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Effect of alemtuzumab on neoplastic B cells

Alemtuzumab (campath-1H) is a
humanized antibody directed against
the CD52 antigen.1,2 CD52 is highly

expressed on mature T lymphocytes, mono-
cytes and monocyte-derived dendritic cells2–4

as well as on mature B cells and those of B-
cell chronic lymphocytic leukemia (B-CLL).5
Indeed, alemtuzumab has clinical activity in
B-CLL in vivo6-9 and has been approved by
the FDA for the treatment of fludarabine-
refractory CLL. The overall response to alem-
tuzumab is 33% in relapsed or refractory
patients6 whereas it is 87% when the anti-
body is used as first-line treatment.10

Alemtuzumab is also being employed in
vivo in non-myeloablative conditioning
regimens in bone marrow transplantation
(BMT)11-14 where it acts through deletion of
potentially alloreactive T cells and donor
dendritic cells,3,15 thus reducing graft-ver-
sus-host disease (GVHD). Reduction of

GVHD may, however, be accompanied by a
reduced graft-versus-leukemia (GVL) effect,
leading to increased relapse.14,16,17 In this set-
ting, a direct effect of alemtuzumab on
CD52-positive leukemic cells could have a
beneficial anti-leukemia effect.

Alemtuzumab is thought to act through
the activation of complement and/or anti-
body-dependent cellular cytotoxicity
(ADCC), since the antibody carries the
human IgG1 Fc region and mediates com-
plement lysis and ADCC in vitro against T-
cells.18,19 Furthermore, complement con-
sumption has been demonstrated follow-
ing administration of alemtuzumab in B-
cell non-Hodgkin’s lymphoma (B-NHL).20 In
contrast, only limited pro-apoptotic effects
of the antibody have been reported,21 sug-
gesting that immune-mediated activities
predominate in the mechanism of action of
the antibody. Surprinsingly, however, little
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Background and Objectives. The therapeutic antibody alemtuzumab is directed against
the CD52 molecule and is used for the treatment of B-cell lymphocytic leukemia (B-CLL).
We investigated the mechanism of action of this antibody in vitro against different neo-
plastic B cells and compared it to the anti-CD20 antibody rituximab. 

Design and Method. Complement-mediated cytotoxicity assays were performed on
freshly isolated neoplastic cells using human serum as the source of complement. Anti-
body-dependent cellular cytotoxicity (ADCC) was evaluated by chromium release assays,
using peripheral blood mononuclear cells as effector cells, before and after 2 days of cul-
ture with interleukin-2 (IL-2).

Results. Alemtuzumab lysed cells from the 23 B-CLL samples through complement acti-
vation (mean 80%) much more efficiently than rituximab did (mean 16%), presumably
because of the higher expression of CD52 than of CD20. All other leukemic B cells, includ-
ing 1 prolymphocytic leukemia, 2 hairy cell leukemias and 6 B-non Hodgkin's lymphomas
were effective targets for both antibodies, with 88% and 85% mean lysis, respectively.
Both CD52 and CD20 were highly expressed in these cells. In contrast, most neoplastic B
cell samples were poorly lysed through ADCC using freshly isolated peripheral blood
mononuclear cells as effectors with either monoclonal antibody and regardless of target
antigen levels. ADCC was, however, significantly increased in all cases by culturing the
effector cells with IL-2 for 2 days.

