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Background and Objectives. The humanized CD20 mono-
clonal antibody, rituximab, has significant anti-tumor
activity in patients with B-cell non-Hodgkin’s lymphoma
and induces depletion of B-cells in vivo. It was the objec-
tive of this study to define the contribution of the differ-
ent mechanisms of action of rituximab on primary normal
and malignant B-cells.

Design and Methods. Primary human B-lymphocytes and
effector cell fractions were isolated from peripheral blood
of normal donors using an immunomagnetic separation
technique. Blood samples from 20 patients with chron-
ic lymphocytic leukemia (CLL) were studied and the B-
lymphoblastoid Daudi cell line was used as a control. B-
cells were cultured in the  presence or absence of ritux-
imab adding a secondary hyper-crosslinking antibody,
serum as source of complement or different effector cell
fractions. The cells were analyzed by immunofluorescence
staining and flow cytometry.

Results. In contrast to the B-lymphoblastoid Daudi cell
line, the number of highly purified normal peripheral
blood CD19+ cells was only minimally affected by ritux-
imab in the presence of autologous serum. A significant
reduction in the number of B-cells was observed when
mononuclear cells from peripheral blood were added
back. To identify the cell type which mediates this effect,
CD3+ T-cells, CD56+ cells, and CD14+ monocytes were
added to selected CD22+ B-cells. A marked B-cell
decrease was only observed in the presence of  CD56+

and CD14+ cells in an effector to target ratio of 10:1. The
experiments with mononuclear cells from patients with
CLL showed a B-cell reduction by rituximab, which was
significantly enhanced following addition of granulocyte-
macrophage colony-stimulating factor (GM-CSF).

Interpretation and Conclusions. These data support the
important role of cell-mediated mechanisms in the B-
cell-depleting action of rituximab and suggest that pre-
treatment with GM-CSF could improve the response to rit-
uximab in patients with CLL. 
©2002, Ferrata Storti Foundation
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More than 95% of normal and neoplastic B-
cells express the lineage-specific antigen
CD20, which is not, however, expressed

on hematopoietic stem cells.1 CD20 is an integral
membrane protein, functions as a calcium-chan-
nel, can initiate intracellular signaling and modu-
lates cell-growth and differentiation.2,3 Binding of
mouse antibodies to CD20 does not internalize or
downregulate the antigen, while various func-
tional effects on B-cell proliferation and differen-
tiation are induced. After binding of the CD20
antibody 1F5, progression from the G0 to the G1
phase of the cell cycle was observed,4 whereas the
antibody B1 inhibited the mitogen-induced pro-
gression from G1 to G2 and M phases.2 Extensive
cross-linking of CD20 with goat anti-mouse anti-
bodies, particularly in the presence of Fc receptor
expressing cells, directly inhibited B-cell prolifer-
ation and induced nuclear DNA fragmentation and
apoptosis.5

Rituximab (IDEC-C2B8, Hoffman La Roche,
Grenzach–Whylen, Germany) is a chimeric human-
ized CD20 monoclonal antibody (MoAb), in which
the mouse constant domains are replaced by the
human γ1 and κ domains. In contrast to the mouse
antibody, the humanized Fc domain of rituximab
can activate human complement, resulting in
complement-dependent cell lysis.6

Moreover, the human Fc domain can more effi-
ciently mediate antibody-dependent cytotoxicity
than mouse Ig molecules.7 These characteristics
favored the use of rituximab in the treatment of B-
cell malignancies. Indeed, this drug has shown an
effective anti-tumor efficacy in patients with fol-
licular lymphoma.8-11

Accordingly, a significant decrease in the num-
ber of B-cells was found in blood and bone mar-
row of treated patients.8-13

We added rituximab to a dose-intensified chemo-
therapy and observed a substantial in vivo depletion
of t(14;18)-positive tumor cells in peripheral blood
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stem cell collections from patients with follicular
lymphoma.13

The mechanisms of B-cell toxicity of rituximab
have been studied using cultured lymphoblastoid
cell lines.5,6 The question to what extent the dif-
ferent mechanisms – complement lysis, antibody-
dependent cytotoxicity, induction of apoptosis –
contribute to the killing of primary B-cells by rit-
uximab has not yet been solved. We compared the
role of the different inhibitory pathways of ritux-
imab on normal and neoplastic primary human B-
cells.

