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M281, an anti-FcRn antibody, inhibits IgG transfer in a
human ex vivo placental perfusion model
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BACKGROUND: The transfer of pathogenic immunoglobulin G anti- immunoglobulin G1 monoclonal antibody, at a concentration of 270 mg/

bodies from mother to fetus is a critical step in the pathophysiology of

alloimmune and autoimmune diseases of the fetus and neonate. Immu-

noglobulin G transfer across the human placenta to the fetus is mediated

by the neonatal Fc receptor, and blockade of the neonatal Fc receptor may

provide a therapeutic strategy to prevent or minimize pathological events

associated with immune-mediated diseases of pregnancy. M281 is a fully

human, aglycosylated monoclonal immunoglobulin G1 antineonatal Fc

receptor antibody that has been shown to block the neonatal Fc receptor

with high affinity in nonclinical studies and in a phase 1 study in healthy

volunteers.

OBJECTIVE: The objective of the study was to determine the trans-

placental transfer of M281 and its potential to inhibit transfer of immu-

noglobulin G from maternal to fetal circulation.

STUDYDESIGN: To determine the concentration of M281 required for
rapid cellular uptake and complete saturation of the neonatal Fc receptor

in placental trophoblasts, primary human villous trophoblasts were incu-

bated with various concentrations of M281 in a receptor occupancy assay.

The placental transfer of M281, immunoglobulin G, and immunoglobulin G

in the presence of M281 was studied using the dually perfused human

placental lobule model. Immunoglobulin G transfer was established using

a representative immunoglobulin G molecule, adalimumab, a human
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mL. Inhibition of immunoglobulin G transfer by M281 was determined by

cotransfusing 270 mg/mL of adalimumab with 10 mg/mL or 300 mg/mL of
M281. Concentrations of adalimumab and M281 in sample aliquots from

maternal and fetal circuits were analyzed using a sandwich enzyme-linked

immunosorbent assay and Meso Scale Discovery assay, respectively.

RESULTS: In primary human villous trophoblasts, the saturation of the
neonatal Fc receptor by M281 was observed within 30e60 minutes at

0.15e5.0 mg/mL, suggesting rapid blockade of neonatal Fc receptor in

placental cells. The transfer rate of adalimumab (0.23%� 0.21%) across

dually perfused human placental lobule was significantly decreased by 10

mg/mL and 300 mg/mL of M281 to 0.07 � 0.01% and 0.06 � 0.01%,

respectively. Furthermore, the transfer rate of M281 was 0.002% �
0.02%, approximately 100-fold lower than that of adalimumab.

CONCLUSION: The significant inhibition of immunoglobulin G transfer

across the human placental lobule by M281 and the minimal transfer of

M281 supports the development of M281 as a novel agent for the

treatment of fetal and neonatal diseases caused by transplacental transfer

of alloimmune and autoimmune pathogenic immunoglobulin G antibodies.
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lloimmune and autoimmune dis-
A eases of the fetus and newborn
result from maternal development of
potent pathogenic immunoglobulin G
(IgG) antibodies that are transferred
from mother to fetus.1 For example,
hemolytic disease of the fetus and
newborn, fetal neonatal autoimmune
thrombocytopenia, and autoimmune
congenital heart block result from
development of maternal IgG antibodies
against fetal red blood cell antigens,
platelets, or the developing fetal AV
node, respectively.1e3 With elevated
maternal titers and, importantly, patho-
genic IgG potency, the exposure of
the fetus to these alloantibodies or
autoantibodies through the increasing
placental transfer of IgG from the
second to third trimester results in
damage to fetal tissues and disease
development.4,5