Interpretation and Conclusions. Complement-mediated lysis is likely to be an impor-
tant mechanism of action of alemtuzumab in B-CLL and combination with IL-2 may
increase this antibody’s efficacy through ADCC. Mature neoplastic B cells other than B-
CLL express high levels of CD52 and are good targets for alemtuzumab-mediated cyto-
toxicity.
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work has been done to analyze the capacity of alem-
tuzumab to effectively carry out complement-medi-
ated lysis (CDC) or ADCC on primary leukemia cells.22

Rituximab is also an unconjugated chimeric IgG1 anti-
body, but directed against the pan-B CD20 molecule.
This antibody has been approved for the treatment of
B-NHL and has also been used to treat B-CLL.23,24 Rit-
uximab and alemtuzumab likely work through similar
mechanisms of action.25-28 We have previously shown,
using AIDS-derived lymphoma cell lines, that alem-
tuzumab activates complement less well in these cells
than does rituximab, even in cell lines which express
the same amount of target antigen.29 However, in B-
CLL, CD20 is usually expressed at much lower levels
compared to CD52.26,30 We therefore further compared
the capacity of both rituximab and alemtuzumab to
induce ADCC and CDC in vitro, using the natural neo-
plastic targets of these two antibodies, namely fresh-
ly isolated B-CLL as well as other B-NHL cells.

Design and Methods
Cells

Heparinized peripheral blood was obtained after
informed consent from patients with B-chronic lym-
phocytic leukemia (B-CLL), B-prolymphocytic leukemia
(PLL), mantle cell lymphoma (MCL), marginal zone
lymphoma (MZL) and follicular lymphoma (FL) with
significant circulating disease (at least 70% neoplas-
tic cells in the mononuclear fraction). All patients were
diagnosed by routine immunophenotypic, morpholog-
ic and clinical criteria. In all cases double staining with
CD19 and sIgλ or sIgκ was performed, allowing mon-
oclonality to be established and providing the per-
centage of contaminating normal B cells in the sam-
ple which was below 2%. The mononuclear cell frac-
tion was isolated by Ficoll-Hypaque (Seromed, Berlin,
Germany) gradient centrifugation and aliquots of cells
were frozen in 10% dimethylsulfoxide according to
standard procedures.

Immunofluorescence
Peripheral blood mononuclear cells (PBMC) from

leukemia/lymphoma patients were stained using stan-
dard procedures with FITC-conjugated anti-CD52 anti-
body (rat IgG2a clone YTH34.5, Walter Occhiena, Turin,
Italy) or anti-CD20 antibody (clone L27, Becton Dick-
inson, Mountain View, CA, USA) or FITC-labeled mouse
IgG1 control antibody (Becton Dickinson). After wash-
ing, stained cells were analyzed in a FACSCalibur
instrument (Becton Dickinson) using standard proce-
dures. In order to standardize analyses performed on
different days, the negative control was always cen-
tered between fluorescence channels 1 and 10, and
the gate was set at channel 10.31

Complement-dependent cytotoxicity (CDC)
CDC tests were performed as described previously.31

Briefly, mononuclear cells were plated in a 100 µL vol-
ume at 7×105cells/mL in flat-bottomed 96-well plates
in the presence or absence of 10 µg/mL alemtuzumab
(a kind gift from Schering, Segrate, Italy) or rituximab
(a kind gift from Roche Italia, Monza, Italy) and in the
presence of 25% pooled human serum. The cells were
incubated for 3 hours at 37°C in 5% CO2 and then
diluted to a final volume of 300 µL in 10% alamar
blue solution (Biosource, Camarillo, CA, USA) diluted
in complete medium (see below). Incubation was con-
tinued overnight at 37°C and the plates were read in
a fluorimeter (Cytofluor 23000, Millipore, Bedford, MA,
USA) with excitation at 530 nm and emission at 590
nm. Triplicate wells with human serum alone were
used as the negative control (0% lysed cells) whereas
wells incubated with 0.25% Triton-X100 were used as
the positive control (100% lysed cells).31 In some exper-
iments, the effect of alemtuzumab in the absence of
human serum or in the presence of heat-inactivated
serum was analyzed in parallel. Lysis was calculated
using the following formula: percentage lysed
cells/percentage CD52+ or CD20+ cells×100.