Design and Methods

Cell preparation
The human Burkitt lymphoma cell line Daudi

(DSMZ, Braunschweig, Germany), which expresses
CD19, CD20 and CD22, was cultured in RPMI1640
supplemented with 10% fetal calf serum (FCS).
Peripheral blood (PB) samples were collected from
healthy volunteers, aged between 20 and 40 years.
Chronic lymphocytic leukemia (CLL) samples were
collected from 20 patients, aged between 46 and
77 years (median 65 years). The patients’ charac-
teristics are detailed in Table 1. The median time
from diagnosis was 60 months (range 3-156
months) and the white blood cell count varied
between 10.3 and 157.9×109/L (median: 29.1×
109/L).

After separation of plasma, erythrocytes and cell
debris were removed by density centrifugation at
400 g and 4°C, for 20 minutes, using the lympho-
cyte separation medium Lymphoprep (Nycomed
Pharma, Oslo, Norway). Mononuclear cells (MNC)
were then washed twice with phosphate-buffered
saline (PBS, GIBCO, Karlsruhe, Germany) at 4°C and
400g for 7 minutes. CD22+ B-cells, CD14+ mono-
cytes, CD16+ natural killer cells, CD56+ cells and
CD3+ T-cells were selected using the MiniMacs
immunomagnetic separation system (Miltenyi
Biotech, Bergisch–Gladbach, Germany), according
to the manufacturer´s instructions. Beads directly
conjugated with murine monoclonal antibodies
were used for enrichment of all cell populations
(isotypes: CD22, IgG1; CD14, IgG2a; CD16, IgM;
CD56, IgG1; CD3, IgG2a). PB-mononuclear fraction
of normal donors contained 3.27±1.1% CD19+ B-
cells and a 94.8±0.72% purity was achieved fol-
lowing selection. MNC mainly contained 16.1±
2.4% CD14+, 23.2±4.5% CD3+ and 6.6±0.8%
CD56+ cells. Following immunomagnetic selection
a purity of 84.3±1.5% CD14+ cells, 92.1±2% CD3+

cells and 60.9±6% CD56+ cells was achieved.

Cell culture assays
Daudi cells were cultured in RPMI-1640-medium

(Sigma, München, Germany) supplemented with
10% heat inactivated fetal calf serum (FCS), 100
IU/mL penicillin, 100 µg/mL streptomycin and 2 mM
L-glutamine (all purchased from Biochrom KG,
Berlin, Germany). This medium will be designated in
the following as culture medium. As indicated,
autologous serum was added to the culture at a
final concentration of 10%, native or heat inacti-
vated at 56°C for 30 min. Cells were incubated in the
culture medium at a concentration of 1×106/mL, at
37°C and 5% CO2, for 24 to 48 hours, in the pres-
ence or absence of rituximab at a final concentra-
tion of 100 µg/mL. This concentration was chosen
for two reasons: the mean of the maximum serum
concentrations of rituximab after a single standard
dose (375 mg/m2) was determined to be 205 µg/mL,
and after repeated administration reached 460
µg/mL.14 Moreover, we observed a plateau of B-cell
inhibitory effect at the concentration of 100 µg/mL
for Daudi cells in dose-response experiments with
rituximab concentrations of 1, 10, 100 and 1000
µg/mL (data not shown). A direct relation between
rituximab concentration and proportion of normal
B-cells was observed at concentrations up to 1000
µg/mL. We, therefore, feel that by choosing a high
rituximab concentration, which is reached in vivo,
we had optimized the in vitro conditions for inhibi-
tion by rituximab with respect to antibody concen-
tration. In some experiments, cells coated with rit-
uximab were further cross-linked by adding 50
µg/mL of a secondary rabbit anti-human IgG anti-
body (DAKO, Hamburg, Germany).
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Table 1. Chronic lymphocytic leukemia samples.

