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Abogado
HUMBERTO RUBIO CAMACHO
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Como resultado del examen de fondo realizado, con fundamento en el Articulo 45 de
la Decision 486 de la Comision de la Comunidad Andina, se comunica;

1. Documentos estudiados

Descripcion: Folios 58 a 127
Reivindicaciones: Folios 128 a 132
Dibujos:; Folios 134 a 147
Listado de secuencias: Folios 42 a 57
Folics 172 a 188
Prioridad: US 60 875 682

2. Analisis de la prioridad

09/Julio/2009
09/Julio/2009
09/Julio/2009
09/Jutio/2009
21/Enero/2011
18/Diciembre/2006

Se acepta la reivindicacion de prioridad porque esta solicitud fue presentada dentro
del plazo establecido (Art. 9 D 486) y su contenido técnico corresponde con el de la

prioridad reivindicada.

3. Objeto de la invencién

Titulo de fa solicitud: “Antagonistas de ACTIVINA-ACTRII y usos para aumentar los

niveles de glébulos rojos”.
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E! problema planteado en esta solicitud consiste en la necesidad de proporcionar
composiciones alternativas y métodos para aumentar tos niveles de glébuios rojos en
pacientes.

Para resolver este problema técnico la solicitud en estudio proporciona un método
para aumentar los niveles de glébulos rojos en un paciente humano, comprendiendo
el metodo administrar a un paciente humano que lo necesite una cantidad eficaz de
un polipeptido ActRII.

El objeto de la presente solicitud se relaciona con la clasificacidn internacional de
patentes (CIP): AB1K38/17; AG1P7/06 y C12N15/62.

4. Excepcion a la Patentabilidad (Art 20 D 486 literal {(d})

El objeto de las reivindicaciones 1 — 14 y 16 — 22 no es patentable de acuerdo con el
Ant citado.

Se aclara al solicitante que a pesar de que la materia de las reivindicaciones 1 a 14y
16 a 22 no es patentable el estado de la técnica ya anticipaba el objeto de la
presente solicitud:

item Documento Titulo Fecha de Publicacion
D1 | W02006012627 ACTRI| receptor polypeptides, 02/Febrero/2006
B methods and compositions
ACTRIIB fusion polypeptides and uses
D2 WQ02004039948 therefor 13/Mayo/2004
Trends in Antagonists of activin signaling: :
p3 | endocrinology and | machanisms and potential biological 1/Marzo/2005
metabolism. Vol Pt
applications
16, no. 2.
Pharmaceutical composition
comprising ACTIVIN A, ALK-4 or
D4 WO2005009480 | gerivatives therecf for the treatment of 03/Febrerc/2005
ophthalmic disorders or cancer
European Journal Activi docr _
) of Endocrinology ctivin: an endocrine or paracrine ,
D5 (1998) 139 460 agent? Noviembre/1998
471
Mol Endocrinal. Activin signaiing through activin
D06 1996 receptor type H causes the cachexia- Mayo/1996
May;10(5):534-43. | like symptoms in inhibin-deficient mice.
Frevention of cachexia-like syndrome
development and reduction of tumor
Mol Hum Reprod. progression in inhibin-deficient mice ,
o7 2007 following administration of a chimeric Septiembre/2007
Sep!13(9):675-83 activin receptor type li-murine Fc¢
i protein.
D1

http://worldwide espacenet.com/searchResults ?DB=worldwide espacenet.com&locale

zen EP&query=W0O2006012627&ST=singleline&compact=false revela
composiciones farmacéuticas que comprenden los antagonistas de activina-ActRI|
de la presente solicitud, para uso en promover el crecimiento de tejido y en particular
en el tratamiento de caquexia (Reivindicaciones 1-59 y 86-87; pag. 5 linea 20; pag. 6,
linea 27).
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D2

http./iworldwide espacenet.com/searchResults?DB=worldwide.espacenet.comé&locale
=en EP&query=W02004039948&ST=singleline&compact=false revela un metodo
para el tratamiento o prevencién de un desorden degenerativo de un musculo, hueso
o homeostasis de la glucosa, el cual comprende administrar una cantidad efectiva de
una composicion farmacéutica 2 un mamifero, donde la composicién comprende un
polipéptido de fusion ActRIIB comprendiendo (a) una primera secuencia de
aminoacidos derivada del dominio extracelular de ActRIIB (b) una segunda
secuencia de aminoécidos derivada de la porcién Fc de un anticuerpo. El documento
revela composiciones farmaceuticas que comprenden |los antagonistas de activina-
ActRIl de |la presente solicitud (todo el documento).

D3 Revela antagonistas del receptor de Activina tipo tl y su uso en el tratamiento de
caquexia, cancer y cicatrizacion de heridas (Pags. 76-77).

D4
http://patentscope.wipo.int/search/en/detail.jsf?docld=W02005009460&recNum=1&
maxRec=18&office=&prevFilter=&sortOption=&gqueryString=F P%3A%28W020050094
60%29&tab=PCTDescription revela que [a Activina A esta implicada en numerosas
enfermedades, entre ellas cancer, labor pretérmino, enfermedades inflamatorias,
infertilidad, anemias y enfermedades cardiovasculares (Pag. 6, lineas 19-24),

D5 Ensena que la Activina esta implicada en funciones tan diversas como inducir la
diferenciacion de los eritrocitos y que en modelos de ratén transgénico en los cuales
la subunidad a de Inhibina fue eliminada, los niveles de Activina se elevaron 10
veces y mediaron sindrome de caquexia por su accion sobre el receptor tipo I,
implicando pérdida de peso, anemia, necrosis hepatocelular, letargia y un
decrecimiento en el numero de células parietales gastricas (Pag. 470, columna de la
izquierda).

D6 Menciona la implicacion de Activina A y de ActRIl en anemia (Pag. 540, columna
de la derecha, lineas 2-5).

D7 Enseria que la administracién del antagonista de activina ActRIll-mFc¢ a ratones
deficinetes de inhibina previno la pérdida de peso, redujo los niveles de FSH y
extendio el periodo de vida en comparaciéon con los ratones control tratados con
buffer de fosfato. Adicionalmente, los ratones tratados con ActRil-mFc fueron menos
anemicos y sus higados y estdbmagos fueron histolégicamente normales.

5. Reivindicaciones relativas a un uso o a un segundo uso (Art14y 21D
486)

El uso de la reivindicacion 15 no es patentable, de acuerdo con el Art 14.

En cumplimiento det articulo 45 de la Decision 486 de la Comisién de la Comunidad
Andina, se le indica que debe dar respuesta dentro del término de sesenta (60) dias
contados a partir de la fecha de notificacion de la presente comunicacién. En caso
de no dar respuesta al presente requerimiento, o si a pesar de la respuesta
subsistieran los impedimentos para la concesiéon, se denegara la patente.
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Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante para dar respuesta y presentarla por escrito.

Notmquese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal e), del
ca quinto del titulo primero de la Circular Unica No. 10 de 2001.

JESUSIFERNEL GARCIA GARCIA

El anterior requerimiento fue notificado por fijacion en lista, de fecha

Realizado por: Juanita Catalina Ricoﬁ“" -
Revisado por: Consuelo Leguizamdn L.(&/
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SUPERINTENDENCIA DE INDUSTRIA Y COMERCIO
DIRECCION DE NUEVAS CREACIONES

2020
Bogota, D.C,
Abogado
HUMBERTO RUBIO CAMACHO
ASUNTO Radicacion 09 071 017
Tramite 011
Evento 378
Actuacidén 519
Oficio
Folios 002
Patente de Invencion - Patente de Modelo de Utilidad
Via Nacional D
Via PCT (Fase Nacional) |} cap! IR Cap.t [ ]

No. Solicitud Internacional PCT/US2007/025868
Fecha de Presentacion Internacional  18/Diciembre/2007

Como resultado del examen de fondo realizado, con fundamento en el Articulo 46
de la Decision 486 de la Comisién de la Comunidad Andina, se comunica;

Solicitud de Suministro de Informacion

De acuerdo con el Art 46 D486, segun el cual: "ta Oficina Nacional competente podra
requerir ef informe de expertos o de organismos cientificos o tecnoldgicos que se consideren
idoneos para que emitan opinidn sobre fa patentabilidad de fa invencién. Asimismo, cuando lo
estime conveniente, podra requerir informes de otras oficinas de propiedad industrial. De ser
necesario, a efectos del examen de patentabilidad y a requerimiento de la oficina nacional
competente. el soligitante proporcionaré, en un plazo que no excederd de 3 meses. uno 0 mas
documentos relativos a una o mas solicitudes extranjeras referidas total o parciaimente a la misma
invencion que se examina: ..b) copia de los resuitados de exdmenes de novedad ¢ de
patentabllidad efectuados respecto a esa solicitud exitranfera...Si el solicitante no presentara fos
documentos requeridos dentro del plazo sefialado en el presente articulo la oficina nacional
competente denegaré la patente”; y considerando que no ha sido posible para esta
Oficina encontrar los documentos siguientes, atentamente se requiere su
presentacién:

Molecular Endocrinology. 1996 May;10(5):534-43. Activin signaling through activin
receptor type |l causes the cachexia-like symptoms in inhibin-deficient mice.

Se invita al solicitante se sirva indicar, si asi lo considera, su renuncia al término
faltante para dar respuesta y presentarla por escrito.
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Notifiguese el presente oficio conforme a lo dispuesto en el numeral 5.2, literal
e), del gapitulo quinto del titulo primero de la Circular Unica No. 10 de 2001.

