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Epithelial cells contribute to the development of various vital organs by generating tubular
and/or glandular architectures. The fully developed forms of ductal organs depend on pro-
cesses of branching morphogenesis, whereby frequency, total number, and complexity of the
branching tissue define the final architecture in the organ. Some ductal tissues, like the
mammary gland during pregnancy and lactation, disintegrate and regenerate through peri-
odic cycles. Differentiation of branched epithelia is driven by antagonistic actions of parallel
growth factor systems that mediate epithelial—-mesenchymal communication. Transforming
growth factor-B (TGF-B) family members and their extracellular antagonists are prominently
involved in both normal and disease-associated (e.g., malignant or fibrotic) ductal tissue
patterning. Here, we discuss collective knowledge that permeates the roles of TGF-f family
members in the control of the ductal tissues in the vertebrate body.
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THE TGF- FAMILY IN GLANDULAR ORGAN
DEVELOPMENT AND EMT

Mammary Gland
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PR elae. - gan (T =<, =« ad Mg e
2006) T S go. f;’_,-\ 3 cdffe es a-

.. = de "end L sshac we gud o§ be Nées
¢. eaadagedleelcrla cet =
ﬂ’ Co TGF- B fact e & be. 4 - s &< . de
g ;D, gesed (T o, » awd Ma e 2006)
T e, eeTGE-@ ,act = A, BMP- 4 a=d BMP-
7, = b e a A e e << oes, i‘b e en
$. ﬂb Tadd d ffe e’ 3. ~ fag. - (GDF)—Z;{, -
<. t $- i‘ ' aq.d'baq.c q-g~( 0‘ geﬁti\
(To“(.“ - a-e.d Mz, e 2006) ?

TGF-B1 , ca ‘e a e;t,ne a_ << éee.c\»—
~<acq.ao\e."e”¢ atc gaad, £<. qe
& b and e.eﬁb*-a (T<~<ee a. 1996).
Qees e o fTGF-Bl iz e g ce, e -
a_ ces *e{w samzesle crel ak 3
ceécbe cale oo ge S oo e gaud
(e eg a.1996). Os, é'ché , a=d, TGF-
B, g e, aega‘addffeeq. _q.b»‘;{‘—
K., =g ce ce a t\,:;__ q\go dq\ a f

och-degedes, =ne s b, *"'21(:Tl e -
e o ands edg}bg,"q,"ﬂo _roocel b
AR LY v,

e gos cav afe b e o dewed

.
1 {
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froe gedee scen =g
(C as gt a.1999). S E a ab_e effe@?, f e
TGF—[&,11 €~ ee' e A, 'gad\,aecq.—

. -deg el dé. . TD eg T s b, effeg
R %,Ee~<~<a - er, ge&."\"ce- “, e

d‘c els =% b&d, i‘oeeu TGF- B~<w“¢eq.
X g“aev fea. fdffees aede,

C<XL . €. -,

a(Tﬂ Je a. 2004)ﬂ c~<weﬂaq.
Sl ge‘» cac - (T<~< ee a.1998).
T e, ae- N 3z gose % ad ess.. f
TGFB! 3, €L =< a- eg - ac Ca -

o
© g ed a1 & cec*e"q.i LI ag i"‘D -

b A3 es 4.e(Sak ¢ a.2005). T eag.
TTGF[& “ e i, & ced eadq.g
XN N fea Jaed, ik asaded b
N 'C 1 2 ig, 3 ende o % Tet-e-
“r 4\‘ e TGF- Bb} quCuge e . f e
TGF BaszeI-ece,? (TBRI) (Va ae‘ ¢ a
2012). T e TGE- B g ad es €< as axed b

.3 W ac. 4. fad ghe, dhd¥ auge
~aud, ges abg~dascecas & et N, ¢.,cga
e ed” e¢. «~ (Sac e a.2005).
I3 agleéc e, ﬂ'o ok can e fe -

ea<ceeschca tuag szne gee’-
. e'a dffees 3. « axdc. {30, gesed, ¢-
cg\ {e e ieBadde Sé_,oe a_ u\g‘:eﬂ\,b
< eeschirc aces, foerne g ok, dg}f
(9% ge~, ae q.{\ , ﬁdgce elgen g, 3. f
2ne, 3 te tea ci (Lea 2009).H Nt -
e, badde Tes. ‘a; -e.gTBRII ﬂq.g u-&e—
isec cgese wagt 3.~ as g, e daud
cassl, - as Uffeles e (L € a. 2009) T e
< eescirc aer, B oes®w TGF-Ba. ac

S Qs rrw

et

N ,
cslee  ea W, o« g eadq.g o€
geeea W fooe g e, ‘e as, € cew (L
¢ a.2009). o2 *

