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A series of low-grade B-cell lymphomas was analyzed
for a battery of immunologic der ts by flow
cytometry and imunost mistry. Hisoogically
disinctive s of these lymphomas, welldiffer-
entatd lymphocytic (WDL), iterdiately differ-
entiated lymphoctic (IDL), and foicur center cell
(FCC) lymphoma, were found to be redily distinguish-
able by their expreson imunologic determinants
that are known to be developmentally regulated in
normal B cells Ahoh all cases epessed mono-
clonal sfe immunoglobulin (dg), HLA-DR, and
the surface membrane preins ro zed by anti-
bodies B1 (p32) and BAI, staining with oher mono-

LYMPHOCYTIC MALIGNANCIES associated
with a low-grade natural history include well-differ-
entiated ("small") lymphocytic lymphoma (WDL), its
leukemic counterpart, chronic lymphocytic leukemia
(CLL), nodular (follicular center cell, FCC) lympho-
mas, and intermediately differentiated lymphocytic
("mantle-zone") lymphoma (IDL).1' Despite their
indolent clinical behavior, these lymphomas are not
usually totally eradicated by conventional therapeutic
modalities.2 Each of the entities can be distinguished
on morphologic grounds and are, with rare exception,
B-ell neoplasms, as evidenced by monoclonal im-
munoglobulin production and expression of com-
plement receptors by neoplastic cells.6'7

Because malignant lymphomas may well represent
monoclonal expansions arrested at a particular stage
of differentiation,' we questioned whether the low-
grade lymphomas expressed distinguishing immuno-
logic phenotypes that might relate them to stages of
normal B-cell differentiation. Severl monoclonal
(hybridoma) antibodies such as Bi, BAI, and BA2
have been found to react with certain B-cell surface
antigens preferentially expressed during discrete
stages of B-cell differentiation.'-1 We investigated the
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clonal antibodies revealed unique immunologic pheno-
types for each b l WDL p65 (lIn 1) +, p24
(BA2)-; IDL p65+, p24+; FCC p65-, p24-. Addition-
ally, the foescence ites (number of determi-
nants per cell) obined for sIg, BA-1, and B1, but not
HLA-DR, were Psiniict diffrent among the three
lymphoma subcses. he re ie orescence intensi-
ties of each of these three markers foLowed the same
pattern: FCC>IDL>WDL. Taken these dis-

uishing s s st that low-grade B-cell
lymphoma represent d,d possibly sequential
stages of B-cel dierentiation. (Am J Pathol 1984, 115:
117-124)

expression of these antigens as well as other devel-
opmentally regulated B-cell markers, surface immu-
noglobulin (slg)9-1"-13 and HLA-DR (Ia),9-11.13 in a
series of low-grade B-cell lymphomas using flow
cytometry and immunohistology. The profile that
emerged demonstrated a unique phenotype for each
subclass of lymphoma, such that the various low-
grade B-cell lymphomas appear to represent sequen-
tial, arrested stages in the terminal differentiation of
B cells.

Materials and Methods
Lymph node biopsies were obtained from 34 pa-

tients with low-grade B-cell lymphomas. Each bore
monoclonal surface immunoglobulin with a single
light chain type. Twelve cases were classified as ma-
lignant lymphoma, intermediately differentiated lym-
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Table 1 - Immunologic Determinants of Low-Grade
B-Cell Lymphomas*

Determinant
Lymphoma Leul(p65) BA2(p24)

WDL
IDL
FCC

+ +

+ + + +

J5(gp95)
+ (5/10)t

+ + (11/12)
+ (4/10)

* Surface membrane markers expressed by low grade B cell lym-
phomas are indicated as follows: +, all cases positive, mean of
percentage of stained cells between 15-50%; + +, all cases

positive, mean of percentage of stained cells >50%; -, all cases

negative.
t Proportion of positive/total cases where only a fraction of cases

were positive.

phocytic (IDL), 12 patients had follicular lymphomas
(nodular pattern) (FCC), and 10 had well-differenti-
ated lymphocytic lymphoma (WDL). All follicular
lymphomas were either of the poorly differentiated
lymphocytic type (6 cases) or mixed-cell type (4
cases). Follicular large cell "histiocytic" lymphomas
were excluded because these are associated with a

more aggressive clinical course."4
Lymph node biopsies were prepared and stained

with monoclonal antibodies for analysis by flow cy-

tometry and immunohistochemistry as described.7'15'16
Prior to staining of cell suspensions, endogenous
cytophilic immunoglobulin was shed by placing cells
in a 37 C water bath for 30 minutes. To remove shed
immunoglobulin, cells were carefully layered over 10
ml of heat-inactivated fetal calf serum in a 15-ml
conical tube, centrifuged at 300g for 20 minutes, and
then washed three times in RPMI-1640. Monoclonal
antibodies to human antigens used in this study in-
cluded anti-y, anti-a1, anti-a2, anti-d, anti-x, and
anti-k immunoglobulins, anti-HLA-DR (Ia) and Leu

