
Abstract. Rituximab (chimeric anti-CD20 mAb) is currently
used in the treatment of B-NHL and B cell malignancies,
alone or in combination with chemotherapy. However,
subsets of patients do not initially respond and/or develop
resistance to additional treatments. Hence, there is a need to
develop more effective anti-CD20 mAbs that may improve
clinical response. BM-ca is a novel humanized anti-CD20
mAb that was tested against several B-NHL cell lines and
was compared to several anti-CD20 mAbs (Rituximab,
ofatumumab, 2H7, B1 and B-Ly1). BM-ca was shown to
strongly induce both homotypic cell aggregation and
redistribution of CD20 to membrane lipid rafts. BM-ca was
also able to induce programmed cell death (apoptosis)
without the need for cross-linking and demonstrated potent
complement-dependent cytotoxicity (CDC). BM-ca was
more cytotoxic than rituximab even in malignant B cells
expressing low amounts of membrane CD20. Type I anti-
CD20 mAbs typically induce minimal levels of homotypic
cell aggregation and apoptosis but strong localization of
CD20 to lipid rafts and potent CDC. Type II anti-CD20
mAbs typically exert the reverse activities. Noteworthy,
BM-ca exhibits properties that are shared by both type I and
type II anti-CD20 mAbs, which may reflect the recognition
of a new CD20 epitope and/or exhibit different molecular
signaling. Overall, the present data show that BM-ca is a
novel anti-CD20 mAb that may be classified as a type I/II.
The therapeutics efficacy of BM-ca awaits its use in clinical
trials. 

Introduction

The use of rituximab as a single agent or in combination with
cyclophosphamide, hydroxydaunorubicin, oncovin and
prednisone (CHOP), is now a standard therapy for non-
Hodgkin's lymphoma (NHL) (1,2). NHL patients do not
always completely respond to rituximab therapy, however,
and a subset of patients who initially responded become
resistant or less responsive to further treatment (3). Despite a
great number of reports, the in vivo mechanisms responsible
to predict the clinical outcome in NHL after anti-CD20 treat-
ment remain elusive. Complement-dependent cytotoxicity
(CDC), antibody-dependent cellular cytotoxicity (ADCC) and
apoptosis are all potential cytotoxic mechanisms, although it is
unclear which mechanism is important in vivo. Redistribution
of CD20 to membrane lipid rafts by anti-CD20 results in the
clustering of antibody molecules and enhancing C1q binding,
the first step in the CDC induction mechanism (4). In addition
to these above cytotoxic mechanisms, homotypic cell aggre-
gation has been reported to be involved in antibody-induced
cytotoxicity as well as the induction of apoptosis (5-7). 

CD20 antibodies have been classified as type I or type II
depending on their functional characteristics. Type I exhibits
strong CDC activity but weak apoptosis whereas type II
shows the opposite, i.e., weak CDC and strong apoptosis.
Type I antibodies have the ability to redistribute CD20 to
membrane lipid rafts whereas type II do not. Further, type I
induce little homotypic cell aggregation whereas homotypic
cell aggregation is significant for type II. Both type I and
type II antibodies are equally effective in mediating ADCC.
The differences observed between type I and type II are not
explained by their affinity or isotype but most likely lie in
their differences in epitope recognition. Rituximab (2B8),
ofatumumab, ocrelizumab (2H7), 1F5, veltuzumab (A20)
and AME-133V have been classified as type I antibodies and
tositumomab (B1) and GA101 (B-ly1) as type II (8-10). 

Cragg et al have reported that type II mAbs are superior
to type I in depleting malignant B cells in mouse xenograft
models, implying that ADCC and programmed cell death are
the major in vivo mechanisms of cell killing as type II mAbs
show weak CDC activity (10). Hence, an antibody capable of
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inducing strong ADCC in vitro may have a high initial activity
in vivo and destroy circulating B cells by Fc receptor-bearing
NK cells. However, NK cell activity is readily exhausted at
high antibody concentrations and they require ‘reloading’
before they can resume their killing ability as Taylor and
Lindorfer have pointed out (11). Differentiated macrophages
in the liver (Kupffer cells) and spleen also express Fc receptors
and can remove opsonized circulating tumor cells, although
most of the ADCC activity in peripheral blood is mediated
by NK cells (12). It is not clear whether NK cells or macro-
phages play a major role accessing and eliminating tumor
cells sequestered in the lymph nodes and bone marrow in
patients with B-NHL. Further it is not ascertained whether
the mechanisms in human disease may be extrapolated from
the mechanisms shown in animal models. 