The neonatal Fc receptor (FcRn) me-
diates the passage of IgG frommother to
fetus in addition to maintaining the long
half-life of IgG by IgG recycling in
vascular endothelial cells.6 These mech-
anisms suggest that an inhibitor of FcRn-
IgG interaction may prevent or mini-
mize gestational transfer of pathogenic
IgG from mother to fetus as well as
decrease pathogenic antibody titers in
maternal circulation. M281 is a mono-
clonal anti-FcRn antibody that binds
with high affinity to the IgG binding site
on FcRn and blocks IgG binding to
FcRn. In a phase 1 normal healthy
volunteer study, M281 was observed to
rapidly saturate systemic FcRn upon
intravenous administration and decrease
circulating IgG consistent with inhibi-
tion of IgG recycling.7

The aims of the current study were to
determine the potential of M281 to
inhibit transplacental IgG transfer using
adalimumab as a representative IgG
molecule and to determine whether
M281 itself is transferred across the hu-
man placenta using the dually perfused
human placental model.

Materials and Methods
Test agents and reagents
Adalimumab (Humira; AbbVie Inc,
North Chicago, IL) and IVIg (Car-
immune, lyophilized preparation; CSL
Behring, Bern, Switzerland) were ob-
tained from commercial sources. M281
was produced and manufactured by
Momenta Pharmaceuticals Inc (Cam-
bridge, MA). Dextran 40, gentamicin
sulfate, heparin, sodium bicarbonate,
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Why was this study conducted?
This study was conducted to evaluate the transplacental transfer of M281, a
monoclonal anti-FcRn antibody and its potential to inhibit the transfer of
immunoglobulin G from maternal to fetal circulation.

Key findings
M281 significantly inhibits the maternal-to-fetal transfer of a representative
immuoglobulin G molecule (adalimumab) in the ex vivo dually perfused human
placental lobule model. However, M281 itself shows insignificant transfer from
maternal to fetal circulation.

What does this add to what is known?
M281, a novel anti-FcRn antibody, may reduce the transfer of pathogenic
immunoglobulin G frommaternal to fetal circulation. These data support further
investigation of M281 in the management of alloimmune or autoimmune dis-
eases of the fetus and newborn.
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antipyrine, phenacetin, and methanol
were purchased from Sigma-Aldrich (St
Louis, MO). Gibco M199 media was
obtained from ThermoFisher Scientific
(Waltham, MA).

Clinical material
Placentas were collected immediately
following cesarean-sectioned abdom-
inal deliveries from the labor and
delivery ward of the John Sealy Hos-
pital, the teaching hospital of the
University of Texas Medical Branch
(Galveston, TX) according to a pro-
tocol approved by the institutional
review board. Only placentas deter-
mined by macroscopic examination to
be of normal morphology and from
uncomplicated term (38e40 weeks)
singleton pregnancies were included
to the study. Placentas from women
with multiple gestation, hypertension,
evidence of infection, systemic dis-
ease, drug or alcohol abuse, intra-
uterine growth restriction, and known
fetal congenital abnormalities were
excluded.

FcRn receptor occupancy assay
A receptor occupancy assay (detailed
methods in Supplementary Material)
was used to determine the concentration
and time required for M281 to fully
occupy FcRn in primary human villous
trophoblasts (HVTs). M281 was tested
over a range of concentrations
(0.015e5.0 mg/mL) and incubation
times (5e120 minutes). Receptor occu-
pancy was assessed as the percentage of
unoccupied (free) FcRn per cell after
incubation with unlabeled M281 for
various periods of time. Briefly, primary
HVT monolayers were incubated with
media alone, M281, or isotype-matched
(IgG1) control antibody (Southern
Biotech, Birmingham, AL) for the indi-
cated times. At each time point, cells
were detached, subjected to ice-cold
fixation, and permeabilized at pH 7.4
(Cytofix/Cytoperm; BD Biosciences, San
Jose, CA) and then incubated for 30
minutes on ice in the dark with a VT645-
labeled M281 for binding to cell-
associated, unoccupied FcRn. Cells
were washed in ice-cold buffer and
analyzed for geometric mean fluores-
cence index of cell-associated VT645-
labeled M281. M281 label in cells incu-
bated with media alone represented the
measure of 100% unoccupied receptors.
Full FcRn saturation was defined as
<10% unoccupied receptors.