S aw, et c&’é‘ fra r e ac

) “oes 59% < L9 s Ty S

er &t N aghts A i‘ @ «gb ¢ %
b aeA.cD s g o) "geﬁe- ,er dee s dg

'ﬂeecﬁt ea-e.agq.c f't ae.':,—

L€ bae.c q.g f, ed&o (Cah.c Tae a.
2001) N~< 3 d'ee cag 3 e, Je gand
esse ach «~-Ba (ac: ~-PBs @ emc aa
dg;q.;' Belr),f ¢ 3L, asd, | eagh e
[adarg e 11~ ecer,. A (Caq.cma‘e a. 2001)

L. add, . =, TGF-B, BMP-4¢. gar e -
sreeda "e': peaceeccd brde «
,edeesdgsla g cgand BMP-4c &
¢ % decD $g~< Vi, geﬁéi\, becag. e

1
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e ce M, . s, weBmMpdgesecmre  Noes-
a-,.cedb as C .q.g(Lao( ¢ a.2001). Q QN
f"c e;;bea cee »._,De”temce f
BMP4LD 1‘1. B, f3 feg. ~ada

b, £ = b dd'q.g citacar (La<~< ¢ta. 2001)
BMP-%< w agi<ic _aw'a BMP-4,audz” o,
ga-d f<c Bmp7Y /i ceaeesa ged i{,b
e, ed’ ebasg -,.g(Gf-’\;‘q.ag a.2005). I%e

oA ae'ga». \;:é BMP-7 «d ce - e-
go. o fbasg «g N de Tle

Lcate- ¢. fN c 1 aae ~ e ge.a ~g

(Ge ~a%¢ta. 2005) TDeag‘ d, fBMP_ -

gaud taw be < eddy ~gro @ g cganddd-

e =< ex b»"oi:;, e déacgs c’u’z" r e e

yeere o e Bmp2 ad Bmp4 geue

(Ke ¢ a.2015). A “. € @, ea, ee-

cadega ag. 4

1

f'BMP. q.c"ed'ce 1%
KA aeaebaan*cedb» as,lag q.tt.,\gkc Ta
v $8~ . Nog /"¢ ce, . ag «g s $~ € -
K . REPI er es,” a"eg o f‘, esn g c
gvaq.d_egéit b}_,D ess e £, cag. i"‘f
., € BMP 3¢ gq.a ece’ o o edbesce
f eqega 3. ~Tee, ed b ~ %8~
(C, ¢ a. 2007) BMR goa sg o,  erne . Je

€., €< i edgedi BMPRIA. C -e.d—
cohadee te f Woece, R ges, B
lagoe, ta celh F' ce? dffeeq. ala,
Ld, g ccen tees® -u,"f';oe
’ad\e_‘;x,,ﬁfaf,{l)l 3.1, i‘ c*<w.;*_,—
< ,e':f_{,ace;, e a dffeec. 2.~ b
BMP. (@(,’ [ 0121) ? A

| SO A e',°e~<e<ba- f\,oe

fic &, GDE-7 (al , = N« & CDMP-3.
BMP 12)77.%<., ez gee, oo € adffeeq.—
.~ (Se, ee a. 2001) __\'De‘~<,‘,,e_,,3.

ddre. f e eqausc. fag. f GDF-7
g LS, ae’e< a~.Y bes ef’k< ed
. .

1 1

Pancreatic Organogenesis

Tesawcen ¢ an e=d deic -de'; ed. - ga=
S . .
i 1. _
s 3 cdee fl-eec asce  weage, ee.
¢ ~e,dita,andesd & ~ecel (K~< a~d He-

bY 2001). T eece. Leage. - g aef <
,ecascey cbed, g'! aw, o g £
Jefreg st a,., tle bg‘d( eebe V)

(ke and HbY 2000). T ez, - dasan-
ey ccet. (~deg ©ce. f EMTad MET
d&z Jg feg. ~ andic, o, geme e

.
1 U
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I ‘;{i<,’_da €., € ace. gewegex €es-
SN afcei L@ e? ee. q\av gewegedffees -
aed €., e a avdiec g w» cet (T =i L
asd Mg e?2006). TGF-B = bs e;d e a
d ffe e, “ - a-:.c_elilf,, el o] JD"e
gaq.d&a* *gaa E\,Deaﬁee\,,-‘ AR
d<c was ﬁega €g, al TRRII = - al geq. c

kel -a.L‘e - fe a. q.aé.dab‘! <ch
dffe,eq,, a. fr aq.e"ea tace (By ~ge
¢la. 1997)'T t,TGF B e. bele e c.e'f' Qs -
ceg c ce_ dffee-,. 3. 1, F e en eq. a~ ced
TGPBles &, «~ ead . .~ gas bes and
ecel eang ieq.éi (By, ~ge ¢ a.1997).
EVi Ve e folgeactn s ccameeg c

