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Antibody drug conjugates represent an important class of anti-cancer
drugs in both solid tumors and hematologic cancers. Here, we report
preclinical data on the anti-tumor activity of the first-in-class anti-

body drug conjugate MEN1309/OBT076 targeting CD205. The study
included preclinical in vitro activity screening on a large panel of cell lines,
both as single agent and in combination, and validation experiments on 
in vivo models. CD205 was first shown frequently expressed in lymphomas,
leukemias and multiple myeloma by immunohistochemistry on tissue
microarrays. Anti-tumor activity of MEN1309/OBT076 as single agent was
then shown across 42 B-cell lymphoma cell lines with a median IC50 of 200
pM and induction of apoptosis in 25 of 42 (59.5%) of the cases. The activity
appeared highly correlated with its target expression. After in vivo validation
as the single agent, the antibody drug conjugate synergized with the BCL2
inhibitor venetoclax and the anti-CD20 monoclonal antibody rituximab.
The first-in-class antibody drug targeting CD205, MEN1309/OBT076,
demonstrated strong pre-clinical anti-tumor activity in lymphoma, warrant-
ing further investigations as a single agent and in combination.
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ABSTRACT

Introduction

Antibody drug conjugates (ADC) represent a class of anti-cancer agents that can
have an important impact on the clinical outcome of cancer patients, as exemplified
by brentuximab vedotin for Hodgkin lymphoma patients or ado-trastuzumab-
emtansine (T-DM1) for breast cancer patients.1 In lymphomas, different surface pro-
teins (CD19, CD37, CD79B, CD25) have provided targets for active ADC.1 CD205,
encoded by the LY75 gene (Lymphocyte antigen 75, DEC-205), is a surface multi-
lectin receptor with a cytoplasmatic domain containing protein motifs crucial for
endocytosis and internalization upon ligation. Although its biologic role has not been
fully defined, it is known to act as a surface receptor for apoptotic and necrotic
cells,2,3 leading to antigen uptake and processing. CD205 is expressed in hematopoi-
etic cells, mainly by antigen presenting cells (APC), but also in other tissues, includ-
ing solid tumors.4-8 CD205 presents a rapid internalization rate and a favorable profile
in terms of differential expression between neoplastic and healthy tissues, and is a
potential new target for ADC.7 MEN1309/OBT076 is a novel humanized IgG1 anti-



body directed against CD205, with no direct anti-tumor
effect, conjugated through a cleavable N-succinimidyl-4-(2-
pyridyldithio) butanoate linker to the potent maytansinoid
microtubule disruptor DM4.7 The ADC has shown potent
in vivo anti-tumor activity with durable responses and com-
plete tumor regressions in many models derived from
triple negative breast cancer, pancreatic and bladder cancer
cell lines and primary cells.7 MEN1309/OBT076 is now
under early clinical investigation for patients with solid
tumors and lymphoma (CD205-Shuttle study;
clinicaltrials.gov identifier: NCT03403725).9 Here, we present
the first preclinical data sustaining CD205 as a novel ther-
apeutic target for lymphomas.

Methods

Cell lines
A total of 42 lymphoma cell lines derived from germinal center

B-cell type (GCB, n=17) or activated B-cell-like (n=7) diffuse large
B-cell lymphoma (DLBCL), mantle cell lymphoma (MCL, n=10),
marginal zone lymphoma (MZL, n=6), and chronic lymphocytic
leukemia (CLL, n=2) were used and cultured as previously
described.10 Cell line identity was validated by STR DNA finger-
printing using the Promega GenePrint 10 System kit (B9510)
(Online Supplementary Table S1). BCL2, MYC and TP53 status were
defined as previously described.11  

Compounds
MEN1309/OBT076, MBH1309 and IgG-DM4 for proliferation

assay and MEN1309-PE for FACS analysis were provided by
Menarini. Idelalisib, bortezomib, lenalidomide, venetoclax were
purchased from Selleckchem (Houston, TX, USA) and rituximab
from Roche (Basel, Switzerland).