1 (p65)17 (Becton-Dickinson, Sunnyvale, Calif); anti-
immunoglobulin y (Bethesda Research Laboratories,
Gaithersburg, Md); Lyt-3 (New England Nuclear,
Boston, Mass)18; J5, common acute lymphoblastic
leukemia antigen (CALLA) (from Dr. Jerome Ritz,
Harvard University)19; BA-1 and BA-2(p24) (from Dr.
Tucker Le Bien, University of Minnesota)910; and BI
(p32) (Coulter Corp., Hialeah, Fla).20 Secondary
antibody was fluorescein-conjugated, affinity-purified
goat anti-mouse IgG, heavy and light chains (Kirke-
gaard and Perry, Gaithersburg, MD). Surface mem-
brane ,u chain was also identified by direct immu-
nofluorescence with affinity-purified, fluorescein-
conjugated F(ab'2 fragment of goat anti-human
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immunoglobulin ,u heavy chain (Tago, Co., Burlin-
game, Calif). Fluorescent antibody analyses were
performed by flow cytometric analysis of 10,000 cells
with a FACS-II (Becton-Dickinson FACS Systems,
Sunnyvale, Calif), coupled to a PDP 11-34 computer
(Digital Equipment Corporation, Maynard, Mass).
Linear scale histograms (1023 channels) were ana-
lyzed by integrating the number of cells in positive
channels and subtracting the similarly calculated
value for the nonreactive mouse ascites control.
When this percentage exceeded 15/o a sample was
scored as positive. The FACS-Il was calibrated daily
with uniform 1.515-y diameter fluorescent micro-
spheres (Polysciences, Inc., Warrington, Pa) and used
at identical settings for each run so that fluorescence
intensity could be compared using the same mono-
clonal antibody on different specimens. Florescence
intensity was determined by computer calculation of
the median channel number of stained cells. The
mean fluorescence intensities of each determinant
were compared between subclasses by the Student t
test.

Air-dried, acetone-fixed frozen sections of each
case were stained with the same mouse monoclonal
antibodies as above by the avidin-biotin complex
(ABC) method."6

Results

Cells from all cases bore slg with a single light
chain type, which was most often x in WDL (7x, 3A)
and FCC (8x, 4A) and A in IDL (4x, 8A). Most cases ex-
pressed surface ,u heavy chain. One case of IDL and 3
of FCC expressed only y chains, whereas 3 FCC cases
and 1 WDL case stained for both 1i and y. Surface 6

chains were detected in some cases from all three sub-
classes.

Neoplastic cells from all cases of WDL and IDL
expressed p65 in cell suspension as well as tissue sec-
tion. In FCC the means for total T cells (Lyt3) and
p65 were identical, 35%. Thus, in FCC p65 appeared
to be expressed only by admixed normal T cells, be-
cause normal T cells, but not B cells, in peripheral
blood and lymphoid tissues bear the p65 antigen.17
Furthermore, in frozen tissue sections of FCC the
p65 + cells were predominantly outside neoplastic
follicles (Figure IA). The majority of cases of IDL
stained for p24 (BA2), whereas WDL and FCC did
not react with BA2 either in suspension or frozen

Figure IA-A frozen section of a follicular center cell lymphoma (FCC) stained with Leul(p65) by the avidin-biotin complex (ABC) method
shows staining of the small cells outside of the neoplastic follicle. Another T-cell antibody, Lyt-3, also showed the same pattern of staining
in FCC. Thus, the p65+ cells in FCC were admixed T cells rather than the malignant B cells. FCCs were composed of an average of 35%
T cells as assessed by flow cytometry. (x 650) B-Frozen section of follicular center cell lymphoma (FCC) stained with anti-CALLA (J5)
shows selective reactivity with the cells of the neoplastic follicle. (x650)
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Figure 2-Histogram of FACS II analysis of surface immunoglobulin in representative cases of WDL, IDL, and FCC. Staining with BAl and
Bi gave similar homogeneous profiles and the same sequential pattern of fluorescence intensity, FCC>IDL>WDL.

section (Table 1). J5 (CALLA) stained 4 of 10 FCC,
11 of 12 IDL, and 5 of 10 WDL (Table 1, Figure iB).
Four markers were expressed in all cases: slg, iB,

BAI, and HLA-DR. Cells stained for sIg, B1, and
BAl and analyzed by the FACS had a homogeneous
profile on a linear fluorescence histogram (Figure 2).
Also, the intensity of the fluorescence for these
markers was greatest in FCC and least in WDL (Fig-
ure 2). The fluorescence intensity derived from the
FACS analysis of each sample was calculated as the
median fluorescence channel number. This value
provides an approximate determination of the num-

ber of antigen sites per cell, and comparisons of the
mean of these relative fluorescence values were made
between subclasses. Statistically significant differ-
ences (P < 0.05) were obtained for sIg, Bi, and BA1,
but not HLA-DR when each subclass was compared
with the other (WDL versus IDL, WDL versus FCC,
and IDL versus FCC) (Figure 3).