Antibody-dependent cellular cytotoxicity
Peripheral blood mononuclear cells were purified

from patients' peripheral blood by standard Ficoll-
Hypaque (Seromed, Berlin, Germany) gradient cen-
trifugation. The cells were either used immediately or
cultured for 48 hours in RPMI1640 medium (Seromed)
supplemented with 10% fetal calf serum (FCS, Hyclone
Laboratories, Logan, UK), 2mM glutamine (Life Tech-
nologies, Paisley, Scotland), 100 U/mL penicillin and
100 µg/mL streptomycin (complete medium), in the
presence of 1000 U/ml recombinant human inter-
leukin-2 (rhIL-2; Serono, Rome, Italy).

PBMC (2-3×106) from patients' samples were labeled
by incubation for 2 hours at 37°C in 100-200 µL com-
plete medium containing 1.11 MBq sodium chromate51

(Amersham, Little Chalfont, Buckinghamshire, UK).
Cells were then washed and incubated for 20 minutes
at room temperature with 10 µg/mL alemtuzumab or
rituximab, washed again and plated at 104 cells/well in
round-bottomed 96-well plates. Effector cells were
either freshly isolated PBMC or PBMC cultured with IL-
2. Increasing numbers of effector cells were added to
make effector:target ratios ranging from 2:1 to 63:1,
in a final volume of 200 µL. Control wells contained
only target cells (to measure spontaneous release) or
target cells lysed with 1% sodium dodecyl sulphate
(total cpm). The plates were incubated for 6 hours at
37°C in 5% CO2, after which 100 µL of supernatant
were collected from each well and counted in a gam-
ma counter. Percentage lysis was calculated after sub-
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stracting the cpm due to spontaneous release (in the
absence of effector cells) from all samples using the
following formula:

cpm test sample × 100

total cpm

Results

Lysis of freshly isolated B-CLL through
complement activation

We first tested the capacity of alemtuzumab to lyse
freshly isolated B-CLL cells in vitro in the presence of
human complement, and compared rituximab’s capac-
ity in the same setting. The clinical characteristics of
the 23 B-CLL patients whose samples were tested are
shown in Table 1. Standard CDC assays were performed
using 25% pooled human serum as the source of com-
plement and 10 µg/mL of either rituximab or alem-
tuzumab. Patients' mononuclear cell fractions con-
tained 70-99% leukemic cells. The percentages of cell
lysis obtained with either alemtuzumab or rituximab
are shown in Figure 1A. Alemtuzumab led to efficient
lysis of all samples, cell killing reaching 60-100%
(mean 80%). In contrast, and as reported previously,
rituximab resulted in very poor lysis in most samples
(less than 20% lysis in 19/23 samples and 40-80%

lysis in only 4 samples; mean lysis 16%).31 In order to
verify that lysis was due to complement and not to a
direct pro-apoptotic effect of alemtuzumab, 16 sam-
ples were treated with alemtuzumab in the presence
or absence of serum, and cytotoxicity measured as
above. The results show that alemtuzumab alone has
only a minor effect on cell viability in the absence of
complement, with an mean increase in mortality of
8.3% (range 2-14%) in the absence of serum com-
pared to 83% (range 60-100%) for the same samples
in the presence of serum. Furthermore the cytotoxic-
ity observed with alemtuzumab in the presence of
heat-inactivated serum was comparable to that found
in the absence of serum (data not shown). These data
demonstrate that the strong lysis induced by the anti-
body and serum is mostly due to complement activa-
tion and that alemtuzumab has little pro-apoptotic
activity under the conditions analyzed here. 

Lysis of B-CLL by rituximab has been shown previ-
ously to be directly proportional to the expression lev-
els of the CD20 antigen in different samples.31 We
therefore compared the levels of expression of CD52
and CD20 in the B-CLL samples analyzed. As shown in
Figure 1B, CD52 was highly expressed in all samples
(MFI 381-3100, mean 1450) whereas CD20 was gen-
erally weakly expressed (MFI 22-750; mean 186).

These data show that alemtuzumab, despite being a
poor activator of CDC on lymphoma cell lines which
express relatively low amounts of the CD52 antigen34

(Golay et al. unpublished data), induces CDC very effi-

Table 1. Clinical characteristics of the patients studied.