Proliferation and apoptosis assays
Anti-proliferative activity of MEN1309/OBT076 or IgG-DM4

was assessed as before12 and are described in the Online
Supplementary Appendix. Methods for apoptosis detection are
defined in the Online Supplementary Appendix. Peripheral blood
mononuclear cells (PBMC) from healthy donors were isolated by
using the Ficoll-Paque PLUS (Ge Heathcare Lifesciences) reagent
according to its guidelines. CD19+ B-cell lymphocytes were isolat-
ed from PBMC using the CD19 MicroBeads (MACS Miltenyi
Biotec). In vitro combinations were assessed as previously
described.10,12 Based on the Chou-Talalay Combination Index,13

the effect of the combinations was defined as beneficial if syner-
gistic (<0.9) or additive (0-9-1.1).

Western blotting analysis
Protein extraction, separation and immunoblotting were per-

formed as previously described.10 The following antibodies were
used: anti-β-Tubulin (cst-2146, Cell Signaling Technology), anti-
PARP1 (sc-8007, Santa Cruz Biotechnology), anti-BCL2 (sc-492),
anti-MCL1 (cst-5453), anti-β BCLXL (sc-8392), and anti-CD20
(ab9475, Abcam).

Immunohistochemistry
Immunohistochemical staining was performed as described in

the Online Supplementary Appendix.  

CD205 surface expression by cytofluorimetry 
CD205 expression was determined by flow cytofluorimetry

(FACS) on fresh cells, as described in the Online Supplementary
Appendix.  

Real-time-polymerase chain reaction
Total RNA was extracted from cells by using TRIZOL. cDNA

was prepared by using the Super script double strand cDNA syn-
thesis kit (Thermo Fisher Scientific, Waltham, MA, USA). The
expression levels of both CD205 and the reported intergenically
spliced forms were analyzed as described in the Online
Supplementary Appendix. RNA expression levels obtained with the
HumanHT-12 v4 Expression BeadChip (Illumina, San Diego, CA,
USA) were retrieved from our previous publication (GSE94669).10

Data mining
Associations in two-way tables were tested for statistical signif-

icance using either the c2 test or Fisher exact test (two-tailed), as
appropriate. Binomial exact 95% confidence intervals (95%CI)
were calculated for median percentages. Differences in IC50 values
among subtypes were calculated using the Wilcoxon rank-sum
test. Baseline gene expression levels of CD205 and of CD302 were
extracted from the GSE9466910 dataset obtained using the
HumanHT-12 v4 Expression BeadChip (Illumina, San Diego, CA,
USA). The degree of correlation among genes was calculated by
standard Pearson correlation coefficients. P<0.05 was considered
statistically significant. Statistical analyses were conducted using
Stata/SE 12.1 for Mac (Stata Corporation, College Station, TX,
USA).

Animal studies
Mice maintenance and animal experiments were performed

under the institutional guidelines established for the Animal
Facility and with study protocols approved by the local Cantonal
Veterinary Authority (license TI-22-2015). Methods are described
in the Online Supplementary Appendix.  

Results

Cluster of differentiation 205 (CD205) is expressed in
most diffuse large B-cell lymphoma

Expression of CD205 was assessed using immunohisto-
chemistry (IHC) on formalin-fixed paraffin embedded sec-
tions of clinical specimens of hematologic cancers derived
from lymphomas (n=370), acute myeloid leukemia (n=26),
and multiple myeloma (n=14) (Table 1). The antigen
CD205 was expressed in the vast majority of the cases,
and in entities comprising larger number of samples
(DLBCL, MALT lymphomas) expression was detected in
73% and 88% of the cases with moderate-intense expres-
sion in 20-50% of the samples. Similar distribution was
seen among T-cell lymphomas. CD205 exhibited both
membranous and cytoplasmic localization in the lym-
phoma cells; expression varied within individual cases
(Online Supplementary Figure S1).

