American Journal of Pathology, Vol. 153, No. 1, July 1998
Copyright © American Society for Investigative Pathology

The Leukocyte Semaphorin CD100 |s Expressed
in Most T-Cell, but Few B-Cell,

Non-Hodgkin's Lymphomas

David M. Dorfman,* Aliakbar Shahsafaei,*
Lee M. Nadler,™ and Gordon J. Freeman®

From the Department of Pathology,* Brigham and Women’s
Hospital and Harvard Medical School, and Department of Adult
Oncology,! Dana-Farber Cancer Institute, Department of
Medicine, Harvard Medical School, Boston, Massachusetts

The 150-kd transmembrane protein CD100 is the first
semaphorin protein shown to be expressed in lym-
phoid tissue. CD100 is present in the interfollicular T
cell zones and is also expressed by B cells in the
germinal centers of secondary lymphoid follicles, but
not in the mantle zones. The CD100 molecule was
recently cloned, and CD100 transfectants were shown
to induce homotypic aggregation of human B cells
and improve their viability in vitro, suggesting that
CD100 may play a role in lymphocyte aggregation and
germinal center formation. We studied the expres-
sion of CD100 in 138 clinical cases representing a
range of lymphoproliferative disorders, to determine
whether this molecule is expressed in these neoplas-
tic processes. In general, we found CD100 expression
to be common in peripheral T-cell non-Hodgkin’s
lymphomas but rare in B-cell non-Hodgkin’s lympho-
mas. CD100 expression was not detectable in low-
grade B-cell non-Hodgkin’s lymphomas, including
cases of small lymphocytic lymphoma (18 cases),
marginal zone lymphoma (10 cases), and mantle cell
lymphoma (10 cases), as might be expected for these
neoplasms that are not of follicular center cell origin.
Surprisingly, we found that the vast majority of fol-
licular lymphomas (37 of 40 cases) as well as diffuse
large-cell lymphomas of B-cell type (35 cases) did not
express CD100. The neoplastic cells in 3 of 11 cases of
predominantly large-cell-type follicular lymphoma
did express CD100. In contrast, all five cases of high-
grade, small non-cleaved (Burkitt-like) B-cell lym-
phoma were immunoreactive for CD100 expression,
as were 18 of 20 cases (90%) of malignant T cell
neoplasms. Northern blot analysis of CD100 expres-
sion correlated with immunohistochemical findings.
Absence of expression of CD100 by neoplastic follic-
ular center B cells is a common feature in follicular
lymphomas, but expression of CD100 by T cells is
maintained in T-cell lymphoproliferative disorders.
(Am J Patbol 1998, 153:255-262)

The semaphorins are a family of secreted and transmem-
brane proteins with chemorepellent effects, presentin the
nervous system, and involved in the regulation of axonal
growth.™® Recently, we identified CD100 as the first
semaphorin expressed in the immune system.* It is a
150-kd cell surface homodimer expressed on T and B
lymphocytes, natural killer cells, and myeloid cells, but
not on red blood cells, eosinophils, or endothelial cells.>®
CD100 expression increases after B cell and T cell acti-
vation. Antibody cross-linking of CD100 provides a pro-
liferative signal to T cells in the presence of submitogenic
levels of anti-CD3 or anti-CD2 antibodies, suggesting that
CD100 is involved in T cell activation.” The CD100 protein
is associated with CD45 on the surface of T cells and
modulates CD45 phosphatase activity,® and the large
cytoplasmic domain of CD100 is associated with a serine
kinase.® CD100 can be proteolytically cleaved from the
cell surface to release a soluble semaphorin.®

Recently, we showed that CD100 transfectants induce
B cells to aggregate and improve their viability in vitro,
suggesting that the interaction of CD100 with its counter-
receptor may have a physiological role in germinal center
formation, possibly by enhancing CD23 proteolysis in
centroblasts.* The counter-receptor for CD100 has not
yet been identified; however, some other semaphorin
gene family members have been shown to bind to a
multisubunit receptor composed of a neuropilin gene
family member plus an additional unidentified sub-
unit.’°~'2 Vaccinia and Variola poxviruses and some her-
pesviruses such as Alcelaphine herpesvirus express a
secreted protein with homology to CD100 and other
semaphorins.”'® It has been suggested that these may
be used by the viruses to subvert the host immune re-
sponse. Alcelaphine herpesvirus is a T-lymphotropic vy,
herpesvirus and causes malignant catarrhal fever in ru-
minants, a fatal lymphoproliferative and degenerative dis-
ease characterized by perivascular and epithelial lym-
phoid infiltrates, corneal opacities, and lymph node
enlargement.™ It is believed that part of the pathophys-
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iology is due to proliferation and dysfunction of T
cells.’®1®