Discussion

Our studies indicate that low-grade B-cell non-

Hodgkin's lymphomas are immunologically distin-

guishable as three subsets corresponding to the histo-
logic subclasses WDL, IDL, and FCC. The unique
array of immunologic markers within each group is
evidence that these are not only morphologic variants
of B-cell lymphomas but may represent distinct bio-
logic entities as well. Indeed, they may well represent
consecutively arrested stages of differentiation along
the continuum of B-cell development. The notion
that B-cell neoplasms have reached a blocked step in
B-cell maturation is supported by studies demonstrat-
ing their inherent capacity to differentiate further when
exposed in vitro to exogenous signals such as allo-
geneic T lymphocytes,21'22 phorbol diester (TPA),1 523
and/or mitogens.21'2224 It is likely that the surface
membrane determinants of B cells recognized by
monoclonal antibodies are developmentally regu-
lated, thus allowing for their consecutive acquisition
and loss during differentiation. This results in dis-
tinctive phenotypes for each stage, as is the case for
T cells.25

Certain changes in membrane phenotype associ-
ated with B-cell differentiation have already been
established: as a B cell differentiates toward a plasma
cell, there is progressive loss of surface immunoglob-
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Figure 3-Relative fluorescence intensities of HLA-DR, Bi, BA1, and sig in the low-grade B-cell lymphomas. The median channel number
(fluorescence intensity) of stained cells was determined by flow cytometry (FACS-I1), and the mean of these values was calculated for each
subclass of lymphoma. Statistically significant differences (P < 0.05) were obtained between each subclass for the mean fluorescence in-
tensity of BA1, B1, and sig, but not HLA-DR. The ratio of cells bearing complement receptors specific for C3d only (C3dR) to total complement
receptors bearing cells (CR), as previously determined,' is also displayed.

ulin,12.13 BA1,9 and Bl,1' but prolonged retention of
HLA-DR.9111 3 Most remarkably, we observed a se-

quential decline in the expression of slg, BAI, and Bl
when proceeding from FCC to IDL to WDL. We have
previously encountered the identical sequence, but in
reverse, when investigating complement receptor sub-
sets7 (Figure 3). Interestingly, the expression of the
C3d receptor transiently increases on mitogen-acti-
vated B cells as they approach the stage of immuno-
globulin secretion.26 Thus, the proposed sequence

encountered in B-cell neoplasms appears to mirror
the sequence of normal B-cell differentiation.

If the three subclasses of low-grade B-cell lympho-
ma are serially linked according to differentiation
status, the present evidence would support WDL as

the lymphoma closest to the plasma cell stage, ie the
most differentiated. WDL is much more likely to have
plasmacytoid morphologic characteristics and an

associated serum immunoglobulin spike than is IDL
or FCC.1'4 Cells of WDL and its leukemic counter-
part, chronic lymphocytic leukemia, have faint sIg2"
and readily secrete immunoglobulin in vitro when
stimulated by TPA.28 This differentiation step is asso-

ciated with rapid accumulation of immunoglobulin
messenger RNA, predominantly of the form coding
for the secretory rather than membrane-bound
j chain,28 a pattern similar to that seen in mu-
rine plasma cells.29-31 Thus, these cells are at the
threshold of the terminal differentiation stage of
abundant immunoglobulin secretion. By contrast,
FCC and IDL can be induced to secrete immuno-
globulin; but to accomplish this, they require the
addition of allogeneic T cells along with TPA (un-
published results).

Exclusive expression of y but not p heavy chains by
3 of 12 FCC and simultaneous expression of both H
and y in 3 additional cases could involve either of two
possible mechanisms. In one the CM. gene could have
been deleted with subsequent joining of complemen-
tary switch sequences 5' to the Cy gene.32 Alternative-
ly, a single large transcript encoded from an intact C
region gene could be spliced to produce mature Cy-
mRNA in IgG-bearing cells or even Cp-mRNA in the
cells expressing both p and y.33 The configurations of
the C genes in these lymphomas is being investigated.
Although sIgD is usually absent on plasma cells ac-
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tively secreting immunoglobulin,34 it was retained at
least on a fraction of cells from some cases within
each subclass. Thus, these lymphoma cells do not
fully recapitulate the terminal stages of B-cell differ-
entiation.