, CiA
Director de Nuevas Creaciones (E)

El anterior requerimiento fue notificado por fijacién en lista, de fecha

- 89l 20

Realizado por: Juanita Catalina Ricoﬂwﬂk/

Revisado por: Consuelo Leguizamon L.
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Antagonists of activin signaling:
mechanisms and potential biological

applications

Craig A. Harrison'?, Peter C. Gray?, Wylie W. Vale? and David M. Robertson’

"Prince Henry’s Institute of Medical Research, 246 Clayton Road, Clayton, VIC 3168, Australia
Clayton Foundation Laboratories for Peptide Biology, The Salk Institute for Biological Studies, 10010 North Torrey Pines Road,

La Jotla, CA 22037, USA

Activins are members of the transforming growth
factor-B {TGF-p) superfamily that control many physio-
logical processes such as cell proliferation and differen-
tiation, immune responses, wound repair and various
endocrine activities, Activins elicit these diverse biologi-
cal responses by signaling via type | and type [l receptor
serine kinases. Recent studies have revealed details of
the roles of inhibin, betaglycan, follistatin and its related
protein follistatin-related gene (FLRG). Cripto and
BAMEI in antagonizing activin action, and exogenous
antagonists against the activin type | (SB-431542 and
SB.505124) and type 1 {activin-M108A) receptors have
been developed. Understanding how activin signaling is
controlled extracellularly is the first step in providing
treatment for wound healing and for disorders such as
cachexia and cancer, which result from a deregulated
activin pathway,

Introduction
The structurally related proleins of the TGF-f family
conirol diverse cellular processes including cell prolifer-
ation. cell death. metabolism, homeostasis, differen-
tiation, immune responses and endocrine function [1-4].
The disruption or deregulated aciivity of TGF-B super-
family members ig often associated with pathological
stares such as ahervrant cellular differentiation, prolifer-
ation and metaholism [5.6]. Activins are typical members
of the TGF.A superfamily in that thev possess a cysteine
knot xcafleld and are secreted as homo- ar heterodimers of
refared B subunits. Although four f-subunit genes (8A, BB,
AC and 3Er have been described in human, only dimers of
»& and BA tactivin Al BB and 3B (activin Bl and A and
#B ‘activin AR have been shown to be biologically active.
Activing signal by interacting with two transmembrane
sering/threonine receplor kinases (type I and type II
receptors: Table 11 Activin binds initially wo its type 1L
receptor, ActRIT tfor activin A) or ActRIIB (for activin B),
which leads to the recruitment, phosphorylation and
subsequent activation of the type | receptor, activin-like
kinase 4 (ALKA) On activation, ALK4 binds and then
phosphorylates a subset of cytoplasmic Smad proteins
(Smad?2 and Smad3: Table 1), which form part of the

Corresponding author: Harrisen. C.A. reraiy harrison@phimer.monash.edw.au,
dvaitable unlie 27 January 2005

post-receptor signal transduction system [7]. Access of
activin to the cell is regulated hy various extracellular
binding proteins.

In this review, we focus on the recently identified
mechanisms of action of the known endogenous activin
antagonists. We also discuss recent advances in the
development of exogenous activin receptor antagonists
and their potential biological applications.

Activin antagonists

Inhibin and betaglycan

The activin A and BB subuniis can heterodimerize with
the inhibin «-subunit to form inhibin A (%-BA) and inhibin
B (2-pB). [t is well estahlished that inhibins are ¢rucial for
maintaining normal function in many tissues, particularly
those of the reproductive axis. In these tissues, inhibin
opposes most, but not all, of the actions of activin. As
testimony to the importance of inhibin as an antagonist of
activin, mice deficient in the inhibin s-subunit develop
gonadal tumors and cachexia with severe weight loss and
liver necrosis [8,9].

Inhibin antagonism of activin signaling is dependent on
competition for binding to type Il activin receptors (10,111,
Gray ef al. [12} have shown that activin and inhibin share
the same binding site on ActRIL, supporting the idea that
both proteins bind ActRII via their respective R-subunits.
The affiniiy of inhibin for ActRII is. however, about tenfold
lower than that of activin {10], and in some tissues and
cells inhibin dnes not antagonize activin, suggesting that
additional ecomponents are required for inhibin action {13].

Lewis et al. {13] recently identified betaglycan (a TGF-B
type I receptor) as a co-receptor of inhibin, Betaglycan
binds inhibin with high affinity, and this binding affinity
increases about 30-fold in cells coexpressing ActRIT and
betaglycan. Affinity labeling experiments show that
inhibin forms complexes with both recombinant and
endogenously expressed hetaglycan and ActRIT, and that
ALK4 is excluded from this ternary complex (Figure 1.
Notably, expression of betaglycan can confer inhibin
responsiveness in AtT20 corticoirope cells, which are
normally refractory to this hormone [13].

Recent studies have shown that hetaglycan protein and
mRNA are expressed in rat brain, pituitary and gonads,
supporting the idea that betaglycan has a modulatory role

wiewsciersadiract.eom 1045-2760°5 - see ‘ront mazar ¢ 2005 Elsavier Lid, All rights reserved. doi;10.10167.1am, 2005.01.002
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Table 1. Signaling pathway of activin and selected members of the TGF-p superfamily

_Ligand Type Il receptor Type | receptor Co-racaptor Pathway Smad Commaon Smad inhibitory Smad
TActivin A ActRll ALK4 {ACTRIB) Smad? Smad4 Smad?
Activin B AciRNB ALK? Smad3
Activin AB
‘nhion A ActRit Betaglycan
| inkibin B ActRIB
BMPRII
Bme.2 ACIRIl ALKZ [ActRI) Smadi Smad4 SmadB
'gMP-4 ActRiB ALKZ (BMPRIA) Smads Smad?
BMP -7 BMPRI ALKS (BMPRIB) Smads
VTGE M TGFRRI ALKS {TGFRRI) Betaglycan Smad? Smadd Smad?
TGF -2 ALK1{TSR1) Smad3
TGF-pB3
| Myostatin ActRI ALK4A (ACTRIB) Smad2 Smadd
ACtRINS ALKS (TGFRRN Smad3
Nodal ActRIt ALK4 [ACTRIB) Cripto Smad2 Smad4
L ActRIB ALK7 Smad3

Anbrov-at on TSR, TGF-B suporiativ’y receptor type 1.

on inhihin effects in these tissues [14,15]. Because
betaglvean-null mice die {rom lethal proliferative defects
r the heart and apoprosis in the liver soon after
cmbryvonie day 13,5, however, it has been difficult to
confirm that betaglyean has an important role in inhibin
action i wivo [16]. The field awaits the development of
conditional knockous mice that could be used to focus on
blocking hetagiycan expression in pituitary gonadotropes
or gelected gonadal cell types.

Follistatin

Follistatin binds activin with high affinity (50-500 pM) to
form biologicaily inactive complexes, thereby regulating
processes as diverse as cell growth and the secretion of
follicte-stimulating hormene (FSH) (17.18]. Follistatin
consizty of a 63-residue anvino (N)-terminal segment,
fliowed by three successive follistatin domains of 73-75

amino acids containing ten cysteine residues termed FS-1.
FS-2 and FS.3. Alternative splicing generates two follis-
tatin isoforms: FS5288, which binds heparan sulfate
proteoglycans with high affinity via residues in FS8-1
[19] and is considered to be a local regulatar of activin
action; and FS315, which does not hind cell-surface
proteoglycans and is the predominant circulating form
of the protein.

In addition to its involvement in binding to the cell
surface, FS-1 is also essential for suppressing activin
biological activity. Keutmann et af. 20] have shown that
deletion of F8-1 or the adjacent FS-2 abolishes activin
binding, whereas deletion of ¥5-3 is tolerated. This finding
complements earlier studies {21] that established that
essential determinants for activin binding are located n
the 63-residuc N-terminal region that precedes the
follistatin domains.

Native ligands:

. Activin
. { Follistatin or FLRG gﬂfgam
Nodal
| m Soluble ActRIIECD
' MNeutralizing
anlibodies
| Betaglycan
ActRIl or ActllB receplor
antagonist Cripto
i (Astivin M108A) ' ‘ - BAMSBI
Inhibin
M 1:
%

. |

! 88431542 I
' S$B-505124 a :

Type | receplor
{ALKA)

Type !l receplor
(ActRIl or ActRIIB)

TRENDS in Endocnnoiogy & Matabal.am

Figure ¥ Madeal of antagonism of sigrating by activin and related ligands. Activin, myostatin, Noedal and BMPs signal via ActRI! or ActRIIB. The access of these TGF-f
superfam:y memoers to the'r type |l raceptors is blockad by extracel'ular binding proteins {follistatin and FLRG), membrana-bound pseudoracaptors {BAME) and Cripto: for
deiv'n only, Cripto actua'ly faciitates Nodal signaling) and structurally related molecutes linhibin and betaglvcan). Racent studies using an antagonist of the ActRIl and
ACIRIB receptor (act vin MeI08Als). small melecule inhibitors of ALKA {SB-431842 and SR.5056124), ncutralizing antibodies and the solubie ActRIl ECD sugyest that it will he

HOSEIRiC 10 a6 ove pnanmaco oy cal blockade o} activin.
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Surprisingly less is known about the regions of activin
invelved in follistatin hinding. Fischer ef al. [22] have
recéntly shown that an activin A deletion mutant. termed
dex(85--109)-activin A, shows low affinity for both recep-
tors and tollistatin. suggestng that this region either is
directly involved in (ollistatin binding or lies close to the
binding interface, Binding of follistatin to this region
would mask residues that are important in the interaction
of activin with both ActRIT (Ser90, T.eu92 and Lys102) and
ALKA (Met91, Iiel05 and Met108) [23-25] (Figure 2).

