
In summary, the humanized anti-CD38 antibody, SAR650984, has potent ADCC, CDC, and apoptotic 
activities in vitro and anti-tumor activity in vivo.  In a direct comparison with rituximab using Raji and 
Daudi cells, SAR650984 demonstrated superior direct pro-apoptotic activity, while showing similar CDC 
and ADCC activities as rituximab. In vivo, SAR650984 was as active as rituximab in a Daudi lymphoma 
model. In addition, it showed strong efficacy in a NCI-H929 model, a xenograft model for multiple 
myeloma, in which rituximab was not active due to the lack of CD20 expression.
SAR650984 is a promising therapeutic antibody candidate for a number of hematologic malignancies.

Newly identified murine anti-CD38 
antibodies have surprisingly potent pro-
apoptotic activity against tumor cells
(A) Daudi lymphoma cells were tested for 
induction of apoptosis by the 38SB13, 38SB18, 
38SB19, 38SB30, 38SB31, and 38SB39 
antibodies in comparison to the previously 
identified anti-CD38 antibodies IB4, AT13/5, 
OKT10, and SUN-4B7. The degree of apoptosis 
was measured by FACS analysis after 24 hour 
incubation with 10-8 M antibody by staining 
with Annexin-V-FITC.  38SB13, 38SB18, 
38SB19, 38SB30, 38SB31, and 38SB39 showed 
strong apoptotic activity with at least 30% of 
Annexin V-positive Daudi cells, while IB4, 
AT13/5, OKT10, and SUN-4B7 treatment 
resulted in little or no increase in apoptotic 
cells compared to the untreated samples.  
Numerous newly identified anti-CD38 
antibodies, including 38SB7 and 38SB23 had 
little or no pro-apoptotic activity, similarly to 
the previously identified anti-CD38 antibodies.
(B) Similarly, 38SB13, 38SB18, 38SB19, 
38SB30, 38SB31, and 38SB39 antibodies 
significantly induced apoptosis in Molp-8 
multiple myeloma cells, while other anti-CD38 
antibodies did not.
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Figure 1 Pro-apoptotic activity of murine anti-CD38 antibodies

Introduction

SAR650984 has potent pro-apoptotic activity
(A) SAR650984 was tested for its ability to induce apoptosis 
in cells lines derived from various hematologic 
malignancies. Cells were exposed to 10-8M SAR650984 for 24 
hours and the percentage of apoptotic cells were measured 
as described in Figure 1.  SAR650984 treatment increased 
the percentage of apoptotic Ramos (Burkitt’s) lymphoma 
cells, SU-DHL-8 (DLCL) lymphoma cells, DND-41 (T-ALL) 
leukemia cells, and Molp-8 multiple myeloma cells to 30%, 
95%, 70%, and 50% respectively. 
(B) The dose-response was determined in Daudi lymphoma 
cells and the apoptotic activity was still seen at a 
concentration of SAR650984 as low as  10-10 M.

Figure 3 Pro-apoptotic activity of SAR650984
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CD38 is a promising target for antibody therapeutics for the treatment of various hematological 
malignancies, including multiple myeloma as well as non-Hodgkin’s lymphoma, chronic lymphocytic 
leukemia, acute lymphocytic leukemia, acute myeloid leukemia, and chronic myeloid leukemia. CD38 is 
a type II transmembrane glycoprotein with ectozyme activity that has been implicated in Ca2+

mobilization. CD38 expression correlates with the poor disease prognosis in some hematological 
malignancies.  
It has been proposed that rituximab, a well-established anti-CD20 antibody for the treatment of non-
Hodgkin’s lymphoma, works by several mechanisms, including antibody-dependent cell-mediated 
cytotoxicity (ADCC), complement-dependent cytotoxicity (CDC), and apoptosis.  A panel of murine anti-
CD38 antibodies was first screened for their ability to induce apoptosis, as measured by Annexin V 
staining, in various lymphoma, leukemia, and multiple myeloma cell lines.  Chimeric human IgG1 
versions of the selected murine antibodies with potent apopototic activity were then produced and 
screened for ADCC and CDC activities. Among the screened antibodies, a chimeric version of 
SAR650984, a humanized anti-CD38 antibody, had the best overall activities. 
SAR650984 induced potent apoptosis in Daudi, Raji, Ramos, and SU-DHL-8 lymphoma cells, as well as 
MOLP-8 multiple myeloma (MM) cells and DND-41 acute T lymphocytic leukemia (T-ALL) cells, which 
like most, if not all, MM and T-ALL cells, express CD38, but not CD20.  SAR650984 also induced potent 
ADCC and CDC in these tumor cells. When the activities of SAR650984 and rituximab were directly 
compared in Daudi and Raji lymphoma cells that express similar levels of CD38 and CD20, SAR650984 
had similar ADCC and CDC activities as rituximab, and, in addition, SAR650984 induced a greater 
percentage of lymphoma cells to undergo apoptosis when compared with rituximab.  

