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Development of human B-lymphocyte targeted bi-specific DART® molecules for the treatment of autoimmune disorders 
Wei Chen, Jeffrey Nordstrom, Steve Burke, Kalpana Shah, Valentina Ciccarone, Haiquan Li, Tim Hotaling, Jonathan Li, 

Sergey Gorlatov, Hua Li, Ralph Alderson, Scott Koenig, Ezio Bonvini, Syd Johnson, Paul Moore

MacroGenics, Inc. 9640 Medical Center Drive, Rockville, MD 20850

Abstract
B-cell targeted immunotherapy for autoimmune disorders is often limited by general immune suppression caused by significantly disturbed B-cell 
homeostasis. To overcome this, we developed MGD010, a bi-specific Dual-Affinity Re-Targeting (DART®) molecule that co-ligates the inhibitory 
Fcγ receptor IIb (CD32B) and the B-cell receptor (BCR) component, CD79B, on B cells. Previous work has shown that CD32B x CD79B DARTs 
engage CD32B in a BCR-dependent manner and inhibit B-cell activation without B-cell depletion. MGD010, a CD32B x CD79B DART bearing an Fc 
domain to enhance PK properties, was generated to support potential clinical development.  Favorable PK properties and lack of safety signals, 
including cytokine release and B-cell depletion, were observed in a non-human primate dose escalated with MGD010 up to 10 mg/kg. PD analysis 
demonstrated dose-correlated target binding to B cells and reduced B-cell calcium flux induced by ex vivo BCR-crosslinking. In addition, MGD010 
blocked B-cell function ex vivo in samples from autoimmune patients. Repeat administration of MGD010 also inhibited both humoral immune 
response and the development of graft-versus-host disease (GvHD) in a humanized mouse model of chronic GvHD. Thus, MGD010, an Fc-bearing 
CD32B x CD79B DART with extended PK, may represent a promising B-cell intervention strategy for treatment of autoimmune diseases, while 
avoiding disturbance of B-cell homeostasis in the immune system. 

Results Results
Figure 6B. Detection of MGD010 Binding 

to Peripheral B Cells

• MGD010 with enhanced PK properties retains preferential cis-engagement through dual monovalent interaction of B-cell 
   receptor (CD79B) with FcRIIb (CD32B)
• MGD010-mediated modulation of B-cell responses in autoimmunity:

  – Observed in humanized mouse models 
  – Observed with SLE patient samples
  – Exhibits rapid onset
  – Results in decreases in auto-reactive B-cell activation without broad depletion 

• MGD010 displays favorable safety, pharmacokinetics and pharmacodynamic activity in cross-reactive non-human primate 
  – Well tolerated up to 10 mg/kg
  – Linear PK across dose range with prolonged half-life (average MRT = 266 hours)
  – Sustained on target B-cell binding
  – Absence of B-cell depletion and cytokine release
  – Modulation of B cell function

• MGD010 may be a suitable therapeutic candidate for clinical development for autoimmune diseases

FACS analysis of MGD010 binding to peripheral B cells from a non-human primate following infusion of 
MGD010 (0.1 to 10 mg/kg). Non-human primate blood samples (50 µL) collected at different time points 
during the study were incubated with biotinylated anti-E/K coil mAb and SA-APC as well as fluorescent 
mAbs against CD19. Each colored line represents the binding signal of MGD010 on gated B cells at 
different time points. Black solid curves generated from pre-dosing samples are considered as baseline 
for evaluation of MGD010 binding. Red arrow indicates that the binding signal curve from Day 63 is 
similar to that of pre-dosing of 10 mg/kg MGD010.

Conclusions

Figure 6C. Pharmacodynamic Evaluation of MGD010 in Cross-Reactive Non-Human Primate

No cytokine release observed post infusion with MGD010 at all dose levels.

Fc(knob) CD32B VL CD79B VH E coil

CD79B VL CD32B VH K coil

Fc(hole)

Fc(knob) CD32B VL CD79B VH E coil

CD79B VL CD32B VH K coil

Fc(hole)

Figure 1:  MGD010: CD32B x CD79B DART Incorporating an Fc Domain for Enhanced PK

MGD010 is composed of 3 chains that are 
covalently linked by disulfide bonds. Chains 1 and 
2 form a heterodimer through a disulfide bond 
at the C-terminus of the chains and by virtue 
of oppositely charged coiled-coiled sequences 
(E-coil and K-coil). Chains 1 and 3 are covalently 
linked by two disulfide bonds in the Fc hinge 
region. To prevent homodimerization of Chains 
1 and 3, the knob (T366W) and hole (T366S/
L368A/Y407V) mutations have been incorporated 
in the CH3 region of the Fc. Both Chain 1 and 
Chain 3 contain mutations in the Fc-region 
(L234A, L245A) that greatly reduce or eliminate 
FcγR and C1q binding.

