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Anti-Miillerian hormone concentration regulates activin
receptor-like kinase-2/3 expression levels with
opposing effects on ovarian cancer cell survival
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Abstract. Anti-Miillerian hormone (AMH) type II receptor
(AMHRII) and the AMH/AMHRII signaling pathway are
potential therapeutic targets in ovarian carcinoma. Conversely,
the role of the three AMH type I receptors (AMHRISs), namely
activin receptor-like kinase (ALK)2, ALK3 and ALKS6,
in ovarian cancer remains to be clarified. To determine the
respective roles of these three AMHRISs, the present study
used four ovarian cancer cell lines (COV434-AMHRII,
SKOV3-AMHRII, OVCARS, KGN) and primary cells isolated
from tumor ascites from patients with ovarian cancer. The
results demonstrated that ALK2 and ALK3 may be the two
main AMHRIs involved in AMH signaling at physiological
endogenous and supraphysiological exogenous AMH concen-
trations, respectively. Supraphysiological AMH concentrations
(25 nM recombinant AMH) were associated with apoptosis
in all four cell lines and decreased clonogenic survival in
COV434-AMHRII and SKOV3-AMHRII cells. These biolog-
ical effects were induced via ALK3 recruitment by AMHRII,
as ALK3-AMHRII dimerization was favored at increasing
AMH concentrations. By contrast, ALK2 was associated with
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AMHRII at physiological endogenous concentrations of AMH
(10 pM). Based on these results, tetravalent IgG1-like bispecific
antibodies (BsAbs) against AMHRII and ALK?2, and against
AMHRII and ALK3 were designed and evaluated. In vivo,
COV434-AMHRII tumor cell xenograft growth was signifi-
cantly reduced in all BsAb-treated groups compared with that
in the vehicle group (P=0.018 for BsAb 12G4-3D7; P=0.001 for
all other BsAbs). However, the growth of COV434-AMHRII
tumor cell xenografts was slower in mice treated with the
anti-AMRII-ALK?2 BsAb 12G4-2F9 compared with that in
animals that received a control BsAb that targeted AMHRII
and CD5 (P=0.048). These results provide new insights into
type I receptor specificity in AMH signaling pathways and
may lead to an innovative therapeutic approach to modulate
AMH signaling using anti-AMHRII/anti-AMHRI BsAbs.

Introduction

Anti-Miillerian hormone (AMH), a TGFf family member,
acts by binding to its specific receptor (AMH type II receptor;
AMHRII) that recruits type I receptors (AMHRISs) activin
receptor-like kinase (ALK)2, ALK3 and ALK6. AMHRI
phosphorylation induces SMAD 1/5/8 phosphorylation and
their migration into the nucleus where, through SMAD4, they
regulate various genes depending on the target tissue (1,2).
Preclinical in vitro and in vivo studies and data obtained using
clinical samples have demonstrated that AMHRII and the
AMH/AMHRII signaling pathway are potential therapeutic
targets in gynecological tumors (3-9), particularly in ovarian
carcinoma (10).

The AMH/AMHRII signaling cascade can be targeted
using anti-AMHRII antibodies. Among the available
anti-AMHRII antibodies (11) and antibody fragments (12,13),
the monoclonal antibody (MAb) 12G4 and its humanized
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version (GM-102 or murlentamab) have been extensively
evaluated in preclinical studies (14-17), and murlentamab
is now tested in clinical trials (trial nos. NCT02978755 and
NCT03799731). The mechanism of action of murlentamab
involves antibody-dependent cell-mediated cytotoxicity and
antibody-dependent cell phagocytosis, but no or low apoptosis
depending on the model, suggesting that its efficacy is not
directly related to the AMH signaling pathway (14,15).

To understand why the AMH signaling pathway is not
implicated in the underlying mechanisms of the effects of
murlentamab, the present study aimed to analyze the role of
the three AMHRIs (ALK2, ALK3 and ALK®6) in ovarian
carcinoma cell lines and primary carcinoma cells isolated from
ascites samples of patients with ovarian carcinoma. Although
the roles of ALK2, ALK3 and ALK6 have been studied in
several cell types during development and in other physiolog-
ical conditions (18-24), limited data are available on their roles
in cancer. Basal et al (25) have demonstrated that AMHRII,
ALK2, ALK3 and ALKG6 are expressed in epithelial ovarian
cancer specimens, but have not assessed their functions.

The results of the present study demonstrated that ALK2
and ALK3 were the two main AMHRIs implicated in AMH
signaling in four ovarian cancer cell lines, and that their role
was regulated by AMH concentration. Specifically, in the pres-
ence of supraphysiological concentrations of AMH (25 nM
recombinant AMH), ALK3 was recruited, heterodimerized
with AMHRII, and induced apoptotic effects. Conversely, at
physiological endogenous AMH concentration (10 pM), AMH
promoted cancer cell viability through ALK2 recruitment.
Therefore, bispecific antibodies (BsAb) against AMHRII and
ALK?2, and against AMHRII and ALK3 were designed and
evaluated. The results demonstrated that the anti-AMRII-ALK?2
BsAb 12G4-2F9 reduced the growth of COV434-AMHRII
tumor cell xenografts in vivo. Taken together, these results may
provide a deeper understanding of the AMH signaling path-
ways and may lead to an innovative therapeutic approach to
modulate AMH signaling using anti-AMHRII/AMHRI BsAbs.

Materials and methods

AMH production and assay. Active recombinant AMH
(LR-AMH) (9,26) was produced in CHO cells (Evitria AG)
using proprietary media and culture conditions according
to the W0O2014/164891 patent (27) (Fig. SI). LR-AMH is a
full-length protein that is completely cleaved, thus combining
efficiency and stability (26,28). It contains the 24A A leader
sequence of albumin instead of the AMH leader sequence to
increase production and secretion, and the RARR/S furin/kex2
consensus site instead of the native AMH RAQR/S sequence
at position 423-428 to improve cleavage. AMH was quanti-
fied using the Elecsys® AMH PLUS kit (Roche Diagnostics).
For western blot analysis, recombinant AMH commercialized
by Origen (cat. no. TP308397) was used as the control AMH
with an anti-AMH antibody (cat. no. ab84952; Abcam) that
recognizes the C-terminal domain. All experiments involving
LR-AMH were performed in culture medium containing
1% fetal bovine serum (FBS; Gibco; Thermo Fisher Scientific,
Inc.) as bovine AMH can signal through human AMHRII (29).
In these experimental conditions, endogenous AMH concen-
tration in fresh medium ranged between 5 and 10 pM.