Patients (n) 20

Rai stage (n) 0 6
I 1
II 10
III 1
IV 2

Steroid treament yes 3
no 17

% of PB-MNC
(mean ± SEM) CD19 72.6±4.1

CD20 70.4±6.0  
CD14 5.3±0.8
CD3 11.7±1.9

CD19−/CD3−/CD14− 10.8±2.3



Peripheral blood mononuclear cells or immuno-
magnetically selected effector cells were added to
B-cells at effector to target ratios between 1:10
and 10:1, and cultured for 24 hours. In some exper-
iments GM-CSF (10 ng/mL) was added to the cul-
ture 4 hours prior to the addition of rituximab.15

Controls without antibodies were included in all
experiments. At the end of culture, the number of
viable cells was enumerated using the trypan-blue
exclusion method, and the proportion of CD19+ B-
cells was determined by flow cytometry. The effect
of rituximab was assessed by calculating the
absolute CD19+ cell count at the end of the cell
culture with rituximab and  dividing this number by
the CD19+ cell number at the end of a cell culture
with identical conditions but without rituximab.
All results are expressed as percent of control.

Immunofluorescence staining and flow
cytometry

Following culture, viable cells were counted
under an inverted microscope, using trypan-blue
staining. The proportion of the different cell pop-
ulations was calculated using fluorescence acti-
vated cell sorting (FACS). For immunofluorescence
analysis, at least 5×105 cells were incubated for 30
min at 4°C in the presence of CD19 (4G7, mIgG1),
CD3 (SK7, mIgG1), CD14 (Mf9, mIgG2b), or CD56
(My31, mIgG1) phycoerythrin (PE)- or fluorescein
isothiocyanate (FITC)-conjugated monoclonal anti-
bodies, or isotype-identical control antibodies
(Becton-Dickinson, BD, Heidelberg, Germany). In
order to avoid interference of rituximab with B-
cell fluorescence staining, the CD19 monoclonal
antibody was used to determine the proportion of
B-cells. Ten thousand cells were analyzed with a
Becton-Dickinson FACScan and the CellQuest com-
puter program (BD).

Statistical analysis
All experiments were repeated at least 4 times, as

indicated. Results are expressed as mean ± standard
error of the mean (SEM). Laboratory data were eval-
uated according to standard statistical methods and
commercially available computer programs (Micro-
soft Excel 2000, GraphPad Prism software). Statisti-
cal differences were studied using the Student’s t-
test. A significance level of p<0.05 was chosen.

Results

Mechanisms of the anti-proliferative effect
of rituximab on B-lymphoblastoid cells

CD20 MoAbs can inhibit the proliferation of
malignant human B-cell lines. Using the B-lym-
phoblastoid Daudi cell line, we compared the dif-

ferent mechanisms by which rituximab exerts its B-
cell depleting effect: direct inhibition, complement
lysis and effector cell-mediated inhibition. Follow-
ing 24 hours of incubation in the presence of rit-
uximab at a saturating concentration of 100
µg/mL, the proportion of viable cells was calculat-
ed by trypan blue exclusion. The growth of Daudi
cells was reduced to 76.1±3.5% of the control
(n=13 experiments, p=0.001)(Figure 1A). The addi-
tion of human serum as source of complement to
the culture medium led to a further decrease
(35.0±4.2% of the control, n=9, p=0.005). To con-
trol for this effect, we used human serum that had
been heat-inactivated at 56°C for 30 minutes.
Heat-inactivation abolished the serum–related
effect (Figure 1A).

We next examined whether effector cells from
peripheral blood were capable of increasing the
effects of rituximab. MNC were cultured with Dau-
di cells at a 10:1 effector/target (E/T) cell ratio (Fig-
ure 1B). After 24 hours of culture in the presence
of rituximab, the number of CD19+ lymphoblastoid
cells decreased to 26.1±8.7% of the control (n=6,
p=0.02)(Figure 1B), The addition of human serum
had no further effect (30.1±8.4%, n=6, p=0.7).
These results indicate that effector cells signifi-
cantly increase the B-cell inhibitory efficacy of rit-
uximab, and that effector-cell and complement-
mediated mechanisms contribute equally to this
effect without apparent synergism.