In reactive lymphoid tissue, CD100 is present in the
interfollicular T cell zones as well as in the germinal
centers of secondary lymphoid follicles, including the
dark and light zones, but not in the mantle zones.* The
expression of CD100 in lymphoproliferative processes
has not been studied, although CD100 is known to be
expressed at high levels in lymphoid and myeloid leuke-
mia cell lines.®® We studied CD100 expression in a range
of B-cell and T-cell lymphoproliferative disorders to ex-
plore the possible role of CD100 in these processes.

Materials and Methods

Specimens of hematopoietic neoplasms (138 cases)
were obtained from the Department of Pathology,
Brigham and Women'’s Hospital, Boston, MA, in compli-
ance with Human Research Committee guidelines. His-
tological and immunophenotypic findings from the rou-
tine diagnostic evaluations of specimens were reviewed.
Cases were classified using the REAL classification.'”

Tissue that had been snap-frozen in dry ice/isopentane
was used for the preparation of frozen sections for immu-
noperoxidase analysis. Frozen sections were fixed in ac-
etone for 10 minutes, washed in phosphate-buffered sa-
line (PBS), incubated with anti-CD100 primary mouse
monoclonal antibody (clone F937G2)'8 for 1 hour at room
temperature, washed in PBS, incubated with biotinylated
horse anti-mouse IgG antibody (Vector Laboratories, Bur-
lingame, CA) for 30 minutes at room temperature,
washed with PBS, and then incubated with avidin/biotin-
ylated-peroxidase complex (Vector Laboratories) for 40
minutes at room temperature, followed by reaction with
diaminobenzidine/hydrogen peroxide. Frozen sections
were then counterstained with 2% methyl green for 10
minutes. For a number of specimens, consecutive frozen
sections were analyzed for CD100, CD20 (antibody L26,
Dako Corp., Carpinteria, CA), CD3 (antibody UCHTT,
Dako), CD23 (antibody MHM®6, Dako), bcl-2 (antibody
124, Dako), and Ki-67 (antibody MIB-1, Immunotech,
Westbrook, ME), using the above method. Cases of T-cell
acute lymphoblastic leukemia (ALL) were studied by flow
cytometric immunophenotypic analysis and CD100 im-
munoperoxidase analysis using cytocentrifuge prepara-
tions of neoplastic cells.

RNA was isolated from selected specimens, electro-
phoresed in 1.2% agarose, and transferred to nitrocellu-
lose membrane.’® The blot was hybridized overnight at
42°C in 50% formamide/6X SSPE (1X SSPE contains 0.18
mol/L NaCl, 10 mmol/L sodium phosphate, pH 7.4, 1
mmol/L EDTA), 2X Denhardt’s solution, 100 wg/ml salmon
sperm DNA'® with probe (10° cpm/ml). The probe con-
sisted of two Xhol fragments encoding the entire CD100
cDNA, which were labeled with [a-°2P]CTP and
[a-32P]ATP by random priming.?° After hybridization, the
nitrocellulose membrane was washed to a final strin-
gency of 2X standard saline citrate (SSC), 0.1% SDS at
65°C and was used to expose Kodak XAR-5 film with an
intensifier for 3 days at —70°C.

Table 1. CD100 Immunoreactivity in Non-Hodgkin's
Lymphomas and Other Neoplasms

CD100
Tumor type immunoreactivity*
B-cell non-Hodgkin's lymphomas
SLL/CLL 0/18"
Marginal zone 0/10
Mantle cell 0/10
Follicular center cell 3/40
Predominantly small cell 0/19
Mixed small and large cell 0/10
Predominantly large cell 3/11
Diffuse large cell 0/35*
Small non-cleaved 5/5
T-cell non-Hodgkin’s lymphomas 18/208

*Number of cases immunoreactive/total number of cases studied.