S ea, ﬂ, se. f. N edfffey g, <. 7f
;é a. & ce e a-e.doe’ &c~e6 Ra, -
gas 4a° e.i( s edee fag Tgan dW-
~gl el d @, TGF-B1 Mo s

o bldffees 3.~ f, eacaa c~<;a_d -

X el? f' e - g?ie.' d(Sa¥ .. ¢'a.1994). A -
o %% TGF Bl agl e as "'o b,. -, fd ffe ex-
.a. =~ fe e e aq.eea e, e alcer,
.;:’f"*(' e exd ¥ q.e B4 elce. dffe’eq:‘ 3.y
i‘, g G g td cq ’ede oo(SakT
ea 1994) 1‘9 cWgcicza beﬂ ., eagts

. f TGF-B dg: ﬁg Lawcey ¢ El‘c e,_‘;i< & .
H e, e el o foed1< ~as wegal e

TBRII =, ezasdeq ce, qf- AL S
TGF-fi. gea ~g = 'be eq.d € ~ezasceyd C
dffees . 3 EE,‘ ETS‘:acD a= % a.2007).A
X a L'h T TGR-Be gea~gi a.
T e dg& Wgagag f eesld ¢ Leslmce-
3 cgaad (D aal ¢ a.2016). B¥ a¢" 3 ~g
§3 ad3, TGF- B”,*( e, ecer e a1 f,‘\)e
ce_ e ege . "1617 a3 ﬂ ¢ ¢ @ €
efsenella, f eads, eq.d cla, & cet
De asC e (D afas ¢ a. 2016) Usde e

. fTGF- B,‘; 16% % aCqu g\at N ng—

. q.g W e egeseq. o & oy € B a. 3ge
b, aithe ¢ a.2016).Baed =, e<c Be asesc,
sy¥<cac, gea = boa f BTBRRL lae
seccasadal. Veud ¢ ~eP-ces? 3

can - egdhede s de awc @ (D alas ¢ a.

2016). * ?

TGF-B1 ~ bs dsca &, e asc 2z . -
geaee o dc AN awcey cf ¢ oy as G-
.g® %cbedded «, - ee-dk s wa ¢ _ages

~<a* ce, i e, as —TGFBaq. b & -
d&c asc. 1o geﬁt-\, b ’eg\ ay~g

LK
T e

TGF-Beecged b ,€lauceq C’&CF( et
(Has= ® a~d Re e-e.be $ 2007) St¢ _q\,w"' . f
rasceg ¢ do¢ cew o ged £ q( as
d s N TGF-B1 q.dxce EMT aq.d * an-
ic;ﬁ q.a\» ‘erHel ees B A fB ce._
réclcrade g, . ‘»fac o, X C'- c~<‘_a-
beW, a «1H. % e fTGFB ~end -
T aete dffed’a. ~ and o ab &F . oo -
~<Mesaslffeest §. o (ST ¢ 212011) I
ageeces N &3 e B g o cas
e. ¢ -,.e'ae."c_ ea c cet. ¢~deg EMT i‘ e
e g;‘ed & o (Iic ag a.2013). Tote< e-
escarc @ deh _"t cax be e’ gacc ed
adoe ¢ te'f | Nagades' -aeze-
.~ feld e wesaveeh cradelr, | « fac-
(S g al2011). ke $ e, Bale cen
Caa be ge e aedi‘ o ad e g, . are -
g a5 B & d.g aR. -wlched ~ne
a=d a TGF-B- ec&,. »o,e - b, (I« a
¢ a.2013). T L4 TGF B d&ced’EMT fraa -
ceg ce, e acetc@les gemege < as
sasCeq Ece,g?_,b 3 Cas, eq. be,- ad.; as ed,.
dabe ¢} ews .
* Sc al TGFBac‘ ~ Ab, F' basg -
ag<l T | gese oA a\‘e; awcen e aqL,

W e fD- aq-B 'oagt w, awd, 4oz -
Ye sdwely c acaa b dffe es 3.
ﬂt, decened &.d c° -e.eBce «¥< baX(R -
E'i ¢ a.1995 Z a§ ¢ a. 2004 .H e t,
pemenic a,eseicent N sascey c
e asee Tied, 3 act o A -Tagh . B(al-
JLow-Bpdce) ddq\," hffe¢ £ aw& &3 c ce
dffees g% «; 4% ead, ac ~ A ca{ed a
\,"aa-dffeeq. _"ﬁ, fi, e&™ « czaveeg -
cule. =¥ laa, lL e'( a« B _%e a.2004).
Y de ewdel, - ak dffe es 3. = aq.dt gea =g
esesc est ¢ = £ed, aac‘ « A Nagt .
Be. q\:W_u\ e. ¢ -,.eace d fle’es, g, « had
z5c.,eesd e Le B-ce dffees gl en-
ab. q.g 4.&:-“ teg. ~ (Aq. ‘ee’ ¢ a.
2015) T eac‘ 4 gra ee"u‘ . f
a-ce_,” 2. e s fag A and q.dg\ce B-ce_
caey . ~Mad s er@ s, had, e ac
coaelha er es prrel £ cei‘ , Tade-
R foert|3geq.e,eq.c dagF s —, e
3,"1‘ ¢ e i‘Dv e'a,a‘f_,e"BJ
(Aq.diq_eil ¢ a.2015).De ‘ee he—
S 3. 4,x<csamced cu\g_ee”« € ag -
- BAaqdac s BB \,‘ee* eq<,aq.d