MEN1309/OBT076 has in vitro anti-tumor activity in
diffuse large B-cell lymphoma

Based on the expression data, we exposed 42 B-cell lym-
phoma cell lines derived from DLBCL, MCL, MZL, and
CLL, to the anti-CD205 ADC MEN1309/OBT076 (Online
Supplementary Table S2). The compound demonstrated a
strong anti-tumor activity with a median IC50 of 200 pM
(95%CI: 15 pM-20 nM). The control ADC, human IgG
conjugated to the DM4 toxin, was 100 times less active
(20 nM; 95%CI: 13-70 nM) (Table 2). The anti-tumor
activity of MEN1309/OBT076 was mostly cytotoxic:
apoptosis induction was observed in 25 of 42 (59.5%) cell
lines at a concentration of 1 nM. Cell cycle analysis further
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confirmed the cytotoxic activity of MEN1309/OBT076.
Four cell lines (Farage, OCI-LY-1, SU-DHL-4 and SU-DHL-
10) were treated with MEN1309/OBT076 (low concentra-
tion and high concentration, reflecting IC50 values for each
cell line), and with IgG-DM4 and the unconjugated anti-
CD205 antibody for 72 hours. In all the cases,
MEN1309/OBT076 induced a strong sub-G0 arrest in the
cell lines, while the effect of the two control antibodies
(IgG-DM4 and naked antibody MBH-1309) was minimal
(Online Supplementary Figure S2). No differences in anti-
tumor activity were seen according to DLBCL cell of ori-
gin, lymphoma histotype, the presence of MYC transloca-
tion or BCL2 translocation or TP53 inactivation (Online
Supplementary Table S2). The ADC MEN1309/OBT076 did
not exert any apoptotic effects against PBMC from two
healthy donors who had CD205 expression on their
CD19+ B cells similar to one the most sensitive DLBCL cell
lines (171 and 111 vs. 106 of the OCI-LY-10) (Online
Supplementary Figure S3).

MEN1309/OBT076 anti-tumor activity was highly 
correlated with CD205 expression in diffuse large 
B-cell lymphoma cell lines

We then evaluated whether the activity of

MEN1309/OBT076 was affected by the expression levels
of its target. Sensitivity to the ADC was correlated with
the cell surface CD205 expression measured by flow
cytometry in 41 lymphoma cell lines (Online Supplementary
Table S3), as shown by the negative correlation between
IC50 values and the mean fluorescence intensity values
(P<0.0001) (Figure 1A).

Focusing on 23 DLBCL cells, we also assessed the corre-
lation between sensitivity and RNA expression of the
LY75 gene, coding for CD205, as measured by gene
expression profiling or real-time polymerase chain reac-
tion (RT-PCR) (Online Supplementary Table S3). The expres-
sion levels obtained with the two modalities were posi-
tively correlated between them (P<0.001) and with cell
membrane protein expression (P<0.001) (Online
Supplementary Figure S4). Similar to protein expression,
also RNA levels were negatively correlated with IC50 val-
ues (P<0.001) (Online Supplementary Figure S5).

The LY75 gene, coding for CD205, is known to give rise
to intergenically spliced transcripts with its centromeric
neighboring gene CD302.5 MEN1309/OBT076 activity
significantly correlated with the expression of two
CD205-CD302 intergenically spliced transcripts, meas-
ured by RT-PCR, indicating that this phenomenon does
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Figure 1. The antitumor of MEN1309/OBT076 is correlated to the expression of its target. (A) Correlation in all B-cell lymphoma. y-axis: Log10 MFI values of CD205
as measured by flow cytometry. x-axis: Log10 IC50 values of MEN1309/OBT076 (pM). (B) FARAGE cell lines were treated with MEN1309/OBT076 (0-1.2pM and two
different concentrations of MBH1309: 16 and 80nM). (C) Representative histogram of cell cycle distribution in FARAGE cells treated with 100pM of IgG-DM4,
MEN1309/OBT076 alone and in combination with MBH1309 (72 hours). (D) Cell cycle distribution after exposure with IgG-DM4, MEN1309/OBT076 or combination
with MBH1309. Graph plots show mean±standard deviation for values from two biological replicates. MFI: mean fluorescence intensity.
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not reduce the anti-tumor activity of the compound (R=-
0.78 and R= -0.72, P<0.001) (Online Supplementary Table
S3), as well CD302 itself (R=0.67, P=0.001).

Finally, to further assess the specificity of
MEN1309/OBT076, we treated cells with the ADC with
or without the addition of MBH-1309, the naked anti-
CD205 antibody. The latter molecule had no anti-tumor
activity by itself (Online Supplementary Figure S6), but it
decreased the activity of MEN1309/OBT076 in a dose
dependent manner, as shown both in terms of IC50 and of
cell cycle analysis (Figure 1B-D). 