Selection of anti-ALK?2 and anti-ALK3 single-chain vari-
able fragments (scFvs). Anti-ALK2 and anti-ALK3 scFvs
were isolated from the human scFv phage display library
Husc I (30,31) by three successive panning rounds using an
ECD-Fc construct (cat.no. 637-AR-100; R&D Systems, Inc.) for
ALK2 and an ECD-Fc (cat. no. 2406-BR-100; R&D Systems,
Inc.)oran ECD-Poly-His (cat.no. 10446-HO8H; Sino Biological,
Inc.) construct for ALK3. Two scFv antibodies were selected
for each target according to the following criteria: i) Their
binding to the receptor in ELISA; ii) their variable peptide
sequence to target different epitopes; and iii) the number of
potential glycosylation sites present in their sequences to limit
the need for mutagenesis. All potential glycosylation sites in
the heavy chain variable domain (VH) and light chain variable
domain (VL) of the selected scFv antibodies were suppressed
by site-directed mutagenesis (Genewiz, Inc.): The VH
threonine 75 (Kabat numbering) was reversed to the germline
lysine, whereas serine to alanine mutations were performed
in the complementarity-determining region Asn-x-Ser motifs
(1, 1 and 4 for 2C1, 2F9 and 3D7, respectively) to avoid binding
inhibition due to N-glycosylation.

BsAb constructs. A generic platform of tetravalent IgGl-like
BsAbs was used (32,33). As described in our previous
study (32), BsAb synthesis requires the production of one
fused heavy chain and two free light chains. The fused heavy
chain contained, from the N- to the C- terminus, the VH/heavy
chain constant domain (CH)1 domain of the anti-AMHRII
MAD 12G4 (11) in position 2 (Fig. S2), the VH/CHI1 domain
of an anti-AMHRI antibody (anti-ALK?2 or ALK3 Mab) in
position 1, and a human IgG1 Fc domain, as well as two free
light chains, namely the light chains of the anti-AMHRII
and anti-AMHRI MAbs. The fragment antigen binding (Fab)
sequences from the anti-AMHRII MAb were inserted in posi-
tion 2 of each BsAb construct (the furthest away from the Fc
fragment) to ensure specific binding to their target (32). The
anti-ALK?2 and anti-ALK3 Fab sequences were inserted in
position 1 of the BsAb constructs, closer to the Fc fragment.
To control the heavy chain/light chain ratio, two plasmids
were constructed. Plasmid I was a bicistronic construct that
contained, from the 5' to the 3' end: i) The cDNA encoding
the complete sequence of anti-AMHRII MAb light chain
under the control of the cytomegalovirus (CMV) promoter;
ii) an internal ribosome entry site (IRES) sequence from
ECMV (34); and iii) the cDNA encoding the complete fused
heavy chain bearing the VH/CH1 domain of the anti-AMHRII
MAD, the VH/CH1 domain of the anti-ALK?2 or anti-ALK3
MAD and the cDNA encoding the human IgGl Fc domain.
Plasmid II contained the cDNA encoding the complete
sequence of the anti-AMHRI MAD light chain (anti-ALK?2
or anti-ALK3 MADb) under the control of the CMV promoter.
In the control BsAb that targeted only AMHRII and CD5
(anti-AMHRII-CDS), the cDNA encoding the VH and VL
of the anti-human CD5 MADb 0490 (35) were inserted into
plasmids I and II instead of the anti-AMHRI M Ab sequences.

Antibody production. Anti-ALK?2 and anti-ALK3 IgGI1 and
BsAbs were produced in CHO (Evitria AG) and 293T cells
(ATCC® CRL-1573) For antibody production in 293T cells, the
cells were cultured in 150 mm? dishes to 70% confluence. A 1:1
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mixture of 30 ug of plasmids I and II, and 240 ug of the trans-
fection agent polyethylenimine (PolyScience) was maintained
at room temperature (RT) for 10 min and subsequently added
to the cells for 6 h at 37°C. Following incubation, the transfec-
tion medium was replaced with DMEM-F12 (Gibco; Thermo
Fisher Scientific, Inc.) without FBS. After 5 days at 37°C, the
supernatant was collected by centrifugation at 300 x g for
5 min at 4°C and diluted (1:1) with 40 mM sodium phosphate
buffer, pH 8, filtered through a 0.22-ym filter and purified on
a 1-ml protein A column for 24 h at 4°C. The antibodies were
eluted with glycine, pH 3, and immediately stabilized with
Tris buffer, pH 9. Amicon-ultra® filters (MiliporeSigma) with
a cut-off of 50 kDa were used for antibody concentration in
PBS; 200 ml cell culture provided ~1 mg of purified antibody.

ELISA assay. The half maximal effective concentration
(ECsy) of the antibodies was determined by ELISA. Maxisorp
nunc-immuno® plates (Thermo Fisher Scientific, Inc.) were
coated with 500 ng/ml anti-HIS antibody (clone HIS-1; cat.
no. A7058; Sigma-Aldrich; Merck KGaA) overnight at 4°C
to capture the respective antigens of recombinant human
ALK?2 (cat. no. 10227-HO8B; Sino Biological, Inc.), ALK3
(cat. no. 10446-HO8H; Sino Biological, Inc.) or AMHRII
(4749-MR-050; R&D Systems, Inc.) used at 500 ng/ml. The
plates were subsequently washed three times with PBS/0.01%
Tween-20 and incubated with PBS/0.01% Tween-20/2% BSA
(Sigma-Aldrich; Merck KGaA) solution for 2 h at RT for
blocking. Following three washes with PBS/0.01% Tween-20,
the antibodies were added to a final concentration of ranging
between 0.08 and 333 nM, and incubated at 37°C for 90 min,
followed by treatment with the anti-human Fc peroxidase
secondary antibody (HRP-conjugated; cat. no. A0170;
Sigma-Aldrich; Merck KGaA) for 30 min and the enzyme
substrate (3,3',5,5'-tetramethylbenzidine; cat. no. 34028;
Thermo Fisher Scientific, Inc.). Absorbance was read at
450 nm using a microplate reader after stopping the enzyme
reaction with sulfuric acid.

