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Summary
Antibody-based therapies, such as rituximab and alemtuzumab, have contributed significantly to
the treatment of Chronic Lymphocytic leukemia (CLL). The CD40 antigen is expressed
predominantly on B-cells and represents a potential target for immune-based therapies. SGN-40 is
a humanized IgG1 monoclonal antibody currently in Phase I/II clinical trials for indolent
lymphomas, diffuse large B cell lymphomas and Multiple Myeloma. Its biological effect on CLL
cells has not been studied. The present study demonstrated that SGN-40 mediated modest
apoptosis in a subset of patients with secondary cross-linking but did not mediate complement-
dependent cytotoxicity. SGN-40 also mediated antibody-dependent cellular cytotoxicity (ADCC)
predominantly through natural killer (NK) cells. Previous studies by our group and others have
demonstrated that lenalidomide up regulates CD40 expression on primary B CLL cells and
activates NK-cells. We therefore examined for the combinatorial effect of lenalidomide and
SGN-40 and demonstrated that both enhanced direct apoptosis and ADCC against primary CLL B
cells. These data together provide justification for clinical trials of SGN-40 and lenalidomide in
combination for CLL therapy.
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Introduction
Chronic lymphocytic leukemia (CLL) is one of the most common types of adult leukemia.
Treatment of symptomatic CLL has evolved significantly over the past decade, with a
number of randomized trials demonstrating higher overall response (OR) and complete
response (CR) rates with fludarabine compared with alkylator-based chemotherapy regimens
(Johnson, et al 1996, Leporrier, et al 2001, Rai, et al 2000, Zhu, et al 2004). Recently, two
randomized phase III trials demonstrated that fludarabine/alkylator based therapy was
superior to monotherapy with fludarabine (Byrd, et al 2003, Eichhorst, et al 2006).
Furthermore, the introduction of monoclonal antibodies targeting CD20 (rituximab) and
CD52 (alemtuzumab) into initial or salvage regimens for CLL has generated promising
results. (Byrd, et al 2005, Hainsworth, et al 2003, Hillmen, et al 2007, Keating, et al 2005,
Schulz, et al 2002). Nonetheless, virtually all CLL patients eventually relapse and become
refractory to conventional therapy for CLL. The development of new therapies for CLL is
therefore a priority.

CD40 is a member of the Tumour Necrosis Factor (TNF) receptor super family expressed as
a type-I transmembrane protein (40kDa) on both hematopoietic and non-hematopoietic
tissues. CD40 is expressed on normal B-cells and at relatively high levels in most B cell
malignancies including CLL (Banchereau, et al 1994, Pellat-Deceunynck, et al 1994, Wang,
et al 1997). These findings together provide a rationale for targeting this antigen with
therapeutic antibodies. Two therapeutic antibodies that target the CD40 antigen, SGN-40
and HCD122, are under clinical development. SGN-40 has previously been reported to be a
partial agonist antibody (Law, et al 2005) whereas HCD122 blocks CD40 mediated
signaling (Luqman, et al 2008). SGN-40 has been shown to promote growth arrest,
apoptosis, and natural killer (NK) cell-mediated antibody-dependent cellular cytotoxicity
(ADCC) against large cell lymphoma and multiple myeloma cell lines (Law, et al 2005, Tai,
et al 2004, Tai, et al 2005). Additionally, one pre-clinical study showed that the immune
modulating agent lenalidomide augmented SGN-40 mediated ADCC against multiple
myeloma cells (Tai, et al 2005). We have recently demonstrated lenalidomide to upregulate
CD40 antigen expression in primary B cells from CLL patients (Andristos et. al. 2008).
Further, we have also showed lenalidomide to mediate NK cell activation and subsequent
enhanced ADCC function against target CLL B cells using clinically relevant therapeutic
antibodies. (Lapalombella et al 2008). Given the well defined expression of CD40 antigen
on CLL B cells (Uckun, et al 1990) and its ability to serve as a potential target for antibody
therapy in large cell lymphoma and multiple myeloma cell lines (Law, et al 2005, Tai, et al
2004, Tai, et al 2005), this study examined the pre-clinical activity of SGN-40 and its
combination with lenalidomide in primary B cells from CLL patients. Modest apoptosis and
ADCC mediated by SGN-40 in CLL B cells was found to be significantly enhanced by
lenalidomide, an agent that upregulates CD40 antigen in CLL B cells.