MEN1309/OBT076 demonstrates in vivo anti-tumor
activity in DLBCL

To confirm the observed in vitro MEN1309/OBT076
anti-lymphoma activity, we performed an in vivo xenograft
experiment with the OCI-LY-10 model of DLBCL.
Cohorts of mice were treated with vehicle control, IgG-
DM4 (5 mg/kg, once every 3 weeks), or
MEN1309/OBT076 (1.25, 2.5 or 5 mg/kg once every 3
weeks) (Figure 2A). Low activity was observed with
MEN1309/OBT076 1.25 mg/kg (day [D] 7, P=0.012) and
with IgG-DM4 (D21, P=0.049; D28, P=0.046).
MEN1309/OBT076 at 2.5 mg/kg delayed tumor growth
versus control (D21, P=0.039). MEN1309/OBT076 at 5
mg/kg eradicated tumors in all mice with a single dose,
highlighted by highly significant differences in tumor vol-

ume versus control mice (D7, D21, D28; P<0.01). Tumor
eradication led to an increase in the survival of the mice.
While all other groups reached endpoint by D35, the
MEN1309/OBT076 5 mg/kg group skipped the second
planned treatment at D21 because there was no sign of
tumors, and mice remained cured up to two months later
(Kaplan-Meier, survival analysis, P<0.0001) (Figure 2B).
One mouse belonging to the 5 mg/kg group showed
tumor re-growth (D28 and D35), and a second
MEN1309/OBT076 injection (D43) conferred tumor
remission for the second time (D50 and D57). 

MEN1309/OBT076 is synergistic with other targeted
agents

MEN1309/OBT076 was then combined with targeted
agents in four ABC-DLBCL cell lines (TMD8, HBL1, OCI-
LY-10 and U2932) (Table 3). The most effective combina-
tions were with the anti-CD20 monoclonal antibody rit-
uximab (synergistic in all four), and with the BCL2
inhibitor venetoclax (synergistic in three, additive in one).
Both combinations determined increased cell counts as
shown by increased percentage of cells in sub-G0 phase
during a cell cycle experiment (Online Supplementary Figure
S7). Immunoblotting analyses of two ABC-DLBCL cell
lines (TMD8 and OCI-LY-10) after exposure to
MEN1309/OBT076 provided hints on the mechanism
underlining the synergism (Figure 3). Protein levels of anti-
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Table 1. Prevalence of CD205 expression in hematologic cancers as demonstrated by immunohistochemistry (IHC) on tumor microarrays.
                                                                                      N. of samples                                                     CD205 expression (IHC)
                                                                                                                                             ≥ 1+ (%)                                             2-3+ (%)

Lymphoma                                                                                                                                                                              
B-cell neoplasms                                                                                                                                                                                                                    

B cell lymphoma (undefined)                                                       302                                                          71                                                                   37
Diffuse large B-cell lymphoma                                                      82                                                           73                                                                   28
Burkitt’s lymphoma                                                                            7                                                            29                                                                    0
Follicular lymphoma                                                                         16                                                           81                                                                   23
Lymphoplasmacytic lymphoma                                                      13                                                           31                                                                   23
Mantle cell lymphoma                                                                       7                                                            71                                                                   29
Mucosa-associated lymphatic tissue lymphoma                       40                                                           88                                                                   50
Small lymphocytic lymphoma                                                          3                                                             0                                                                      0
T-cell rich B-cell lymphoma                                                             3                                                            33                                                                   33
Hodgkin lymphoma                                                                                                                                                                                                                    
Hodgkin lymphoma (undefined)                                                    5                                                            80                                                                   20
Lymphocyte depleted Hodgkin lymphoma                                   2                                                            50                                                                   50
Lymphocyte predominant Hodgkin lymphoma                            7                                                            57                                                                   14
Mixed cellularity                                                                               15                                                          100                                                                   7
Nodular sclerosis                                                                               5                                                           100                                                                  60

T-cell and NK-cell neoplasms                                                                                                                                              
T-cell lymphoma (undefined)                                                        68                                                           59                                                                   28
Anaplastic large cell lymphoma                                                      8                                                            88                                                                   50
Angioimmunoblastic T-cell lymphoma                                          7                                                            86                                                                   43
Peripheral T-cell lymphoma                                                             3                                                           100                                                                   0