TIncluding three cases of lymphoplasmacytic lymphoma and one
case of chronic lymphocytic leukemia (CLL)/prolymphocytic leukemia
(PLL).

*Including seven cases of large-cell lymphoma, immunoblastic type,
and two cases of T-cell-rich B-cell lymphoma.

SIncludes four cases of mixed small- and large-cell lymphoma, two
cases of large-cell lymphoma, four cases of Ki-1-positive anaplastic
large-cell lymphoma, two of which were negative for CD100, five cases
of mycosis fungoides (cutaneous T-cell lymphoma), four cases of T-cell
acute lymphoblastic leukemia (ALL), and one case of large granular
lymphocytic leukemia (LGL), T cell type.

Results

CD100 Immunoreactivity

A total of 138 cases of non-Hodgkin’s lymphomas and
other hematopoietic neoplasms were examined for
CD100 immunoreactivity; the results are summarized in
Table 1. Twenty cases of malignant T-cell neoplasms
were studied for CD100 immunoreactivity, including 4
cases of mixed small- and large-cell lymphoma, 2 cases
of large-cell lymphoma, 4 cases of Ki-1-positive anaplas-
tic large-cell lymphoma, 5 cases of mycosis fungoides
(cutaneous T-cell lymphoma), 4 cases of T-cell acute
lymphoblastic leukemia (ALL), and 1 case of large gran-
ular lymphocytic leukemia, T-cell type. In all cases, neo-
plastic T cells were uniformly immunoreactive for CD100
with strong membrane staining, with the exception of two
of the four cases of Ki-1-positive anaplastic large-cell
lymphoma (Figure 1).

Lower-grade B-cell lymphomas, including cases of
small lymphocytic lymphoma (SLL)/chronic lymphocytic
leukemia (CLL), marginal zone lymphoma, and mantle
cell lymphoma, were uniformly negative for CD100. This
included three cases of lymphoplasmacytic lymphoma,
one case of chronic lymphocytic leukemia(CLL)/prolym-
phocytic leukemia (PLL), and two cases of the blastic
variant of mantle cell lymphoma. In all of these cases,
scattered, small, non-neoplastic T cells were immunore-
active for CD100 and served as an internal positive con-
trol (data not shown).

Forty cases of follicular non-Hodgkin’s lymphomas
were studied for CD100 immunoreactivity, including pre-
dominantly small-cell type, mixed small- and large-cell
type, and predominantly large-cell-type follicular lympho-
mas. In the final subcategory, large neoplastic cells con-
stitute >50% of the population of the nodular neoplastic



Figure 1. Immunoreactivity for CD100 in a case of diffuse, large-cell non-
Hodgkin’s lymphoma, T-cell type. A: Representative neoplastic tissue fixed in
10% buffered formaldehyde, paraffin embedded, sectioned, and stained with
H&E. B: CD100 immunoperoxidase staining of frozen neoplastic tissue. Large
neoplastic cells exhibit strong, uniform surface staining for CD100.

infiltrates. The vast majority of follicular lymphoma cases
were nonreactive for CD100. A typical case of predomi-
nantly small-cell type follicular lymphoma is shown in
Figure 2. Neoplastic B cells were nonreactive for CD100,
whereas scattered, non-neoplastic T cells (confirmed in
consecutive frozen sections using pan-T cell antibody
CD3) were immunoreactive for CD100. The neoplastic
cells in three cases of predominantly large-cell-type fol-
licular lymphoma were immunoreactive for CD100 with
strong membrane staining (Figure 3). Consecutive frozen
sections revealed the presence of scattered, small, non-
neoplastic CD3-positive T cells interspersed with neo-
plastic B cells that were CD20 positive and exhibited
monotypic surface immunoglobulin light chain staining
(data not shown).

CD100 in Non-Hodgkin’s Lymphomas 257
AJP July 1998, Vol. 153, No. 1

Forty additional cases of B-cell lymphomas were stud-
ied for CD100 immunoreactivity. The neoplastic cells in
35 cases of diffuse large-cell lymphoma, including 7
cases of immunoblastic lymphoma, and 2 cases of T-cell-
rich B-cell ymphoma, large-cell type, were uniformly non-
reactive for CD100. In all cases scattered, small, non-
neoplastic T cells were immunoreactive for CD100.
Neoplastic cells in five cases of high-grade, small non-
cleaved (Burkitt-like) B-cell lymphoma were studied and
found to exhibit uniform membrane staining for CD100
(Figure 4). In addition, six cases of classic Hodgkin’s
disease were examined, and the neoplastic Reed-Stern-
berg cells and mononuclear Reed-Sternberg cell variants
in these cases were found to be nonreactive for CD100
(data not shown).