Cell lines. The human COV434 (sex cord stromal
tumor) (36,37) and KGN (granulosa cell tumor) (38) cell lines
were kind gifts from Dr. Schrier (Department of Clinical
Oncology, Leiden University Medical Center, Leiden,
Netherlands) and Dr Yanase (Kyushu University, Fukuoka,
Japan), respectively. The SKOV3 cell line (high grade
serous ovarian cancer) was obtained from ATCC (ATCC®
HTB-77), and the NIH-OVCARS cell line (high grade serous
ovarian cancer) was obtained from the Division of Cancer
Treatment and Diagnosis, NCI, Frederick, MD, USA. Cells
were cultured in DMEM:F12 medium without phenol red
containing 10% heat-inactivated FBS. COV434-AMHRII and
SKOV3-AMHRII cells were supplemented with 0.33 mg/ml
geneticin (cat. no. ant-gn-1; InvivoGen). Cells were cultured
at 37°C in a humidified atmosphere with 5% CO,, and the
medium was replaced twice per week. Cells were harvested
with 0.5 mg/ml trypsin and 0.2 mg/ml EDTA. All culture
media and supplements were purchased from Thermo Fisher
Scientific, Inc. 293T cells were cultured in DMEM:F12 with
phenol red containing 10% heat-inactivated FBS. Cells were
tested for the absence of Mycoplasma every other week using
MycoAlert® mycoplasma detection kit (cat. nos. LT07-318 and

LT07-518; Lonza Group AG). All cell lines were authenticated
by Eurofins Human Cell Line Authentication Services.

The COV434-AMHRII and SKOV3-AMHRII cell
lines were generated by transfection of the cDNA encoding
full-length human AMHRII as previously described (17).
The cDNA encoding full-length human AMHRII in the
pCMV6 plasmid (gifted by Dr Teixeira, Pediatric Surgical
Research Laboratories, Massachusetts General Hospital,
Harvard Medical School, Boston, USA) was first subcloned
in the pcDNA3.1.myc-His vector (Invitrogen; Thermo Fisher
Scientific, Inc.) using the EcoRI and Xhol restriction sites
(enzymes from New England BioLabs, Inc.), and subsequently,
using the EcoRI and Sall sites, in the pIRES1-EGFP vector,
gifted by Dr F Poulat (Institut de Génétique Humaine,
CNRS, Montpellier, France). At 24 h prior to transfection,
COV434 cells were seeded in 150-mm cell culture dishes
at 80% confluence. The AMHRII construct was transfected
using the Fugene transfection kit (Promega Corporation)
according to the manufacturer's protocol. Following a 48-h
incubation at 37°C, the transfection medium was replaced
with fresh medium containing 0.5 mg/ml geneticin and was
subsequently changed twice per week for two weeks. The
cells were harvested and sorted using a FACSAria cytometer
(Becton-Dickinson and Company) in 96-well plates. For each
cell line, a clone that strongly expressed AMHRII was selected
and designated as COV434-AMHRII and SKOV3-AMHRII,
respectively (Fig. S3).

Primary tumor cells from ascites. Ascites samples from three
patients with ovarian cancer were obtained from the Institut
du Cancer de Montpellier (ICM) according to the French
laws and after their informed written consent. All patient
samples and data were retrieved from the ICM ovarian cancer
clinical-biological database that had been approved by the
independent Sud Méditerranée III Ethics Committee (study
reference, 2016.09.06). Patients were chemotherapy-naive and
waiting for surgical intervention. Freshly obtained ascites were
aliquoted in 50 ml conical centrifuge tubes and centrifuged
at 300 x g for 5 min at 4°C. Cell pellets were resuspended
in ammonium-chloride-potassium buffer (pH:7.2) (150 nM
NH,CI, 10 nM KHCO; and 0.1 nM Na,EDTA) to lyse red blood
cells on ice for 5 min. The process was repeated until the lysis
was complete. Subsequently, the cell pellets were plated in
150-mm cell culture dishes with 20 ml DMEM F12-Glutamax
(Gibco; Thermo Fisher Scientific, Inc.) and 10% FBS. Cells
were subsequently plated in DMEM:F12 with 10% FBS for
30 min to rapidly eliminate adherent fibroblasts as previ-
ously described (39). Non-adherent cells were transferred to
new dishes with DMEM:F12 and 10% FBS. Low-passage
(between 2 and 6) cells were used for experiments or frozen in
liquid nitrogen.

Small interfering (si)RNA transfection. siRNA sequences
were designed using the Rosetta algorithm by Sigma-Aldrich;
Merck KGaA. A pool of three siRNAs (siRNA Nano Scale;
Sigma-Aldrich; Merck KGaA) was used for each ALK receptor
(ALK2: STHKO0175, STHKO0173, SIHK0174; ALK3: STHKO0170,
STHKO0171, SIHKO0172; ALK6: SIHKO0175, STHKO0173,
STHKO0174). MISSION esiRNA (cat. no. EHU121781;
Sigma-Aldrich; Merck KGaA), a heterogeneous mixture of
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siRNA that target human AMH, was used to silence AMH.
COV434-AMHRII and SKOV3-AMHRII cells were plated
in 24-well plates at 60-80% confluency. Transfection was
performed in DMEM:F12 medium with 1% FBS using
Lipofectamine® RNAiMax Transfection Reagent diluted
in Opti-MEM Medium (cat. nos. 13778-150 and 11058021,
Invitrogen; Thermo Fisher Scientific, Inc.) according to the
manufacturer' s instructions. siRNAs were diluted to 3 pM,
and the siRNA-Lipofectamine (1:1) mixture was added to
the cells for 6 h at 37°C. Cells were washed and cultured in
DMEM: F12 with 1% FBS. Experiments with siRNA-trans-
fected cells were performed at 24 (COV434-AMHRII cells) or
48 (SKOV3-AMHRII cells) h post-transfection.

Western blot analysis. Cells were washed with PBS and
scraped immediately in RIPA lysis buffer (Santa Cruz
Biotechnology, Inc.) with 200 mM PMSF, 100 mM sodium
orthovanadate and a protease inhibitor cocktail. The protein
concentration was determined using the BCA assay protein
quantitation kit (Interchim). Cell extracts were heated at 95°C
for 5 min, separated (50 ug protein/lane) by 10% SDS-PAGE
in reducing conditions (5% 2f-mercaptoethanol), and trans-
ferred to PVDF membranes (Bio-Rad Laboratories, Inc.).
The membranes were blocked in Tris-buffered saline with
0.1% Tween-20 and 5% non-fat dry milk, and probed with the
relevant primary antibodies at RT for 1 h. Following washing
with PBS-Tween 0.01%, peroxidase-conjugated IgG secondary
antibodies were added (1:10,000) at RT for 1 h. After washing,
antibody-antigen interactions were detected using Immobilon®
ECL Ultra Western HRP Substrate (Merck KGaA). To
verify equal loading, immunoblots were also probed with an
anti-GAPDH monoclonal antibody diluted at 1:1,000 (cat.
no. 8884; Cell Signaling Technology, Inc.).