Notably. follistatin seems to have an affinity for activin B
that is about ten times lower than its affinity for activin A,
suggesting that the determinants for follistatin binding
differ berween the iwo isoforms of activin [26]. Further
rmutagenesis studies are required to elucidate the activin—
follistatin interaction in more detail. The generation of an
activin mutant that retains high affinity for its receptor but
has compromised follistatin binding would act as a
superagonist and clearly would have clinical relevance.

follistatin -related gene

Follistatin-related gene (FLRG), alse known as follistatin-
related protein or follistatin-like 3, is a recently charac-
terized member of the follistatin family that binds activin
with relatively high affinity ( ~ 830 pM} (27]. FLRG differs
from follistatin in lacking the third follistatin domain and
a consensus heparin-hinding sequence. In this regard,
FT.RG is thought to act as a cireulating activin-binding
protein, much like FS5315. Outside the 26 conserved
cvsteine rexidues, murine FLRG and follistatin share
aboul 405 amino acid identity. Given thay both proteins
bind and neurralize activin, it scems likely that the

TRENDS in Endocrinology and Metabolism Vol 16 No.2 March 2006 75

residues that are important for activin binding are located
in these conserved regions.

Intriguingly. expression and regulation studies supgest
that follistatin and FLRG might not be complete fune-
ticnal homologs. FLRG is highly expressed in placenta,
testis, skin and cardiovascular tissue, whereas follistatin
expression is considerably higher in pituitary and ovary
[19]. Wankell et ¢l [28] have shown that follistatin and
FLRG are both expressed during the wound healing
process, but their distribution within the wound differs
and distinct factors regulate their expression.

Cripto

Nodal, 2 member of the TGF-} superfamily that is
involved in specification of the anterior—posterior and
left—right body axes [29.30]. has been shown to signal via
ActRIT or ActRIIB and ALK4. Unlike activins, however.
Nadal requires additional eo-receptors from the epidermal
prowth factor, Cripto, FRL-1 and Cryptic (EGF-CF(C)
protein family, such as Cripto. to assembie iis signaling
receptor complex [31,32]. Cripto independently binds
Nodal via its EGF-like domain and ALK4 via its CFC
domain [33] to promote Nodal signaling,

Whereas expression of Nodal is predominantly
restricted to the embryo, Cripto is highly overexpressed
in breast, pancreatic, colon and ovarian carcinomas (34],
raising the possibility that Cripto might regulate the
activity of other TGF-f superfamily members in malig-
nant adult tissues [35]. Because activing have heen shown
to he tumor suppressors for breast, liver and kidney cells

[36], twa groups have recently examined the effects of

Cripto on activin signaling. Gray et al. [37] and Adkins
et al. [353] have demonstrated that activin signaling can he

Proposed follislatin- or FLRG-binding sile

i Finger 2

| Finger 1

EI Cysleine residues

l © ActRIl- or ActliB.binding residues

r-helix
{SB0-572)

O AtK4-binding residues {ix-helix)

@ ALK4-binding residues {finger 2)

Figure 2. D-zgram of tne activin-A dimer, highlighting residues involved in interactions with its recaptors and hinding proteins. Activin contains a cystine-knot fold and a
angle disullide bond that covalently connects the two ehains of the dimer. Ln each monamer, two pairs of anti-parallel i-sheets streich out from the cystine-knot core to form
a shart{finger *) and long finger (finger 2). Residues present st tive Actilil or AciRIIB interface (rad) cluster in these finger regions, In the activin dimer. residues from both the
ong r-helix {green) and the concave surface of finger 2 (dark blue) have beon proposed Lo form the ALK2-binding site. The importan: methionine residue at position 108 and
the praposed tolisiatn-binding domain {residues 85-109) are indicated. The residues involved in the interaction betweon activin with Cripte are unknown. Figurg acapled,

witn permission, from Ref, [61],

wavyy sclancrdiract.com
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bincked by overexpression of Cripto in numerous cell lines
gure 1)

Gray ef ol [37] did not deteet activin binding o Cripto
in the absence of ActRIT or ActRIIB, suggesting that
dctivin, unlike Nodal, requires type Il receptors to bind
Cripto. Thelr results support a mechanism in which
Cripto binding o the activin -ActRI (or activin—ActRIIB)
complex inhibits subsequent recruitment of the signaling
receplor AlK4, By contrast, Adkins et al. {35] demon-
strated that soluble Cripto and activin B interact directly,
but they did not detect an interaction hetween Cripto and
activin A, In their model, Adkins ef al. [35] propose that
the independent binding of Cripto to ALK4 or activin B, or
the formatian of a complex of activin B, ALK4 and Cripro.
s sufficient to inhibit activin signaling.

Although further experiments ave required to decipher
the molecular mechanisms of Cripto function, the work of
these two groups [35,37) has clearly identified a novel
extracellular regulator of activin signaling.

BAMB!

The transimembrance protein BAMBI, named after Xeno-
pus bone morphogenetic protein (BMP) and activin
membrane-hound inhibitor. has sequence similarity to
type [receptors of the TGF-f superfamity 133% similarity
o Nenopus ALR3) bui lacks the intracellular kinase
domain required for signaling [38]. BAMBI inhibiis
signaling by TGE-A superfamily ligands by stahly associ-
ating. in a ligand-independent manner, with both type 1
and type Il receptors [33]. It has been suggested that the
action of BAMBT might be relevani to limiting the
sigmaling range of BMPs and activins, which act as
morphogens during early embryogenesis [38],

A homolog of BAMBI, referred 1o as non-metastatic
gene A Lwma), has been identified in mouse, rat, human
and zebrafish. Inhibition of growth in response to TGF-pis
restored in several human gastrie carvinoma cell lines
after treatiment with nma antisense oligonucleotides (39).
This finding suggests that nma might play an important
role by providing cancer cells with an escape mechanism
from TGF-f-medialed growth control.

Recently, Toveland ef af. [40] carried out an extensive
analvsiz of BAMBI expreszion in juvenile and adult rat
tissue, with a particular focus on reproductive organs.
They demonstrated that the expression of BAMBI mRNA
is regulated in male germ cells, a finding that correlates
well with their previous observauon ihat a decrease in
activin actavity has a role in gonoeyte differentiation {40).
Interestingly. the absence of its mRNA in adult smooth
musele and tts very tow levels in the liver suggest that
BAMBI does not regulate the growth inhibitory actions of
myostatin and activin, respectively, in these tissues,

Activin type Il receptor antagonist
Above, we have described the endogenous mechanisms
whereby the activin signaling cascade can be modulated,
There is, however, a growing need lor the developiment and
use of exogenous anlagonisls that can block aciivin signaling.
To this end, we and our co-workers [25} recently used a
mutagenesis strategy to identify activin A mutants that
cauld bind ActRIT but not ALXK4, and that would therefore

Awew seEreedirect com

act as type II activin receptor antagonists, We found that
the most important residues for activin biological activity
and binding to ALK4 are residues Met91, [1e105 and
Met108 on the concave face of finger 2 (Figure 2). These
residues, in combination with Tyr33, form a pocket on the
surface of activin A that presumably accommeodates one or
more of the hydrophobic residues on ALEK4 (LeudQ, Tle70,
Val73, Leu75 and Pro77) that are known to be inva!ved in
activin binding [41].

Of the activin mutants generated, the Met108Ala
variant showed the lowest signaling activity while retain-
ing wild-type-like affinity for ActRIT [25]. Unlike activin A,
the Met108Ala mutant was unahle o form a crossiinked
complex with ALK4 in the presence of ActRII, indicating
that its ability to bind ALK4 was compromised. These data
supgested that the Met108Ala mutant might be capable of
modulating the signaling of activin and related ligands
that use ActRII or ActRITB. Indeed, signaling in 293T cells
in response to activin and myostatin, but not to TGF-8,
was reduced in a dose-dependent manner by the
Met108Ala variant, consistent with its proposed action
as a selective antagonist of type 11 activin receptors [25].

Future studies should focus on the in vivo activity of the
Met108ala activin mutant. Would overexpression of
Metl08Ala in muscle lead to antagonism of myostatin
and an increase in muscle mass? In a liver regeneration
model, would treatment with Metl08Ala block activin-
induced growth suppression?

Activin type | receptor antagonist

Small-molecule inhibitors have the potential to be used as
therapeutics to block signaling pathways that contribute
to human diseases. Thus, there is considerable interest in
two recently developed competitive inhibitors of the ATP-
binding site of ALK5 (a TGF-3 type I receptor) [42.43].
These molecules, called $B-431542 and SB-505124, also
inhibit ALLK4 and ALK7?, which share similarity with
ALKS in their kinase domains (Figure 1). They have no
effect on AT.K1-, ALK2-, ALK3- or ALKG-induced Smad
signaling, however, or on the activities of numerous other
protein kinases, suggesting that they have a remarkable
level of specificity [42.43].

Since its initial characterization, SB-431542 has been
shown to inhibii both the TGF-B-induced proliferation of
human osteosarcoma cells (44] and the TGF-B-induced
promotion of malignant glioma cell proliferation, angia-
genesis and motility {45]. Tt will be interesting to assess
the effect of these small-molecule inhibitors in activin-
dependent systems.