Leukemia                                                                                                                                                                                                                                      
Acute myeloid leukemia                                                                    26                                                           62                                                                   58

Myeloma                                                                                                                                                                                                                                       
Multiple myeloma                                                                             14                                                          100                                                                  79

N: number; NK: natural killer.



apoptotic proteins were affected by exposure to
MEN1309/OBT076, which induced a downregulation of
MCL1 protein and upregulation of BCL2 and BCX-L. The
ADC also determined an upregulation of CD20 protein
levels. All the changes were maintained when
MEN1309/OBT076 was given in combination with the
BCL2 inhibitor or the anti-CD20 monoclonal antibody,

and not seen after these two drugs were given as single
agents. PARP1 cleavage confirmed apoptosis induction. 

The combinations with the PI3K-d inhibitor idelalisib
was additive in two cell lines and of no benefit in the other
two, while the immunomodulatory agent lenalidomide
was additive in one cell line and of no benefit in the
remaining three. 
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Figure 2. MEN1309/OBT076 as single agent
has in vivo antitumor activity in the activated
B-cell like diffuse large B-cell lymphoma OCI-
LY10 xenograft model. Treatment with
MEN1309/OBT076 and IgG-DM4 started
when tumors became visible (100mm3). (A)
Control (CTR) group, n=4; IgG-DM4 group,
n=4; MEN1309/OBT076 1.25 mg/kg, n=8;
MEN1309/OBT076 2.5 mg/kg, n=7;
MEN1309/OBT076 5 mg/kg, n=8. In each
box-plot, the line in the middle of the box rep-
resents the median and the box extends from
the 25th to the 75th percentile (IQ: interquar-
tile range). Each dot represent a mouse. x-
axis: days of treatment. y-axis: tumor volume
expressed in mm3. (B) Kaplan-Meier LSS
(lymphoma specific survival).
MEN1309/OBT076 (5 mg/kg) versus all
other groups together. P<0.0001. 

Table 2. Anti-tumor activity of MEN1309/OBT076 and IgG-DM4 in B-cell lymphoma cell lines.
                                                                                                    MEN1309/OBT076                                                          IgG-DM4
                                            N. of cell lines                   Median IC50                          95%CI                         Median IC50                        95%CI

GCB-DLBCL                                           15                                       200 pM                           118 pM-4163 pM                          30 nM                                 20-38 nM
ABC-DLBCL                                            8                                        300 pM                           200 pM-3612 pM                          30 nM                                 20-40 nM
MCL                                                         10                                       100 pM                                86-1883 pM                               15 nM                                 15-54 nM
MZL                                                          6                                        110 pM                                 55-465 pM                              17.5 nM                              15-38.5 nM
CLL                                                           2                                        310 pM                                       n.d.                                      34 nM                                      n.d.
GCB-DLBCL: germinal center B-cell type diffuse large B-cell lymphoma; ABC-DLBCL: activated B-cell like diffuse large B-cell lymphoma; MCL: mantle cell lymphoma; MZL: mar-
ginal zone lymphoma; CLL: chronic lymphocytic leukemia; n.d.: not determined; N: number; CI: confidence interval. 

A
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Combined MEN1309/OBT076 and rituximab showed
higher in vivo anti-tumor activity than the single agents

The in vitro synergism with rituximab was validated in
vivo using an ABC-DLBCL lymphoma model, OCI-LY-10
(Figure 4). Mice were divided in four groups of ten animals
each and were treated with MEN1309/OBT076 (2.5
mg/kg IV, D1 and D12), or rituximab (3 mg/kg IV on D1;
5 mg/kg IV on D12), or MEN1309/OBT076 plus rituximab
(same schedule as single agents), or with vehicle only (IV). 

Single agents and combinations were more active
(P<0.05) than controls (MEN1309/OBT076, rituximab,
MEN1309/OBT076 plus rituximab, starting at D10). The
combination of MEN1309/OBT076 with rituximab gave
significant differences at D17 (P<0.05) versus both single
agent arms and tumor eradication. At the used doses,
MEN1309/OBT076 presented higher anti-lymphoma
activity compared to rituximab, although this was not sta-
tistically significant (P=0.06, D17). 