Adult NSG mice (n=10/cohort) were injected IV with 5 x 106 human PBMCs freshly isolated from a healthy 
human donor on Day 0. Starting on Day 1, mice were treated IV with vehicle control (PBS) or MGD010 (5 or 
10 mg/kg) every four days for a total of 9 doses. Mice were monitored for clinical signs of disease on a weekly 
basis through Day 90 and were euthanized when moribund. Survival times of MGD010-treated groups were 
compared with those of PBS-treated group using log-rank test. p<0.05 (MGD010 (10 mg/kg) vs. PBS)
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Figure	  6C.	  Pharmacodynamic	  Evalua7on	  of	  MGD010	  in	  Cross-‐Reac7ve	  
Non-‐Human	  Primate	  
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Administration of MGD010 Does Not Deplete Peripheral B cells or Other Major Immune Cells 

No cytokine release observed post infusion with MGD010 at all dose levels. 

AAI	  2014	  (THER5P.830) 
Administration of MGD010 Does Not Deplete 

Peripheral B cells or Other Major Immune Cells
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Target Occupancy and Ex Vivo BCR Activation following 10 mg/kg MGD010 
Target Occupancy Ex Vivo B-Cell Ca2+ Flux Assay

• Monitoring of CD32B and CD79B on non-human primate peripheral B cells by flow cytometry 
following infusion of 10 mg/kg MGD010. Fluorescent mouse anti-human CD45 and CD19, 
chimeric 8B5 (N297Q) mAb conjugated with alexa fluor 488, and mouse anti-human CD79B-PE 
mAb for the detection of CD32B and CD79B on B cells. 8B5 mAb and anti-human CD79B mAb 
are competitive to the binding sites of MGD010 on B cells.

• Calcium mobilization traces recorded by flow cytometry in non-human primate B cells. PBMCs 
were isolated from blood samples collected at different time points over the dosing course and 
were preloaded with Fluo-NW dye. Cells were further stained with fluorescent anti-CD19 mAb. 
Ca2+ flux was induced by goat anti-human IgM, Fc-µ F(ab)2 (30 µg/mL) and calcium flux traces on 
B cells were shown.
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• Clinical evidence suggests that current B-cell depletion based immunotherapies 
pose safety concerns in patients with autoimmune diseases, such as increased 
risks for infections, hepatitis B reactivation, and increased levels of B-cell growth 
factor.

• Co-ligation of CD32B and BCR on B cells is a promising therapeutic strategy for 
autoimmune diseases by exploiting intrinsic inhibitory pathways.

• Previously we generated DART molecules that simultaneously co-ligate CD32B 
and CD79B molecules, subsequently inhibiting B-cell functions and dampening 
autoimmunity in a murine model of collagen-induced rheumatoid arthritis.

• For clinical applications, CD32B x CD79B DARTs with prolonged PK properties are 
desirable to support optimal therapeutic dosing.

• A new generation CD32B x CD79B DART molecule with enhanced PK, MGD010,  
was developed and systematically characterized both in vitro and in vivo 
including in a non-human primate for its bioactivity, safety, pharmacokinetics, 
and pharmacodynamic properties.

Introduction
MGD010 to Exploit Inhibitory Signaling in B-Cells

CD32B x CD79B DART-Mediated Negative Signaling Loop

• Pharmacologic manipulation of a physiologic inhibitory checkpoint 
• CD32B x CD79B DART recapitulates antigen driven proximity of activating (CD79B) 

and inhibitory (CD32B) receptors

B-cell activation

Inhibition of the 
activation signal

Antigen

BCR
CD32B

ITAM ITIM

CD
79

B

Inhibition by MGD010 of B-cell proliferation in vitro. Purified B cells (5 x 104/well) 
from patients with SLE were incubated with 100 nM MGD010 for 30 minutes in a 
96-well tissue culture plate and stimulated with anti-µ (10 µg/mL) for 48 hours. 
The B-cell proliferative response was measured using 3H-thymidine incorporation 
assay and the data are shown as radioactive counts per minute (cpm) in bar graphs. 
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Ex vivo inhibition by MGD010 of proliferation 
of B cells obtained from 14 SLE patients with 
active or inactive disease status.