L]
U h
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f e 3= asd agE
cou“"( e(R: .«

~ - ece,. - “, e € -
. 1995 Ma{d ~ad ¢ a.
2000). A¢t = a *eg&‘at exd ¢ ~e Ba ¢
dffees 3" %, a oTadges éc celtleesm -
Jge € ad*< was weghh € - aw ach ged
et % oz e IBece,. - (A RIB)« %‘545 -
. &V ga  Nascaesgcbe framcey’c
@ laadadecene « 4 wtece. o (V3-
X ag a. 1998) Te«*a<ea~’ ac g ~g
adk was ~egah ( q.caed)ac‘ -e.v'eII
< ece,. ¥ (Ag¢ RID) §ewe ae abs ¢ d ave eg -
XTI ei{, ceeara eedac L eCy eg<c a_
@ adlq s caandp eq.d é ~ecet g a
W, awcef<c, Tew @ ,audabs <t ae ¢ e
ef,be§f< N o ca acsa <oz g
‘ﬁ, ¢ d.1999) Tte heL 3. 4 ae
« :: - éd b eLt, 'aq.e ea,c},\d( s cg‘v—
e, e-ﬂ ¢ fleiascat e Tereat
“ye. fdff%eq. a'ed e ¢ ~e axd e»d ¢che
aseeg ue(M-a e ¢la. 1998). ?
BMP-4 % t,i- é&d e wesaveey cdffe -
ew 3. = aq-d: o.ecelaz fela. b
d"q_vc‘q.g cesre o f e & B,. - Yfdf
Ye es 'a. .\.Z(Idz) ascyg e fad o N T
bed %ald ~ac g e, ebu coe - e

Clase g, "~. fat. - Ne{ -D, .2 @t e eq.d -
e sed ¢ dffees 3. « (Hq‘a ¢ Ta. 2006).
H ke, ¢crret s eeg{,‘;,{a—

w, fu gg=. d~< ~as, —q.ega e BMPRIA

L& ba s'cg £ et and=c. deaucen,
b g basd q.g~< Ly geq.éi.'q. “ edg ce
Yea {ga-,.c Tyes g gge, ~gale ten e f

BMR. ga «~gdy e ale eg cd'c e < e
(Aoq.fe -Rlusee 3.2010).5< Y a. ., eeffec-
\'l: eq.é!'\ fTGF- B = b *‘ :‘-ﬂ "egeq.e q. = f

84 ¢ ed e q.ece-‘ ‘{-kg Cas. cghe d
5 .
c&‘g‘e BMP-7¢_ ¢ _q\a't echea. o f
a-e. € seces, i"a de.d c q.eB ces. (Keq.
¢ a,‘.ZOfES).TD N d‘c e £ 6w dr e g dg
Lot dealr k@ agas ag =~ ege~ € a-
R ed'cq.e,becas-g‘c'\g‘“;{' o € by “, e

Jeed PeF gack ~gbec £ cav es @ ed

casc .z, .~ fag 4 !
DeX e ., €. e [TGF-B fac &< €& be.
aﬁeea cu- edffees 3. «Y¢ =d, .

abﬁg £Smiadd, ¢ el de, ectk. =
8c a814~< edg. - fTGF B/ac‘ - aq.d BMP-
ac: g ed 8*ad; 23, o, ~;d&ted ce, o

Latces ddaze bl esscalde & o

U
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asde ¢ «e 7 end ¢ wefiag. o f
. ecascen «I¢ ce (Badedr ¢ a.12006).
T & ab q.daq.‘e descee g frzan g
... fTGF B fact v & ber. do q.g ast e-
gce;t,be,vaﬁdffe,eq. a. q.‘ce-,. Lok ¢ -
cAddgto te v gletged e & b g &
ab ;“,‘JD eeag e f ee gaud and e
©gea wgra N ! !