Neutralizing antibodies and the soluble ActRll
extracellular domain

In addition to the recently characterized type I and
type II receptor antagonists, several groups have used
the extracellular domain (ECD) of ActRII and ncutra-
lizing antibodies to block activin actions (Figure 1).
The ActRII ECD contains all of the structural
determinanis necessary for high-affinily ligand binding
[48]. Treatment of cultured rat anterior pitvitary cells
with the ActRII ECD (48] or adenovirus-mediated over-
expression of the ActRII ECD [47] attenuates secretion of

s
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FSII in responge ta exogenous aetivin A o1 endogenous
activin B, Similarlv. antibodies specific for activin A [48] or
activin B [49) block the activin-induced stimulation of
FSH scoretion from pituitary cells and the inductdon of
erythrocyte differentiation,

Potential biological applications of activin antagonism
Cachexia

Mice deficient in the inhibin 2-subunit develop sex-cord
stromal tumors at an early age [81. Tumor development is
associated with a cachexia-like wasting syndreme, charac-
rerized hy severe weight loss, hepatocellular necrosis
around the central vein, and depletion of the parietal cells
in the glandular stomach [9]. In inhibin-deficient mice
with tumers, activing are increased tenfold in the serum.
Coeever of af. "50] have shown that it is the increase in
levels ol netivin signaling via ActRII that is responsible for
the cachexia symptomes in these mice.

Notably. the related ligand myostatin has been also
implicated in the induction of cachexia. Myostatin is
expressed almost exclusively in eells of the skeletal muscle
lineage and signals via activin type I receptors (Table 1),
Zimmers et af. {51] have shown that systemic overexpression
of myostatin in adult mice induces profound muscle and fat
loss analogous to that seen in human cachexia syndromes.
These studies suggest that activin and myostatin might he
useful pharmacoiogical Largets for trealing cachexia. Indeed,
overexpression nf follistatin has been shown to slow both
aciivin- and myonstatin-induced weight loss [51,521.

Cancer

As mentioned above, targeted deletion of the inhibin
s-subunit in mice results in sex-cord stromal tumors at an
eavly age |8/, It seems that the increase in activin in these
mice is ut least partially responsible for tumor pro-
gression, H not development [50.52]. When the inhibin-
deficient mice are crossed with mice overexpressing
follistatin, serum activin levels arve lower and, although
the mice sull develop gonadai tumors, they do so at a
zignificantly slower rate [32]. These studies suggest that
modulating the levels of activin might have heneficial
eflects on the progression of gonadal tumors.

The benefils of blocking activin action in malignant
tissues, however, are likely to depend on the cell context.
Activin actually inhibits growth in many types of cell and
aclts as a tumor suppressor in the early stages of
tumnrigenesis. Many tumor cells escape the growth
inhibitory eflect of activin by acquiring mutations in
Activin receptors 153] or in Smad signaling molecules [54].
Thus, in most tirsues activin inhibits the development of
cancer and Dblocking its action would be detrimental.
However, activin induces a proliferative response in
fibroblasts, keratinoevtes and additional gonadal cell
tvpes [33] and, in the absence of antapenisis, it could be
pro-oncogenic in these tissues,

Wound healing

Cutanegus wound repair is a complex process involving
blood clotting, inflammation. new lissue formation and
finally lissue remodeling. A series of papers by Werner and
colleagues [56-58] has implicated activin in these wound
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healing processes. Activin is strongly induced in granulation
tissue and in suprabasal keratinocytes of the hyperprolifera-
tive epithelivimn after skin injury [56). This finding led Munz
et al. [57] to generate transgenic mice overexpressing the
activin A chain in the cpidermis. After skin injury.
histological characterization of the wounds revealed a
marked increase in the amount of granulation tissue in the
wounds of the transgenic mice. Conversely, overexpression of
follistatin in the epidermis led o a significant delay in wound
healing and a reduction in the formation of sear tissue 58],

These studies show that the levels of activin presentin
wound tissue are crucial for the outcome of the repair
process. Thus, overexpression of activin might he useful
for promoting wound healing. whereas inhibition of
activin action by receptor antagonists or follistatin could
prevent the excessive matrix deposition obhserved in
human skin diseases characterized by either fibrosis or
epithelial hyperproliferation.

Concluding remarks

There is currently great interest in developing clinical
applications for members of the TGF-f superfamily and
their antagonists. For example, recombinant human
BMP2 has been tested successfully in trials for the
treatment of open tibial fractures [39]. In addition, topical
application of TGF-83 seems to be safe and beneficial in
the treatment of pressure ulcers and is most effective at
the earliest stages of therapy [60].

Clintcal trials using activin or activin antagonists have
yet to commence; however, the efficacy of these factors in
animal disease models [51,52.57,58] suggests that they
might also prove beneficial in treating human discases.
Follistatin and the activin Met108Ala receptor antagonist
are particularly attractive drug candidates. Both are
capable of differentially antagonizing several ligands of
the TGF-f superfamily and thus could be useful therapeutic
agents in tissue-specific setiings.
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Activin and inhibin are members ol the transforming
vrowth lactor-8 (TGFB) superfamily of proteins. Activins
are protein dimers composed of two # subunits.
including activin A {84841, aciivin B (8sfg) and activin
AB {34800, whereas inhibin is a heterodimer composed
of an o subunit in combinatien with one of the same 8
subunits to produce inhibin A {afS4) and inhibin B (afh)
(1 Both activin aud inhibin were initially isolated from
[ollicular theid and identified based on their opposing
avtions on follicle-stimulating hormone (FSH) secretion
in pituitary cell culinres: inhibin inhibits whereas
activin stimulates FSH release (1), More importantly,
activin may be the primary physiological regulazor of
FSH. as demonstraied in o pituivery perifusion system
121, In this system. activin stimulates FSHE mRNA 30-
lold compared with 3-fold stimulation by gonadotropin-
releasing hormone (GnRIT treatment. Taterestingly. this
dramatic impact was not appreciated when activin was
tested i plated cells, presumably because activin
accumulation  from  local  gonudotrope  production
wasked the efiect of exogenous aclivin i 2), An unrelated
slveoprotein hormone. follistatin. has also been isofated
from follicular Ruid and found to inhibit FSH secretion
in an analogous fashion to inhibin. However. studies
sugpest that follistatin elicits its action solely through
binding and neutralizing activin (31,

Systemic infusions of exogenous aclivin A in non-
human primaies 4. 31 resuil in a modest increase in
virculating FSH, consistent with a possible endocrine
role for activin, Direct studics are not yet possible in the
human. however, and indirect models are required 1o
examine the relationship between activin and FSH. The
aging human is one such maodel. and is studied in this
issue of Frvopean Jowrnal of Endocrinology by Loria et al.
FO) A selective increase in FSH secretion occeurs across
carly reproductive aging in females and this increase in
FSH occurs nore consistently than ithe increase in
lutcinizing hormone in males over the age of 50 (7).
stggesting o facior other then GnRH. pe. aciivin or
inhibin. clicits the sclective FSIT increase. Activin levels
hivee been examined in this model using assays that
ntilize detergents to separate activin from follistatin and
other binding proteins, thus measuaring rotal activin A
and not the lree or bialogically available lform (8, 9).
Total activin A levels are higher in the midfollicular
phase ol older compared with vounzer women of
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reproductive age {10). However, follistatin in excess of
activin {i.c. free follistatin) was detectable at low but
similar levels in the two groups suggesting that all
circulating activin is bound 1o foliistatin, A larger study
found an ingrease in total activin A {9) across 1 broad
range of ages in males and females. The increase was
accompanied by a parallel increase in follistatin (9). a
sipnificant portion of which was [ree follistatin, again
suggesting that circulating activin is bound. In this
issuite, Lorta and colleagues demonsirate an increase in
total activin A levels across aging in males and an age-
specific increase in lemales. using the targest number of
subdects to date (6), They also show that this increase in
circulaling activin does not correlate with FSH levels. In
conirast, the age-related increase in FSH is associated
with a decrease in circulating inhibin in males and
females (10-16), and inhibin levels corrciate inversely
with FSH (11, 13). Thus. the indircet model provides
cvidence that inhibin plays an endocrine role in the
conirol of FSH in the aging buman. whereas an endocrine
role for activin is not apparent from these studics.

The resilts of Loria et al. and others are consistent
with scveral lines of ¢vidence which also argue against
an endocrine role for activin in the reproductive axis.
First. the broad expression pattern of activin 3 subunils
in tissues as diverse as placenta, bone marrow, brain
and endothelium (17} is unusual [or the classic maoded of
an endocrine hormone. Secondly. lollistatin is coex-
pressed in the majority of activin-producing tissues (18)
and binds activin with high affinity and low reversibility
under physiolegical conditions (19} suggesiing thal tight
lecal regulation resuits in litile biologically available
activin in circulating stores. Further, follistaiin circu-
lates in molar concentrations in excess of circulating
activin as discussed above. Thersfore, it appears that (the
entire circulating pool of activin is bound 1o follistatin
and hence not biologically aciive under masf circum-
stances. Finally. activin levels are measurable in the
greatest quantities in normal humans during the third
trimester of pregnancy. a time when circulating FSIH
levels are suppressed {20}, Thus, the circumstantial
cvidence suggests that the primary role of circulating
activin is not endocrine-mediated stimulation of FSH in
the human,

Further. the increase in activin A which Loria et al.
document across aging docs not appear to be related to
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gonadal changes. In females. aclivin is expressed and
seereled by the granulosa cells: however. total activin A
levels ure similar in premenopausal, postmenopausal {6,
21 and in castrate women (21). In males, activin
subunits are expressed in the Serioli and leydig cetls
{22} and one might expect a decrease rather than an
incredse in activin based on age-related changes. [n
addition, it is not clear why the increase in circulating
activiti A levels occurs only in males, with the exception
of the sfight increase in activin A in women hetween the
ages of 40 and 30 seen in this study (A} One could
postulate 1hat testosterone suppresses aclivin and that
the increase in cicculating aciivin is related to the fall in
testosterone levels with age (71 ar that ihe fluciuating
estradiol levels in the perimenopause are required to
stimulae activin, but neither ol these hypotheses is
satislving. Since bath the 8,4 and By subunits are lound
in prostaie epithelium (23) U is possible that the
increase in circulating activin A results from prostatic
hypertrophy in males. Tt is also possible that a portion of
circulating activin may derive [rom the piluitary and
that wctivin is transiently elevated during the tima of
greatest fluctuations in TSI levels, such as during the
perimenopause. Regardless of the cause lor these gender
differences in activin levels with aging, the evidence to
date leuds away rom the gonad as the primary source of
circulating activin and contributons from ather sources
must be sought.