BM-ca is a humanized anti-CD20 mAb-derived from the
murine mAb 1K1791, which utilizes unique VH and VL
germline genes and potent effector functions that inhibit certain
intracellular survival pathways (13,14). The present study
was designed to investigate the following characteristics of
BM-ca in comparison with several anti-CD20 mAbs, namely:
i) binding to different tumor B cell lines; ii) direct induction
of apoptosis; iii) homotypic cell aggregation; iv) redistribution
of CD20 to membrane lipid rafts; and v) C1q binding and
cell killing by CDC. The study was performed by comparing
BM-ca with the type I mAbs rituximab, ofatumumab and
2H7 and the type II mAbs B1 and B-ly1.

Materials and methods

Cells and antibodies. The human B cell lines, RC-K8 (histio-
cytic B cell lymphoma) and SU-DHL-4 (diffuse large cell,
cleaved cell type B-NHL) were obtained from DSMZ GmbH
(Braunschweig, Germany) and Raji and Ramos (Burkitt's
lymphoma) were derived from JCRB (Riken Bioresource
Center, Tsukuba, Japan). The following anti-CD20 mAbs,
rituximab (chimeric) were obtained as follows: Zenyaku
Kogyo (Tokyo, Japan), 2H7 (mouse) from GeneTex (Irvine,
CA, USA), B1 (or tositumomab, mouse) from Beckman
Coulter (Orange County, CA, USA) and B-ly1 (mouse) from
Abcam (Cambridge, UK). B1 was provided for use after re-
purification by an affinity chromatography to remove sodium
azide. Ofatumumab (human) was generated through reverse
engineering of the DNA sequences described in US patent
publication (US 2004/0167319 A1). Infliximab used as a
negative control was obtained from Mitsubishi Tanabe Pharma
(Osaka, Japan). Human mAb against hepatitis B virus surface
antigen (HBs) was genetically engineered at BioMedics using
DNA sequences in the public domain (NCBI: AF027159,
AF027158). Human serum complement, C1q and C1q
depleted human sera were obtained from Quidel (San Diego,
CA, USA), Polyclonal rabbit anti-C1q antibody/FITC and
propidium iodide were from DakoCytomation (Glostrup,
Denmark) and Sigma (St. Louis, MO, USA), respectively.
FITC conjugated goat anti-human IgG was from Invitrogen
Japan (Tokyo, Japan).

Binding of anti-CD20 mAbs to different B cells. The binding
of BM-ca and rituximab to CD20-expressing B cell lines,
RC-K8, SU-DHL-4, Ramos and Raji cells were examined to

determine the differences in cell surface expression. FITC
was conjugated to the anti-CD20 antibodies using a fluorescein
labeling kit-NH2 and the provider's protocol (Dojindo
Molecular Technologies, Kumamoto, Japan). Each antibody
was conjugated directly to FITC. Cells were transferred to a
15 ml tube in RPMI-1640 culture medium containing 10%
fetal bovine serum (FBS) and centrifuged at 800 x rpm for
5 min. The supernatants were discarded, the pellets were
washed once by PBS and then re-suspended in PBS containing
4% FBS (4% FBS/PBS) at 1x106 cells/ml. A 100-μl aliquot
was placed into a 1.5 ml tube and mixed with 100 μl of FITC-
labeled antibody and incubated at room temperature for 30 min
in dark. After washing twice with 4% FBS/PBS, the cells
were examined by flow cytometry (Guava EasyCyte Plus™,
Millipore, Billerica, MA, USA) to calculate the mean of
fluorescence intensity (MFI) and compare the differences in
CD20 expression of each cell line.