;( eqf‘

\

Salivary Gland Formation

L e ascan, e ga‘ad&a cgad et
. "S\di: f - d~< ess ‘a e bees 4 g ’fg;
at "g‘d) ~g b ahc q.g~< . g€ T e
dat ao jaud aed. Ja e bee ¢ sl ed? dee-
X ewas, (de o ce N, - ageed gese
aba. ~ f- de <3 TGE- p? fa< v~< & ber.
(Pg € ¢ a.2006).
L g L ¢ & ca aq.ayj-i:, fa(, er a-
2. dasde g“b'( aq.dbg:ai ab a» gaud he
beéds £ e f << ed{ %, $< ks, e A -
“ca asegedc e g aw gasd, TGF-B1
cac.': «a» bé de e¢ ed g eavr de e ¢ es a
 age ~ ®, c3. = N, )< i:eq.cgu'( a cee,
N eed o ecigled (;a €. ea cew e -
o6 TGF-B2, awd< o & aidld @, ea
ces. e z- eo. TGF-B3 (K{ ag a. 2001 L1 8
“ex¢ ¢ a. 2008). L ¢< as fea awd a
cal & gad, e e‘;f .. ~. f BMP- 6D "
beds << x . ca_ged -us}"q. acsa e, ea
ces Bg‘,‘ . Cae, acee, -eé-
CaKc s . <cta ces. (He! "ek ¢ a.1999).
S< ae gded i‘e;f: ea‘vca‘a «. f
BMP-3 ‘eeq.db d"fd'e e s q.g’il a -
anga‘ul i( L guL d<}} o, fBMDP-
3ka e afa.c -, fage(Ha_ TawdKé e
2000).
S< a,. & effegi\ ssawcen,agt « A
b, palal astc -g . gesed,and f 73
b, ge,  ceffea.. fe. ges {’ ac o« Alal-
ar gawd e ees ase (R'L T¢ a.t1995).
Cad,.~aliees o, fTGF Bl =i a -
e @l eacen. fclceegs o s th L
. q‘aq.‘d,'x;":

L

o

ofacs & e a dffeeq:, 3

es N, ﬂe Jat 3. - A& (Ha. ¢ a.
2010) T e ~c euedTGF Bles &, ca{e
accg< 5.3 fe ce_g A%< 3 :,a LN
a, Cca d’e ace<eq.,fﬁ~<ae—
;D e",ﬁ:f ﬂ;,“ 23, ge-*-'c'i. i a e (Ha_
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¢ a.2010).T ee ~d=g cax ber e dgced «
es as edi S\ck es, c;\:, € Ko ega ﬂ\,"b
e ges & TGE-BL X ¢ b.* 'fe. acaa L Te-

a dffees 3. ~ aq.d'eq. ascesc ®escikc a
dffe\ee. . % (Iae.eb d-e- € a. 2013) C B
Ee,t&g, af (N ,‘e at ﬂeg} TBRI, ~ae
s b ez eeffeo tandrs ., € ew-

f{ag'ea g . ﬁ,o‘e dffees gedacea ¢ -
&< (Jaseb d= ¢ 2.2013). * *
D{ TGF-B Tac w-<c & be ae 4 ed,.

« b .~ fe e‘adffeeq.a ng‘; ~g

c’"\ao'aU ga‘»dd“e”é A< ed S i('é .- ede-
. aled, cde aeseceded,. de ~e erd, Nan

aldic eq duesce %15 e TGF-@. 4 gﬁ‘de
cal a ei\. e, a..*C L, ge-ee.
1 LA o 1

Thyroid Gland Development

I c&s&:ed‘,o\y_, d e, ea ce, TGF-B1
q.d&ce ce ©cede wdleree o d-
drec cor e~ e @ o auwdce_dffe e a-
=Y C g d¢ a.1989). TGF-Blal ~d e
é - ace. g a3 o, eq.-’»»,,oe-;,a &
-aedb o effeal, O R e
bes «di-1,a- 3 a8 cai:ﬂ
S de;t,oe a cei< $3.~ aadd -z " -
. gcd ad@, gt~ (Cadleg n.1999). I add -
oAy s del, e ates q\-e.deg EMTH &
cg\{ed L € eence, fe dec a g i‘o
fac. © (BGF) a~d TGF-B1 G asde ¢ a.
2002). T egesea. ~ f ar ,dces fc & -
[CO cc & ced' (BS@ ) Fg-e ach « A,
N C“'l:’.,*(_‘, e dffees 3.« Nad! ees-
d dex a vqeageéq.dq. 'a?: jeere . o f
VS de.- @ ec cgee Yayt cu\ a‘ceq. Y
S "‘e St doga MD,#'(, sef ¢ -
2.6 f erfeee. L g ~ G e
(Mag a. ZOOg) R ?