Effects of rituximab on normal human
peripheral blood B-cells

We then studied whether normal human B-lym-
phocytes were also susceptible to the inhibitory
effects of rituximab, as observed with Daudi cells.
B-cells were enriched from peripheral blood using
the MoAb CD22 and immunomagnetic selection.
In the presence of fetal calf serum, without any
other stimulation of proliferation, the number of B-
lymphocytes remained constant over the 24-hour
culture period. The addition of rituximab alone had
a modest, but significant suppressive effect on
freshly isolated B-cells (68.3±3.7%, n=10, p<0.001)
(Figure 2A). Hyper-crosslinking of rituximab-tar-
geted CD20 with a rabbit-anti-human-IgG did not
enhance the effect of rituximab alone (59.7±5.7%,
n=8, p=0.12), nor did the addition of autologous
serum add to the effect of rituximab (66.8±8.0%,
n=7, p=0.8)(Figure 2A). The rabbit-anti-human-IgG
alone had no effect.

A significant reduction in the number of B-cells
in the presence of rituximab was observed when
mononuclear cells were added back to selected B-
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cells at a MNC to B-cell ratio of 10:1 (24.3±10.8%,
n=5, p=0.05)(Figure 2B). The use of autologous
serum as a source of complement did not increase
this effect (30.2±6.2%, n=8, p=0.18, Figure 2B).
We next added rituximab to the total peripheral
blood mononuclear cell fraction of normal donors
to exclude that the manipulation of B-cells during
immunomagnetic selection contributed to their
depletion. MNC fractions contained 3.8±1.8%
CD19+ cells. After 24-hour culture in the presence
of rituximab, the number of B-cells was reduced to
52.6±12.9% of the control without rituximab
(mean±SEM of 13 experiments; p=0.007). The
addition of human serum did not enhance this
effect (49.1±6.9%, n=9).

Cell-mediated inhibition
To identify the cell type that mediates the

inhibitory effect of rituximab on normal B-cells,
CD3+ T-cells, CD16+ , CD56+ natural killer cells and
CD14+ monocytes isolated through immunomag-
netic selection were added to enriched CD22+ B-
cells.

Rituximab reduced the number of CD19+ cells in
the presence of CD3+ T-cells, at an effector to tar-
get cell ratio of 10:1, to 79.7% ± 5.1%, which is not
different from the effect of rituximab alone on B-
cells (n=6, p=0.41) (Figure 3). Selected CD56+ cells
including natural killer cells, incubated as described
for CD3+ cells, induced a significant depletion of
CD19+ cells (28.4±8.5%, n=6, p=0.03)(Figure 3).

Mechanisms of B-cell depletion by rituximab

Figure 1. Effector cell- and complement-mediated mecha-
nisms contribute equally to the inhibitory effect of rituximab
on the human lymphoblastoid Daudi cell line. A) Daudi cells
were incubated for 24 hrs in culture medium containing 10%
heat-inactivated fetal calf serum (h-FCS), or 10% human
serum (HS), or 10% heat-inactivated human serum (h-HS)
and 100 µg/mL rituximab (Rit). Identical culture conditions
without rituximab were used as individual controls. Viable
cells were enumerated at the end of the culture period by
trypan blue exclusion and the cell number was expressed as
percent of the cell number in the culture without rituximab.
The mean and standard error of the mean (SEM) are given.
*The reduction of Daudi cell growth by rituximab in heat-
inactivated FCS was statistically significant (p=0.001), as
was the additional inhibition in human serum in comparison
to in FCS (p=0.005).B) Daudi cells were cultured for 24 hrs
in the presence of mononuclear cells from peripheral blood
at a 10:1 effector/target cell ratio in medium containing
10% heat-inactivated fetal calf serum (h-FCS) or 10% human
serum (HS) and 100 µg/mL rituximab (Rit). At the end of
culture, viable cells were counted and the proportions of
CD19+ lymphoblastoid cells were determined by FACS. The
absolute CD19+ cell number was calculated, divided by the
CD19+ cell number after culture under identical conditions
but without rituximab, and expressed as percent of control.
The mean and standard error of the mean (SEM) of 6 exper-
iments are given. *Addition of rituximab to effector cells
from peripheral blood induced a significant depletion of Dau-
di cells in comparison to addition of rituximab alone (Figure
1A, Rit + h-FCS, p=0.002). The addition of human serum had
no synergistic effect (Rit+HS).