Placental perfusion studies
The transfer of test compounds M281
and adalimumab from the maternal-
to-fetal circulation was studied using
the ex vivo technique of dual perfusion
of placental lobule as previously
described by Nanovskaya et al.8-10

Briefly, each placenta was examined
for tears, and 2 chorionic vessels (1
MAY 2019 Ameri
artery and 1 vein) supplying a single
intact peripheral cotyledon were can-
nulated with 3F and 5F umbilical
catheters, respectively. The cotyledon
was trimmed and placed in the perfu-
sion chamber with the maternal sur-
face upward. The intervillous space on
the maternal side was perfused by 2
catheters piercing the basal plate. The
flow rate of medium in the fetal and
maternal circuits was maintained at 3.0
and 12 mL/min, respectively. The
maternal perfusate was equilibrated
with a gas mixture made of 95% oxy-
gen/5% carbon dioxide and the fetal
perfusate with a mixture of 95% ni-
trogen/5% carbon dioxide.

Each placental cotyledonwas perfused
for an initial period of 1 hour in the
absence of test compounds (control
period) to evaluate the physical integrity
of the tissue. During the control period,
the perfusion system was used in open-
open configuration (ie, without recir-
culation of the perfusate). The perfusion
was terminated, and experiment was not
initiated if 1 or more of the following
criteria were observed during the control
period: fetal volume loss of >2 mL/h
and/or a difference between partial
pressure of oxygen in fetal vein and ar-
tery < 60 mm Hg.

Following the control period,
maternal and fetal perfusates were
replaced with fresh medium contain-
ing 3 mg/mL of bovine serum albu-
min. The experimental period was
performed using closed-closed config-
uration of the system (ie, with recir-
culation of the perfusates). The
experimental period was initiated after
the addition to the maternal reservoir
of tests substances. The nonionizable,
lipophilic marker compound antipy-
rine (100 mg/mL) was cotransfused
with test substance(s) to assure that all
studies maintained an adequate level of
perfusion overlap (ie, transfer of anti-
pyrine to the fetal circuit within 120
minutes) was >35%.11,12

In a first set of experiments, the
extent of M281 transfer (concentra-
tions between 300 and 20,000 mg/mL)
across dually perfused human
placental lobule was carried out for 4
or 6 hours. In a second set of
can Journal of Obstetrics & Gynecology 498.e2
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FIGURE 1
Rapid uptake and saturation of FcRn by M281

FcRn saturation is indicated by a decrease in unoccupied receptors detectable following cell per-
meabilization and incubation with fluor-labeled M281. Primary HVTs were incubated for different
periods of time with various concentrations of unlabeled M281 or isotype-matched control antibody.
At each time point, cells were detached, washed, fixed/permeabilized, and incubated with VT645-
labeled M281. Flow cytometry was used to quantitate cell-associated mean fluorescence index.
Values are mean � standard deviation, representative graph of n ¼ 2 experiments.
HVT, human villous trophoblast.
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experiments, the extent of trans-
placental transfer of adalimumab (270
mg/mL) during 6 hours of perfusion13

was established. A third set of experi-
ments was then performed wherein the
inhibitory effect of M281 on the
transplacental transfer of adalimumab
(270 mg/mL) was studied. In these
experiments, M281 concentrations of
10 and 300 mg/mL were investigated.
These concentrations of M281 repre-
sent serum levels of M281 observed in
the phase 1 study of M281.7

Samples from maternal artery and
fetal vein (in 0.5 mL aliquots) were taken
at 0, 30, 60, 120, 180, 240, 270, 300, 330,
and 360 minutes during the experi-
mental period and frozen ate80�C until
analysis.

Sample and data analysis
Quantitation of the antipyrine
Concentrations of antipyrine in
maternal and fetal aliquots were
measured using a modified high-
performance liquid chromatography
(HPLC) method previously described by
Morck et al.14 Briefly, protein was
precipitated by the addition of 200 mL of
ice-cold acetonitrile containing 10 mL/
mL of internal standard phenacetin to
each 200 mL sample. Samples were
centrifuged at 8000 rpm, and superna-
tants were run on an Agilent 1200 HPLC
system equipped with a G1315D DAD
detector (Agilent Technologies, Santa
Clara, CA).