C G-CL, »d €.77 ﬂ\ £ fTGF-Bl %\,O\V_, -
© e f-%3 gew cNOD< ceznc. €, ede-
Ve scoes ., f \?" d ooz &r & a, aud ~, be
Ay S g€ w i, H Dai 3{1’:gi< Ak Be-
ca{e feq. aq.ced‘ee‘qq el . ffegea~T
Ces &, € A dgaq.d (Y ¢ a. 2010).
BMR. gq.aﬁg"ﬂ LN d ‘Deade—
e sles ,u ke de&cedfﬂ ‘eeffég!-' ¢ a-
d, . ~a ~act J. . fb\,0 Smadlaq.dSmadS

“w '\,é"(Vlac’ e¢ a.2016).T e =a

% i‘ ad el .~ Fcr gesel o
b4 *°

RN AR
Rt Al

g gedf ce s e dgasd. f ee
¢ ced edefed e} e € b‘vq.g‘ e - fqu.c—
e e prk foer Tasg geﬁcL 8 cg.a

eq.d ,ea g ﬂ fac’—A(’V al- ee¢ a.

2016) Tv dga-,.i , defe?;ﬁ e BMA. g-

wa sg. . Ndefect eba ke es<c & base,ald
€. ”ace PR Yo ea 4 €A « 4 Can

{e e, edce*L(eq.adefEc (V Tal- ee
a. 2016) T &, BMPe gua «g wis o e

G oo, T ¥ g W fcbee:',oé,v.“<—
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THE TGF-B FAMILY IN GASTROINTESTINAL
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Logaes geﬁt-‘ “,, € abesce. f
go' Cas-3 (Gl s ¢ a. 2001) . add, .
Wa Y4 cas ag . S S ~<qcecec‘ w
oy G o< ed& a, ﬂ equ. . ca ‘a
¢ elae i‘ q.dxcede"u fBM'P4

q.q.

TGF-B Family Signaling in Ductal Biology

(Fg.4D), N ¢  eszo<c. e dffees a.

e M gce cet (TRayata.
2006).

To e - ece,. . BMPRII, BMPRIA, a~d
BMPRIBae¢ e eed «, e dees~g d-

socaw g, e a M edee stgle
Le ad e'ils'; cgeds € e G @ 0 'de ~ed
B s ,g\ub d‘a ~ (Ma, ~6y € a. 2001).
Mcee‘”u ~3ac &, ; .. - & a¢t e BMPRIA
.“. TNt eetb, <calels, dle dee 7-
iKoes i(,o vy K% R et cle beagn, C
dig e d f e ed& ace& b aghenel
G deq., a ead | -ewa fa_‘e(quﬁ
2003). T e act e BMPRIA Ld; ce wgcea
¢<.c.e e f8tadl a= d B- caeﬁq. ca{ o
ob . fbasg gz _,cut,‘eg'*ﬂ f
S teq.cD\H e,ae.dgeq.e, 3.~ fone o e
sace, fa<ca ¢ _e¢ag H&Q (Hg\ e a.
2003) Ik e a», Bmprlé gwedeg. = o, e
{e'n( JLegear by d ead e lel e
baq.c ~g B} eb a8 ¢ ae- egu.,eéd—
q.g ﬁq.fea deceaeq. N edg‘va f e
? duer andeboee e f~< ag e ¢ _eg qg
d'\o (Ha, ¥ ge a.2008). L. add Je
A e, 8 adl B cges~cclbe ’eq.a,‘
cel (:qu ce asdett  fgas o e N
l€q. = f\,oe*,38~<, ges ag- aed"
~fe (MAPK) X, Y& adl le ¢ e-e-

}
"4’ (Fg 4CE)(PFea 2003). Re,. -, e

€ a

w«“r
v

< ce, a e Bgaacc de e f < a BMP-
- ek 4- eldlgeses” <., € ‘aebeeq.g;ed
addci" e e, 8 ad- gqa ~gd ihxeek
f g BMP. E, (B.ag & a.2008). A,
efg\ﬂ-‘_ ed” <k . { BMP-de e~ des, o g-e.a c.g
agE Je *(G}u\ be ca;, _’_edb»t,oddl
3T el T ag BMRAL gua sgagt & ca-

V€. o, < as g\be,f’) c.azo‘e, f
\," e¢ _eg -,.gdg\ol\,aqdﬂe‘a ac‘ E ca‘e
o emeln ges con ge,. cé aea, f"ve
d‘ce . q.g ga~ (Ba7 ¢la. 2008) Tee =
cq,_a:,‘ A ‘a f BMP- ece;j“e‘
"_ﬁ « & ey . ,‘ Nb d‘a e (Ma G-G‘
¢ al 120017, I ad'd ,lie e - el ce
“. Ned-, b{ Id1- L'acZe" o s L
Cfdee - %gd&‘Q\ ﬂ en, 0 e’ﬂe?!‘~<qa—
ed N, BMP q.e'aq.ed *gaq.cg\qe,
X cD N a'beﬂ bes € € G, ed ea -
,e «d ffe exc® be ﬂeeq. RN S%de asd

U
€z as el - gas dc& t,_di:: !