Avtivin 8 expression has also been demonstrated in
multiple organs including the bone. bone marrow.
adrenal. pancreas. pitpitary, skin and even in athero-
scleratic plaques (24). In addition. activin has been
maplicated in functions as diverse as inducing eryihro-
cvie differentiation. increasing monocyvte migration.
stivmulanting insulin and growth hormone secretion, and
enhanving osieoblast proliferation (18). Therefore. the
werease in circulating activin across aging likely reflects
the sum of changes at the focal level in these tissues and
wmay be analogous 1o the age-related changes in other
cviokines such as imlerferon-e. interleukin-2 and TGF3
1231 Activin could thten be added o this list of eviokines
which have been postulated 1o play a role in multiple
manifestations of uging. from impaired immune fanc-
tion and wound healing to insulin resistance. decreased
muscle mass and osleopoerosis,

stadies have also demonstrated increased activin
fevels in potients with renal ilure. liver discase and
saltd tumars ¢4, 211 Whether acrivin is responsible for
any ol the clinical symptoms in these diseuse states is
Aot clear. Tlowever, in ransgenic mouse models in
which the o subunit of inthibin has been deleted, activin
fevels are clevated 10 fokl and mediate a cachexia
svindrome through their action at the activin type |l
receptor, involving weight loss. anemia, hepatacellular
necrosis. fetharey and o decrease in gastric parietal eell
nunber (261, The cachexia syndrome seen in these o
inhibin knockoul mice may be analogous to cancer-
related cacliexia syndromes in humans (26). Tt is
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possible that the much less dramalic elevalions in
activin demeonstrated by Loria et al. {6) may be
responsible lor an infinitely milder but similar syndrome
in the aging human. However. it seems more likely that
the accompanying increase in follistatin demonsirated
in some studics {9) would prevent these consequences.
Certainly these toxic effects do not occur in the third
rrimester of pregnancy when activin rcaches the highest
levels meusurable under physiological conditions, pos-
sibly due to the accompanying increase in follistatin
which renders it inactive {20},

The study by Loria and collecagues (6) provides
convincing circumstantial evidence against an endo-
crine role for activin, It also adds further evidence that
gonadally derived activin does nor constitute the
majority of circulaling levels. But the study raises as
many guesiions as it answers. 1t is clear that follistatin,
activin B. and frec activin levels must also be evaluarted
in the same population 10 assess whether the increase

in activin represents biologically available aciivin and

is truly gender specific. It will also be necessary to
adminpister activin direcily (¢ humans 1o analvze its
physiological effects. Fortunately, the work in this feld
is progressing rapidly, and with new assays being
developed every day the answers will not be long in
coming.
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Prevention of cachexia-like syndrome development and
reduction of tumor progression in inhibin-deficient mice
following administration of a chimeric activin receptor
type II-murine Fc protein
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Inhibin is a secreted tumor suppressor, and inhibin « null mice develop gonadal sex cord-stromal tumoers with 100% penetrance at
an early age. Inhibin-deficient mice die of a severe wasting syndrome due to increased activin signaling through activin receptor
type 1L The current study was designed to assess the /n wivo effects of an activin antagonist, a chimerie activin receptor type 11
fused to the Fe region of a murine TgG2a (ActRIT-mFc). administered transiently to the inhibin-deficient mice. Results showed
that the severe weight loss was prevented in the ActR1l-mFe-treated mice, FSH levels were reduced, and an extended life span
was observed for these mice compared with phosphate-buffered saline-treated controls. Although ActRII-mFe treatment did
not seent 1o prevent the formation of gonadal tumors, tumars were smalier in the majority of experimentally treated mice and
were characterized by the presence of variable numbers and sizes of cysts in contrast to the solid hemorrhagic tumors that typi-
catly developed in the controls. Moreoser, the ActRHI-mFe-trented mice were less anemic, and their lisers and stomachs were his-
tolopically normal. In stwmmary, this study demonstrated that fir vivo administration of the activin antagonist, ActRTI-mFc. not
only prevents the cachexia-like symptoms in the inhibin-deficient mouse model. but also reduces tumor progression. These
restilts support an essential role of activins in the cachexia-like syndrome development and implicate activins as growth-prometing
factars in gonadal tumor progression. The current findings have potential implications in the design of new drugs or strategies for
the treatment of ovarian and testicutar tumors and other conditions where ligands signal through ActRIL

Nevwordss activin receplor svpe [ inhibin: cachesia: wmor

Introduction tMathews and Vale. 1991 Massague, 1992, 1998 Attisano er af.

Activins and inhibins are members of the TGE-B superfamily that
comprises a large group of structurally related polypeptide growth
factors exsential in normal physiologic and developmental processes
Messague, 1998: Pangas and Woodruff. 2000 Chang «f af., 2002:
Pangas e1al 2002 Brown ez ol 2003 Burdette eraf.. 20031, Activins
are homodimers and heterodimers of disulfide-linked § subunirs that
melude acnvie A A BAL actvin B (BB: ##B) and aclivin AB
(BA: BBy (Risbridger et o, 2001). Three additional activin B subunizs
(B30 and BE) have been recently identified (Oda o1 ol 1995: Fang
el ad 1990 Law er al L 19960 Schunin e af.. 1996). Although activin
BOoand B4R are pomarily expressed in oadulr liver (Fang et el
1997 they are not essenttal for liver function (Lau o1 ad., 2000, In
sontrast. achvin BD was characterized in Xensspus faevis and repre-
~ents s aew dorsal mesalerm-inducing factor 1Oda er el . 19950 Acti-
as signad thratigh thesr tvpe 11 receptors { ACIRIT and ActRITH) and
tvpe I receptor CACRTI ieading 1o the phosphorvlation and activation
of the receptor-regulated SMADs (R-SMADs: SMAD2 and SMADY)

1993: Mathews. 1994: Matzuk et al.. 1995¢: Dervnck and Zhang,
2003). A heteromeric complex 15 formed between R-SMADs and
the common SMAD (Co-SMAD: SMAD4). which then translocates
to the nuclews to regulate activin-responsive gene transeription
(Moustakas er al., 2001 Chang er al.. 2002 Massague. 2000; Mchra
and Wrana, 2002). In conrast, inhibins are heterodimers of diselfide
linked subunits of o and § [inhibin A (o BA) and inhibin B (a: BBI].
In many cell types, inhibing have counter-regulatory roles 1o achivins,
acling as activin receptor antagonists (Xu «f al., 1995),

Although the initial role of activing and inhibing was feund in the
regatation of FSH scerction, where activing promote and inhihins
inhibit FSH production (Pangas and Woodruff, 20001, addinenal
diverse roles of activins and inhibins in celi proliferation and differen-
tation have been dentificd (Brown er al.. 20023 In contrast to sheir
postdated reles in mesoderm induction in X, faevis (Smith et af..
1990) and fish {Wittbrodt and Rosa. 19941, activins arc ol cseential
for mesoderm formation in mice (Mawzuk er af., 1995¢). Insead, an
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vbhigarany role of acnvins during craniotucial development has been
unneled o vummals (Matzuk er al. 1993a.c). Our previous
studies identified inhibin as a secreted wmor suppresser specific to
the ponads by using embryonic stem (ES) cell rchnology to funcrion-
dily snactivate inlnbin o (fehad in vive (Matzuk er al.. 1992). Mice
fomiezy gous for the g nul allele develop gonadal sex cord-stromal
wnors at an eardy age with 100% penetrance (Matzuk er of.. 1992).
The hibin-deficient mice have elevared activin levels in the serum
Matzoh o aof © 199 TU00 oo well us oversxpressed activin BA
RN the ooy (Troadeaw of o7, [994), These mice succumb 1o a
coclennae-like syndrome o Matzok ez al, 19040 the primary cawse off
ehaivs Acovin sigaalimg through AGRIT directly  causes  the
wastiiy syodrome sanee the cachexia-like syinptoms were miniuized
e deubie pomozy ous mutan once lacking borh inhibin and ActRII
overver ef aif.. F9RI6L

The senetic studies described above provide powerful evidence that
the activin— ACIRIT sienaling axis is a criical mediator of many of the
detivin-induced pathological chunges in the inhibin-deficient mice
e aleplenon of gasiric parietal cells and hepuatocellular necrosis
uround the central veint. Nonerheless, these studies do not necessarily
witterentiate between ¢ffects that onginute i the developing embryvo
Cnd those effed s that are subject o activin regudation inthe postnacd
wmivngl and thererore wmenuble @ reatment. We thus attempred (o
WIS S SMUAY Y using an achvi antugonist o probe the (5 wive
crie Teoofaenivins on the desvelopment of the cachesa-hike =y ndrome
and sonadal mors nomhibi-deGaient mice, Ax previously reported.
Tuncation atb the serine/threonine Kinase cvtoplasmice domain of the
AGRE s sble o mlubi activin signaling in Nenepus (Henumati-
Brivantou and Melron, 19920 De Winter e7 ol 1996), Furthermore.
the extrazcelludur domainn (ECDT of AaRTT hus the fntmnsic ability
Pined cetivans with hieh affinity and is funcionally active in competing
wiath vellatar ActRII {Donuldson o wf.. 1969 del Re er al., 2004,
Theretare, we selected o chimeric AcrRID fused 1w the Fe region of
mnae [pGla (AGRIT-mEC) o use ax an senvin antagonist for the
cdmmistration to mhibin deficient mice.

i the current swdy, we found that irecaiment with AcRIT-mTe pro-
tected mhitin deficient mice froam suffering the severe weight loss and
curty death by preventing the pathological changes in the livers and
ulundular stomachs observed in eontrol mice. Furthermare, previousty
audentified roles of activim signaling in gonadal tumor development
i the absence of mbibin were revealed.