Discussion

Here we have shown CD205 expression in hematologic
cancers, including lymphomas. Results show that target-
ing this antigen with a first-in-class anti-CD205 ADC,
MEN1309/OBT076, had both in vitro and in vivo anti-tumor
activity in lymphomas. The novel ADC had an anti-tumor
activity that was highly correlated with expression of its
target CD205 and reached synergism when combined
with other targeted agents. 

Immunohistochemistry analysis of histological sections
of lymphomas, myeloma and leukemia clinical specimens
showed that a large percentage of cases (>70%) express
CD205. This is in agreement with recently reported data
in series of 100 DLBCL and 33 follicular lymphomas in
which CD205 positivity was detected in 60% and 79% of
the cases, respectively.8 CD205 has also been detected at
high expression level in solid tumors (gastric, pancreatic,
bladder, breast and colon).7 

CD205 is a type I transmembrane glycoprotein and a C-
type lectin receptor, which undergoes endocytosis7 and,
thus, can be exploited as a novel target for ADC. The fully
humanized ADC MEN1309/OBT076 binds to CD205
with high affinity and is rapidly internalized in the cells,
delivering the microtubule disruptor DM4 as payload.7

Based on expression pattern in lymphoma clinical speci-
mens, we assessed the anti-tumor activity of
MEN1309/OBT076 in lymphoma cell lines. The ADC pre-
sented a very strong anti-tumor activity with subnanomo-
lar IC50 values. Of clinical relevance, at least in cell lines,
sensitivity to MEN1309/OBT076 was not affected by
DLBCL cell of origin, MYC/BCL2 or TP53 status. The in
vitro results were confirmed in a xenograft model using an
ABC DLBCL cell line. A single dose of MEN1309/OBT076
at 5 mg/kg led to a complete remission that lasted for at
least two months. A second dose was able to obtain a sec-
ond remission in the only tumor that presented a
regrowth. These data are similar to recent observations in
solid tumor models exposed to MEN1309/OBT076.7 The
strong in vitro and in vivo data, and the notion that its target

CD205 targeting in lymphomas

haematologica | 2020; 105(11) 2589

Figure 3. MEN1309/OBT076 combined
with the BCL2 inhibitor venetoclax and
the anti-CD20 monoclonal antibody rit-
uximab exerts cytotoxicity downregulat-
ing MCL1, cleaving PARP and upregu-
lating CD20 protein. Two cell lines were
exposed to MEN1309/OBT076 (1nM),
venetoclax (100 nM), rituximab (20
mg/mL) or the combination of the
agents for 72 hours. β-tubulin was used
as a loading control. Figure is represen-
tative of two independent experiments. 



is not shared by other antibody or cell1,14-16 based therapies,
make MEN1309/OBT076 a very interesting novel com-
pound for lymphoma patients.

We did not observe toxicity in our in vivo models, in
agreement with reports from in vivo studies of solid tumor
models,7 but  MBH1309/OBT076 does not  significantly
cross-react to the mouse CD205.7 Toxicity studies per-
formed on cynomolgus monkeys, whose CD205 cross-
reacts to MBH1309/OBT076, have shown moderate toxi-
city with neutropenia as main adverse event.7 There is no
difference in CD205 expression pattern between humans
and cynomolgus monkeys across 33 different normal tis-
sues, with a membranous/cytoplasmic staining of
mononuclear cells in several tissues, including lymph
nodes and spleen.7 Here, we exposed human PBMC from
two healthy donors to the MEN1309; no cytotoxicity was
observed despite the fact that the B cells expressed CD205
levels similar to those observed in a sensitive DLBCL cell
line. One reason could be that circulating B cells are not
proliferating and are thus less sensitive to the payload.
This would agree with the suggested explanation of the
low toxicity observed in CD205 positive normal tissues in
cynomolgus monkeys.7

The anti-tumor activity of MEN1309/OBT076 appeared
to be mediated by the ADC binding to its target as shown
by the very high correlation between IC50 values and tar-
get expression, and by competition experiments with a
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Figure 4. Combined MEN1309/OBT076 and rituximab shown higher in vivo anti-tumor activity than the single agents in the activated B-cell like diffuse large 
B-cell lymphoma OCI-LY10 xenograft model. Treatment with MEN1309/OBT076 (2.5 mg/kg), rituximab (5 mg/kg), their combination or vehicle started when tumors
became visible (>100 mm3). In each box-plot, the line in the middle of the box represents the median and the box extends from the 25th to the 75th percentile. CTR:
control; IQ: interquartile range. y-axis: tumor volume in mm3; x-axis: days of treatment.