S 4

J )
I\
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. Mggetecsd  « X e cicbaed,
added TGF-B1 (L ®'a. 2011) U=de e, ",
¢sd . <, EMTf &, N Co' ace=c ; & ed
b};SSMAPK—k edaedac al £, e AP-1
L7 ad e r.owa g e ae.d dg‘vc . fSnaiI
essel (L ¢ a.2011).
. &e_ ¢, ¢ € TGF- Bb_‘ o, _er. fea-
o qaq.d, ;}}adffe e‘::, a S Df_g\‘:-dffe Cas -
.faed badde' ¢, Te a ted (Féc - ¢ a.
2012). Is ¢ =~ &, 5<. e d ffees g el ces - e-
.z =d, TGFB wafe X QNq.dh.g,ae.dTGF—
B"*( !’:We’e’a foel {~d(F& ~g
¢ a. 2012) I ee, Jgo, ¢, . € a cet. « G -
. _’_ e es asce & ad3 e. - u\ ~Yasd déeene
3d7 e @« aud e"ti, ~.  f, eE3
go,é&S~ s 3. age TBRI as.d
S< adﬁdq quffeeq g, “, ¢ 40 ex ﬂ\,b
as ~cene’s TOF-P. gud e atar (Fe{ -
~ge a.2012). TGFBI1 e a. q.d&‘ce ag
Yo, aada g ii q.ogff as - buazn -
a, g\bg&a cew. . e, » a¢" aq.gb
es @ £, e ATGS, A%’G? a=d BCNYL geq.e
, @ et dq <e>a§‘v 2, A< ed g (Xka
2012). Iﬁd&‘ fa&; _Dag» c"eaeﬂo
es asceds”, H& . Peagh e wgessede
a‘ceq. as» cad ea, £, 4 f ee. De'a
ce- ces 4 e. T TGE- B(&e a 2012) T: e
cers e, ft,De exa Ccet. - @€ bt,oe e-
s se. f e cacs<cace . TGFB
(Ko ¢ a. 2009),!1‘,061“6'1( ei\‘e, fgeqi:
. eco a 27, ®.e 3o, e ag. 2y -
agr ca~ bese ege 2 ed & TGEF-B.
Ber -e.d e effe@. « ce. cg\g‘eh e TGF-
C wd‘ceweq.a*‘ 5§ d-e.e» He -
¢ ¥§ & Tgfb2+/ Socest Nk g Cas
seeme ~, _ewg< be, fq.e' 4 (S8 -Lg -
Ta ¢ a ’2008) As scefe = ee.gD dq.qf -
be. fbhauc e gea;.eaeddg‘v ~§<. 1D, gewe-
(AR f, eg:ee cbica{e -L; e A7 e,
gge q.g ’TGF—
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a-e.ced BMRA. g.a q.g(Hq\e a. 2009). Add—
f ead s le Gy 5 € A ecqe el
'_ ‘L e BMP& ge.a =% and « < a ‘e BMP
agl 4.« (gl ea dffees 3. (I'K

¢ 3.2009). LA B T
TD e BMPRIA- ece;,. -L e e ed -»,D e

de e ‘;'q.g s28 € £ ’e {( , aad ¢ d?.
~agh q. fc el el ge h-ge' -
e’ "t&s Tag £.< G- ek bn.ue e -
el s foc e Sftpes i e cdge | N
e, eaces. fea. s asd ce deg_,
cel g s o Tdffees gedbzellzae-
. ©le Eb. ag e¢la.2006). l.ac: g, «. f
eBmprlageq.edq‘_‘ q.gea\» S8 1o Y ges-
e - afe b' r 3 q.deu(e‘»a,q.g

fg‘h.c - aq.dE eq. g%a c tane (Fg. 5) (S

¢ a.%008). Eas» gewe aba « del. ba-,.c -
“g<. 7o, gesew andd ffeles 3. q.,ﬂbe,eu
laeaba. »affe&: es? fea" P e KURS
gcadece, = f ~g€ . €a cew b,D
eade.g ok ele s~ defeo (S&j. ¢ a.2008).
BMP-4e. Bk sk BMPRIA d¢* ~g
gd‘c e 2% esl k. kY e S adl (Fg 5), be-

ca{ e 4 wg as -

‘h‘h‘{

euCag Sriadl - &
-e-te’gq.q\ce de -e.eLl "9\1’: f
5~ 8 b d- edx e eblasg qga-,.de' e a
ce. dffeeq. 9. = (C e ¢ av 2005). C~<;?I_—
by eeffeo f gebeace-"ecc
Taagt 3. mea L e 4‘ ShadS e et o
s Avgﬁ"-chc e fcey & ~gCeerro. ~fX