MGD010 inhibits calcium mobiliza-
tion induced by BCR cross-linking 
in human B cells. Both naïve B and 
memory B cells were isolated from 
human PBMCs with B cell isolation 
kit (Stem Cell Technologies).  
Calcium mobilization of B cell 
subsets was analyzed by flow cyto-
metry after preload with Fluo-4 
and upon BCR cross-linking by goat 
anti-human (GAH) IgM Fc-µ F(ab)2 
(anti-µ) in the presence or absence 
of MGD010.  Black lines and red 
lines indicate induced Ca2+ flux 
in B cells treated without or with 
MGD010, respectively. 

MGD010 inhibits human B-cell 
proliferation. 5 x 104 purified 
B cells/well (96 well plate) 
were stimulated with goat 
anti-human IgM Fc-µ F(ab)2 in 
the presence of MGD010 at 
various concentrations (0-200 
nM) at time 0.  After 48 hours 
of culture, cell proliferation 
was analyzed by [methyl-3H]-
thymidine incorporation assay. 
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Figure 5. MGD010 Modulates B-Cell Functions and Prevents Graft Versus Host-like Disease in Humanized Mouse Model

Adult NOD-scid IL2Rγnull/Jax (NSG) mice were injected IV with 5 × 106 PBMCs isolated from a healthy 
human donor. Mice were treated with MGD010 (100 µg/animal) or vehicle control (PBS) on 
Day -1 and every other three days for two weeks following PBMC injection. The levels of human IgM and 
IgG produced by engrafted B cells were measured by ELISA in peripheral blood plasma samples collected 
by Day 7 post-cell injections. Each dot represents one mouse in experimental cohorts. The black horizontal 
line indicates the mean value of measured immunoglobulin. Student t test was used for statistic analysis.

Administration of MGD010 Reduces Human Immunoglobulin
Production in Humanized Mice 
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Figure 6A. Pharmacokinetic Characterization of 
MGD010 in Cross-Reactive Non-Human Primate
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A Dose-Escalation Study Design

Flow cytometric analysis of CD32B and CD79B expression on B cells 
from 14 SLE patients. FACS dot plot displays typical results from a 
representative sample. 
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Figure 4. MGD010 Inhibits B-Cell Proliferation from Patients with Systemic Lupus Erythematosus (SLE) Ex Vivo 

100 101 102 103 104

APC-H: ch2B6 APC-H

100

101

102

103

104

P
E

-T
ex

as
 R

ed
-H

: C
D

19
 P

E
-T

ex
as

 R
ed

-H 1.15 98.9

00

100 101 102 103 104

PE-H: CD79b PE-H

100

101

102

103

104

P
E

-T
ex

as
 R

ed
-H

: C
D

19
 P

E
-T

ex
as

 R
ed

-H 2.65 97.4

00

M e d iu m An t i- An t i- + M G D 0 1 0
0

2 0 0 0

4 0 0 0

6 0 0 0

8 0 0 0

! "
#$

%&
'()

*+
,

0

2 0

4 0

6 0

8 0

1 0 0 !" # $%&' ( )* +, )- " . / 0

1 $%&' ( )* +, )- " . 2 0

%
 I

n
h

ib
it

io
n

Inac�ve SLE (n=6)
Ac�ve SLE (n=8)

�H
 - 

Td
r (

cp
m

)

B C

Figure 3. MGD010 Inhibits Human B-Cell Functions  

Figure 2. MGD010 Binds Specifically to Human B Cells

BA

BA

Reduced Capillary Electrophoresis (Overall Purity-98.5%)

CD27+ B cells (memory)CD27- B cells (naïve)

MGD010

MGD010

CD32B

Fc

HPLC SEC

CD79B

0.1 mg/kg

10 mg/kg

1 mg/kg

10 mg/kg (Day 43)

3 mg/kg

10 mg/kg (Day 63)

AAI 2014
THER5P.830

97.2% Monomer

Acknowledgements: We thank Dr. Joan T. Merrill,  Oklahoma Medical Research Foundation, for providing SLE patient blood samples.  
This study was greatly supported by the National Institutes of Health (grant 1RC3AI089207-01).

0 nM 4 nM 20 nM 100 nM

• 0.5 x 106 human PBMCs were pre-incubated with 50 µg/mL of MGD010 for 30 minutes. 
• Detection of binding: biotinylated anti-EK mAb + SA-APC.

Medium Anti-µ Anti-µ + MGD010

Anti-µ + MGD010 (20 µg/mL)Anti-µ: 30 µg/mL
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MGD010 Cmax
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Time course of circulating serum MGD010 concen-
trations following dose escalation scheme outlined in 
panel A. Two-compartment modeling of data across 
dose levels 1-10mg/kg revealed an average beta half life 
of 142 hours and a mean residence time of 266 hours.  

Linear relationship between MGD010 serum 
Cmax and dose level (0.1 to 10 mg/kg). 
No ADA observed through study day 162. 
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