Induction of apoptosis. The ability of BM-ca to induce
apoptosis in target cells without secondary cross-linking
agents was investigated by flow cytometry using the Annexin
V/FITC and propidium iodine (PI) staining method (Annexin-
V/FITC apoptosis detection kit, BD Biosciences, Franklin
Lakes, NJ, USA). The type I mAbs rituximab, ofatumumab
and 2H7 and the type II mAbs B1 and B-ly1 were compared
using a negative control without mAb. RC-K8, Raji and
SU-DHL-4 cells were used as target cells. Cells were main-
tained in RPMI-1640 with 10% FBS and sub-cultured for a
further day at 2-4x105 cells/ml prior to their use in the assay.
The cells were incubated in duplicate tubes with 10 μg/ml test
or control mAbs. After incubation for 24 h, the cells were
pelleted by centrifugation, washed and re-suspended in binding
buffer (10 mM HEPES, pH 7.4; 140 mM NaCl; 2.5 mM
CaCl2) and stained with Annexin V/FITC and PI according
to the manufacturer's specification (BD BioSciences, San
Jose, CA, USA). All samples were applied to a flow cytometer
Guava EasyCyte Plus™ and analyzed by CytoSoft 5.3
software to calculate the ratio of apoptotic cells (FITC) to
dead cells (PI). All raw data were revised by subtracting the
value from negative control (anti-HB mAb treated) gained in
the same experiment.

Homotypic cell aggregation. BM-ca was tested for its ability to
induce homotypic cell aggregation and compared to rituximab,
ofatumumab and 2H7 type I mAbs and B1 and B-ly1 type II
mAbs. RC-K8, Ramos and SU-DHL-4 cells were used as target
cells and a sample without antibody was used to determine the
background. Cells were cultured in RPMI-1640 with 10% FCS
until reaching a density of 2x106 cells/ml. The concentration
of each mAb was adjusted to 2 μg/ml in 500 μl of RPMI-1640
solution. Cell suspension (100 μl) was pipetted into each well
of a 48-well micro-titer plate and then mAb solution was
added to each well and mixed. The plate was incubated at
37˚C for 4 h and mixed gently, after which samples were
collected from each well and examined. The aggregates were
classified into three different groups, small clusters (3-5 cells,
4 cells on average), medium clusters (6-20 cells, 12 cells on
average) and large clusters (>20 cells). The level of aggregation
was determined by the following formula: Cell aggregation (%)
= [(4 x number of small cluster) + (12 x number of median
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cluster + accumulated cell number of large cluster)/total cell
number] x 100.

Redistribution of CD20 to membrane lipid rafts following
binding by mAbs. BM-ca was tested for its ability to redistribute
CD20 to membrane lipid rafts and compared to rituximab,
ofatumumab, 2H7, B1 and B-ly1 using the method described
by Cragg et al (15) RC-K8, Raji and SU-DHL-4 cells were
used as target cells and cultured in RPMI-1640 (Sigma) with
10% fetal bovine serum (FBS). Cells were washed with PBS,
re-suspended in 4% FBS/PBS and adjusted to 2x106 cells/ml.
Antibodies were diluted in PBS (500 μg/ml) and labeled
with FITC using the same method described in section 2 of
Materials and methods. Cell suspension (250 μl) was added
to 5 μl of diluted FITC labeled mAb and incubated for 15 min
at room temperature. The antibody-bound cells were washed
using ice cold PBS with 4% FBS and re-suspended into two
vials (100 μl each). One vial was maintained on ice to allow
calculation of 100% surface antigen level and the other was
treated with 5 μl of Triton X-100 solution (10%) for 15 min,
mixed gently and maintained on ice to determine the population
of CD20 antigens remaining in the insoluble lipid raft fraction.
Cells were maintained at 4˚C throughout the remainder of the
assay, washed once in PBS with 4% FBS, re-suspended in a
500 μl tube, and then assessed by flow cytometry. Cells with
or without Triton X-100 treatment were compared using
the mean fluorescent intensity (MFI) measured by flow cyto-
metry. Percentage insolubility was calculated by the formula:
Insolubility (%) = [MFI (with Triton X-100]/MFI (without
Triton X-100) ] x 100.