Methods
Reagents and antibodies

SGN-40 was provided by Seattle Genetics, Seattle, WA. Phycoerythrin (PE)-labeled isotype
control mouse IgG1, fluorescein isothiocyanate (FITC)-labeled annexin V and propidium
iodide (PI) were purchased from BD Pharmingen, (San Diego, CA). Alemtuzumab (anti-
CD52), Rituximab (anti-CD20) and trastuzumab (anti-Her2) were provided by the Ohio
State University pharmacy. Goat anti-human IgG antibody (Fc gamma fragment-specific,
αFc) was purchased from Jackson ImmunoResearch Laboratories (West Grove, PA).
Lenalidomide was obtained as previously described (Andritsos, et al 2008).
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Patient sample processing and cell culture
Blood was obtained from patients with informed consent in accordance with the Declaration
of Helsinki and under a protocol approved by the Institutional Review Board of Ohio State
University (Columbus, OH). All patients examined in this series had immunophenotypically
defined CLL, as outlined by the modified 1996 National Cancer Institute criteria (Cheson et
al 1996). All of the B-CLL patients had been without prior therapy for a minimum of two
months. CLL B cells were isolated from freshly donated blood using ficoll density gradient
centrifugation (Ficoll-Paque Plus, Amersham Biosciences, Piscataway, NJ). Enriched CLL
fractions were prepared by using the “Rosette-Sep” kit from Stem Cell Technologies
(Vancouver, British Columbia, Canada) according to the manufacturer’s instructions.
Isolated cells were incubated in RPMI 1640 media supplemented with 10% heat-inactivated
human serum (HS, Valley Biomedical, Winchester, VA), 2 mM L-glutamine (Invitrogen,
Carlsbad, CA), and 100 U/mL penicillin/100 ug/mL streptomycin (Sigma-Aldrich, St.
Louis) at 37°C in an atmosphere of 5% CO2. The purity of enriched populations was always
greater than 95% of the total yield, as detected by CD19 and CD3 staining. For ADCC
experiments CD14+, CD56+ and CD19+ cells were negatively purified from whole blood
obtained from either healthy volunteers or CLL patients by Magnetic Activated Cell Sorting
(MACS™) according to the manufacturer's recommendations (MiniMACS; Miltenyi Biotec,
Bergisch-Gladbach, Germany).

Assessment of apoptosis by flow cytometry
Cells (1×106 cells/mL) were treated with SGN-40, rituximab, alemtuzumab or trastuzumab
at a concentration of 10 µg/mL. The cross-linker, goat anti-human IgG (Fc specific; Jackson
ImmunoReasearch Laboratories, West Grove, PA), was added to the cell suspension 5 min
after adding the primary antibodies at a concentration of 50 µg/mL. In addition, a group of
samples with no treatment was collected as media control. The apoptosis of cells at 24 and
48 h post-treatment was measured using annexin V-FITC/ PI staining followed by
fluorescent-activated cell sorting (FACS) analysis according to the supplier's instructions
(BD Biosciences, San Jose, CA). Results were expressed as percentage of total positive cells
over untreated control [% positive cells = (% annexin+ and/or PI+ cells of treatment group)
– (% annexin+ and/or PI+ cells of untreated control)]. FACS analysis was performed using
EPICS XL cytometer (Beckman-Coulter, Miami, FL). ExpoADC32 software package
(Beckman-Coulter) was applied to analyse the data. Ten thousand events were collected
from each sample and data was acquired in list mode.

Analysis of antibody-dependent cellular cytotoxicity
ADCC activity was determined by standard 4-h 51Cr-release assay. 51Cr-labeled target cells
(1 × 104 B-CLL cells) were incubated with media alone or in the presence of various
antibodies (10µg/ml) at 37 °C for 30 min. Unbound antibody was washed off and the cells
plated at 1 × 104 cells/well. Effector cells (peripheral blood mononuclear cells (PBMC) or
negatively isolated NK cells from healthy donors) were then added to the plates at indicated
effector to target (E:T) ratios. After a 4-h incubation, supernatants were removed and the
radioactivity was counted in a gamma counter. The percentage of specific cell lysis was
determined by: % lysis = 100 × (ER-SR)/ (MR-SR). ER, SR, and MR represent
experimental, spontaneous and maximum 51Cr release. Data were normalized to the media
control.