Figure 2. The inhibition of selected normal B-cells by ritux-
imab is significantly enhanced in the presence of effector
cells, but not by autologous human serum. A) B-cells were
selected from peripheral blood using immunomagnetic sep-
aration with CD22 antibody-coupled beads. Mean purity was
94.8 % as assessed by CD19 staining. Selected B-cells were
cultured for 24 hrs in the presence of 10% heat-inactivated
fetal calf serum (h-FCS) or 10% human serum (HS), 50
µg/mL anti-human IgG antibody (anti-Ig) and 100 µg/mL rit-
uximab (Rit), as indicated. At the end of culture, viable cells
were counted and the proportion of CD19+ cells was deter-
mined by FACS. The absolute CD19+ cell number was cal-
culated, divided by the CD19+ cell number after culture
under identical conditions but without rituximab, and
expressed as percent of control. The mean and standard
error of the mean (SEM) of at least 7 experiments are giv-
en. *The addition of rituximab reduced the number of fresh-
ly isolated B-cells after 24-hr culture modestly, but signifi-
cantly (p<0.001). Hyper-crosslinking of rituximab-targeted
CD20 with a rabbit-anti-human-IgG or the addition of autol-
ogous serum did not induce a further reduction of B-cells.
B) CD22-selected B-cells with a mean purity of 94.8% were
cultured in the presence of autologous mononuclear cells at
10:1 MNC to B-cell ratio for 24 hrs in medium containing
10% heat-inactivated fetal calf serum (h-FCS) or 10% human
serum (HS) and 100 µg/mL rituximab. At the end of culture,
viable cells were counted and the proportion of CD19+ cells
was determined by FACS. The absolute CD19+ cell number
was calculated, divided by the CD19+ cell number after cul-
ture under identical conditions but without rituximab, and
expressed as percent of control. *The reduction of CD19+

cells by rituximab in the presence of MNC was significant-
ly enhanced in comparison to the effect of rituximab with-
out MNC (p=0.05). The use of autologous serum as a source
of complement did not add to this effect (Rit+HS).
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On the other hand, effector cells selected using a
CD16 antibody recognizing and interfering with
the function of the Fc-γ receptor RIII did not exert
any significant inhibition on B-cells in the pres-
ence of rituximab (data not shown).

To study the contribution of monocytes, CD14+

cells were added to B-cells at different effector to
target ratios (E/T) (Figure 3). No effects were
observed at an effector to target ratio of 1:10, while
only a modest inhibition was observed at a 1:1 E/T
cell ratio. At a 10:1 E/T ratio, CD14+ monocytes
reduced the number of  CD19+ cells to 32.4±6.6%
of the control without rituximab (n=12, p=0.04).

We next pre-incubated the CD14+ cells with 10
ng/mL GM-CSF prior to the addition of rituximab
and B-cells. The proportion of B-cells decreased at
24 hours to 22.6±3.2% of the control without rit-
uximab, which was not statistically significant dif-
ferent from the effect of rituximab and CD14+ cells
without GM-CSF (n=6, p=0.42) (Figure 3).

In conclusion, the experiments on normal periph-
eral blood B-cells demonstrated the dominant role
of effector-cell mediated mechanisms in the
inhibitory action of rituximab.

Effects of rituximab on peripheral blood
B-cells of patients with B-CLL

We next studied rituximab-dependent effector-
cell mediated mechanisms on malignant B-cells
from 20 patients with B-CLL. Peripheral blood MNC
contained 72.6±4.1% CD19+ B-cells, 70.4±6%
CD20+ cells, 5.3±0.8% CD14+ cells and 11.7±1.9%
CD3+ cells (Table 1). The addition of rituximab
resulted in a significant depletion of CD19+ cells to
63.7±4.3% of the control without rituximab
(p=0.005)(Figure 4). This effect was more pro-
nounced following addition of 10 ng/mL GM-CSF
(depletion of CD19+ cells to 35.8±5.6%, p=0.002).
We found no correlations between degree of inhi-
bition by rituximab and patients’ characteristics,
such as stage, duration of the disease, previous

M.T. Voso et al.