C1q binding and cell killing. Binding of the C1q complex to
mAbs bound to CD20 on target cells was assessed by a cell
based assay using flow cytometry (16). BM-ca was tested and
compared to the type I antibodies rituximab and ofatumumab.
RC-K8 and SU-DHL4 were selected as target cells which
were cultured in RPMI-1640 with 10% FBS, washed and re-
suspended in RPMI-1640 media, supplemented with 1 mM
MgCl2 and 1 mM CaCl2, and adjusted to 5x106 cells/ml. The
test mAbs and C1q complex were added to the culture at a final
mAb concentration of 10 and 40 μg/ml, respectively, and
reacted for 10 min at 37˚C. Various amounts of C1q depleted
human sera were then added to the cultures to a final concen-
tration of 0, 1, 5 and 20%. The cultures were harvested,
washed with ice-cold 4% FBS/PBS, and treated with anti-C1q
FITC-labeled antibodies and PI on ice for 30 min before
examination by a flow cytometry Guava EasyCyte Plus. The
results were analyzed by CytoSoft 5.3 software (Millipore) to
measure the C1q binding (FITC) and cell death (PI). The
time course of C1q binding and cell killing were also examined
simultaneously at 5- and 30-min time-points after adding
C1q-depleted human serum to a final concentration of 0, 1, 5
and 20%.

Results

Different surface CD20 distribution patterns among B cells
expressed by BM-ca and rituximab. The surface binding of
BM-ca (Fig. 1a) and rituximab (Fig. 1b) on RC-K8, SU-
DHL-4, Ramos and Raji cell lines was examined by flow

cytometry. The mean fluorescence intensity (MFI) of antibody-
binding to each B cell line by BM-ca and rituximab showed
differences in membrane CD20 expression. Rituximab and
BM-ca showed similar binding patterns on each cell line with
the highest level of CD20 expression found on SU-DHL-4
cells. The MFI for SU-DHL-4 cells was approximately twice
that of RC-K8 and more than twice that of Ramos and Raji
cells. 

BM-ca-induced apoptosis. The Annexin V/PI method was used
to assess the ability of various anti-CD20 mAbs to induce
cell death by apoptosis as described in Materials and methods.
Fig. 2a shows a representative flow analysis of the various
subsets of cells following treatment, namely live cells, necrotic
death, apoptotic death and apoptotic live. The various anti-
bodies were compared and the data are represented in bar
graphs for the three cell lines studied, namely, RC-K8 (Fig. 2b)
Raji (Fig. 2c) and SU-DHL-4 (Fig. 2d). The type I antibodies,
rituximab, ofatumumab and 2H7 induced little or no apop-
tosis in either RC-K8 or Raji cells but were active against
SU-DHL-4 cells which had a much higher level of CD20
expression (Fig. 1). The ability of BM-ca to induce apoptosis
was lower than B1 but more potent than B-Ly1 using RC-K8
and Raji as targets however, a similar level of death and
apoptosis was observed among all antibodies when SU-DHL-4
cells were used. It is noteworthy, however, that the degree of
apoptosis induced by BM-ca and type II mAbs was different
from that of type I mAbs after 24 h of mAb treatment.
Rituximab and ofatumumab type I antibodies induced early
apoptotic events but most of the cells remained alive (Annexin
V-positive but PI-negative), whereas BM-ca and type II more
effectively led to complete apoptotic cell death (Annexin V-
positive and PI-positive). These findings suggest that BM-ca
and type II mAbs are still more potent in inducing apoptotic
death, even in high CD20 expressing cells such as SU-DHL-4.
Type I antibodies appeared to induce the early event
associated with apoptosis but were not able to sustain the
effect to drive the cells completely along the apoptotic cell
death pathway.