Evidence that might contradict the proposed se-
quential differentiation scheme of low-grade B-cell
lymphomas is the expression of CALLA and BA2
predominantly in cases of IDL. However, CALLA is
found on many types of normal and neoplastic cells
of hematopoietic lineage, including all three sub-
classes of low-grade lymphoma, Burkitt's lymphoma,
precursor B, and pre-B acute lymphoblastic leukemia,
and on normal polymorphonuclear neutrophils and
therefore has limitations as a stage-specific marker of
B-cell differentiation.35-38 BA2 has been reported to
be more closely associated with early rather than late
B-cell differentiation. 10,39 Its appearance on IDL
alone might be to serve as a functional or activation-
associated receptor.
The cell of origin of IDL has been suggested to be

related to the lymphocytes of the mantle zone of
normal lymphoid follicles,6 and some cases have been
classified as "mantle-zone lymphoma."4 Morpho-
logically, IDL is similar to "centrocytic lymphoma," a
B-cell lymphoma that is also p65 (Leu 1) + and, like
the cases of IDL presented here, has a striking pre-
dominance of A light chain expression.40 The regula-
tion of this preference for A production in IDL is not
known, but presumably nonproductive attempts at
rearrangement of both x chain genes occurred in
these cells, because A gene expression is preceded by
x gene deletion or rearrangements.41 We have pre-
viously demonstrated that the majority of IDLs con-
tain alkaline phosphatase activity in their cell surface
membranes.3 Cells of the normal mantle zone are B
cells with cell membrane alkaline phosphatase,3 but in
frozen section they lack p65 and CALLA.42 Although
the normal counterpart of the IDL cell remains
elusive, the neoplastic cells of FCC clearly relate to
the normal germinal center43; and, therefore, IDL and
WDL may well be counterparts of postfollicular cells.

Expression of the T-cell-associated antigen p65 by
WDL is not unexpected, because the majority of
cases of CLL are p65 + .4446 That IDL was also p65 +
lends additional support to the serial linkage of IDL
and WDL and might relate them to the rare normal
B cell of lymph node and tonsil found to be p65 +.4
Significant here is the lack of Leu 1 staining by the
neoplastic cells of FCC in contrast to IDL. Because
some IDLs have a nodular pattern and a cytologic
similarity to FCC, these two histologic types could be
confused. This could lead one to conclude that some
FCC lymphoma cells are Leu 1+. In the present study

we identified the IDLs without prior knowledge of
the immunologic marker results and have demon-
strated a phenotype for IDL (Leu 1+) that is distinct
from FCC (Leu 1-).
Although a small percentage of cells from 5 of 10

cases of B-cell CLL were reported by Kersey et al to
be BA2+,10 none of the cases of WDL in the present
study expressed BA2. This could reflect a difference
between nodal and blood-borne phases of the disease.
Alternatively, because peripheral blood smears in-
volved by CLL are sometimes morphologically indis-
tinguishable from those containing blood-borne IDL
or FCC lymphoma, tissue histopathologic study of
an involved lymph node is required to confirm the
diagnosis. Thus, without histologic documentation
one cannot be certain whether BA2+ B-cell leu-
kemias could represent peripheral blood involvement
by IDL or FCC.

Certainly, as more cases are studied, exceptions to
these phenotypes may be detected. However, the
phenotypes demonstrated with monoclonal anti-
bodies in the present investigation should assist in
histologic classification and the determination of
whether these are clinically distinct groups of low-
grade B-cell neoplasms. In addition, because conven-
tional therapy does not prevent relapse in low-grade
lymphomas, the therapeutic use of monoclonal anti-
bodies directed at neoplastic cells may offer an alter-
native means of control. The efficacy of highly spe-
cific monoclonal anti-idiotype antibody has already
been demonstrated in one patient with follicular lym-
phoma.48 The present study has identified distinct
surface antigen combinations in low-grade B-cell
lymphomas. These antigens could provide specific
points of attack by generally available monoclonal
antibodies not only as an alternative strategy for
passive immunotherapy but also for in vitro treat-
ment of autologous bone marrow prior to reinfusion.
Clinical trials employing these techniques are under
way.

Note Added in Proof

Recently, several studies have appeared which
confirm and extend the findings we report here. In
three separate investigations it was discovered that
expression of p65 (Leu 1, OKT1) by low-grade FCC
could be detected in only 0 of 25,49 2 of 42,50 and 4
of 13 cases.51 Perhaps these few reported p65 + cases
share histologic features with the nodular form of
IDL. Further evidence supporting the similarity of
"centrocytic lymphoma" and IDL was demonstrated
in a recent study in which "centrocytic lymphoma,"
like IDL, was found to have a surface IgA predomi-
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nance (11 of 17 cases) and expression of Leu 1 (p65),
BA2 (p24), and alkaline phosphatase in most cases."2
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