Monocyte Antibody-Dependent Cellular Cytotoxicity—The Monocytes were
cultured in RPMI containing 10% fetal bovine serum and 2 mM L-glutamine (Invitrogen
Antibiotics, Carlsbad, CA), and penicillin (100 U/mL)/streptomycin (100 µg/ml; Sigma-
Aldrich, St. Louis) at 37°C in an atmosphere of 5% CO2 supplemented with either interferon
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γ (IFNγ; 20 µg/ml) or media alone for 18 h and standard ADCC assay as described above
was performed with Cr labeled target cells (primary B CLL cells) in the presence of
indicated antibodies.

Analysis of complement-dependent cytototoxicity (CDC)
B-CLL cells at 106/mL were suspended in RPMI media alone, media with 30% autologous
serum from the patient blood samples or media with 30% heat-inactivated (56°C, 30 min)
serum. Cells were then treated with SGN-40, alemtuzumab, rituximab or trastuzumab at 10
µg/ml. After incubation at 37°C for 1 h, cytotoxicity was measured as previously reported
(Zhao, et al 2007).

Statistical analyses—All analyses were performed by the Center for Biostatistics, the
Ohio State University. Mixed effects models were fitted to the cytotoxicity data. Random
effects associated with the interactions were always included in the models to ensure that
error was not underestimated. The Statistical Package for the Social Ssciences (SPSS)
software (version 13.0, SPSS Inc., Chicago, IL) was used for the statistical analysis. Data
were analyzed by a paired t-test. Differences were considered significant at a P value of
<0.05. Non-parametric paired Wilcoxon signed ranked tests were performed to examine
both the proportion and mean fluorescence intensity change of cells expressing specific
antigens following treatment with lenalidomide or media for 48 h.

Results
SGN-40 mediates modest apoptosis and no complement dependent cytotoxicicity against
CLL cells

Given the observation that CD40 is expressed on virtually all CLL cells, we first sought to
determine if SGN-40 could activate CLL cells or mediate direct cell death and complement
mediated cytotoxicity in B CLL cells. No increase in CD80, CD86, CD38 or DR5
expression was observed when CLL cells were treated with SGN-40 alone or in presence of
a crosslinker whereas very modest increase in HLA-DR expression (mena fluorescence
intensity) was noted (data not shown). Fig 1a demonstrates the results from 8 patient
samples treated with the SGN-40 at 10µg/ml concentration and goat anti-human IgG (Fc
specific) as a cross linker or without the cross linker. Commercially available antibodies,
such as Rituximab and Alemtuzumab, were used as positive controls, while transtuzumab
and cross linker alone were used as negative controls at similar concentration. The direct
cytotoxic effect was examined at 24 h by Annexin and PI staining followed by flow
cytometry. SGN-40 induced modest apoptosis in presence of a crosslinker (72% ± 14%,
p<0.0002) . The level of apoptosis was similar to that induced by rituximab (Fig 1a). The
capability of SGN-40 to fix complement and induce CDC was evaluated in these same 8
patient samples. While alemtuzumab mediated CDC that was abrogated upon heat
inactivation of the complement, SGN-40 failed to fix complement and induce CDC against
primary CLL cells (Fig 1b).

SGN-40 Mediates Antibody Dependent Cellular Cytotoxicity of B CLL Cells
ADCC represents a major mechanism by which therapeutic antibodies mediate their effect
in vivo. We therefore investigated the ability of SGN-40 to mediate ADCC against primary
CLL cells as previously shown to occur with lymphoma and multiple myeloma cells
(Hayashi, et al 2003) (Law, et al 2005). SGN-40 mediated ADCC in 10 patient samples
using freshly isolated human PBMC from healthy donors as effectors, when compared to the
negative control trastuzumab (n=10 p= 0.009 for 12.5:1; p=0.001 for 50:1; overall
cytotoxicty (averaging over all of the effector:target ratios between the SGN-40 and
trastuzumab conditions) p<0.003). The SGN-40 mediated ADCC observed against primary
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CLL cells was not statistically significantly different to that of Rituximab, an antibody
directed against CD20 that is commonly utilized for the treatment of CLL.