Reversetranscription-PCR RNAfrom 1x10°COV434-AMHRII
and SKOV3-AMHRII cells was extracted using the RNeasy
Mini Kit (Qiagen GmbH) according to the manufacturer'
s instructions. A total of 1 ug RNA was reverse transcribed
using SuperScript I1I Reverse Transcriptase kit (Thermo Fisher
Scientific, Inc.) according to the manufacturer's instructions.
PCR was performed to amplify the cDNA sequences with
specific primers for each ALK receptor using the Dream
Taq Green PCR Master Mix (Thermo Fisher Scientific, Inc.),
10 uM primers and 2.5 ul cDNA with the following condi-
tions: initial denaturation at 95°C for 10 min, followed by
40 cycles of 95°C for 60 sec, 56.9°C for 90 sec and 72°C for
90 sec, and final extension at 72°C for 5 min. PCR analysis
of Alk receptor expression was performed using the following
primers: ALK2 forward, 5"TTAAAAGGCGCAACCAAGA-3'
and reverse, 5'-CGTACAACGATCCCATTTCA-3'; ALK3
forward, 5'"TTTATGGCACCCAAGGAAAG-3' and reverse,
5'“TGGTATTCAAGGGCACATCA-3"; ALK6 forward,
5'-CTCAGGGAGCGACCTGGGCA-3'" and reverse,
5'-GCGGCCCCAAATGCAGGGAT-3" A total of 20 pul of
each PCR sample was used for agarose gel electrophoresis and
visualized under UV using G:BOX (Pxi 4; Syngene).

AMH pathway analysis. OVCARS, KGN, COV434-AMHRII
and SKOV3-AMHRII cells were cultured in DMEM:F12 with
1% FBS medium overnight and incubated with LR-AMH

(0-25 nM) at 37°C for 6 h. Western blotting was performed
as aforementioned using anti-phosphorylated (p)SMADI/5
(cat. no. 9516Cell Signaling Technologies, Inc.), anti-pAKT
(cat. no. 9271; Cell Signaling Technologies, Inc.), anti-cleaved
caspase-3 (cat. no. 9661; Cell Signaling Technologies, Inc.,),
anti-cleaved PARP (cat. no. 9546; Cell Signaling Technologies,
Inc.), anti-GAPDH, anti-ALK?2 (cat. no. ab60158; Abcam) and
anti-ALK3 (cat. no. ab38560; Abcam) primary antibodies
diluted at 1:1,000 overnight at 4°C, followed by anti-rabbit
and anti-goat IgG HRP secondary antibodies (1:10,000; cat.
nos. AP106P and AP188P; Sigma-Aldrich; Merck KGaA) at
RT for 1 h. Since previous studies demonstrated that total
SMADI/5, total AKT, uncleaved caspase-3 and uncleaved
PARP were not modified under AMH treatment, these total
proteins were not systematically blotted (7,40,41).

Clonogenic survival. COV434-AMHRII and SKOV3-AMHRII
cells were plated in 24-well plates (50 cells/well) in DMEM:F12
with 1% FBS and cultured overnightunder normal culture condi-
tions (5% CO,, 37°C). LR-AMH (0-25 nM) was subsequently
added to the medium for 11 days. For COV434-AMHRII cells,
the colonies were fixed in methanol/acetic acid solution (3:1) at
4°C for 20 min, stained with 10% Giemsa and visible clones
were counted manually. For SKOV3-AMHRII cells, for which
direct clone counting was difficult, the Giemsa-stained clones
were bleached with 70% ethanol for 30 min at RT, and the
bleaching solution was analyzed at 595 nm by a plate reader to
obtain a global estimate of the clone number and size.

Apoptosis assay. Apoptosis initiation was determined
using the Caspase-Glos-3/7 assay (cat. no. G8090; Promega
Corporation). Cells plated in white 96-well plates were incu-
bated with LR-AMH (0-25 nM) for 6 h at 37°C. Upon addition
of the proluminescent caspase-3/7 DEVD-aminoluciferin
substrate, caspase-3/7 cleavage of this substrate releases
aminoluciferin that is consumed by luciferase to produce a
luminescent signal, proportional to the caspase-3/7 activity.
The luminescent signal was quantified with a PHERASTAR
microplate reader 30 min after substrate addition.

Apoptosis was assessed using the Annexin V-FITC
Apoptosis Detection kit (cat. no. IM3614; Beckman
Coulter, Inc.). A total of ~1x10° COV434-AMHRII and
SKOV3-AMHRII cells/well were seeded in 24-well plates and
incubated with or without 25 nM LR-AMH, or 150 nM stauro-
sporin (positive control) for 24 h. Adherent and detached cells
were collected and centrifuged at 200 x g for 5 min at 4°C.
Following washing with PBS, cells were stained with 130 ul of
a mixture containing 10 1 FITC-labeled Annexin V and 20 ul
7AAD in 10 pl annexin buffer on ice in the dark for 15 min.
Following addition of 400 ul annexin buffer, the fluorescence
data were acquired by a Kaluza flow cytometer (Beckman
Coulter, Inc.) within 30 min, and analyzed with the Kaluza
Flow Analysis software 2.1 (Beckman Coulter, Inc.). Flow
cytometry data were expressed as the percentage of FITC-,
AAD- or FITC and AAD-positive cells in 5x10= counted cells.