Table 3. In vitro assessment of MEN1309/OBT076 combinations with
targeted agents. 
Cell line                 Drug 2                     Median                   95% 
                                                     combination index             CI 

HBL1                        Idelalisib                         0.96^                        0.78-1
OCI-LY-10                Idelalisib                           2.51                        1.91-2.76
TMD8                       Idelalisib                           1.14                        1.02-1.32
U2932                       Idelalisib                         0.91^                        0.7-1.4
HBL1                    Lenalidomide                       1.31                        0.92-2.34
OCI-LY-10            Lenalidomide                       1.46                        1.19-1.58
TMD8                   Lenalidomide                     0.94^                      0.64-1.44
U2932                   Lenalidomide                       1.47                        0.97-2.08
HBL1                       Rituximab                         0.57*                      0.51-0.67
OCI-LY-10               Rituximab                          0.8*                       0.42-2.37
TMD8                       Rituximab                         0.27*                      0.22-0.33
U2932                      Rituximab                         0.47*                       0.39-0.8
HBL1                       Venetoclax                        0.51*                       0.32-0.7
OCI-LY-10              Venetoclax                        0.86*                      0.68-0.53
TMD8                      Venetoclax                        1.04^                      0.75-1.52
U2932                      Venetoclax                        0.49*                      0.32-0.83

Cell lines were exposed to increasing concentrations of MEN1309/OBT076 and/or of
the other compound (drug 2) for 72 hours. Based on the Chou-Talalay Combination
Index, the effect of the combinations was defined as beneficial if synergistic (<0.9) or
additive (0-9-1.1). CI: confidence interval.



naked antibody recognizing the same epitope targeted by
MEN1309/OBT076. No direct anti-tumor effect is report-
ed for the naked antibody MEN1309/OBT076.7 It is note-
worthy that the expression level of CD205 in cell lines
measured at the level of mRNA, total protein or cell sur-
face protein correlated with the sensitivity to
MEN1309/OBT076. Furthermore, a clinical DLBCL speci-
men-derived CD205 signature also correlated with the 
in vitro response to the drug. In contrast, the expression of
two annotated CD205-CD302 intergenically spliced tran-
scripts5 did not affect the anti-tumor activity of
MEN1309/OBT076. 

Finally, MEN1309/OBT076 was beneficially combined
with other targeted agents, especially the BCL2 inhibitor
venetoclax and the anti-CD20 monoclonal antibody ritux-
imab. The latter combination, that had shown the best 
in vitro results, was successfully validated in vivo using a
xenograft model.17 Interesting clinical data are also already
available for combinations with other ADC.18,19 The mech-
anisms leading to better anti-tumor activity can differ. The
concomitant exposure of lymphoma cells to rituximab
and to the anti-CD37 ADC IMGN529/Debio1562 leads to

improved anti-lymphoma activity due to an increased
internalization of the latter.20 The benefit of combining the
anti-CD22 inotuzumab ozogamicin (CMC-544) with rit-
uximab could be due to both an early upregulation of
CD20 with increased direct cytotoxicity of the anti-
CD2021 or to the addition of the direct (inotuzumab
ozogamicin), complement and/or cellular dependent (rit-
uximab) mechanisms of actions of the compounds.22 Here,
we observed that exposure to MEN1309/OBT076 was fol-
lowed by upregulation of the rituximab target CD20 and
downregulation of the anti-apoptotic protein MCL1,
known to counteract the activity of venetoclax in DLBCL
cells,23 two changes that could support the observed syner-
gisms. Moreover, the addition of venetoclax also counter-
acts the BCL2 upregulation seen after the ADC.

In conclusion, the first-in-class ADC targeting CD205,
MEN1309/OBT076, demonstrated strong pre-clinical anti-
tumor activity in lymphoma. Our data sustain the ongoing
clinical CD205-Shuttle study (clinicaltrials.gov identifier:
NCT03403725) of MEN1309/OBT076 as single agent, and
provide the rationale for further investigations also in
combination therapy.
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