Given the demonstration of effective ADCC against primary CLL cells by SGN-40 with
PBMC effectors, we next sought to determine the relevant effector cell population(s)
involved in mediating this cytotoxic function. As ADCC effector cells in the above
described experiments were derived from Ficoll-isolated mononculear cells, we focused
predominately on NK cells and monocytes. Fig 2b demonstrates that autologous natural
killer cell derived from CLL patients (3 patients) had significantly increased ADCC against
primary CLL cells when compared to whole PBMC (p<0.001 for 12.5:1, p<0.05 for 25:1,
p<0.005 for 50:1 effector to target ratio) (N=3). This suggested that SGN-40 can mediate
ADCC even when KIR mismatching does not exist in an autologous effector:target system
and that NK cells are important mediator of the ADCC observed with SGN-40. In contrast,
neither resting (Fig. 2c) nor IFNγ activated monocytes (Fig. 2d) were able to mediate ADCC
with SGN-40 at 4h . These findings suggest that efforts to enhance ADCC of SGN-40
should be directed at enhancing NK cell activity.

Lenalidomide Enhances Direct and NK Cell Killing of SGN-40 Against Primary CLL Cells
Lenalidomide is an immune modulatory agent demonstrated to enhance ADCC against
multiple myeloma tumour cell targets. Lenalidomide was recently reported to up-regulate
CD40 in vitro in CLL patients through a direct mechanism of action (Andristos et al 2008)
and a representative case is illustrated in Fig 3a. We therefore sought to determine if
concentrations of lenalidomide that upregulate CD40 surface expression would enhance
SGN-40 mediated direct cytotoxicity. Treatment of CLL cells for 48 and 72 h with
lenalidomide resulted in enhanced direct cytotoxicity by SGN-40 compared to lenalidomide
untreated cells (n=6, p<0.05) (Fig 3b). Lenalidomide was recently reported to mediate NK
cell activation and subsequent enhanced ADCC function against target CLL B cells with
clinically relevant therapeutic antibodies (Lapalombella et al 2008). In order to determine if
lenalidomide treatment potentiates NK cell-mediated SGN-40-ADCC function, effector and/
or target CLL B cells were treated with lenalidomide and evaluated SGN-40-ADCC. While
NK cells mediated moderate SGN-40-ADCC function in lenalidomide untreated samples,
SGN-40-mediated ADCC was also enhanced by lenalidomide treatment of target B cells
(n=3; p=0.008 for 50:1; p=0.007 for 25:1; p=0.005 for 12.5:1. Overall SGN-40 cytotoxicity
(averaging over all of the effector:target ratios) between the vehicle and lenalidomide
conditions p<0.0003) (Fig 3c). Further, treatment of NK cells with lenalidomide also
enhanced the SGN-40 mediated ADCC function against untreated target CLL B cells. (data
not shown). Importantly, as both target CLL cells and NK cells would be subject to
lenalidomide effects in vivo, we tested the effect of co-treatment of target CLL B cells and
autologous NK cells on SGN-40-mediated ADCC function. Peripheral blood mononuclear
cells (PBMC) from CLL patients were incubated for 72 h with a predetermined
concentration of lenalidomide (0.5µM) or vehicle control. Following this, B and NK cell
fractions were purified and compared in an ADCC assay in the presence of SGN-40.
Compared to NK-only controls, the co-treatment of autologous NK cells and primary CLL
cells with lenalidomide resulted in increased SGN-40-mediated ADCC (n=3, p<0.02 for
both 12.5 and 25:1 ratios; p<0.005 for the overall SGN-40 cytotoxicity between the vehicle
and lenalidomide conditions) (Fig 3d). These data provide support for combination
strategies of lenalidomide treatment with SGN-40.