Northern Blot Analysis for CD100
mRNA Expression

RNA was extracted from six of the above cases for North-
ern blot analysis; the result is shown in Figure 5. In all
cases examined, mRNA expression of CD100 reflected
the pattern seen by immunoperoxidase staining. The
4.4-kb CD100 mRNA was present at a moderate level in
activated T cells (lane 1) and in reactive lymphoid tissue
(lane 9). Previous immunoperoxidase analysis of the lat-
ter specimen had shown the presence of numerous in-
terfollicular T cells and germinal center B cells immuno-
reactive for CD100.# Cells from the neoplastic cell lines
Rex (acute T-cell lymphoblastic leukemia; lane 2) and
Raji (human Burkitt's lymphoma; lane 3) expressed
CD100 mRNA at a low level. Cases of mantle cell lym-
phoma (lane 4) and follicular lymphoma negative for
CD100 immunoreactivity by immunoperoxidase staining
(lane 6; also shown in Figure 2) expressed very low levels
of CD100 mRNA. In contrast, CD100 mRNA was moder-
ately to strongly expressed in a case of follicular lym-
phoma positive for CD100 by the immunoperoxidase
method (lane 5; also shown in Figure 3). A case of B-cell
chronic lymphocytic leukemia (lane 8) negative for
CD100 expression by immunoperoxidase expressed low
to moderate levels of CD100 mRNA, consistent with the
presence of interspersed, reactive T cells in this tissue,
which were found to be positive for CD100 by the immu-
noperoxidase method. The CD100 mRNA was expressed
at a very high level in a representative case of peripheral
T-cell lymphoma that was positive for CD100 by the im-
munoperoxidase method (lane 10; also shown in Figure
1). A case of small non-cleaved B cell ymphoma that was
positive for CD100 by the immunoperoxidase method
expressed CD100 mRNA at low to intermediate levels
(lane 7; also shown in Figure 4).

Correlation of CD100 Immunoreactivity in
Follicular Lymphomas with Other
Immunophenotypic Markers

Eight of the eleven cases of follicular large-cell lym-
phoma, including the three cases with CD100 staining of
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neoplastic B cells, were further analyzed for expression
of CD23, bcl-2, and Ki-67 (MIB-1), a proliferation marker.
All eight cases of follicular large-cell ymphoma, including
the CD100-positive cases, exhibited negative staining for
CD23 and positive staining for bcl-2. There was compa-
rable MIB-1 nuclear staining of neoplastic cells in all eight
cases, with no qualitative differences in intensity or fre-
quency of staining evident in the three CD100-positive
cases compared with the CD100-negative cases (data
not shown).

Discussion

Previously we found that CD100, a novel leukocyte sema-
phorin expressed on activated B and T cells, induces B
cells to aggregate and improves their viability in vitro.*
These results were obtained using CD100 transfectants
and so presumably reflect CD100 expressed on an acti-
vated T or B cell engaging a CD100 counter-receptor on
B cells. We also found that CD100 was expressed by
germinal center B cells, as well as germinal center asso-
ciated and interfollicular T cells, but not by mantle zone B
cells, suggesting that CD100 might have a role in germi-
nal center formation.” Based on these results, we hypoth-
esized that T-cell lymphoproliferative disorders, as well
as B-cell ymphomas of follicular center cell origin, would
.“_ express CD100.
o4 ‘ """ﬁ,} Ty 1 As predicted, the vast majority of T-cell malignant neo-
_. ,,,mi‘ AR O SR Y] plasms studied, 18 of 20 cases (90%), were strongly
: immunoreactive for CD100. The one case studied by
Northern blot analysis expressed very high levels of
CD100 mRNA. The two T-cell non-Hodgkin’s lymphoma
cases nonreactive for CD100 were examples of Ki-1-
positive anaplastic large-cell lymphoma, actually a heter-
ogeneous group of neoplasms.?’ Two additional cases of
Ki-1-positive anaplastic large-cell lymphoma studied ex-
hibited positive staining for CD100.