. Materials and Methods

Giene targeting and gencration of inkibin o (Inha) knockout mice
cravtee of the rhithin e gene e RS cells and generution of inha nuld nice
b dosemibed proveousiy Aatzak er of L 19920 Mice were maumtanned on a
mesed CSTHE 00 29%6 svBEy cenctie backzround. Al animals psed in ths
srdeowre mcttunes moacvordanve Witk the MH Guide for the Care and
wo Lherdory Antiads Genoty ping of S o tice was conducied by
S othern alot Nz o L D99 asng genomte il DINA

Construction, production and administration of ActRIl-mFe

ActRIEmEe was eonstructed by jaming the ECD of ActRH to the Fe region of a
muine fg0Zaand wiss generated by Aceeleron Pharma. Inc., Cambridge, MA,
SAL The AcrRH-mle progein has very high affinity (Kd 2 % 107'9M) far
actvin A tanpublished  dui tdel Re er ol 20040, Administration of
AcIRIL-mFe to mhibm-deheient mice was as follows: (i) ActRI-mFe-treated
groopaspernnentad groupe inhibin-dericient mice at 3 weeks of age (n =9
tmude wnd 1o L ror temaley were injected with ActRil-mFe intraperitone-
Al cnptcirmgdhyg body weight) in phosphate-butfered saline (PBS) twice a
week: (i) PBS-tezated controls. inhibin-dericient mice tn = |4 per sexy were
siected Lpowith 100 pt ol PBS at 3 weeks of age tollowing the same injection
secedule s e AcrRI-mle-treated cronp.

AN

Body weights and survival rate

Body weighly were measured and recorded twice o week [or & penod of
3-12 weeks (mades) or 3-19 weeks (femuales). and the development of
ciachexin-like symploms (weighl loss. sunkeu-eve appesrance. lethirgy, pule
periphery. hyphoscoliosis, ele.t was closely monitored (Mazuk e el 1994,
Animabs were sacrificed for further studies (morphiology, histolugy, hormonadl
assavs, ele) when overl signs of wasting synrdrome developed (e, body
weight loss of >20% of peak body wreight, kvphoscaliosis, severe Tethargy.
eley or at 12 weeks in males or 19 weehs in femuldes.

Histalogival analysis

Ovariesftesies. liver and stomach were collected from mice an the tinve of «acri-
fice and fixed in 10% neuwral buffered formalin (NBF ) overight. Samples weee
then ransferred (o 706 cthanal and further embadded and sectioned for hema-
wiyhn and eosin {fiver and stomach) or periodic acid Sehiff-hematoxyvlia
tovary and restis) staining nsing standard procedures of the Pathology Cone Ser-
vices Facility at Raylor College of Medicine.

Hematocrit anafysis

Briefly. periorhital blood from isofturane-anesthelized mice was collected
into heparinized microhematoerit capillary twhes (Baxter Healtheare Corp,
Deerficld. FL. LISA) follewed by LS min spinning in 2 micrebematoenit centri-
fuge. The value was then read on a microcapilary reader and recerded.

Serum aciivin and FSH analyses
Cardiac puncihire was pertormed 10 collect blood sumples trom mice anesthe-
tized by ssoflurane inhalation at the time of saciirice. Blood was allowed o
clot at fpom temperature in sermmn separator iubes (Becton Dickimson.
Franklin Lakes. NJ. USAY Serum was then separared by cennifugation and
kept at — 200 C until assayed. Toial activin A was measured using a specitic
enzyme-linked immunosorbent assay (Knight er of.. 1996} according 10 the
manufaciurer’s wstructions (Oxford Bio-Innovaiions. Oxtardshire. UK) with
modifications as descrnbed previousty (O'Connor er al.. 1994, The average
intra-plate coefficient of variation ({CVY was 5.1% and the inter-plaie CV was
6.6% (n = 2 platesy. The limit of detection for activin A was 10 pg/ml.

2rom FSH was analysed by the Ligand Assay and Analysis Core ar the Center
for Rescarch in Reproductinn, University of Vieginia, The limit of derection for
FSH was 2 ng/ml (detailed information is at htipedwww healthsysiem.virginia.
edufnemetferrffigand.ctim}.

Sratistical analysis

Data were expressad as mean + SEM and a Stodent™s r-test was nsed o analyse
the difference of means (testis/ovary/liver weights, hemarocrit. IFSH and activin
Al berween nreatment t AciRIT-mle-treated) and conteai (PBS-injected) groups.
Staiistical vigmticance was reported at £ < 0,03,

Results

Cachexia-fike symptoms were preveited and survival
inercased in inhibin-deficient mice rreated with
ActRI{-mFc protein

Weight loss in inhibin-deficient mice starts afier ~6-7 weeks of age
accompantcd by scveral cachectic svimptoms (i.c. dorsal kvphoscolio-
sis. a sunken-cye appearance. pale periphery. lethargy. ele.} duc 0
increased activin signaling (Matzuk er al.. 1994). As expected. the
above cachectic sympioms including early weight Joss were observed
in PBS-treated /nha null mice of hoth sexes (Fig. 1) However,
AciRII-mFe  treaument prevented the dramatic weighr lass in
both males (Fig. 1A) and females (Fig. 1B) during the respective
12- and }9-week experimenial period. The survival curve showed
that 74% (10714) of PBS-treated inhibin-deficient male mice died by
12 weeks of age (9.5- 12 weeks) due 1o the development of the eachexia-
like syndrome, whereas 1006 (99 of the ActRII-mFc-treated males
survived past 12 weeks (Fig. 24). In the PBS-treated inhibin-deficient
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Mive thet deseloped overl cachesin-hike symptoms were sacrficed imd mice
Mo e ey wecky o calesiate the sirvivad rate Note the sobstanially
Cabedead e span ol e mtulnoadehoent e treated with AciRI-mbe come
et with PES-yeated contrals, T the mbibip-deficient males (A1, ~70% of
PBS-veated mive =14 died by 12 weeks ol uge, whereas all of (he
ACIRIT-mFe-treated males (r = 93 survived past 12 weeks I e PBS-treated
whibindelicient fenales 1B o= 141, > 80% died by 19 weeks of age, wherens
ll of the AcRI-mFe-treated female mice (5= 11 survived bevoid 19 weeks

ActRIl-mFe reduces cachexia and tamor developmen

female wice. 86% (12/14) died before 19 weeks of age (11.5-19
weeks). whereas [00% (L1117 of the ActRI-mFe-reated femuales sur-
vived beyond 1% weeks (Fig. 2B). Thesefore. ActRI-mFe injection
prevented the severe weight loss and substantially exiended the lite
span ol inhibin-deficient mice.

Reduction of tumor progression in inhibin-deficient mice

Sollowing ActRll-mFe administration

To determine if the increased survival in AciRIl-mFe-veated mice
was cuused by the arrenuation of the inhibin-deficient wmor pheno-
type. goruds were examined grossly and histologically at the end tiime-
points when both male (12 weeks) and temale (19 weeks) mice were
sucriheed for further analy«es, In the inhbin-deficient males. although
ActRII-mFPe administration did not prevent testicular tumor formartion,
a pronounced effect of ActRI-mFc treatment on twmor growih/pro-
grexsion was found. Overall. the testicular tumors that developed in
ActRII-mFe-teeated mice were smaller than those in PBS-ireated con-
trols, us evidenced by comparison of averuge testis weighis of
ActRI-mFe-treated mice (12 weeks) with PBS vontrols (9.3-12
weeks) (Fig, 3F: P < 0.03) as well as anulysis of testis hisiology
(Fig. 3B-D). Merphological and histologicad analyses showed that
PBS-treated control mice developed lurge, solid and hemorhagic
tumors ax expected (Fig. 2A). In contrast, smaller esticular tumors
were found in all of the experimental mice exumined. and more seni-
mferous tubules were present in these testes. although with 2 block n
spermatogenesis (Fig, 3B -D), Tnerestingly. restes from the majority
of ActRIl-mFce-treated mice appeared to be more cystic (Fig, 3C).
and cysts were usually found in both testes with variable sizes and
numbers,

Tn the females. tumor formation and development in the experimen-
tal mice appeared to be limited in some mice: there were minimal
tmor {oci in the ovarics which continued 1o be comprised of follicles
and corpora lutea as well as cysts (Fig, 4A ~C). In some experimental
mice. ovarian follicles and corpora lutca continued to he present
despite the development of solid wmors (Fig. 4D In contrast.
aormal ovarian architecture was inevitably destroved and replaced
by tumars n the PBS-ueated inhibin-deficient mice (Fig. 4T,
However, exceptions were found in two ActRIT-mFe-treated females
that developed large hemarrhagic wmors (Fig. 4E). histologically
ndistingaishable from those observed in the PBS-treated control
mice (Fiy. 4).