Figure 3. CD56+ and CD14+ cells mediate the rituximab-
dependent effector-cell inhibitory effect on selected normal
B-cells at an effector/target ratio of 10:1. The different cell
fractions were enriched using immunomagnetic selection
and incubated in the presence of CD22-selected B-cells at
the indicated E/T cell ratios. CD14+ cells were pre-incu-
bated with 10 ng/mL GM-CSF where indicated (+GM-CSF).
Cells were cultured for 24 hrs in the presence of 100 µg/mL
rituximab. At the end of culture, viable cells were counted
and the proportion of CD19+ cells was determined by FACS.
The absolute CD19+ cell number was calculated, divided by
the CD19+ cell number after culture under identical condi-
tions but without rituximab, and expressed as percent of
control. The mean is indicated by a bar. *Reduction of
CD19+ cells was significant with respect to the reduction
following culture with rituximab alone for CD56+ and CD14+

effector cells at a 10:1 E/T ratio (p=0.03 and p=0.04). Pre-
incubation of CD14+ cells with GM-CSF did not result in a
further reduction of B-cells with respect to non-primed
CD14+ cells.

Figure 4. B-cells from patients with CLL are sensitive to the
inhibitory effect of rituximab, particularly in the presence of
GM-CSF. PB-MNC were cultured in the presence of 100
µg/mL rituximab + 10 ng/mL GM-SCF for 24 hrs. Viable
cells were counted at the end of culture, and the proportion
of CD19+ cells was determined. The absolute CD19+ cell
number was calculated, divided by the CD19+ cell number
after culture under identical conditions but without ritux-
imab, and expressed as percent of control. Dotted lines indi-
cate paired samples.
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treatment, proportion of CD20+ B-cells in the sam-
ples and mean CD20 expression, which was low in
all samples (CD20 mean fluorescence intensity
25.2±1.8). There was also no correlation with the
number of CD3+ T-cells, CD14+ monocytes and the
CD19−/CD3−/CD14− cell fraction containing the NK
cells. These data indicate a role for cell-mediated
mechanisms in the inhibitory action of rituximab
and suggest that pre-treatment of patients with
GM-CSF may improve the therapeutic outcome of
patients with CLL.

Discussion
Several mechanisms have been proposed for the

depletion of normal and malignant B-cells in vivo
by rituximab, including (a) activation of intracellu-
lar signaling and apoptosis, (b) complement-medi-
ated cell lysis and (c) effector-cell mediated cyto-
toxicity.5,6 These effects of rituximab were mainly
examined on cell lines. We evaluated the ritux-
imab-related effects on freshly isolated B-cells
from normal donors and found that effector cell-
mediated inhibition plays the major role. Further-
more, we could enhance the in vitro B-cell deple-
tion in patients with B-cell chronic lymphocytic
leukemia by the addition of GM-CSF.

We observed a direct inhibition of the prolifera-
tion of Daudi lymphoma cells by rituximab to 76%
of the control. In the same line, the number of
immunomagnetically purified normal B-cells from
peripheral blood was reduced to 68% of the control.
Direct inhibition of B-lymphoma cell lines by murine
CD20 antibodies has been described.2, 5 It has been
reported that the proliferation of normal tonsillar B-
cells induced by some but not all mitogenic signals
can be very efficiently inhibited by rituximab sug-
gesting a cell-cycle-dependent effect.16 B-cells in
peripheral blood from normal donors are non-
cycling, and B-cells were cultured without growth
stimulation which might explain the moderate
effects that we observed in this cell population.