Antipyrine was analyzed using an
HPLC method with a lower limit of
quantification of 5 mg/mL. The HPLC
analysis was performed at room tem-
perature (22e25�C) using a reverse-
phase, C18-based column (Waters
Atlantis T3, Atlantis T3 Column, 100Å,
3 mm, 3 mm � 150 mm [Waters
Corporation, Milford, MA]) fitted with
a guard cartridge (Waters T3, 3 mm,
2.1 mm � 150 mm [Waters Corpora-
tion]). The samples were run with a
linear gradient ranging from 25% to
95% methanol water over 14 minutes
at a flow rate of 0.3 mL/min; the in-
jection volume was 10 mL and detec-
tion was performed using absorbance
at 260 nm.
498.e3 American Journal of Obstetrics & Gynecol
Quantitation of adalimumab
The concentrations of adalimumab in all
maternal and fetal sample aliquots were
measured using a sandwich enzyme-
linked immunosorbent assay (Momenta
Pharmaceuticals) with a lower limit of
quantitation of approximately 1 ng/mL.
Briefly, 96-well plates were coated with
recombinant human tumor necrosis fac-
tor alpha overnight, followed by incuba-
tion with adalimumab-containing
samples and standards at room tempera-
ture. Adalimumab was detected by a
colorimetric method using peroxidase-
conjugated donkey antihuman IgG sec-
ondary antibody in the presence of chro-
mogenic substrate TMB (ThermoFisher
Scientific, Waltham, MA), which allowed
an absorbance readout at 450 nm. Test
substance levels were interpolated from
the calibration standards plotted using a
4-parameter logistic curve fit.
ogy MAY 2019
Quantitation of M281
M281 concentrations in all the maternal
and fetal perfusate sample aliquots were
determined using a Meso Scale Discovery
electrochemiluminescence assay (Bio-
Agilytix, Durham, NC) with a lower limit
of quantification of 5 ng/mL. Briefly,
plates coated with a mouse anti-M281
idiotype capture antibody and blocked
with enzyme-linked immunosorbent
assay blocking buffer E104 (Bethyl Lab-
oratories, Montgomery, TX) were incu-
bated with test samples for 1 hour at
room temperature. After washing, plates
were incubated for 1 hour with a second
biotinylated mouse anti-M281 idiotype
detection antibody, followed by detection
with Sulfo-Tag Streptavidin, and analyzed
on aMeso QuickPlex SQ 120 (Meso Scale
Discovery, Rockville, MD). Data were
analyzed using MSD Workbench 4.0
(Meso Scale Discovery).

http://www.AJOG.org


FIGURE 2
Low placental transfer of M281

M281 (300 mg/mL) and control antipyrine (100 mg/mL) were added to the maternal circuit at t ¼
0 and measured in both maternal and fetal circuits. Fetal transfer of M281 was extremely low, while
antipyrine (inset) rapidly achieved fetal-maternal circuit equilibrium, indicating successful and
consistent perfusion overlap. Data are shown as mean � standard deviation (n ¼ 3).

Roy et al. M281 inhibits IgG transplacental transfer. Am J Obstet Gynecol 2019.
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Fetal transfer rate
The fetal transfer rate (FTR) for each
test substance (adalimumab, M281, or
antipyrine) was calculated as 100 �
concentration of the test substance in
the fetal circuit at the end of the
experimental period/concentration of
the test substance in the maternal
TABLE 1
Transplacental transfer rates of M281

Study type

Maternal circuit,
adalimumab,
mg/mLa

M281 alone —

M281 alone —

M281 alone —

M281 alone —

M281 plus adalimumab 270

M281 plus adalimumab 270

Mean antipyrine fetal transfer rates for each group ranged from 4
period/concentration of the test substance in the maternal circu

ND, not detectable, below limit of quantitation; SD, standard dev

a Concentration of test compounds at initiation of the experimen

Roy et al. M281 inhibits IgG transplacental transfer. Am J O
circuit at the start of the experimental
period.