Chronic lymphocytic leukemia (CLL)/small lympho-
cytic lymphoma (SLL) and mantle cell lymphoma are
pre-follicular center cell lymphomas, based on current
models of B-cell ontogeny and studies in these neo-
plasms of somatic hypermutation in rearranged immuno-
globulin genes.?272* We had previously observed that
non-neoplastic B cells of the follicular mantle zone are
nonreactive for CD100 by immunoperoxidase analysis.*
Therefore, we hypothesized that these neoplasms, like
peripheral blood B cells, would exhibit little or no CD100
expression. As expected, all of the cases of CLL/SLL and
mantle cell lymphoma studied were nonreactive for
CD100 by immunoperoxidase analysis. Two representa-
tive cases studied by Northern blot analysis similarly
exhibited minimal expression of CD100 mRNA attributed
to the presence of interspersed reactive T cells. Cases of
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Figure 2. Immunoreactivity for CD100 in a case of predominantly small-cell-
type follicular non-Hodgkin’s lymphoma. A: Representative neoplastic tissue
fixed in 10% buffered formaldehyde, paraffin embedded, sectioned, and
stained with H&E. B: CD100 immunoperoxidase staining of frozen neoplastic
tissue. Neoplastic cells are nonreactive for CD100. Scattered, reactive T cells
within the neoplastic follicle, as well as reactive T cells in the interfollicular
zone, are strongly immunoreactive for CD100.
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marginal zone lymphoma, a set of post-follicular center
cell neoplasms, based on studies of somatic hypermuta-
tion in rearranged immunoglobulin genes in non-neoplas-
tic mantle zone cells and mantle zone lymphoma
cells,?>?® were also nonreactive for CD100.

Previously, we found that CD100 was expressed by
germinal center B cells, but surprisingly, the vast majority
of follicular lymphomas studied, 37 of 40 cases (93%),
did not express CD100 by immunoperoxidase analysis.
The three CD100-positive follicular lymphomas were of
large-cell type, but eight other large-cell follicular lym-
phomas were CD100 negative. None of the predomi-
nantly small-cell-type and mixed small- and large-cell-
type follicular lymphomas expressed CD100, based on
immunoperoxidase analysis. Northern blot analysis of a
follicular lymphoma case negative for CD100 by immu-
noperoxidase confirmed the absence of CD100 mRNA
whereas Northern blot analysis of a CD100-positive fol-
licular lymphoma confirmed abundant expression of
CD100 mRNA. The absence of CD100 mRNA expression
in follicular lymphoma cases negative by immunoperox-
idase indicates that the cells are not synthesizing a se-
creted form of CD100.

We found that all five cases of high-grade, small non-
cleaved (Burkitt-like) B lymphoma expressed CD100, al-
though at only a low to moderate level, based on Northern
blot and immunoperoxidase analysis. This was similar to
the level of expression seen in the Raji Burkitt's lym-
phoma cell line in our Northern blot analysis. A recent
study of immunoglobulin V,; gene somatic mutation in
high-grade, small non-cleaved B lymphoma suggest that
these neoplasms are derived from early centroblasts or
follicular center cells that have partially differentiated into
memory B cells.?® Based on these results, the state of
follicular center cell differentiation of small non-cleaved
cell lymphomas (very early or very late in follicular center
cell development) may result in fairly low-level expression
of CD100. The presence of CD100 staining in small non-
cleaved B-cell ymphoma as well as a subset of follicular
large-cell (centroblastic) lymphomas raises the possibil-
ity that both lymphoma types may be derived from a
similar, immature follicular center cell.

The presence of CD100 staining in all cases of small
non-cleaved (Burkitt-like) lymphoma but no other diffuse
B-cell non-Hodgkin’s lymphomas suggests that CD100
staining may be a useful marker for evaluating cases of
diffuse lymphoma in which the differential diagnosis in-
cludes small non-cleaved (Burkitt-like) lymphoma. In
these instances, diffuse large-B-cell lymphoma is often in
the differential diagnosis and has been found to be uni-
formly negative for CD100 staining based on our study of
a large number of cases.

