular domain(s). As far as investigated, CD44 mono-
clonal antibodies (MAb) recognize different although
broadly overlapping epitopes on CD44 molecules61;
however, it cannot be excluded that some individual
CD44 clones are restricted to certain molecular variants.
Immunoprecipitation lysates of tonsillar lymphocytes with
CD44 (A3D8) used in this study gave rise to an 85- to
95-kDa band,61 indicating that (at least) the classic form
of the CD44 molecule is recognized by this antibody.
During B-cell ontogeny, CD44 is expressed in high
amounts during the very early phase and is transiently
abrogated during the pre-B cell and follicular center
stage of development.2862 In diffuse large B-cell yi-
phoma, aberrant CD44 expression was observed to be
heterogenous and was reported to be associated with
more disseminated disease.2963 Correlation of a CD44-
positive phenotype and poor prognosis were already
suggested by Jalkanen et al.64 We found CD44 ex-
pressed in about half of the thymic B-cell lymphoma
cases. We agree with Picker et a128 in their statement that
this molecule is not in itself indicative of a disseminative
phenotype in B-cell neoplasia.

LECAM-1, also known as 'lymph node homing recep-
tor" on lymphocytes, Leu-8, or LAM-1, is an 80- to 90-kDa
glycoprotein with lectin activity and thus a member of the
so-called selectin family of surface molecules.65 On B
cells, LECAM-1 is differentially expressed along the dif-
ferentiation pathway67; it is up-regulated when the B cell
acquires CD2068 and is transiently down-regulated or
shed during the follicular center blast stage69 and after in
vitro activation.69 This molecule plays a role not only in the
tissue sequestration of B cells by binding to high endo-
thelial venules (through physical interactions with the pe-
ripheral lymph node addressin),70 but also in regulating
B-cell differentiation.71 LECAM-1 expression in B-cell
neoplasias has been previously studied by several au-
thors,32'39'72-77 who agreed on the almost regular ex-
pression of this molecule in B-CLL, HCL, and mantle
zone lymphoma. The overall paucity of LECAM-1 in fol-
licular center cell lymphoma74'78 corresponds to the
LECAM-1 status of the putative normal counterpart, i.e.,
follicular center B cells. In thymic B-cell lymphoma,
LECAM-1 expression was restricted to a minority of our
cases, thus confirming data by Menestrina et a12 and
Brandter et al.13 In this study, a statistical correlation be-
tween occurrence of sclerosis and LECAM-1 expression
of thymic B-cell lymphoma emerged.

Comparative studies on expression of CD1 1/CD1 8,
ICAM-1, and LFA-3 on Burkitt's lymphoma and EBV-
transformed LCL showed that expression of CD1 1 /CD18,
ICAM-1, and LFA-3 is generally absent or very low in
Burkitt's lymphoma cell lines. It also was shown that Bur-
kitt's lymphoma cell lines growing in aggregates (as well
as LCL, which tend to grow in large cell clumps) have a

definitely higher amount of these antigens compared with
cell lines growing as single cells.3437 Thus, it is likely that
the adhesion receptor profile of a malignant B-cell clone
greatly determines its mode of growth and its propensity
to disseminate. Available data on adhesion receptor ex-
pression in locally growing, aleukemic B-cell neoplasias
can be compiled to a phenotype that appears to be VLA
(1 to 6)-,39 ICAM-i+3031 LFA-1 + 2731,s0 CD44 2
and LECAM-1 -. 77 Thymic B-cell lymphoma, which is
characterized by the absence of most VLAs, down-
regulation of CD44 and LECAM-1, and overexpression of
ICAM-1, is a B-cell tumor paradigmatically contributing to
the connection between local growth and the adhesion
receptor profile just mentioned. Deviations from this re-
ceptor profile, e.g., absence of LFA-1 and presence of
CD44 and LECAM-1 in individual cases of thymic B-cell
lymphoma, may confer a "metastatic" potential to the
neoplastic clone and thus may influence the clinical
course and prognosis.
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