BM-ca induces strong homotypic cell aggregation. Exposure to
BM-ca resulted in extremely strong homotypic cell aggregation
in all cells tested, i.e. RC-K8 (Fig. 3a), Ramos (Fig. 3b) and
SU-DHL-4 cells (Fig. 3c), compared to the other type I and
type II antibodies. The pattern of aggregation with RC-K8
and Ramos cells was similar for the different antibodies with
type I antibodies showing little aggregation and type II
showing a greater level of aggregation, although BM-ca
always showed the greatest homotypic aggregation activity
(Fig. 3a and b). When SU-DHL-4 cells were used, type I mAbs
showed a higher level of aggregation (Fig. 3c). By comparison,
antibody 2H7 did not induce aggregation in any of the cell
lines tested. 

Redistribution of CD20 to membrane lipid rafts. Redistribution
of CD20 to membrane lipid rafts is important in providing
the appropriate configuration of antibody Fc regions for the
optimal recruitment of C1q and the triggering of the classical
pathway of CDC. The analyses were performed with the
RC-K8 (Fig. 4a), Raji (Fig. 4b), and SU-DHL-4 (Fig. 4c) cell
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lines using several anti-CD20 mAbs. BM-ca as well as the
type I mAbs rituximab and ofatumumab induced significant
redistribution of CD20 to lipid rafts after binding, as shown by
>60% of Triton X-100 insoluble CD20 antigens remaining in
the insoluble lipid raft fraction. On the other hand, relocation by
type II mAbs was extremely low in 2H7, however, even though

2H7 has been previously classified as a type I antibody. It
demonstrated a moderate level of CD20 redistribution. 

C1q binding and cell killing. C1q binding to antibody is the
initial step in complement-dependent cell killing (CDC).
Binding of C1q complex to BM-ca, rituximab and ofatumumab
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Figure 1. Binding of BM-ca and rituximab to various CD20-expressing B-NHL cell lines. The cell lines RC-K8, SU-DHL-4, Ramos and Raji were treated
each with either BM-ca (a) or rituximab (b) and analyzed by flow cytometry for the expression of CD20 and the mean flurorescent intensities were recorded
as described in Materials and methods. 

Figure 2. Analysis of the apoptotic activity of various anti-CD20 mAbs on B-NHL cells. The apoptotic activity was assessed by the Annexin V/PI staining
method described in Materials and methods. (a) Representative for the various properties of the cells analyzed by flow cytometry. The data for the cell lines
RC-K8 (b) Raji cells (c), and SU-DHL-4 (d) are shown. The data represent the mean ± SD of two independent experiments performed with each cell line.
Blue bar, total dead/apoptotic; orange bar, apoptotic dead; yellow bar, apoptotic, live; green bar, necrotic dead.
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in the absence of other complement components was evident,
as shown in the top line of Fig. 5a and b whereby no C1q-
depleted human serum was added. The MFI values for BM-ca,
rituximab and ofatumumab were 630, 566 and 939, respec-
tively, for RC-K8 cells (top line of Fig. 5a), and 1232, 1027
and 1267, respectively, for SU-DHL-4 cells (top line of
Fig. 5b). The addition of 20% C1q-depleted human serum as
a source of other complement components was sufficient for
BM-ca and ofatumumab to induce significant cell death in
RC-K8, although rituximab remained ineffective, as shown
in the fourth line of Fig. 5a. For SU-DHL-4 cells 5% C1q
depleted human serum was sufficient to induce almost
complete cell killing by all the mAbs as shown in the third

and fourth lines of Fig. 5b. Rituximab-induced CDC activity
was similar to the other antibodies with SU-DHL-4 cells. The
maximum cytotoxic effect occurred within 5 min of C1q
binding and after 30 min the cell killing did not exceed the
5-min values (Fig. 6). 

Discussion

Evidence is presented here that BM-ca possesses biological
properties that are associated with both type I and type II
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Figure 3. Induction of homotypic aggregation by various anti-CD20 mAbs.
The RC-K8 (a), Ramos (b), SU-DHL-4 (c) cells were treated by various
anti-CD20 mAbs and tested for homotypic aggregation as described in
Materials and methods. The data are presented as % aggregation and are the
mean ± SD of two independent experiments. 