We next determined the contribution of com-
plement-mediated mechanisms of inhibition. Using
normal human serum as a complement source,
Daudi cells could be efficiently reduced by ritux-
imab. In contrast, the addition of autologous serum
to normal peripheral blood B-cells did not have sig-
nificant effects. Differences in the sensitivity to
complement-mediated cell lysis have been attrib-
uted  to differences in the expression of the com-
plement inhibitors CD55 and CD59.16 Peripheral
blood B-cells express CD55 and CD59.17-19 The addi-
tion of antibodies blocking CD55 and CD59 can

induce a significant lysis of otherwise complement-
resistant CLL B-cells by rituximab.20,21 On the oth-
er hand, a recent study did not find any correlation
between expression of complement inhibitors on
tumor cells and clinical outcome in follicular non-
Hodgkin’s lymphoma questioning the role of com-
plement-lysis in the effects of rituximab in vivo .22

Our results suggest a major role for effector-cell
mediated mechanisms. Mononuclear cells from
peripheral blood induced a reduction in the num-
ber of B-cells in the presence of rituximab to 24%.
Purification of different cell populations of PB-
MNC showed that CD14+ monocytes and CD56+

natural killer cells were equally effective in medi-
ating the inhibition by rituximab, while CD3+ T-
cells were not involved. The activity depended on
the effector/target ratio, with a significant effect
observed at a 10:1 E/T ratio.

Monocytes and NK cells are the main effector
cells of antibody-dependent cellular cytotoxicity
(ADCC), which requires the presence of activating
Fc receptors on the effector cells. In this line, effec-
tor cells enriched using an antibody binding and
blocking CD16, a receptor for the IgG Fc portion,
did not mediate a reduction of B-cells by rituximab
in vitro. The predominant role of effector-cell medi-
ated mechanisms of B-cell inhibition by rituximab
is also supported by animal studies. An IgG4 anti-
CD20 antibody, which does not activate ADCC and
complement, failed to deplete B-cells in monkeys.23

More importantly, in nude mice deficient for the
activation component of Fc receptors, rituximab
failed to inhibit human B-cell lymphoma growth.24

These data show that the in vivo activity of ritux-
imab against lymphoma cells depends on the
engagement of Fc receptors on effector cells.

We then studied whether we could augment the
cell-mediated inhibitory activity of rituximab by
stimulation of monocytic effector cells with GM-
CSF, a cytokine approved for clinical use. GM-CSF
promotes the differentiation of monocytes to
macrophages increasing the lysis of antibody-tar-
geted tumor cells.15,25 A stronger decrease of the
tumor growth rate of large human B-cell tumors in
nude mice has been reported for the combination
of a CD20 monoclonal antibody with recombinant
murine GM-CSF in comparison to the antibody
alone.26 We therefore pre-incubated purified
monocytes with GM-CSF and then cultured the
stimulated monocytes with purified B-cells in a
10:1 E/T ratio. B-cells were depleted to 22 %, when
compared to a control without rituximab, although
this reduction was not significantly different from

Mechanisms of B-cell depletion by rituximab
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the depletion by non-stimulated monocytes.
We examined whether this approach could be

promising for patients with CLL. The addition of
rituximab to the PB-MNC of patients with B-CLL
reduced the number of B-cells to 63% of the con-
trol. Addition of GM-CSF significantly enhanced
the inhibitory effect of rituximab resulting in a
decrease of B-cells to 34.8% of the control.

In conclusion, these data could help improve the
treatment of B-cell malignancies with rituximab,
by including GM-CSF, as responses to rituximab in
patients with CLL are variable and the duration of
remission is only transient.27 Some caution must
be expressed as patients with CLL and high lym-
phocyte counts treated with rituximab are at risk
of tumor-lysis and cytokine-release syndromes.28
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What is already known on this topic
Several modes of action for rituximab, a monoclonal
antibody against B-cells, have been described in vitro
but little is known of what happens in vivo. Several stud-
ies were performed on cell lines or in animal models.

What this study adds
This study was performed on freshly isolated normal
peripheral B-cells and B-CLL cells. The results further
support the idea that antibody-mediated cellular cyto-
toxicity (ADCC) is an important mechanism of action of
rituximab on circulating B-cells.

Potential implications for clinical practice
The modulation of ADCC through cytokines (IL-2, IL-12,
G-CSF, GM-CSF) that increase NK-cell and macrophage
functions may reinforce the therapeutic action of ritux-
imab, as suggested by the authors using GM-CSF.
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