Statistical analysis
A linear mixed-effects model was used
for the analysis of all the experimental
data with random terms for both slope
and intercept for each donor
Maternal circuit,
M281, mg/mL a

Fetal circuit
M281 at study end,
mean (SD), mg/mL

Fet
rate
me

300 0.006 (0.004) 0.0

3000 0.08 (0.07) 0.0

3000 0.08 (0.04) 0.0

20,000 0.4 (0.3) 0.0

10 ND ND

300 0.02 (0.02) 0.0

0.6% to 41.9%. Fetal transfer rate ¼ 100� concentration of the tes
it at the start of the experimental period.

iation.

tal period; b One study was terminated early at 3 hours.

bstet Gynecol 2019.
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identification to account for the corre-
lation among measurements from the
same donor/placental perfusion experi-
ment. Two main experimental groups
were considered for this analysis: adali-
mumab alone and adalimumab plus
M281. All concentrations in aliquots
from fetal samples were divided by the
concentrations in aliquots from
maternal samples at corresponding time
points and then log transformed. The
sensitivity of the results to possible out-
liers was also assessed and P values were
adjusted for multiple comparisons.

Results
Time and concentration
dependence of FcRn binding by
M281 in HVTs
A receptor occupancy assay was used to
determine the time and concentration of
M281 required to saturate all available
FcRn in HVTs. M281 exhibited a rapid
onset of complete receptor occupancy in
<60 minutes in HVTs at a concentration
of 5 mg/mL as demonstrated by the
decrease in unoccupied FcRn to back-
ground levels (�10%) (Figure 1). M281
at 0.15 mg/mL resulted in nearly full
occupancy by 120 minutes, whereas
insignificant occupancy was observed up
to 120 minutes at 0.015 mg/mL. As ex-
pected, an isotype control antibody that
does not bind FcRn with high affinity at
both intracellular and extracellular pH
exhibited no occupancy of FcRn in HVT
in this assay.
al transfer
of M281,

an (SD), %
Experimental
period, hours

Number of
studies

05 (0.003) 4 3

02 (0.001) 4b 6

02 (0.001) 6 3

03 (0.001) 4 5

6 3

06 (0.009) 6 5

t substance in the fetal circuit at the end of the experimental

can Journal of Obstetrics & Gynecology 498.e4
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FIGURE 3
Placental transfer of adalimumab

Adalimumab (270 mg/mL) and control antipyrine (100 mg/mL) were added to the maternal circuit at
t¼ 0 and measured in both maternal and fetal circuits during the experimental period. Fetal transfer
of adalimumab increased significantly after 60 minutes. Successful, consistent perfusion overlap
was achieved in these studies because antipyrine (inset) transfer rapidly reached equilibrium be-
tween maternal and fetal circuits. Data are shown as mean � standard deviation (n ¼ 8).

Roy et al. M281 inhibits IgG transplacental transfer. Am J Obstet Gynecol 2019.
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Transfer of control compound,
antipyrine, across the dually
perfused human placental lobule
Antipyrine, a widely used control
molecule in perfusion studies, is ex-
pected to transfer rapidly and equili-
brate between the fetal and maternal
circuits in a successful perfusion.11 In
all experiments reported here,
maternal-fetal circuit equilibration was
achieved within the expected time-
frame. The FTR of antipyrine coper-
fused with M281 was 41% � 0.5%,
with adalimumab, 42% � 2.7%, and
with a combination of M281 and ada-
limumab, 43% � 2.8%, indicating a
similar degree of perfusion overlap
among different sets of experiments
and thus enabling comparability be-
tween studies reported.
498.e5 American Journal of Obstetrics & Gynecol
Transfer of test compounds across
the dually perfused human
placental lobule
Very low concentrations of M281 were
detected in the fetal circuit throughout
the experimental period (Figure 2 and
Table 1). The low amount of M281
transferred to the fetal circuit increased
steadily and in proportion with the con-
centration added to the maternal circuit,
suggesting transfer by a nonsaturable
process. The average FTR of M281 over
the concentrations tested (300 mg/mL,
3000 mg/mL, 20,000 mg/mL) ranged from
0.002e0.006% (Table 1) indicated an
extremely low transfer rate, even at the
highest concentration tested.
The transfer of the representative IgG