Figure 4. CD20 redistribution to membrane lipid rafts by various anti-CD20
antibodies. The ability of BM-ca, rituximab, ofatumumab, 2H7, B1 and
B-Ly1 mAbs to redistribute CD20 in lipid drafts were determined as
described in Materials and methods. The data are presented as mean ± SD of
three independent experiments for both RC-K8 and SU-DHL-4 and two for
Raji. The data are shown for RC-K8 cells (a), Raji (b), and SU-DHL-4 (c).
The cells with or without Triton X- 100 treatment were compared using the
mean fluorescent intensity measured by flow cytometry as described in
Materials and methods. 
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Figure 5. Binding of C1q by anti-CD20 mAbs and cell killing. The C1q binding and cell killing were determined as described in Materials and methods. The
data in (a) and (b) represent analyses of RC-K8 and SU-DHL-4, respectively. The three columns show the results of BM-ca, rituximab, and ofatumumab,
respectively, and the first to the fourth rows show the effect of adding different percentages of C1q-depleted human serum from 0 to 20%. C1q binding to
rituximab or ofatumumab in the absence of other components are shown in the top line of (a) and (b). 
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anti-CD20 mAbs. The various findings with BM-ca and the
comparison with the various type I and type II anti-CD20
mAbs are summarized in Table I. The induction of apoptosis
by BM-ca, in the absence of cross linking, was significant and
much greater than the weak apoptosis induced by rituximab.
The apoptotic activity is enhanced by cross-linking for all
antibodies although the differences among the antibodies
following cross-linking are not significant (17). The level of
cytotoxicity observed in the apoptosis assays was not as high

as those achieved by CDC or ADCC. The direct apoptosis
achieved by BM-ca may be beneficial due to its longer time
span and, presumably, may trigger a series of intracellular
signaling pathways that induce cell death and inhibit cell
survival. Vega et al (14) reported that BM-ca was superior to
rituximab in the inhibition of phosphorylation of p38 and the
transcription factor NF-κB which led to the inhibition of the
anti-apoptotic gene product Mcl-1 and the induction of the
pro-apoptotic gene product Bax. Furthermore, they showed that
BM-ca was a stronger inducer of Raf-1 kinase inhibitor protein
(RKIP), a metastasis suppressor and immune surveillance
cancer gene product (9,14). 

Type II antibodies were generally similar or superior to
BM-ca at inducing apoptosis although the extent depended on
the cell type and the level of CD20 expression. It is generally
assumed that apoptosis induction begins with the cross-linking
or reorientation of antigen to trigger a series of intracellular
signals. Therefore, the differences between type I, type II
and BM-ca antibodies probably reflect the localization of
epitopes on the CD20 molecule and the ability by which
different antibodies can cause a shift in conformation. 

The ability of anti-CD20 antibodies to induce homotypic
cell aggregation is a phenomenon that is poorly interpreted as
the simple physical bridging of cells by antibody. Type I
antibodies typically do not induce homotypic cell aggregation
whereas type II and BM-ca are quite potent inducers of this
phenomenon despite similar affinities of these antibodies.
Kansas and Tedder showed that cellular energy was required
for homotypic cell aggregation and was influenced by the
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Figure 6. The time course of complement-induced cytotoxicity by each mAb
of RC-K8 (left-hand side bars) and SU-DHL-4 (right-hand side bars) is
shown. The percentages of cell death with each mAb are shown after 5 min
(left bar of each mAb) and after 30 min (right bar of each mAb).