Patientsa Sex Age Months Stageb No. previous WBC Patientsa Sex Age Months Stageb No. WBC
from treatmentsc ×109/L from previous x109/L

diagnosis diagnosis treatmentsc

CLL1 M 63 78 A 0 38 CLL18 M 60 0 A 0 24
CLL2 F 57 0 A 0 19 CLL19 M 54 6 B 0 72
CLL3 M 80 0 A 0 31 CLL20 F 71 63 C 2 86
CLL4 M 77 87 A 0 56 CLL21 M 75 88 B 0 85
CLL5 M 81 0 C 0 46 CLL22 F 81 53 C 1 52
CLL6 F 67 40 A 0 64 CLL23 F 81 54 A 0 62
CLL7 F 65 16 A 0 92 PLL1 M 60 32 B 0 235
CLL8 M 69 42 C 1 86 HCL1 F 86 41 NA 1 NA
CLL9 M 57 24 C 2 95 HCL2 M 71 2 NA 1 11
CLL10 F 78 9 A 0 14 MCL1 M 80 95 IVB 2 45
CLL11 M 63 95 A 0 40 MCL2 M 75 0 IVB 0 34
CLL12 F 73 50 A 1 84 FL1* M 59 17 II B 1 NA
CLL13 M 62 29 A 0 40 FL2* F 63 70 IV B 2 5
CLL14 F 71 19 A 0 59 FL3* M 38 70 IVB 3 6
CLL15 F 79 99 A 0 22 FL4 M 42 33 III B 1 12
CLL16 F 45 2 A 0 17 MZL M 65 24 II 0 50
CLL17 F 50 131 A 0 89

aall samples were from peripheral blood except those from patients FL1, FL2 and FL3, indicated with *, which were from lymph node biopsies; bstaging according to Binet
for B-CLL/PLL and according to Ann Arbor for the lymphomas; cnone of the patients had been treated previously with alemtuzumab. NA: not available.
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ciently in freshly isolated B-CLL, presumably due to
the extremely high levels of expression of the antigen
in these cells allowing efficient activation of the com-
plement cascade. 

CDC of other neoplastic B cells
CD52 is highly expressed on normal mature lym-

phocytes and on T- and B-CLL. Recently CD52 has been
shown to be expressed by other neoplastic mature B
cells, in particular MCL and HCL.36,37 The capacity of
alemtuzumab to lyse freshly isolated neoplastic B cells
of different subtypes through CDC was therefore
determined by testing 1 prolymphocytic leukemia
(PLL), 2 HCL, 2 MCL, 1 Burkitt's lymphoma (BL) and 3
FL. The characteristics of the patients are listed in Table
1. As shown in Figure 2A (black bars), alemtuzumab
lysed 70-100% of most samples (mean 88%). As for B-
CLL, lysis by alemtuzumab in the absence of serum
was negligible in all cases (mean 4.7%) showing that
alemtuzumab dose not induce significant apoptosis in
B-NHL (data not shown). CDC of the same samples by
rituximab was comparable to that of alemtuzumab,

with lysis ranging from 55% to 100% (mean 85%)(Fig-
ure 2A). Measurement of CD52 expression levels
showed that CD52 was highly expressed in all cases
(MFI over 520-2600) (Figure 2B). CD20 was generally
expressed at lower levels than CD52 (MFI 300-650),
except in the two HCL samples which had very high
MFI (1500 and 3230) (Figure 2B). We conclude that
alemtuzumab efficiently activates complement in all
freshly isolated leukemia and lymphoma cells, which
express high levels of the CD52 target antigen. 