Figure 3. Immunoreactivity for CD100 in a case of predominantly large-cell-
type follicular non-Hodgkin’s lymphoma. A: Representative neoplastic tissue
fixed in 10% buffered formaldehyde, paraffin embedded, sectioned, and
stained with H&E, with higher-power inset showing a mix of small cleaved
and large lymphoid cells. B: CD100 immunoperoxidase staining of frozen
neoplastic tissue. As seen in the higher-power inset, large neoplastic cells as
well as small cleaved neoplastic cells exhibit moderate, uniform surface
staining for CD100. Scattered, reactive T cells within the neoplastic follicle, as
well as reactive T cells in the interfollicular zone, are strongly immunoreac-
tive for CD100.
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Figure 4. Immunoreactivity for CD100 in a case of small non-cleaved (Bur-
kitt-like) B-cell lymphoma. A: Representative neoplastic tissue fixed in 10%
buffered formaldehyde, paraffin embedded, sectioned, and stained with
H&E. B: CD100 immunoperoxidase staining of frozen neoplastic tissue.
Intermediate-size neoplastic cells exhibit low to moderate, uniform surface
staining for CD100. Scattered, reactive T cells are strongly immunoreactive
for CD100.

The lack of expression of CD100 in follicular and dif-
fuse large-cell lymphomas leads to the hypothesis that
either the normal B-cell counterpart of these tumors does
not express CD100 or that loss of expression confers an
advantage in growth or metastatic mobility. Expression of
CD100 in the germinal center has been examined only by
immunohistochemistry.* Careful analysis of CD100 ex-
pression by flow cytometry, correlated with that of mark-
ers characteristic of various stages of germinal center
development such as CD10, CD23, CD38, CD44, CD77,
IgM, and IgD would show whether CD100 is expressed
only at certain developmental stages. Alternatively, if
CD100 expression is found at all stages of germinal
center development, this would suggest that loss of

CD100 ¥ —4.4kb
ﬁgﬁ A —5.1kb

Figure 5. CD100 mRNA expression in non-Hodgkin’s lymphomas. Northern
blot containing RNA prepared from 1) activated T cells; 2) Rex (acute T-cell
lymphoblastic leukemia cell line); 3) Raji (human Burkitt lymphoma cell
line); 4) mantle cell non-Hodgkin’s lymphoma; 5) follicular lymphoma,
predominantly large-cell type; 6) follicular lymphoma, predominantly small-
cell type; 7) high-grade, small non-cleaved (Burkitt-like) lymphoma; 8)
chronic lymphocytic leukemia (CLL)/small lymphocytic lymphoma (SLL); 9)
reactive lymph node; and 10) T-cell non-Hodgkin’s lymphoma, diffuse,
large-cell type. Each lane contains 20 ug of total RNA and was probed with
the 4.3-kb CD100 cDNA insert. The position of the 4.4-kb CD100 mRNA is
indicated. The bottom panel shows the ethidium-bromide-stained 5.1-kb 28
S rRNA corresponding to each of the above lanes. The neoplasms studied in
lanes 5, 6, 7, and 10 correspond to those shown in Figures 3, 2, 4, and 1,
respectively.

CD100 is advantageous to the tumor. Loss of expression
is also characteristic of tumor suppressor genes, and two
semaphorin family members are candidate tumor sup-
pressor genes. Both genes map to the 3p21.3 locus that
is frequently homozygously deleted in small-cell lung
carcinoma, and their expression is down-regulated in
these tumors.?” The chromosomal location of CD100 is
not yet known, but Southern blotting of tumor sample
DNAs would indicate whether the CD100 sequence is
deleted in follicular and diffuse large-cell lymphomas.

Loss of CD100 expression in B-cell non-Hodgkin’s lym-
phomas might lead to decreased adhesivity and in-
creased mobility and metastatic potential, consistent with
widespread disease that may be observed in follicular
lymphoma and diffuse large-cell ymphoma. This hypoth-
esis might be tested by transfection of CD100 into cell
lines derived from follicular and diffuse large-cell lympho-
mas, followed by examination of their metastatic potential
in Nude or SCID mice.