Table I. Comparison of the properties of anti-CD20 mAbs.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

Homotypic cell aggregation (%) Apoptosis (%)
––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––
RC-K8 Ramos SU-DHL-4 RC-K8 Ramos SU-DHL-4

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
BM-ca Type I/II 80 60 ≤100 20 20 20

Rituximab Type I <10 <20 70 0 0 20

Ofatumumab Type I <10 <10 40 0 0 20

2H7 Type I <10 0 0 0 0 0

B1 Type II 60 50 40 40 40 20

B-ly1 Type II 20 30 30 10 0 20
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––

CD20 redistribution to lipid rafts (%) CDC (%)
––––––––––––––––––––––––––––––––– ––––––––––––––––––––––––––––––––––
RC-K8 Ramos SU-DHL-4 RC-K8 Ramos SU-DHL-4

–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
BM-ca Type I/II 60 60 70 40 ≤100 ≤100

Rituximab Type I 60 70 70 10 ≤100 80

Ofatumumab Type I 70 70 60 40-50 ≤100 ≤100

2H7 Type I 40 40 40 nt nt nt

B1 Type II 20 20 10 nt nt nt

B-ly1 Type II 20 20 10 nt nt nt
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
The numbers for apoptosis and CDC are percentages of cell death. Homotypic cell aggregation is expressed as the percentage of aggregates
and CD20 distribution to lipid rafts as percentage of insolubility. The results of CDC with Ramos cells refer to our unpublished experiments.
Bold, values that are not considered significant in the particular assay. ≤100, close to 100%; <10, very little; nt, not tested.
–––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––––
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antigenic epitope rather than the mAb isotype or affinity (18).
Further, Ivanov et al demonstrated that certain antibodies
could cause the migration of mitochondria to the site of cell-
cell contact and with the subsequent induction of lysosomal
leakage (5). BM-ca showed strong induction of homotypic
cell aggregation in all three cell lines tested. Our findings
demonstrate that type I mAbs showed weak homotypic cell
aggregation activity and the two type II antibodies tested
showed moderate activity, but less than BM-ca. In the case of
the SU-DHL-4 cell line, all antibodies (type I and II), with
the exception of 2H7, showed significant levels of homotypic
cell aggregation, suggesting that when the expression of
CD20 on the cell surface is high, certain differences between
type I and type II antibodies are minimized. The level of
homotypic cell aggregation did not directly correlate with
the ability to induce apoptosis. For example, BM-ca was able
to induce homotypic cell aggregation in RC-K8 and Raji
cells more efficiently than B1 but the reverse was true for the
induction of apoptosis. 

The ADCC effector mechanism is not discussed in this
report for the unavailability of the humanized versions of
type II mAbs. However, BM-ca was compared with type I
mAbs rituximab and ofatumumab (2F2) for its ability to induce
ADCC and our previous report showed little difference
among these antibodies (13). As ADCC mainly depends on
the binding of the immunoglobulin Fc to the FcÁRIIIa (CD16),
there may be minimal differences between mAbs of the same
isotype, except for those in which the Fc region carbohydrate
structure has been modified to remove fucose (19,20). 

It is not clear which functions are of primary importance
for the in vivo clinical benefit of anti-CD20 mAbs. Mouse
models using either human tumor xenografts or transgenic
models have given conflicting results that may reflect the
differences between human tumor cells and transgenic cells
(9,21). Minard-Colin et al however, have concluded that
Fc:FcR interactions are important in the in vivo mouse
models (22). There appears to be little support for CDC being
an important in vivo mechanism, although this conclusion is
mainly inferential and is still controversial (23,24). BM-ca
has been reported to be more potent than rituximab in the
chemosensitization of resistant B-NHL to CDDP-apoptosis
(14). This may be the result of the ability of the antibody to
reduce the anti-apoptotic threshold responsible to sensitize
the cells to drug-induced apoptosis (25). Comparison to
type II antibodies is a little more complex. The type II mAb
B1 induced stronger apoptosis than BM-ca but weaker CDC
activity, although BM-ca was superior to another type II
mAb, B-ly1. 

Beers et al reported that type II mAbs outperformed type I
mAbs in B cell depletion in mouse xenograft models and recent
experiments using CD20 transgenic mice have concluded
that Fc:FcR interactions play a major role in both type I and
type II antibodies (10,22). The reason why type II antibodies
should be superior is somewhat unclear. The authors concluded
that depending on the model and whether malignant or
normal B cells are used, different results and mechanisms
may come into play. There have been no reports, thus far, on
any type II mAbs in the clinic, with the exception of B1
conjugated to a radio-isotope (Bexxar) and GA101 which has
a modified Fc carbohydrate structure (26,27). 