Lysis of B-CLL through ADCC
ADCC has been proposed as an important mecha-

nism of action of both alemtuzumab and rituximab.22,27

However, we have previously shown that freshly iso-
lated leukemic cells, unlike cell lines, are poorly lysed
in vitro through ADCC using rituximab and peripheral
blood NK cells as effector cells.38 We therefore want-
ed to investigate whether alemtuzumab induces more
efficient ADCC of leukemic B cells in vitro than does
rituximab in the same conditions. Standard ADCC
assays were performed at different effector:target (E:T)

Figure 1. Complement-mediated lysis of B-CLL samples
by alemtuzumab and rituximab. A. Peripheral blood
mononuclear cells from 23 B-CLL patients were incu-
bated with 10 µµg/mL alemtuzumab (black bars) or rit-
uximab (white bars) and 25% human serum for 3 hours
at 37°C. Percentage lysis was measured with the alamar
blue assay. The results are the mean and standard devi-
ation of triplicate wells. B. Peripheral blood mononuclear
cells from the same B-CLL patients were stained with
FITC-labeled anti-CD52 or anti-CD20 antibodies and ana-
lyzed on the FACS. The results show the mean fluores-
cence intensity for CD52 (black bars) and CD20 (white
bars).

Figure 2. Complement-mediated lysis of other neoplastic B-
cell samples A. Peripheral blood mononuclear cells from 1
B-PLL, 2 HCL, 2 MCL, 1 BL and 3 FL patients were incubated
with 10 µµg/mL alemtuzumab (black bars) or rituximab
(white bars) and 25% human serum for 3 hours at 37°C.
Percentage lysis was measured with the alamar blue assay.
The results are the mean and standard deviation of tripli-
cate wells. B. Peripheral blood mononuclear cells from the
same patients were stained with FITC-labeled anti-CD52
or anti-CD20 antibodies and analyzed on the FACS. The
results show the mean fluorescence intensity for CD52
(black bars) and CD20 (white bars).
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ratios using PBMC (containing an average 11% of
CD56+/CD16+ NK cells) as the effector cells and a series
of leukemic samples, including 6 B-CLL, 1 PLL, 2 MCL,
2 FL and 1 MZL. All samples were tested in the pres-
ence or absence of either rituximab or alemtuzumab.
The results of the dose response curves for 4 out of 7
B-CLL/PLL samples tested are shown in Figure 3 (left
hand panels). The other 3 B-CLL gave comparable
results (data not shown). None of the samples was effi-
ciently lysed by freshly isolated PBMC in the absence
of antibody (lysis 0-10%; mean 3.2% at the highest E:T
ratio)(Figure 3A-D, open circles). As previously report-
ed, rituximab did not induce significant lysis (mean
4.8% at the highest E:T ratio) (Figure 3A-D, closed cir-
cles, data not shown). Alemtuzumab also mediated
very low lysis, reaching a mean of 10% (i.e 7% above
background) for all 7 B-CLL and PLL cases analyzed
(Figure 3A-D, closed squares and data not shown).
Similar results were obtained with the other neoplas-
tic B cells tested (MCL, FL, MZL)(Figure 4). Lysis by both
alemtuzumab and rituximab was usually less than

10% in all cases (Figure 4, left hand panels A-E). The
only exceptions were the two FL samples analyzed
which showed 30-44% lysis above background in the
presence of alemtuzumab at the highest E:T ratio (Fig-
ure 4, panels C+D, closed squares). We have previous-
ly shown that rituximab-mediated ADCC of freshly iso-
lated leukemic samples is greatly enhanced by pre-
activation of the effector cells by short-term culture
in interleukin-2.38 We therefore compared the ADCC
mediated by IL-2-activated NK cells using either alem-
tuzumab or rituximab. The full dose response curves
are shown in Figure 3 E-H and Figure 4 F-J (right hand
panels). The data clearly confirm that IL-2 increases
background lysis in the absence of antibody in most
cases as well as specific ADCC with either alem-

Figure 3. ADCC of B-CLL/PLL cells by alemtuzumab and
rituximab.Peripheral blood mononuclear cells from B-CLL
or PLL patients were labeled with 51Cr, incubated in the
absence (open circles) or presence of 10 µµg/mL alem-
tuzumab (closed squares) or rituximab (closed circles)
and plated in triplicate wells with increasing amounts of
PBMC from a normal donor as effector cells, either fresh-
ly isolated (panels A-D) or after culture for 48 hours in
1000 U/mL rhIL-2 (panels E-H). Lysis was measured after
incubation for 6 hours. 