Immunofluorescence. For each experiment, 3x10* OVCARS,
KGN, COV434-AMHRII and SKOV3-AMHRII cells were
cultured on 22-mm square glass coverslips in 35-mm culture
dishes in DMEM:F12 with 10% FBS overnight at 37°C. Cells
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were subsequently starved with 1% FBS medium for 24 h
prior to incubation with 25 nM LRMIS for 90 min at 37°C.
Cells were then fixed and permeabilized in 3.7% paraformal-
dehyde/PBS for 40 min, washed twice with PBS and once
with PBS/0.1% BSA, and blocked with PBS/1%BSA for 1 h
at RT. Subsequently, cells were incubated with P3X63 (42)
or 13R4 (30) (1:200; irrelevant antibodies used as negative
controls), the anti-AMHRII 12G4, and anti-ALK?2 (cat.
no. AF637), anti-ALK3 (cat. no. AF346) and anti-ALK6
(cat. no. MABS5051) (all from R&D Systems, Inc.) primary
antibodies in the dark for 1 h. Following three washes with
PBS, cells were incubated with anti-goat (1:1,000; cat.
no Ab6881; Abcam) or anti-mouse (1:1,000; cat. no Ab6785;
Abcam) FITC-labeled secondary antibodies in PBS/0.1% BSA
for 1 h, followed by three washes with PBS/0.1% Tween-20
and three washes with PBS. Coverslips were mounted with
EverBrite™ Hardest Mounting Medium with DAPI (Biotium,
Inc.,). For each cell line, >150 cells were examined to select
the representative fields, and =3 representative fields for each
sample were analyzed the following day under a fluorescence
Zeiss Axioplan 2 Imaging microscope (Zeiss AG). Receptor
(green) and nucleus (blue) labeling were estimated with
ImageJ bundled with 64-bit Java 1.8.0_172 (National Institutes
of Health) using the Color Histogram plugin (http://rsb.info.
nih.gov/ij/plugins/color-histogram.html) to present the data as
receptor/nucleus ratios.

In vivo ovarian cancer cell xenograft assay. All animal
experiments were performed in compliance with the guide-
lines of the French government and the INSERM regulations
(agreement no. D34-172-27). Athymic nude Hsd female mice
(6-8-week-old; Envigo RMS SARL) were used. At day 0 (DO0),
7x10% human COV434-AMHRII cells in 150 pl BD Matrigel®
(ratio 1:1), were subcutaneously grafted into the right flank.
Mice were anesthetized with inhaled isoflurane. Inhalation
anesthesia was delivered by an induction chamber and a
face mask with the following dosing: 4-5% for induction;
1-2% for maintenance. At D14, when tumor volume reached
80-100 mm?, mice were randomized (n=8-10 mice/group) and
treatments (17 mg/kg BsAbs or saline) were administered by
intraperitoneal injection twice per week for 4 weeks. Tumor
diameters (D) were measured in the 3 dimensions with a
caliper once per week, and tumor volumes were calculated
using the formula: Volume = D1 x D2 x D3/2. Tumor growth
inhibition was calculated as T/C% = (median tumor volume
of treated group at day X/median tumor volume of control
group at day X) x100. When the tumors reached a volume of
1,500 mm?, mice were sacrificed by exposure to CO, without
removing animals from their home cage with a flow rate
displacing 20% of the cage volume per minute. The presumed
death after exposure to carbon dioxide was confirmed based
on careful assessment of the animal for unambiguous signs of
death, such as cardiac arrest or fixed, dilated pupils. Sacrifice
dates ranged from D31 (February 27th, 2020; first mouse in
the saline control group) to D62 (March 29th, 2020; last mouse
in the 12G4-2F9 BsAb group).

Statistical analysis. Statistical analyses of caspase-3/7
activity and cell viability/proliferation data were performed
using GraphPad Prism software 7 (GraphPad Software, Inc.)

by one-way ANOVA with Tukey' s multiple comparison
test. Other statistical analyses were performed using the
STATA 16.0 software (StataCorp LP). A linear mixed regres-
sion model was used to determine the association between
tumor growth and the number of days post-graft. The fixed part
of the model included variables corresponding to the number
of days post-graft and the different groups. Interaction terms
were built into the model. Random intercept and random slope
were included to account for the time effect. The coefficients
of the model were estimated by maximum likelihood. P<0.05
was considered to indicate a statistically significant difference.

Results

Recombinant AMH induces AMH signaling in
COV434-AMHRII and SKOV3-AMHRII cells. To enable the
study of various AMHRIs in AMH/AMHRII signaling, two
ovarian cancer cell lines that stably expressed AMHRII were
established: COV434-AMHRII (17) and SKOV3-AMHRII.
AMHRII expression levels in cell lines derived from ovarian
carcinomas and ascites rapidly and progressively decrease
after long-term culture (9,15), thus limiting experimental
reproducibility. The present study further aimed to determine
whether AMH signaling and its downstream effects were
intact in COV434-AMHRII and SKOV3-AMHRII cells. In
both cell lines, SMADI1/5 phosphorylation was induced by
increasing concentrations of the recombinant AMH protein
LR-AMH (9,26) (from 1.6 to 25 nM; Fig. 1A). Apoptosis,
evaluated by measuring caspase-3/7 activity, was significantly
induced compared with vehicle-treated cells starting at 12.5 nM
LR-AMH in COV434-AMHRII cells and at 6.3 nM LR-AMH
in SKOV3-AMHRII cells (Fig. 1B, upper panels). Apoptosis
induction was further confirmed by western blot analysis of
cleaved caspase-3/7 and cleaved PARP (Fig. 1B, lower panels).
In addition, flow cytometry analysis results demonstrated
that incubation with 25 nM LR-AMH for 24 h increased the
apoptotic rate in COV434-AMHRII cells compared with that
in untreated cells (15.3 vs. 5.1% Annexin V-positive cells and
11.8 vs. 5.6% Annexin V/7TAAD-positive cells), as well as
in SKOV3-AMHRII cells compared with that in the corre-
sponding untreated cells (8.5 vs. 7.4% Annexin V-positive
cells and 13.7 vs. 4.8% Annexin V/7AAD-positive
cells) (Figs. 1C and S4). AMH concentrations of 6.2 and 25 nM
reduced the clonogenic ability by >50% in COV434-AMHRII
and SKOV3-AMHRII cells, respectively, compared with that
in the corresponding untreated cells (Fig. 2). These results
suggested that COV434-AMHRII and SKOV3-AMHRII cells
may be suitable models to study the roles of ALK2, ALK3 and
ALKG6 in AMH signaling.