(adalimumab) showed an initial decline
in concentration in the maternal
ogy MAY 2019
circulation during the initial 30 minutes,
which can be attributed to the distribu-
tion of the adalimumab in the perfused
lobule. Adalimumab appeared in the fetal
circuit after 60 minutes, and its transfer
increased substantially through the end of
the experimental period (Figure 3). At the
end of 6 hours of perfusion, the average
FTR of adalimumab was 0.23% � 0.21%
(range, 0.05e 0.65%, n ¼ 8, Table 2).

The effect of M281 on
transplacental transfer of
adalimumab
In the presence of M281, the detect-
able transfer of adalimumab across the
placental lobule was delayed (>120
minutes vs >60 minutes), and fetal
transfer rates were decreased, irre-
spective of the concentrations of M281
tested (Figure 4 and Table 2). How-
ever, the FTR of M281 was not
affected by the presence of adalimu-
mab (Table 1).

Comment
The ability of M281 to inhibit IgG1
transfer across the human placenta was
evaluated using the dual-perfusion term
placental lobule model under conditions
intended to represent the highest effi-
ciency transfer of pathogenic IgG. A
human IgG1 monoclonal antibody,
adalimumab, was used as a representa-
tive IgG molecule. IgG1 and IgG3
comprise the 2 subclasses of pathogenic
IgG in the majority of alloimmune and
autoimmune diseases of the fetus and
newborn, with IgG1 being the predom-
inant subclass.13,15e18 IgG1 is also the
most efficiently transferred IgG subclass
in both human pregnancy and the
placental perfusion model.4,13 Because
the transfer of IgG increases with the
progression of gestational age,4,5 we used
human term placentas representing
the period for the highest IgG transfer.
Additionally, the adalimumab concen-
tration in the maternal circuit is
within the range of concentrations
observed for pathogenic alloantibodies
and autoantibodies.19e22

The FTR of the representative IgG,
adalimumab (0.23% � 0.21%), in the
absence of M281 was similar to previ-
ously reported IgG transfer rates

http://www.AJOG.org


TABLE 2
M281 inhibition of IgG transfer from maternal to fetal circulation

Maternal circuit
M281, mg/mLa

Maternal circuit
adalimumab, mg/mLa

Fetal circuit
adalimumab at study
end, mean (SD), mg/mL

Fetal transfer rate
Adalimumab,
mean (SD), % P valueb

Number of
studies

Experimental
period, hours

0 270 0.50 (0.5) 0.23 (0.21) NA 8 6

10 270 0.12 (0.02) 0.07 (0.01) < .001 3 6

300 270 0.12 (0.01) 0.06 (0.01) < .001 5 6

Mean antipyrine fetal transfer rate for these studies was 41.7%� 2.7% for adalimumab alone and 43.8%� 4.2% for all adalimumab plus M281 studies. Fetal transfer rate¼ 100� concentration of
the test substance in the fetal circuit at the end of the experimental period/concentration of the test substance in the maternal circuit at the start of the experimental period.

NA, not applicable.

a Concentration of test compounds in the maternal perfusate at initiation of the experimental period; b P values were calculated compared with no M281 using a linear mixed-effects model with
random slope and intercept.