The findings in this report generally support previously
reported data on the segregation between the activities of
type I and type II antibodies. The exception seems to be the
cell line SU-DHL-4 which, when tested, appears to decrease
the differences between the activities of type I and type II
antibodies. This finding with SU-DHL-4 may be due to the
much higher level of CD20 expression on these cells, which
could function to amplify certain minor activities seen on
other cell lines. It is not clear whether SU-DHL-4 cells are or
not representative of the in vivo situation with either normal
or lymphoma cells. In addition to CD20 expression levels,
it is possible that the antibodies signal SU-DHL-4 cells
differently from their signaling of other cell lines.

Clearly, the delineation of the important in vivo mechanism
of anti-CD20 mAbs is not simple and varies with the systems
used, the cell types, the levels of CD20 expression and cell
signaling. Nevertheless, the present data clearly show that
BM-ca possesses both sets of biological properties that are
usually segregated into either type I or type II activity, i.e., high
level of CD20 redistribution to the lipid rafts, homotypic cell
aggregation and apoptosis induction (Table I). Although the
division of anti-CD20 into type I and type II may be an
empirical classification, it likely reflects the binding to different
epitopes on the CD20 molecule. Cragg et al hypothesized
that type I mAbs lead CD20 tetramers to adopt an open type of
configuration that is associated with an increased calcium flux
whereas type II induce a more ‘closed’ type configuration
(9,27). BM-ca exhibits properties of both type I and type II
and, therefore, it is unclear whether the CD20 epitope to
which it binds fits neatly into one of these two alternatives or
binds to a new class of epitope that is different from either
type I and type II. The neat division of epitopes into type I or
type II may simply reflect the antibodies that are currently
available which are all derived from the same or similar
germline genes. There may in fact be a continuum of epitopes
and the rarer configurations may be missed because of the
immunization protocol used. 

We have previously reported that 1K1791, the murine
parent of BM-ca, was derived from the germline VH9 family
and Vκ19/28 family, which is different from any other
reported murine-derived anti-CD20 mAbs published so far.
In all other cases of murine-derived mAbs, the heavy chain V
region genes were derived from the VH1 family genes (13,28).
These include 2B8, 2H7, 1F5, A20, B1 and B-Ly1 and most
of other cases of the light chain V region genes were from
Vκ4/5 family genes except for B-Ly1 which was Vκ24/25.
The more unusual immunoglobulin germline gene family
used by BM-ca (1K1791) may recognize epitopes not seen
by the VH1 family and we have previously concluded that
the BM-ca epitope was conformational and highly susceptible
to changes in tertiary structure. As a result of the unique
biological properties of BM-ca, we suggest that BM-ca may
be classified as type I/II anti-CD20 mAb.

The phenomenon of relapse and acquired resistance
following rituximab treatment is a serious concern because of
the subsequent lower response rate achieved after further
treatment. This has been reported to be as low as 40% of
those patients that initially responded to rituximab (5). The
mechanism of such resistance has not been fully elucidated,
however, a number of reports on the potential mechanisms
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of resistance after rituximab mono-therapy or R-CHOP
combination therapy have been suggested. These include
loss or down-regulation of CD20 membrane expression,
histological transformation and up-regulation of anti-apoptotic
molecules including bcl-2 (29-32). We are currently examining
whether BM-ca, alone or in combination with chemotherapy,
exerts an activity, not seen with rituximab, on rituximab-
resistant B-NHL cell lines. 

In conclusion, our studies demonstrate the unique properties
observed by BM-ca in comparison with several type I and
type II antibodies. BM-ca is shown to exhibit activities shared
by both type I and type II. Such activities may provide
BM-ca with a potential novel therapeutic activity in B-NHL.
The superiority of BM-ca awaits its examination in clinical
trials for its therapeutic activity. 
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