ALK3 mediates AMH-induced increase in the levels of
phosphorylated SMADI/5 and caspase-3 and PARP activa-
tion in ovarian cancer cells. To analyze the involvement of
AMHRI in AMH signaling in ovarian cancer cells, knock-
down experiments were performed in COV434-AMHRII and
SKOV3-AMHRII cells by transfecting a mixture of three
siRNAs against each AMHRI. PCR and western blot analyses
revealed that the siRNA mixtures against ALK2 (siAlk2)
and against ALK6 (siAlk6) efficiently inhibited their expres-
sion (Fig. S5). By contrast, ALK3 silencing (siAlk3) had limited
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efficiency, particularly in COV434-AMHRII cells (Fig. S5).
The effects of LR-AMH (at the supraphysiological concen-
tration of 25 nM for 6 h) on the levels of pPSMADI/5 was
subsequently evaluated in cells transfected with the siRNAs.
The results demonstrated that only siAlk3 transfection
suppressed the levels of pSMADI1/5 in COV434-AMHRII
and SKOV3-AMHRII cells compared with those observed
following siMock transfection (Fig. 3A). Similarly, levels of
caspase-3/7 activity and cleavage in COV434-AMHRII and
SKOV3-AMHRII cells were not significantly different in
siAlk2- and siAlk6-transfected cells compared with those
in the mock siRNA control cells (Fig. 3B, top). By contrast,
initiation of apoptosis as measured by caspase-3 cleavage was
reduced by ~25% in siAlk3-transfected COV434-AMHRII
and SKOV3-AMHRII cells compared with those in the
corresponding control cells (Fig. 3B, top). These results were

validated by western blot analysis of cleaved PARP and
caspase-3/7 levels (Fig. 3B, bottom). Taken together, these
findings suggested that AMH signaling was significantly
reduced only by Alk3 silencing (which was incomplete) in
COV434-AMHRII and SKOV3-AMHRII cells, demonstrating
that ALK3 may be the functional AMHRI receptor implicated
in apoptosis of ovarian cancer cells exposed to supraphysi-
ological AMH concentrations.

AMH concentration regulates the differential modulation of
ALK?2 and ALK3 expression, pSMADI/5, cleaved caspase-3
and PARP, and pAKT levels. The present study subsequently
investigated the consequences of exposure to AMH on
AMHRII, ALK2, ALK3 and ALKG6 expression levels in four
AMHRII-positive ovarian cancer cell lines: COV434-AMHRII
(sex cord stromal tumor) (36,37), SKOV3-AMHRII (high
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grade serous ovarian cancer), OVCARS (high grade serous
ovarian cancer) and KGN (granulosa cell tumor) (38). These
cell lines represent different ovarian cancer types and include
AMHRII-transfected and non-transfected cell lines. AMHRII
and ALK?2 expression was detected in all four cell lines at
physiological endogenous AMH concentration (basal condi-
tions with 1% FBS corresponding to 10 pM AMH). AMHRII
expression was not modulated by incubation with supraphysi-
ological LR-AMH concentrations (25 nM for 90 min), whereas
ALK?2 expression was decreased by ~30% compared with that
under basal conditions, as estimated by immunofluorescence
quantification of receptor/nucleus labeling (Fig. 4). In all four
cell lines, ALK3 expression was not detected at physiological
endogenous AMH concentrations, but only following exposure
to 25 mM LR-AMH (Fig. 4). ALK6 was not detectable at either
AMH concentration, suggesting that this AMHRI may not be
implicated in the present experimental conditions. Therefore,
the present study further focused on ALK?2 and ALK3.

To determine the roles of ALK2 and ALK3, their expres-
sion levels as well as the levels pSMADI/5 were assessed in
basal conditions and following incubation with increasing
concentrations of LR-AMH (1.6-25 nM) for 6 h. In all four
cell lines, ALK?2 expression decreased upon incubation with

increasing concentrations of LR-AMH, and was almost unde-
tectable between 6.25 and 12.5 nM LR-AMH (Figs. 5 and S6).
By contrast, ALK3 expression levels increased following
LR-AMH exposure compared with those in the untreated
cells. In addition, the levels of pSMADI/5 and cleaved
caspase-3 and PARP increased concomitantly with ALK3
expression (Figs. 5 and S6). To analyze the involvement of
non-canonical pathways in AMH signaling (41,43), pAKT
levels were also detected; the results demonstrated that the
levels of pAKT decreased following incubation with LR-AMH,
similar to the ALK?2 expression levels (Figs. 5 and S6).

The same analyses were subsequently repeated
in cancer cells isolated from ascites samples of three
patients with ovarian cancer. and similar results were
observed (Figs. 6 and S7) with a certain amount of vari-
ability. The sampled tumors were high-grade papillary
serous carcinomas, of which two harbored wild-type
BRCALI and one presented with mutated BRCA1. The AMH
concentration required to induce apoptosis, determined by
the levels of cleaved caspase-3 and PARP, appeared to be
higher compared with that used in cell lines (50 vs. 25 nM).
Notably, despite the enhanced expression levels of apoptotic
markers, pPSMADI/5 levels were paradoxically decreased in
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Figure 5. Differential expression of ALK2 and ALK3 following LR-AMH treatment is associated with the expression of cell survival and apoptosis markers in
COV434-AMHRII, SKOV3-AMHRII, OVCARS and KGN ovarian cancer cells. Quantification of the western blot analysis of AMH signaling (pPSMADI/5),
ALK2 and ALK3 expression, apoptosis induction (cleaved caspase-3 and PARP) and pAKT levels following incubation with 1.6 and 25 nM LR-AMH for 6 h.
Data are presented as the fold-change relative to control (no LR-AMH) by bars corresponding from left to right to 0, 1.6 and 25 nM for each protein expression.
n>3. Raw data are presented in Fig. S5. AMH, anti-Miillerian hormone; LR-AMH, active recombinant AMH; AMHRII, AMH type II receptor; ALK, activin
receptor-like kinase; p, phosphorylated; c, cleaved; PARP, poly(ADP-ribose) polymerase.

cells incubated with 50 nM recombinant AMH compared
with those in cells treated with 25 nM AMH.

These results suggested that in ovarian carcinoma cells,
supraphysiological AMH concentrations induced ALK3 and
inhibited ALK?2 expression, and that this shift may be associ-
ated with proapoptotic signaling.