ActRIT-inFe treatment abolished the activin-induced
pathelogical changes in the livers and glandular
stomachs of inkibin null mice

Bascd on the evidence that infusion of recombinant activin A caunsed
gimilar liver and stomach pathology as that of inhibin-defcient mice

which have highly clevated activin levels (Sehwall er af. 1993

Hully et al.. 1994). we expected that treatment of inhibin-deficieni
mice with ActRIT-mFe would lead 10 nermal marphalogy/histology
of the livers and stomachs, Depletion of gastric parictal cells and hepa-
tacellular deaih around the central vein are two histological hallmarks
of cachectic inhibin-delicient mice (Matzuk o «f. 1994% In the
PBS-treated coatrol mice. the above pathological features were appar-
ent in the fivers (Fig. SA: hepatocellular death and Iymphocyiic infil-
tration around the central vein) and stomachs {(Fig. 3C: mucosal airophy
and depletion of parictal cells). However. ActRII-mFe reeatment pre-
vented these pathological changes in the livers (Fig. SRy and stomachs
(Fig. SD) of inhihin-deficient mice of both sexes. Consisient with the
normal liver histology. the weights of livers from ActRII-mFe-rreated
mice (12 weeks for males and 19 weeks for females) were increased
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Figure 3 Histoleay o testieubar tamors and testes weighis from inhibin-denctent mice treated with PBS or AciRI-mlFe
Vo hepatholngy at oo cotadad sex enedsiromal tamar from a1 2-week-old inhibin-dericient male treated with PBS. Solid wmors (arrow headss with hemorrhage
oo tormd Lo the control mize. Note the presence of 4 few seminterous twbules 1¥*) shal were depleted of germ cells. (B) Histopathology of 4 gonadal sex
casi el rowes to, a D 2-week-old inhibin-deticient male treared with ActRI1-mTe. Nole the overall testis size is small wilth mare semimferaus tubules {741

wrt A sl mer can e fomnd within the tesis Gaerow head), (03 Histopathnlogy of a gonadal sex cord-stromal tumar from a 1 2-week-old inhibin-deficient
treatzd wal ActRli-ml e, Note the presence of sertinlerous twbuales (#*) multiple cysts (el and 2 small tomor tarrow head) within the restis. (1) High power

Sied ol the omer apom head: shawn i (U Note the depletion of germ cells 1r the wbules (%), (E) Histology of testis from a 12-week-nld WT male. Note the
soarnd mbnke strueture and spermatogenesis i1 Comparison of the wsris weights herween the PBS (9.5-12 weeks:n = 12) and ActRI1-mFe-treated (12 weeks, n =
Syveluhinedeieiens nude mice Data e ~hown a= mean = SEM, and bars withour o common letter are signilicantly different a1 £ <0 0.03. Scale bars: A, 200 pm: B

cod C0 0k pm. D oand B 50 pm

compared with the PBS-treated controls (2.5-12 weeks for males and
V1A 1Y weeks for females) (Fig. 3E and F: £ << 0.01)

Hemuatocrit analysis

[n oo 1o the severe weight loss and the pathological lesions in the
ler and stomach iomhin-deficient mice become anemic at the
slvamed vachectue stage of fumor development (Matzuk er al..
S 1990 Hemaioort anafysis showed that the inhibin-deficient
femee e = 7oested with ActRII-mFe bad higher hematocrit
compored with mice (r =91 mjected with PBS alone (44.6 + 322G
cnds INS -t b P e 000 The hematovrit of inhibin-deficient
mere muce reated with ActlRIB-mPe (387 + 3.2%: » = 3) was also
aigher compared with that of rhe cachectic inhibin-deficient mice at
Totlweeks of Lge RN - 2AG ) = Ty (Matzuk e al.. 1994,

Serum activin and FSH levels following

ActRH-mFc treatment

Tabrhins and activins are critieal regulators of pitsitary FSH pro-
ductiom, and mice deficient in inhibin have elevaied serum levels of
acuvins (Matzuk or ol 1993 Coerver or «l.. 1996) and FSH
IMazok er el 19920 In the current smady. serum achivin A was

07N

measured to examine the potential effect of ActRII-mFe weatment
on circulating activin levels (Fig. 6A). The results showed that
PBS-treated inhihin-deficient mice have a dramatic elevation of
serum activin A levels (24.35 £ 2.52 ng/mi for males and 33.31 +
4.20 ng/ml for females) over adult WT males (0,05 + 0,01 ng/mh
and females (0.04 £ .00 ng/mly (Li er al. 20071 Significantiy
higher  serum ol activin A levels  weére  observed  in
ActRU-mFe-treated  male (12 weeks: P< .01 and  female
(19 weeks: P <2 (LUS) mice compared with PBS-treated controls
(4.5-12 weeks for males and 11.5-19 weeks far femates), presum-
ably due to the accumulation of virculating actvin— ActRI-mFc com-
pleses in the serum (Fig. 7). However, ax an indicaiion of poiential
atlenualion of freeffunctional activins in the circulation, serum FSH
was markedly reduced in the ActRI-mFe-wreated males (12 weeks)
in comparisoa with PBS-1realed controls ($.5-12 weeks: P < Q01
although statistical significance was not achieved in the experimenial
females (19 weeks; P 2> 0,05). due 10 fow animal numbers and varia-
tiong in the control group (11.5-19 weeks: Fig. 6B,

Discussion

Inhibin-deficient mice develop focally invasive sex cord-stromal
tumors (Matzuk er ol 1992), and the death was primarily alrribured
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Figure 4: Histological analyais of ovary/ovarian wimors (rom inhibin-deficient mice treated with PBS or AcRII-uiFe

+ A0 Histopathelogy of an evary from o 19-week-ojd inhibin-dehcient femrale treaded with AcRIT-mFe, Note the presence of follicles (arrow ). corpors tutea (%) and
auluple oysts (e in the ovary, (B High power view of the follicles (ureow) and corpora luten (4%) shown in (A1 (1€) Histoparhology of w cystie ovary from o
19-week-ald inhibin-defictent female treated with AaRI-mFr. Note the presence of multiple Jarge cysts (03 in this ovary. (DY Histopatholugy ol an ovary [rom
¢ -weeh-eld inhibin-deficient female treited with AciRIT-mFe, Note the presence of a solid iwmor (amow head), follicles {arrow), and corpara luwea 1%,
1Ey Histopatholugy of g sex cord-stromal tumer from o 19-weekh-old inhibin-deficient female trewied with AcRIL-mFe. Note the presenve of the hemorrhage 1+
1 the solid tnor 1 Fy Histopathology of @ gonadad twmor from g 19-week-old iphibin-deficient female treated with PBS. A hemorrhagic region (™) 15 indicated.

Scatle bars AL C ol D0 200 g, B 100w E and F 30

“eothe wotnvn-mduced wisting syndrome (Matzuk er al. 1994). 4
cotnnan teture present al later stages of these cancers. The above
Sdiome s gonudul dependent since  gonadectonized  inhibin-
debeicnt miwee fmled o develop the cachexin-like  svmpioms
NMuzuk wr of.. 1994), Thus, the inhibin-deficient mice represent a
useful medel Tor stndying the mechanisms of tumorigenesis and
wsting the cfteets of antd-wimor reagents on gonadal iumor develop-
ment, We demensirate in this stdy that many of the phenntypic
consequences of imhibin deficieney in the inhibin-deficient mice can
b prevented by treaument with ActRU.-mle. 2 chimeric ActRIT
1omned to the Te region of a murine 1gG2a. These daw further indicale
that clevated levels of activing in inhibin deficient mice not only cause
the severe cachexia-like svmplems. but alsa may promete wmor
growvth and development. OF note, 3 is possible that AciR1l-mTe
affects the mnibin-deficient phenotype through inhibition of factors
other than aeavins, However. AciRIT-mFe preferentally birds to acti-
vins versus ather ligands runpeblished data), and therefore the pamary
effect of ActRIE-mFe treatment i maost likely duc to activie
ALgoms.

In ~support af the roles of activins in hepaoeyies (Yasuda e al..
19930 Clotman and Lemaigre. 2006) and the ohserved effects of
recaombinant activin A on hepaocellular death both i vive and ia
vire (8chwall er af 0 19235, ACIRIT mRNA transeripls are present in
the liver iCoerver of af.. 1996). Tnterestingly. the majority of ActRIF

and /nha double homozygous mutant mice has histologically normal
livers and stomachs and suffer no weight loss (Coeerver er al.. 1996).
It is thus suggested that activin signaling through AGtRIT contributes
o the wasting syndrome via induction of pathelogical changes in
the liver and glandular stomach in inhibin-deficient mice, Further
studics demonstrated that the differentiation of preparictal cells o
acid-producing parictal cells as well as the differentiation of several
other gastric epithelial cells tvpes are blocked in the presence of supra-
physiological levels of activing in the absence of inhibin (Li ¢ al.,
1998}, In the presenl study, ActRIL-mFe administration in inhibin

deficient mice prevented the dramatic weight loss and pathelogical
changes in the liver and stomach and amcliorated the anciia, These
findings indicate that elevated activins in the inhibin-deficient mice
contribute 1o the weight loss as well as ancmia secondary to the nun-
tional deficiencies induced by the paihelogical fesions in the liver and
glandular stomach.