Figure 4. ADCC of lymphoma cells by alemtuzumab and
rituximab. Peripheral blood mononuclear cells from the
indicated B-NHL patients were labeled with 51Cr, incu-
bated in the absence (open circles) or presence of 10
µµg/mL alemtuzumab (closed squares) or rituximab
(closed circles) and plated in triplicate wells with increas-
ing amounts of PBMC from a normal donor as effector
cells, either freshly isolated (panels A-E) or after culture
for 48 hours in 1000 U/ml rhIL-2 (panels F-J). Lysis was
measured after incubation for 6 hours. 
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tuzumab or rituximab. Indeed significant ADCC was
obtained at much lower effector:target ratios using
IL-2-activated PBMC (E:T ratios 2-7), than when using
freshly isolated effector cells (E:T ratios 21-63), and
specific lysis was higher at several effector:target
ratios compared to ADCC in the absence of IL-2 cul-
ture (Figures 3 and 4). We conclude that the ADCC of
most freshly isolated leukemic samples with alem-
tuzumab and PBMC is weak, and in particular that of
B-CLL/PLL, despite the very high levels of CD52 anti-
gen expressed on the target cells. However, this lysis,
similarly to that previously observed with rituximab,
can be greatly enhanced by activation of effector cells
with IL-2 in vitro. 

Discussion

In this study we investigated the capacity of alem-
tuzumab to lyse freshly isolated neoplastic B cells
through either CDC or ADCC in vitro and compared this
activity with that of rituximab. We show that alem-
tuzumab lyses B-CLL cells through CDC very efficiently,
reaching a mean lysis of 80%. Alemtuzumab alone had
little cytotoxic activity in the absence of complement
suggesting that it has limited pro-apoptotic activity, in
agreement with a recent report.26 Rituximab on the oth-
er hand activates complement poorly in B-CLL, with the
mean lysis being 16% in the same B-CLL samples.31 The
different CDC levels obtained with alemtuzumab com-
pared to rituximab presumably reflect the amount of
target antigens expressed by B-CLL cells, since CD20 is
weakly expressed in most samples (MFI below 300),
whereas CD52 is extremely strongly expressed (MFI 380-
3100) and CDC has previously been shown to correlate
with target antigen levels.31,39 In other neoplastic B-cell
samples on the contrary, both alemtuzumab and ritux-
imab were very effective, killing a mean of 88% and
85% of the cells, respectively, in the presence of human
complement. This amount of lysis corresponded to an
expression level of both target antigens above MFI 400.
These results are interesting in view of our previous
observation that AIDS-derived cell lines are resistant to
lysis by alemtuzumab, but not rituximab; this resistance
was shown even by cell lines expressing equal amounts
of CD20 and CD52.34 Indeed we also tested 5 non-AIDS-
derived follicular and Burkitt's lymphoma cells lines, all
of which showed the same resistance to CDC by alem-
tuzumab (mean lysis 7%)   (Golay et al., unpublished
data). In all cases CD52, although expressed on at least
90% of cells, was relatively dim (MFI below 250). Thus
adaptation of lymphoma cells during long-term in vitro
culture appears to result in a decrease in CD52 expres-
sion, and a consequent resistance to in vitro lysis with
alemtuzumab and complement. 