Anti-AMHRII-ALK?2 and anti-AMHRII-ALK3 bispecific anti-
bodies affect AMH/AMHRII signaling. As differential roles of
ALK?2 and ALK3 in AMH/AMHRII signaling were observed
in ovarian cancer cells, the present study developed antibodies
against these receptors to induce apoptosis in these cells. To
limit side effects due to the ubiquitous expression of ALK2
and ALK3, bispecific antibodies (BsAbs) against AMHRII
and ALK2, and against AMHRII and ALK3 were developed.
The presence of the antibody fragment against AMHRII (the
tumor-specific receptor) conferred tumor specificity to the
BsAbs (Fig. S2). A total of eight anti-ALK?2 and six anti-ALK3
scFv antibodies were isolated from the human scFv phage
display library Husc I (30,31). For each ALK receptor, the
two most efficient binders in ELISA assays were formatted as
full human IgGl1 and BsAbs (Table I). For all antibodies and
targets, the ECy, of the IgG1 and BsAbs were comparable. The
mean EC,, of the MAb 12G4 was 0.34 nM, which was close to
its known KD (0.8 nM) (11,15). To favor BsAb targeting by the
anti-AMHRII arm, affinity maturation of the anti-ALK2 and
anti-ALK3 scFv was not performed, providing an advantage
to the 12G4 arm.

Anti-AMHRII-ALK?2 BsAb 12G4-2F9 reduces the growth of
COVA434-AMHRII cell xenografts in vivo. To evaluate the in
vivo antitumor activity of the anti-AMHRII-AMHRI BsAbs,
mice with established COV434-AMHRII cell xenografts
(8-10 mice/group) were treated with the two anti-AMHRII-ALK?2
BsAbs (12G4-2C1 and 12G4-2F9), the two anti-AMHRII-ALK3
BsAbs (12G4-3D7 and 12G4-3H6), vehicle control (NaCl) or a
control BsAb against AMHRII and CD5 (12G4-CD5) (32,35).
The 12G4-CD5 BsAb was used as a control that retained
AMHRII recognition, but bound to an irrelevant antigen (CD5)
instead of ALK?2 and ALK3. Mice received 17 mg/kg of BsAb
(molar equivalent to 10 mg/kg for MAbs) by i.p. injection twice
per week for 4 weeks. Treatment started at D14 after tumor
grafting (mean tumor volume, 85 mm?; no differences among the
six groups). On D31, when tumor volumes reached 1,500 mm?
in three mice of the saline vehicle group (mean + SEM,
1180+201 mm?), the mean tumor volume was lower in the
antibody-treated groups, including that in mice treated with the
control BsAb 12G4-CD5, suggesting baseline efficacy by the
anti-AMHRII Fab alone (709+110 mm?). The tumor volumes
in mice treated with the anti-AMHRII-ALK3 BsAbs 12G4-3D7
and 12G4-3H6, or the anti-AMHRII-ALK?2 BsAb 12G4-2C1
(671£92.3, 669+111.8 and 620+102 mm?, respectively) were not
significantly different compared those in mice treated with the
control anti-AMHRII BsAb 12G4-CDS5 (Fig. 7). By contrast,
mice treated with the AMHRII-ALK?2 12G4-2F9 BsAb devel-
oped significantly smaller tumors (484+95 mm?) compared with
those treated with the control BsAb 12G4-CDS5. Accordingly, the
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Figure 7. The anti-AMHRII-ALK?2 BsAb 12G4-2F9 inhibits the growth of COV434-AMHRII cell xenografts in vivo. Nude mice bearing COV434-MISRII
cell-derived tumors were treated with 17 mg/kg of anti-AMHRII-CDS5 (control BsAb targeting AMHRII and CD5), anti-AMHRII-ALK?2 (12G4-2C1 and
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“P<0.05 and “P<0.01. AMHRII, anti-Miillerian hormone type II receptor; ALK, activin receptor-like kinase; BsAbs, bispecific antibodies.

T/C% values of the 12G4-2C1 and 12G4-2F9 BsAbs were 52 and
41%, respectively. Throughout the experiment, tumor growth was
significantly lower in the antibody-treated mice compared with
that in the vehicle group (vehicle vs. 12G4-3D7, P=0.018; vehicle

vs. 12G4-CD5, 12G4-2C1 or 12G4-3H6, P=0.001) (Fig. 7).
However, only tumor growth in 12G4-2F9-treated mice was
statistically lower compared with that in the 12G4-CD5 group
(P=0.048).
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Table 1. Affinity of the MAbs and BsAbs for their targets esti-
mated by assessing the ECs, by ELISA.

A, MAbs

ECy,, nM
Antibody AMHRII ALK2 ALK3
12G4 0.35+1.42
2C1 26.80+1.30
2F9 74.56x1 .41
3D7 50.03+1.90
3H6 2.07+2.13
B, BsAbs

EC,,, nM
Antibody AMHRII ALK2 ALK3
12G4-2C1 0.28+1.56 29.93+1.26
12G4-2F9 0.64+1.46 85.56+1.36
12G4-3D7 0.39+1.64 48.45+1.41
12G4-3H6 0.30+1.57 1.14+1 .41

MADb, monoclonal antibody; BsAb, bispecific antibody; ALK, activin
receptor-like kinase; ECj,, half maximal effective concentration.

Discussion

The AMH/AMHRII signaling pathway has been studied
during development, but the role of the three AMHRIs ALK2,
ALK3 and ALKG®6 in the physiological effects of AMH has not
been fully elucidated. Similar to other TGFf family members,
these effects are dependent on cellular context (44). The
predominant AMHRI partner to AMHRII depends on the cell
type, as demonstrated in Sertoli (18), Leydig (20) and granu-
losa cells (22), and on the development stage during Miillerian
duct regression (19-21,24). During embryogenesis, the spatio-
temporal patterns of ALK?2 and ALK3 expression suggest that
they act sequentially as AMHRISs by high-dose AMH-induced
signaling (42.5 nM in in vitro experiments) (24). ALK2 is
implicated at the early stages of Miillerian duct regression that
involve the epithelial-mesenchymal transition, whereas ALK3
acts later during apoptosis (24). Orvis et al (21) have reported
that following AMH binding to the AMHRII expressed on
the duct mesenchyme, ALK2 and ALK3 act redundantly
in a complex with AMHRII to activate the Miillerian duct
mesenchyme signals responsible for the regression of the
Miillerian duct mesoepithelium. These experiments have also
suggested that AMH uses ALK3 as its primary AMHRI to
induce regression through apoptosis (21). Thus, the balance
between ALK?2 and ALK3 recruitment may differently affect
AMHRII-mediated cell fate during embryogenesis. In cancer,
little is known about the contribution of the various AMHRIs
to AMH-AMHRII signaling. Basal et al (25) analyzed
the expression of AMHRII, ALK2, ALK3 and ALK6 by