The mechanisms of wmor development ia inhibin-deficient mice
arc complex. and a number of genetic medifiers have been identificd
m our previous sludies including gonadotropin releasing hormone
(Kumar er al., 1996} FSH (Kumar er af., 1999), anti-Mullerian
hormone (Malzuk er al., 19951 and iis receplor (Mishina o ol
1996). fellistatin (Cipriano et al.. 20000 androgen receptar (Shou
eral,, 19970, cyctin D2 (Burns er af.. 20030, p27 (Cipriano er a/..
2001y and estrogen receptors (Bums e al. 20031 However. (he
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Franree 850 Analyvses o svers and stomachs from inhibin-deficient mice treated with PBS o ActRIE-mFe
tAsthstopethalogy of T ees flom a 13-week-otd inhibin-deficient, PBS-ireated {emale that has sex cord-siromal tumors. Focal hepatocebiular death aronind the cenira
seinwd smphocyne imihranen are noted arrow heads) (B Histology of livers from & 19-week-old nhibin-deficient female treated with ActR1l-mFe. No patho-
anges inchiding ne hepatocellular necrosis, are noted and the architecture and evtetogy of the livers are basically normal. (C) Glandular stomach from a
ek old ivfehin-defic ent male teated widh PRS, Note the mucosal atvophy and depletion of parietal cells in the glandular region ¢*7). (D) Glandular stomach
carna L 2-week-old imhibin-deficiet male mouse treated with ActR1-mife. Note that the large. eosinophilic parietal cells are normally present in the glandular
rex et or onentation and comparison. the areas photographed in (C1oand (1) show the junclion between the squamous epithelium of forestomach tamow
i e glandula segion ot and were photegraphed ac the same magnigication (> 10y, (E1 (F) Comparison of the liver weigles from inhibin-deficient mice
ebloser PRS T b v oo 19905 -1 2 weeks of age) and o= 12 for femates ¢ 11.5-19 weeks of aged] and AciRI-mFe [n = 8 for males (12 weeks of ape) and
o= 1 tortemales - [Yoaeeks of aged] treatmznt. Note the higher liver weighis in the AciRI[-mFe-treated mice of both sexes compared with ihe PBS-injected eontrols
HEnd FDDG e shownaes mean = SEML and hars withour a commen feter are signiticantiv different at P <0 0.01. Scale bars: A and B, 30 pm: € and D, 106

roles of activins in gonadal tumorigencsis remam unknown, A numther stimulating the preliferation of gonadal wmor cell lines derived
of studies have identified an antiproliferative role of activins in extra- from 1nhibin-deficient mice (Shikone er al.. 1994) as well as avarian
vonadal cancer celt lines {Burdetie er of.. 2003 Wang e al.. 1996) as clear cell adenocarcinoma cells (Mabuchi er af.. 2006,

well as tumor cells from o variety of oreans including thyroid (Matsuo The current findings arc consistent with two of our genctic studies
el af o 20005 and adrenal (Beuschicin er af.. 2003y glands. In contrast, demonstrating that tumor development was compromised in inhibin-
results of the current study provide novel nvive evidence supporting a deficient mice with reduced/suppressed activins (Kumar er al., 1999;
rie af zetvins i sumulating gonadal wmor development. Although Cipriano er al.. 2000). One study showed that gain-of-function trans-
dat resalts do nal provide compelling evidenee that activing are cssen- genic mice averexpressing follistatin develop less aggressive wimors
Tl tor thor tonagbion inonhibin deficient mice {since wmors are and have low circulating activin levels due to tocal binding of follis-
il present i mosi of the ActREE-mFe-reated miced, they do 1atin to activins {Cipriano er af.. 20000, In the other case. mice
wipport the finding that activins act as wmeor growth factors hy deficicnt in FSH have dramatically reduced activing in the inhibin-
s ny that treatment of inhibin-deficient mice with ActRIT-mFc deficient hackground. These mice demonstrated  minimab/mitder
<oedred o reducesuppress the tumor progression, Reduced Lestis cachexia-like symptoms and developed  slower-growing  lumors
sefrint and timor sizefoct asowell as mare wsticular cysts were phe- tRumar er . 19991 Tnicrestingly. FSH levels were decicased in
netme charweteristios of ActREEmFe-tremed males, Although maore inhibin deficient mice following ActRI-mTFc teatment in  the
varnble offects afl AciRIT mFe injection were abserved an the present study. However, the significance of reduction of FSH in the
wrnor development wm the females, the majoriy of experimental ivmar development of ActRTl-mFe-treated inhibin-deficient mice is
ramade mice also had smaller wmors or demoenstrated minimal not clear, More recently, we found that fnha and Smad3 doable knock-
wmaor focr in their ovaries with variable numbers of eyvsts, Evidence out males are protected from carly lumorigenesis and associated
cortoboraling the hypothesis thal clevated activin levels positively cachectic symptoms, and SMAD3J deficiency alse reduces ovarian
atfecting tumer growth and development also stems from i vireo tumorigenesis but 1o a much milder degree in camparisan to males
studios indicating  that activing funcion as autocrine factors in (Li et al.. 20071, Collectively. the ahove results suggest that elevated
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Fignre 6: Serum acuvin A and FSH levels m inbin-deficient mice treated
with FBS o1 AciRH-mi¢

v Companson of serum aetvin A levels between the PBS [0 = 13 for males
WA wks of aget and o= for females {11519 wks of age)] and
AciRil-mFe-rreared {# = ¥ tor males (12 wks of age) and n =7 for females
i wks or ager] anhibin-deticient nuee. (B Companson of serum FSH
hetween the PBY “n =10 tor males 19.5-12 wks of age) and sn=3 for
temales 105 59 wha of wger] and AcRI-mPe-treated 0= 9 for males
Wha b aget and =8 for temales (19 wks af age)} inhibin-deficient
2 Dubsoape shown e mean o SEM. and bars without a commnn lener
Sdewer cane tor males and upper cuse tor emales) are sigmincantly different
at Boete] omalesy or P 70005 ftemales)

-

wuvins oontribtite 1o the fast growing and aggressive narure of
gunada! tunors i mlnhin-deticient mice: The mechamisms of tumor
development and the downstreanms signaling pathways and proteins
that mediare activin action i vove including the potentially redundant
rales ol SMAD2 and SMAT3 inthe ovary, await further investigation.

Analysis of activin levels in the present study was hampered by
potential accumulaiion of activin-ActRH-mFc complexes. Activin
levels are expected o decrease in inhihin-deficient mice treated with

AciRIl-mFe reduces cachexia and tumor development

AciRI-mFe. since AcIRII can bind acliving, and phagoevtosis will
be inttiated by aninleractinn barween the Fe region of the immuanoglos
bulin and receptors primarily presented on effector cells fmacro-
phages, moenocytes. etc). However. higher serum totl activin A
levels were observed in ActRIT-mFe-ireated nuce compared with
PBS-treated controls, OFf note. while formaiion of the activin-
AciRIT-mFe complex and  subsequent phugocyiosis reduce  free
activin levels. it night simuoltangously stimulate the secretion of
activin vin o negative feedback mechanism {see Fig. 7 for denaiiz).
The efficiency of ActRII-mFe clearance might also be compromised
due to the binding of activing to the chimeric recepior as well as o
potentially reduced phagocvtoyis in inhibin-deficient mice via
unknewn mechanisms. Therefore. the high serum activin A levels in
ActRIT-mFe-treated mice may reflect the accumulation of circuluting
nonfunctional uctivin=-ActRI-nFe comples. As indirect evidence
supporting  the reduction of functional/lree uctivine  tollowing
ActRIT-mFc treatment. serum FSH wus markedly decreused in the
experimental males. although statistical significance wus not achieved
in the females due to low animal numbers and variatons in the
coitrol group.

Interestinglv, our previous AcrRI knockout mouse model revealed
that absence of activin signaling through AciRIT in the gonads has z
minimul effect on the development of gonadal sex cord-stromal
wmars i vive (Coerver er al.. 1998). The seemingly anomalous
results may be explained by the fact thut both ActRIT and ActRIIB
are present in a variety of reproductive tissues including ovary and
testis (Mutzuk and Bradiey. 1992: Wu er al.. 1994} Thus activin sig-
naling through ActRIIB or other unidentified receptors in the ponads
may contribute o mediate the fumor-promoting effect of activins in
ActRIT and fnifne double knockout mice.

In summary, using the inhibin-deficient mouse as a inodel. we show
that wdministration of a chimeric AciRIT-mFe protein in vive seduced
amor growth/progression and protected inhibin-deficient mice from
suffering severe weighi loss via preventing ihe puthological changes
in livers and stomachs, These findings have important potentiad <lini-
cul implications in designing uew drugs/smutegies in alleviating or
preventing the cachexiu-like syndrome und gonadal temar develop-
ment as well as in alleviating other conditions in which TGFB super-
famity signaling through ActRITT causcs disease in humans.

ActRil-mFC Phagocytosis
. . v ) ¥ - Accumulated
inha-f- — Activins 1 * Activins-ActRII-mFe 1 — Activins-ActRI-mFc ] awrilbinding
* | activing
@ A
Free activins ;
|
! ! ' Supprassed
| functional
Liveristomach pathology , FSH{ ---Teos Tumor development | actvins
P |
Cachexia, Anemial  Survival* Hemorrhagic cysis Small turmor

biguve ;0 Hy pothetieal schemane of ciseulaimg actrvin changes i inhibin-deficient mice following ActRI-mFe administration and the eftecis on ihe cachesia-like

Spiins ang wmar development

Actis i devels are elevated in the absence of inhibir. AciRIl-mle will bind free acuvin to form activin- ActR{1-mlc complexes in the circulation. rhus reducing lree
activan levels Redietion of tree activin levels sy simultaneously slimulate the secretion of activins viaa negative teedback mechanism, On one hand. more coni-
plexes muy be lormed due o the aeceleided secretion of activins, Jeading to suppressed lunctional activins tfiee activinst in the circulation. On the other hand. the
wctvin cemplox can he ceared through phagocytosis. the efficiency of which depends on that of the immune systems. Consequently, 1otal activin {free and hound,
tevels ivav be increased due o the acennmlanon of activing- AcIRI-mic complexes. Protection of ActRIl-mIFe-treated inhihin-deficient mice from the cachexia-like
syndinne and the relaavely normal Iner and glandular stomact: are supposed ta e the resulis of suppression of funcrional zetivin in the circulation, as ndicated by
the redaved TSH levels mothe AciRH-mEe-treared male mice. Reduction of functional activins may alsa contribute to the stower-growing and less hememirhagic
wmars observerl i ActRU-mBe-treaied mbnbm-deicient mice versus PBS-ireated controls
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