Roy et al. M281 inhibits IgG transplacental transfer. Am J Obstet Gynecol 2019.
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(0.08e0.5%) in this model.13,23e26 The
high variability in the extent of adali-
mumab transfer across the placenta
FIGURE 4
Placental transfer of adalimumab is in

Adalimumab (270 mg/mL), M281 (10 mg/mL, n ¼
(100 mg/mL) were added to the maternal circuit at
circuits over the experimental period. M281, irr
decreased adalimumab transfer compared with its
are shown as mean � standard deviation.

Roy et al. M281 inhibits IgG transplacental transfer. Am J Obst
lobule may be explained in part by fac-
tors such as individual variability in IgG
uptake by pinocytosis, expression of
hibited by M281

3, or 300 mg/mL, n ¼ 5) and control antipyrine
t ¼ 0 and measured in both maternal and fetal
espective of concentration tested, significantly
transfer in the absence of M281 (Figure 3). Data

et Gynecol 2019.
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IgG-binding Fc gamma receptors, or
vesicular trafficking. No association was
found between FcRn expression and
adalimumab FTR in these studies (data
not shown).

In the presence of M281, the adali-
mumab transfer rate decreased by
approximately 3- to 4-fold (Table 2) and
remained at 0.06e0.07%, irrespective of
the M281 concentration tested (10 or
300 mg/mL). It should be noted that
the diminished transfer rate of adali-
mumab in the presence of M281 is
similar to the previously reported
transfer rate for immunoglobulin A,26

an immunoglobulin isotype known to
transfer extremely poorly across the
human placenta in pregnancy. Further-
more, IVIg, which at high concentra-
tions acts as a competitive inhibitor at
the FcRn IgG binding site, was used as a
positive control. The inhibitory effect of
6700 mg/mL of IVIg on adalimumab
transfer to the fetal circuit (FTR 0.07%�
0.03%; Supplemental Table 1) was
similar to the inhibitory effect of M281
at 10 ug/mL (FTR 0.07% � 0.01%,
Table 2).

These data suggest that the transfer of
IgG in the presence of M281 may be
negligible in vivo. Both 10 and 300 mg/
mL of M281 resulted in similar de-
creases in adalimumab transfer rates,
suggesting that the inhibitory activity of
M281 on IgG transport was saturated.
These ex vivo model results are consis-
tent with the rapid uptake and receptor
occupancy of FcRn by M281 in HVTs at
concentrations as low as 5 mg/mL.
can Journal of Obstetrics & Gynecology 498.e6
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Because concentrations of M281 greater
than 10 mg/mL were maintained along
with FcRn receptor occupancy with
weekly 30 mg/kg dosing of healthy
volunteers in the phase 1 study, a sus-
tained blockade of IgG transfer across
the human placenta may be achievable
in clinical studies.7

The transfer rate of M281 itself across
the perfused placenta lobule was 0.002%
� 0.002%, which is nearly 100-fold
lower than the transfer rate for the
representative IgG, adalimumab alone.
This low transfer rate of M281 is unlikely
to maintain active drug concentrations
in the fetal circulation in vivo because
concentrations in the fetal circuit were
substantially below active M281 con-
centrations observed in HVTs in vitro.

The extremely poor placental transfer
of M281 may be explained by the high-
affinity binding of M281 to FcRn at
both intracellular and extracellular pH,
which prevents its release from FcRn
during any step of the transfer process.6

The low transfer of M281 across the
human placenta is significant because
the potential for a low or negligent
exposure of the developing fetus and
neonate is an important safety consid-
eration in the future clinical develop-
ment of M281.

The results of this investigation
demonstrate that M281, a direct and
potent inhibitor of FcRn, decreased
transfer of IgG across term placenta.
These data together with the rapid
FcRn occupancy and reduction in
circulating IgG observed on M281
administration in nonpregnant healthy
volunteers in the phase 1 study7 and in
chronic, reproductive, and immuno-
logical toxicology studies in nonhuman
primates (data not shown) suggest that
maternal administration of M281 could
potentially lower alloantibody or auto-
antibody titers and prevent their pas-
sage into the fetus to potentially delay,
minimize, or prevent fetal and neonatal
disease development.