Only exceptional cases of large-cell-type follicular lym-
phoma expressed CD100, raising the possibility that re-
tained CD100 expression in follicular lymphomas may be
specifically associated with centroblastic (large-cell) dif-
ferentiation and may in some fashion contribute to prolif-
eration of the neoplastic centroblasts. We have previ-
ously shown that CD100 stimulates B-cell viability,* and
other semaphorin genes have also been shown to be
involved in cell survival.?® Human semaphorin E was
isolated on the basis of its capacity to confer resistance
to cell killing by cis-platinum and is aberrantly overex-
pressed in recurrent squamous cell carcinomas.?® In ad-
dition, semaphorin E is overexpressed in the synovial
cells of patients with rheumatoid arthritis.?® However, in
our study, CD100-positive and CD100-negative cases of
follicular large-cell lymphoma exhibited similar staining
for the proliferation marker Ki-67 (MIB-1), suggesting that



they have comparable growth rates regardless of differ-
ences in CD100 expression. Also, there was no differ-
ence in the expression of the anti-apoptotic protein bcl-2
between CD100-positive and CD100-negative follicular
large-cell lymphomas. It will be useful to study additional
cases of predominantly large-cell-type follicular lym-
phoma to confirm this finding and to further analyze
CD100-positive cases for clues to the role of CD100 in the
behavior of these neoplasms. It will also be interesting to
determine whether there is any clinical consequence of
CD100 expression in predominantly large-cell-type follic-
ular lymphomas, compared with CD100-negative cases.

Using CD100 transfectants, we found that CD100 in-
duces B cells to aggregate and improves their viability in
vitro.* CD100 could synergize with CD40 ligand (CD40L)
to stimulate B cells. Binding of CD40L to CD40 induces B
cell expression of multiple proteins, including CD23. Co-
engagement of CD100 counter-receptor by CD100 pre-
vented this expression of CD23 but not of other CD40-
induced proteins. If the CD100 signal was delivered after
CD23 was expressed, CD23 was lost from the cell sur-
face, suggesting an active process, perhaps proteolytic
cleavage. These results were obtained using CD100
transfectants and so presumably reflect CD100 ex-
pressed on an activated T or B cell engaging a CD100
counter-receptor on B cells. This supported a model in
which CD100 affects CD40L-mediated B cell aggrega-
tion and survival by enhancing the proteolysis of CD23,
resulting in enhanced B cell aggregation and in vitro
viability.®° In previous reported immunoperoxidase stud-
ies, neoplastic B cells in cases of high-grade, small non-
cleaved cell lymphoma were nonreactive for CD23,3":32
and we have found these lymphomas to be consistently
immunoreactive for CD100, consistent with the above
model. Similarly, although the neoplastic cells in cases
of follicular lymphoma may be immunoreactive for
CD23,237%° py immunoperoxidase analysis we found that
all three cases of CD100-positive follicular lymphoma
were nonreactive for CD23. We also found that five cases
of CD100-negative follicular large-cell lymphoma were
also negative for CD23. These findings suggest that the
above model of CD100-mediated proteolysis of CD23 as
a mechanism of enhanced B-cell viability may also hold
true in a subset of B-cell lymphoproliferative disorders.

The absence of CD100 expression in follicular lympho-
mas was the most surprising result, based on the positive
expression of CD100 in germinal center B cells. As ex-
pression of CD100 allows the cell to stimulate adhesion,
the loss of CD100 should reduce this capacity thereby
avoiding a T-cell anti-tumor response. Indeed, follicular
lymphomas are poor antigen-presenting cells (APCs),3®
as are other CD100-negative lymphomas such as CLL. In
contrast, CD100-positive lymphomas such as high-
grade, small non-cleaved (Burkitt-like) B lymphoma or
lymphoblastoid cell lines are excellent APCs. The expres-
sion of co-stimulatory molecules such as B7-1 and B7-2
is important for this increased APC capacity, but the
expression of CD100 may contribute. In vivo studies in-
troducing murine CD100 into B-cell lymphomas will test
the role of CD100 in B-cell APC function and the capacity
to stimulate an anti-tumor response.
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In conclusion, we have studied the expression of a
novel transmembrane semaphorin protein expressed in B
and T cells that we find is also expressed in a majority of
T-cell non-Hodgkin’s lymphomas and a subset of B-cell
non-Hodgkin’s lymphomas. Preliminary evidence sug-
gests that this molecule may function to enhance B-cell
viability both in normal lymphoid tissue and in neoplastic
states.
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