In contrast, we show here that most freshly isolated
leukemia/lymphoma cells derived from mature B cells
(CLL, PLL, MCL, FL) express high levels of CD52 and are
efficient targets for alemtuzumab and complement. This
observation is important in view of the increasing clin-
ical use of alemtuzumab as an immunosuppressive
agent in the context of non-myeloablative conditioning
for bone marrow transplantation.13,14 This procedure has
been demonstrated to reduce transplantation-related
mortality significantly in allogeneic transplantation. In
this clinical setting, the capacity of alemtuzumab to
deplete normal T and B cells from host and donor origin
allows good donor cell engraftment and low GVHD.11,14,20

Furthermore in all neoplasias expressing high levels of
CD52, alemtuzumab may also, in principle, have an anti-
leukemia effect through complement activation and
ADCC, thus counteracting the reported reduction of the
allogeneic T-cell- or NK-mediated GVL effect in this set-
ting.15,17,18 A mechanism of action that relies on comple-
ment may be particularly relevant in this clinical con-
text, since alemtuzumab may also deplete the NK cells
which may be required for ADCC and/or direct tumor cell
killing. It is, however, worth remembering that the stan-
dard dose of alemtuzumab in the bone marrow trans-
plantation setting is much lower than that used to treat
B-CLL (20 mg/day for 5 consecutive days compared to
30 mg/3 times/week for 12 weeks, respectively) with
consequent lower maximal serum levels (10 µg/mL ver-
sus 20-25 µg/mL, respectively)6,12,37,38 and potentially
reduced anti-tumor efficacy. Our results suggest that
complement activation is likely to be an important
mechanism of action of alemtuzumab in vivo, as it is for
rituximab.25,39,40 Arguments in favor of ADCC as the major
mechanism of action of alemtuzumab were presented in
the past following a study of different anti-CD52 anti-
body isotypes in vivo.22 This latter study, however, used
only rat IgM, IgG2a and IgG2b isotypes, but not the
humanized alemtuzumab itself.20 Here we show that
alemtuzumab, like rituximab, gave low percentages of
lysis through ADCC of freshly isolated leukemic samples
with a mean of 7% for B-CLL/PLL samples, and 13% for
all leukemia/lymphoma samples tested. Thus lysis with
alemtuzumab remained low despite the very high
expression level of CD52 antigen on leukemic targets,
estimated to be a mean of 37,0000 molecules per cell
in B-CLL compared to 8,000 for CD20.41 These results
are not easily reconciled with the hypothesis that ADCC
is a major mechanism of action of alemtuzumab. In vit-
ro however the resistance of leukemic cells to ADCC can
be at least in part overcome by culturing PBMC in IL-2
for 48 hours. Thus using activated NK cells, specific lysis
was either increased and/or was obtained at lower
effector:target ratios. We and others have previously
shown  that short-term culture in IL-2-does not increase
the percentage of NK cells.34,42,43
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The exact mechanism involved in IL-2-mediated NK-
cell activation still needs to be fully determined, but is
likely to involve induction or activation of natural cyto-
toxicity receptors, in particular NKp44 and NKG2D.44-46

Whether the events that take place following adminis-
tration of therapeutic monoclonal antibodies to
patients, such as complement activation and release of
cytokines, can lead to similar NK-cell activation in vivo
is unknown at present. Furthermore it is possible that,
in vivo deposition of complement fragments on target
cells permits improved ADCC through interaction with
complement fragment receptors such as CR3 on NK
cells. 

The results presented demonstrate that lymphoma and
leukemia samples derived from the mature B-cell com-
partment are good targets for the cytolytic activity of
alemtuzumab and human complement. This suggests
that the use of alemtuzumab in the non-myeloablative
regimen for allogeneic stem cell transplantation may be
particularly beneficial in this category of neoplasias, in
which the antibody may also provide some direct GVL

effect. In addition the data presented offer a biological
rationale for the combined use of IL-2 and unconjugat-
ed monoclonal antibodies in clinical practice. Recent
data suggest that the combination of low dose IL-2 and
ritiximab or trastuzumab is feasible47,48 and leads to
increased NK-cell-dependent cytotoxic activity in vitro.
The clinical benefit does, however, remain to be clearly
demonstrated.49
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