While M281 is expected to inhibit
transplacental transfer and increase
maternal clearance of both pathogenic
and beneficial IgG, a single maternal
IVIg infusion just prior to birth would
provide passive immunity to the neonate
498.e7 American Journal of Obstetrics & Gynecol
and recovery of maternal circulating IgG
in clinical settings. A favorable risk-
benefit may be achievable for initial
evaluation of M281 safety and efficacy in
an indication such as severe early-onset
antenatal hemolytic disease of the fetus,
an indication with predictably poor
outcomes, noninvasive disease moni-
toring, and potential for standard-of-
care rescue therapy.27-29 Other poten-
tial indications include pregnancies with
a history of autoimmune congenital
heart block,3 fetal neonatal alloimmune
thrombocytopenia with intracranial
hemorrhage,30 or neonatal
thyrotoxicosis.31

In summary, these human placental
perfusion studies together with the
additional M281 nonclinical and clinical
studies support further clinical research
to evaluate the safety and efficacy of
M281 in severe pregnancy-associated
alloimmune and autoimmune diseases
of the fetus and newborn. n
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Supplementary
Materials
FcRn receptor occupancy assay

Primary human villous trophoblasts
(HVTs) (ScienCell, Carlsbad, CA) were
cultured in complete trophoblast media
(ScienCell) on plates coated with poly-
L-lysine (ScienCell). For receptor oc-
cupancy studies, HVTs were seeded in
poly-L-lysine-coated, 6-well plates and
cultured until 80% confluence. Media
alone, M281, or an immunoglobulin
G1 isotype-matched control antibody
SUPPLEMENTAL TABLE 1
IVIg inhibition of IgG transfer from ma

Maternal
circuit IVIg,
mg/mL a

Maternal circuit
adalimumab, mg/mLa

Fet
ada
end

6700 270 0.1

Mean antipyrine fetal transfer rate for these studies was 41.7%�
the test substance in the fetal circuit at the end of the experime

a Concentration of test articles in the maternal perfusate at the
random slope and intercept; c One study was terminated early

Roy et al. M281 inhibits IgG transplacental transfer. Am J O

498.e9 American Journal of Obstetrics & Gynecol
(Southern Biotech, Birmingham, AL) in
trophoblast media media alone was
added to HVT at time 0 and incubated
at 37�C in a tissue culture incubator for
various times. At indicated times, plates
were placed on ice. The media was
aspirated, and cell monolayers were
rinsed once with ice-cold Dulbecco’s
phosphate-buffered saline (Millipore
Sigma, St Louis, MO) and then de-
tached with room-temperature
HyQTase (ScienCell). After centrifuga-
tion at 400 � g, cells were resuspended
in Cytofix/Cytoperm solution (BD
ternal to fetal circulation

al circuit
limumab at study
, mean (SD), mg/mL

Fetal transfer
rate adalimumab,
mean (SD), % P

2 (0.05) 0.07 (0.03) <

2.7% for adalimumab alone and 43.8%� 4.2% for all adalimumab plu
ntal period/concentration of the test substance in the maternal circuit

initiation of the experimental period; b P values were calculated comp
at 5.5 hours.

bstet Gynecol 2019.

ogy MAY 2019
Biosciences, San Jose, CA) at 4�C for 20
minutes, washed twice with ice-cold
1 � Perm buffer (BD Biosciences),
and resuspended in Perm buffer with
10% fetal bovine serum (ScienCell)
with 7.5 mg/mL VT645-labeled M281
for 30 minutes. Following incubation,
cells were washed twice with ice-cold
Perm buffer, resuspended in FACS
buffer (BD Biosciences), and filtered
prior to FACS analysis (FACSCanto, BD
Biosciences).

Roy. M281 inhibits IgG transplacental
transfer. Am J Obstet Gynecol 2019.
valueb
Number of
studies

Experi-mental
period, hours

.001 5 6c

s M281 studies. Fetal transfer rate¼ 100� concentration of
at the start of the experimental period.

ared with no M281 using a linear mixed-effects model with
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