Discussion
SGN-40, a humanized monoclonal antibody to CD40, has shown significant preclinical
activity in non-Hodgkin lymphoma and multiple myeloma (Cheson, et al 1996, Tai, et al
2004) (Hayashi, et al 2003). These results have been pursued in clinical trials of both these
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diseases, where modest clinical activity was observed in patients with relapsed diffuse large
cell lymphoma (Advani, et al 2006) but not in multiple myeloma (Hussein, et al 2006).
Herein, we report SGN-40 has modest pre-clinical activity in CLL cells. Specifically,
SGN-40 has the dual property of mediating modest apoptosis when cross linked and also
mediating cytotoxic effect through ADCC. From our studies of evaluating effector subtypes
involved in the SGN-40 ADCC, resting or IFNγ-activated monocytes were found to have a
minimal role while NK cells were found to be involved predominantly. However, the
difference between PBMC- and NK-mediated SGN-40-ADCC was modest. This may be
attributed to variability in the levels of the surface CD40 target antigen on the target cells
used, Fcγ receptor levels on NK cells and FcγR polymorphisms that were shown to
contribute to variability in ADCC functions by NK effector cells. This was consistent with
reports in carcinomas where antigen density on the target cells has been shown to influence
the degree of ADCC observed with IgG1 antibodies (Velders, et al 1998). Similarly,
differences in the ADCC function by antibodies has been attributed to differences in the
FcγR polymorphism on different NK cells (Hatjiharissi, et al 2007) (Ghielmini, et al 2005)
(Cartron, et al 2002) (Weng and Levy 2003) (Khan, et al 2006)). In line with previous
studies in multiple myeloma, we demonstrated that, in CLL, lenalidomide enhances ADCC
when combined with SGN-40(Tai, et al 2005). Together, these studies provide justification
for further studies of SGN-40 and its combination with lenalidomide in CLL.

To date, clinical studies with CD40-directed antibodies in CLL have not been reported in
CLL. While SGN-40 has been previously reported to be a weak agonist against normal B-
cells (Law, et al 2005), our studies did not show significant up-regulation of co-stimulatory
molecules CD80 or CD86 whereas there was a very modest activation of CLL cells by
SGN-40 as evidenced by induction of HLA-DR. Additionally, in contrast to CD40 ligand
signaling that has been shown by several groups to promote survival, the present study
demonstrated that SGN-40 mediated very modest cytotoxicity against primary CLL cells
when cross-linked with a secondary antibody. The significance of apoptosis induced with a
therapeutic antibody and cross-linking is uncertain, but it is likely that similar engagement
of the Fc region of the antibody and the FcγR of the effector cell occurs. Nonetheless, our
data do not provide concern that SGN-40 might significantly activate CLL cells to promote
tumor flare or early disease acceleration that has been in observed in a subset of CLL
patients. Furthermore, in the clinical trial of SGN-40 reported for diffuse large cell
lymphoma, no clinical evidence of early tumor cell activation was observed (Advani, et al
2006).

Given the very modest apoptosis observed with cross-linking, ADCC, and lack of
complement activation, where should SGN-40 be pursued in the treatment of CLL? Of clear
importance to antibody-based therapy is having sufficient target antigen present on the CLL
cell. Previously, we demonstrated that the immune modulating agent lenalidomide increased
CD40 antigen expression on CLL cells in vitro and also enhances CLL NK-cell activity
toward antibody laden tumor targets (Andritsos, et al 2008). Lenalidomide has been shown
to have promising clinical activity in CLL (Chanan-Khan, et al 2006, Chen 2007, Ferrajoli,
et al 2008) and is approved for use in several other hematological malignancies.
Consideration of a clinical trial of SGN-40 in combination with lenalidomide, known to up-
regulate the target CD40 antigen as well as the enhancement of NK effector functions,
presents a paradigm shift in combination therapies with biological and chemotherapeutic
agents. Pursuing such combination strategies offers the greatest opportunities to see benefit
of antibodies that have modest single agent activity and yet very modest toxicity.
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Fig 1.
(a) SGN-40 mediated modest direct cytotoxicity in primary CD19+ CLL cells: CD19+