Conclusions
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SAR650984 mediates potent in vitro CDC and ADCC
(A) The ability of SAR650984 to induce in vitro complement-
dependent cytotoxicity (CDC) was measured. DND-41 or 
MOLP-8 cells were incubated with varying concentrations of 
SAR650984 or a non-binding human IgG1 control in the 
presence of 5% human serum for 2 hours. The viability of 
the remaining cells was measured using an AlamarBlue
assay.  SAR650984 reduced the viability of DND-41 and 
MOLP-8 cells to 10% and 33%, respectively.
(B) Antibody-dependent cellular cytotoxicity (ADCC) activity 
was determined using freshly purified human NK cells as 
effector cells with an effector:target ratio of 3:1. Specific 
cell lysis was measured by LDH release. SAR650984 
treatment resulted in a maximum percentage of specific 
lysis of approximately 65% as compared to the non-binding 
huIgG1 control.

Figure 4 CDC and ADCC activities of SAR650984

SAR650984 showed similar in vitro CDC and ADCC activities against Raji and Daudi
lymphoma cells, but displayed a higher pro-apoptotic activity than rituximab
(A) Both Raji and Daudi cells express CD38 and CD20 at similar levels when compared by flow 
cytometry, and the expression of both antigens on Daudi cells is higher than that on Raji cells.
(B) SAR650984 and rituximab (10-8 M) were tested for their ability to induce apoptosis as described in 
Figure 1.  SAR650984 treatment of Raji lymphoma cells resulted in an increase in apoptotic cells from 
7% to 20%, while rituximab treatment resulted in only a marginal increase to 10%.  Similarly, in Daudi
cells SAR650984 increased the percentage of apoptotic cells from 4% to 65%, while rituximab
induced an increase to 43%.
(C) ADCC activity of SAR650984 and rituximab in the presence of human NK cells was determined as 
described in Figure 4. Both antibodies were able to mediate a similar degree of specific cell lysis of 
Raji and Daudi cells.
(D) CDC activity of SAR650984 and rituximab was compared as described in Figure 4. SAR650984 and 
rituximab had a similar CDC activity against Raji and Daudi cells.  While rituximab induced a slightly 
higher maximal killing than SAR650984, SAR650984 induced killing at a lower concentration than 
rituximab.

Figure 5 In vitro activities of SAR650984 in comparison to rituximab
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Figure 6 In vivo activity of SAR650984 in comparison to rituximab

SAR650984 showed potent anti-tumor activity in Daudi lymphoma and  NCI-H929 multiple myeloma models
(A) SAR650984 and rituximab showed similar efficacy in a SCID mouse disseminated survival model with Daudi lymphoma 
cells. Groups of 10 mice were intravenously injected with 5 x 106 Daudi cells on day 0 and then treated with 40 mg/kg 
SAR650984, 40 mg/kg rituximab, or PBS control on days 7, 11, 14, 18, 21 and 25.  The median survival (range) was 28 days 
(26-30 days) for the PBS-treated group, 47 days (40-51 days) for the SAR650984-treated group and 42.5 days (40-51 days) 
for the rituximab-treated group. 
(B) SAR650984 also showed strong anti-tumor activity in a subcutaneous xenograft SCID model with CD38+ CD20- NCI-
H929 multiple myeloma cells. Groups of 10 mice were subcutaneously injected with 106 NCI-H929 cells on day 0, and then 
treated with 40 mg/kg SAR650984, 40 mg/kg rituximab (non-binding IgG1 control), or PBS control twice weekly for three 
weeks starting on day 6 when the tumors were palpable. A median tumor volume of 1000 mm3 was reached by the PBS-
treated group on day 89 and the rituximab-treated group on day 84 (70-80% tumor take rate for NCI-H929).  SAR650984 
treatment completely prevented the tumor growth in all 10 mice (tumor free at the end of study on day 128).
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SAR650984 displays sub-nM binding affinity
SAR650984 (human IgG1) was humanized using ImmunoGen’s resurfacing
technology.  SAR650984 and chimeric version of SAR650984 showed similar
binding affinities when tested with Ramos cells with KD values of  0.2 nM.  
The binding affinities of SAR650984 and chimeric SAR650984 were also
compared in a competiton binding assay, where their ability to compete with
the binding of biotinylated murine parent of SAR650984 is measured. Biotin-
labeled murine SAR650984 (3 x 10-10 M) was mixed with various
concentrations of SAR650984 and chimeric SAR650984. The antibody
mixture was incubated with Ramos cells, and the amount of the biotinylated
murine SAR650984 bound to the cells was measured with FITC-conjugated
streptavidin by FACS analysis. SAR650984 and chimeric SAR650984 
competed with the binding of biotinylated murine 38SB19 equally well, again
indicating that the binding affinity was unaffected by the humanization. 

Figure 2 Binding affinity of the humanized antibody SAR650984
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