immunohistochemistry in 262 epithelial ovarian carcinoma
samples; AMHRII was expressed in 73.4% of the samples,
as previously reported (5,11,45,46). In the 235 samples in
which all four receptors could be assessed, 36% expressed
AMHRII/ALK2/ALK3/ALK6, 34% AMHRII/ALK2/ALK3,
18% ALK?2/ALK3, and 7% ALK2/ALK3/ALK6, and these
expression profiles were not associated with the disease stage,
overall or disease-free survival (25). In the present study,
using two ovarian cancer cell lines COV434-AMHRII and
SKOV3-AMHRII, ALK3 was demonstrated to be the predom-
inant AMHRI responsible for AMH signaling, resulting in
the induction of apoptosis. In four ovarian cancer cell lines
(COV434-AMHRII, SKOV3-AMHRII, OVCARS and KGN),
ALK?2 and ALK3 membrane expression was demonstrated
to depend on LR-AMH concentration: ALK?2 was expressed
at physiological endogenous AMH concentration (<10 pM),
whereas ALK3 was preferentially expressed at supraphysi-
ological concentrations and was responsible of apoptosis
induction. These results were validated in tumor cells isolated
from ascites samples of three patients with ovarian carcinoma.
Based on these differential roles of ALK2 and ALK3
in AMH/AMHRII signaling in ovarian cancer cells, the
present study designed BsAbs against AMHRII and ALK2,
and against AMHRII and ALK3 that reduced tumor growth
in ovarian cancer. The BsAb strategy used in the present
study allowed us to overcome potential side effects due to
the ubiquitous expression of ALK?2 and ALK3 (47), since the
anti-AMHRII antibody fragments conferred tumor specificity.
BsAbs are one of the pillars of the next-generation antibody
drugs (48,49). A limited number of BsAbs are currently used
in the clinic, for instance catumaxomab (CD3-EpCam) and
blinatumomab (CD3-CD19); however, >30 are being evalu-
ated in clinical trials (50). A variety of BsAb formats (>100)
are available at present, from small diabodies to complex
molecules larger than the conventional IgG used as therapeutic
antibodies (48). These formats differ in size, arrangement,
valency and flexibility, as well as in their distribution and
pharmacokinetic properties, thus offering the possibility to
select the best format for any desired application (48). BsAbs
may be useful for cancer therapies as they can simultaneously
activate and inhibit various mechanisms of action by directly
targeting different molecules. For instance, they can target two
antigens present on the surface of the same cell (51) or on two
different cells, such as a tumor cell and an immune cell, which
is currently the most developed strategy (52). Among the BsAbs
against two membrane receptors, the RG7992/BFKB8488A
antibody against FGFR1 and KLB, developed as a potential
FGF21 mimetic, corresponds to a strategy similar to the one
used for the anti-AMHRII-AKL BsAbs in the present study.
In the BsAbs developed in the present study, the relative
affinity of the anti-AMHRII Fab (mean ECs,,0.34 nM) compared
with that of the anti-ALK Fab corresponded to a 1:100 ratio for
the MAbs 2C1, 2F9 and 3D7 (ECs, from 26 to 85 nM) and to a
1:10 ratio for the Mab 3H6 (ECs,, ~2 nM). These affinity differ-
ences and the BsAb design ensured tumor specificity through
AMHRII as the first step of the binding, and potential signaling
through ALK2 or ALK3 binding. Notably, the BsAb with the
highest affinity ratio and thus the lowest anti-ALK affinity
(12G4-2F9) was the most efficient in vivo. In vivo, all BsAbs
used in the present study reduced COV434-AMHRII tumor
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growth compared with that observed in the vehicle-treated
group. The BsAb 12G4-2F9 was the most efficient with a T/C%
of 41% (59% growth inhibition) and 68% (32% growth inhibi-
tion) compared with the vehicle and the BsAb targeting only
AMHRII (12G4-CDS5), respectively. The stronger antitumor
effects of anti-AMHRII-ALK?2 BsAbs compared with those of
anti-AMHRII-ALK3 BsAbs was in line with the observation
that ALK2 was mainly expressed at physiological endogenous
AMH concentrations, whereas ALK3 was expressed at supra-
physiological AMH concentrations. Accordingly, no exogenous
AMH was added in the in vivo experiments. Pretreatment
with AMH, as performed in our previous study of the
AAV9-LR-AMH strategy (9), may favor ALK3 expression
and increase the efficiency of the anti-AMHRII-ALK3 BsAbs.
Alternatively, as ALK3 is mostly implicated in apoptosis induc-
tion, an anti-ALK3 MAD or an anti-AMHRII-ALK3 BsAb
would have to be agonistic to reduce tumor growth. Agonist
antibodies are rarely obtained unless specific and complex
screening strategies are employed. Based on the present results,
potential improvements of the anti-AMHRII-ALK?2 BsAb will
be considered, including new anti-ALK?2 antibodies and other
BsAD formats to compare them with the 12G4-2F9 BsAb.

In the present study, the effects of the newly developed
BsAbs were compared in vivo, as these experiments may
determine their therapeutic potential. Further detailed
analyses of the effects of these BSAb on signaling will be the
subject of subsequent studies. Even if the potential toxicity
of the anti-AMHRII-ALK2 BsAb developed in the present
study cannot be precisely analyzed in a murine model, the
high affinity of the anti-AMHRII Fab (12G4) should limit it
to AMHRII-expressing cells in the ovaries. From a medical
point of view, these concerns are relatively minor, considering
that the ovaries are typically surgically removed as part of the
standard of care of ovarian cancers.

The original observation of the present study that ALK2
and ALK3 serve opposing roles in AMH signaling in ovarian
cancer cells may improve the understanding of the involve-
ment of this hormone in cancer and enable the development
of novel anticancer strategies. The results of the present
study constituted the proof of concept that BsAbs targeting
AMHRII-ALK?2 may inhibit tumor growth in ovarian cancer
models, and may have enhanced efficacy compared with
antibodies that target AMHRII alone. This is remarkable
considering that these experiments were carried out in cells
that overexpress AMHRII, since this overexpression may
have limited the efficacy of the anti-ALK2 arm and of the
AMHRII-ALK?2 BsAb as a whole. The design of a potential
clinical trial evaluating the anti-AMHRII-ALK?2 BsAb will be
based on the results of the current clinical trials performed in
gynecological (NCT02978755) and colorectal (NCT03799731)
cancers with the anti-AMHRII MAb (GM102, murlentamab).
This strategy may offer an alternative to or complement the use
of recombinant AMH to induce cancer cell apoptosis (9,26).
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