CLL cells were incubated with 10 µg/mL of indicated antibodies with (W/) or without (W/
O) 50µg/mL cross-linking goat anti-human Fc antibody (αFc). The percentage of apoptosis
was determined by Annexin V/propidium iodide staining after 24h. (N=8) Annexin V−/PI−
cells normalized with the media control are shown as a percentage of live cells.
(b) SGN-40 does not mediate complement-mediated cytotoxicity: CD19+ CLL cells were
incubated with 10 µg/mL of SGN-40, rituximab, alemtuzumab or trastuzumab in the
presence of 30% of either active or heat-inactivated human serum as a source of
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complement. Relative cytotoxicity was determined after 1h of incubation at 37°C by
Annexin V/propidium iodide staining (N=8)
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Fig 2.
(a) SGN-40 mediates ADCC. ADCC was measured using PBMC from normal volunteers
and B-CLL cells at 12.5:1, 25:1 and 50:1 effector:target (E:T) ratio in the presence or
absence of 10 µg/mL SGN-40, trastuzumab or rituximab. Columns represent the average of
triplicate wells and are representative of three independent experiments; bars, SD. The
differences observed are significant for the 12.5:1 (p=0.009) and the 50:1 (p=0.01) effectors
to target ratios The overall SGN-40 versus trastuzumab mediated ADCC was significantly
higher for SGN-40 (n=10 p<0.003). (b, c, d) ADCC mediated by SGN-40 is
predominately mediated by NK. (b) ADCC was measured using PBMC, purified NK and
purified B cells from CLL patients at 12.5:1 , 25:1 and 50:1 E:T ratio in presence or absence
of 10 µg/mL SGN-40 or trastuzumab. Columns, average of triplicate wells and were
representative of three independent experiments; bars, standard deviation. (p<0.001 for
12.5:1, p<0.05 for 25:1, p<0.005 for 50:1 effector to target ratio) (N=3). Autologous Natural
killer cell derived from CLL patients had significantly increased ADCC against primary
CLL when compared to whole PBMC. (c) Resting or (d) IFNγ-activated monocytes were
not able to mediate ADCC with SGN-40.
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Fig 3.
(a) Lenalidomide induces up regulation of CD40 in CLL B cells: Results for CD40
surface expression from a representative experiment: CD19+ cells were incubated with
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Lenalidomide (0.5µM) or vehicle control. CD40 surface expression was analyzed by flow
after 48h of treatment. Grey line denotes lenalidomide-treated cells and dark line denotes
vehicle-treated cells. (b,c,d) Lenalidomide treatment at 48h significantly increased
SGN-40 mediated direct and NK dependent cytotoxicity. (b) Direct cytotoxicity: CD19+

CLL cells were incubated with 10 µg/mL of SGN-40 or trastuzumab with or without 50µg/
mL cross-linking goat anti-human Fc antibody (αFc). The percentage of apoptosis was
determined by Annexin V/propidium iodide staining after 24h. (N=6, p<0.05 for SGN-40+
Lenalidomide vs SGN-40 + vehicle; p<0.00005 for SGN-40+lenalidomide and trastuzumab
+lenalidomide). (c) ADCC was measured using freshly isolated NK cells from normal
volunteers and lenalidomide (0.5µM) or vehicle control-treated B-CLL cells at 12.5:1 ,25:1
and 50:1 E:T ratio in presence or absence of 10 µg/mL SGN-40 or trastuzumab. Columns
represent the average of triplicate wells and are representative of five independent
experiments; bars, SD. The differences observed for all E:T ratios were statistically
significant (P=0.008 for 50:1; p=0.007 for 25:1; p=0.005 for 12.5:1. The overall
Lenalidomide versus vehicle SGN-40 mediated ADCC was significantly higher for
lenalidomide (N=3, p<0.0003) (d) ADCC was measured using lenalidomide- or vehicle
control-treated NK and B cells from CLL patients at 12.5:1 and 25:1 E:T ratio in the
presence or absence of 10 µg/mL SGN-40, rituximab or trastuzumab. Columns represent the
average of triplicate wells and are representative of two independent experiments; bars, SD.
(N=2, p<0.02 for both the effector to target ratios).
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