Joe Sftpessc. e e\’ssﬂ ac a0 e f
§c adl,a e abga. «re e «sed;cedb as g -
ﬁzk_’_‘;; ges el and dl a e, ea ce

dffees 3. = ()Qe a. 2011) ﬁcc dq}»,
ades . - de! e, f, eE3 b‘ gue
Sc o N ¢lage BMPRIA ad.dEé adl,
o eq\e.gb ;:- basc -e.gaq.de e. adffe—
es 3. = i( e~ edg‘c-,.g a S< adl a=d

S<ad’5'ee, .yft,eS(adSce(S

¢ a. 2004). T ‘e BMP-4 BMPRIA & adI
‘;goﬂwq_cee'{u « £ eWs = b-
.. fag ¥ -1 (WIF-1), ﬂ'coki Deaé 1

W, € gaa q.gdﬁ o8 q\-e.gdffeeﬁ a 1 (X‘;%
¢ a.2011) ?

Re. -, e < ceo'aebeeq. 4. ;‘i( e a_,

-+ ace BMR. s éqq.g oy €gs £, NS q\
'1 € =X e, fad, Y fe aq. - q.g a.. geq.e!
(S 5. & e al. 2012). @* g, e ldlz -

dL'q.'gGFPe o u\ - 'BMP S ad. g—

~a =gagct & caw be-aced .77 gew . - cew
Cflesn Y adee s agd Mo oand o d e
a ¢, ela ce, N e BMRA. gc.a'q.g ac-
o b fae aoa q.g, q\h.ﬂ ‘uLS%e
dal aglad- & Vde, e.gaeac aed b q.{»
(S . & ¢ a.2b12). T e adag’ ag ee
ﬂ, A(L(v'e.'o cbeu w-oegs f¥oagh g-
ed S< adl a=d 8¢ ad5 =d es e | o, f,"D e
.age gewe ex¢ d-g Idl, Id2, aq.d Id3, aXd
.\o‘ i{,ogd e BMP', 3, Yo « ezecaw act
d_gg ~g 3@, age. f,_g‘e.g« *_'D geled (A_e—
Al e-Acaya ¢ a.2007). Add, . ~af S\dt
. s, edsac € fBMRA. gua lgafe ‘?N.Si\}
L, e qe“ac ea ~dlgedct & Jb@aﬁ
c\ & e, No¢cat bg\e ., G igeleg.
. fc_gedand. ee_g ‘_U,&‘q-ge e. q( (Tal -
2% a.2016). T ece.; e_~< e-,.c ' aceagas
¢+, 3 BMR gasglce qaga, b
Lace g feg. Jdgtaglel d fgelea-
\,': o, faeN gl e a P buaﬁ ces , aud
e<' o ge, e’_ el fieecged e,z ace g a
BMP <1 b, .2,1‘0 % KL, 0 gea sgr K-
£l eBME (Tad, . 1 % a.2016)}
To eas -Mg e as . *<. «e (AMH), a.,
PR u"‘ . €la = b oage g%h asce
(MIS),z an. ac, da- % J’h'edee £ e
f e ae e, dg_c e g, by, ;a‘ beea
i(;, caed = 9% <. ‘”\y ge-u:-' k- %, ,de-
Ve lag g o €8S e ée b e
AMH gaﬁd 2 d? o e - ece,. - AMHRII
(Ca_ =% a. 1997} ELL, AMHca{t ¢a-
da L fs~gbdsg . i( Y N
) ‘eda' Lo N n-, eb&ck o '(Ca -
¢ a.11997). o
T est..a~ e fBMP gua «g « s> ¥
,{Jaedbn g%de f
) ) «.ES® ca« gese aed ffe ex-
: ggd?,g_‘qge; Jeacet, - g wededae
'age 3 aéc b, ,edb} act 3.+ da, Zlq.d
o gg (Nc.~<\»ae a.2013). ESC G i
caw dffe &, g & «. de =, E eend dex ,f,‘—
L Ned o geleg! o fo X a0 end dek
R A seq-,',f cet.ic a4 ed b
eeral o N 21,3 agede esdes . o
agE - Ai'gqa =% (L ¢ a.2013). A¢~ «~ A
g-%.a\ o 5% ACRIB asd 8¢ ad2, X ¢
‘ec. ce*aac' -, f, eNkX21ge»e
(L ¢ta. 2013) Sc B e Lo &(,edBMP4
« g~asgac b exbb - ggq. al edffe e -

.
{

e

o, ghel oA
ESCd ffe e ¥

24 Cite this article as Cold Spring Harb Perspect Biol 2018;10:a031997


http://cshperspectives.cshlp.org/

T

—¢

va

I’EIbPELUVC‘

Lora Sprimg raroor

— ToTUNO AND PEROP

d S
e,

q\q.g (anq.ge a. 2014) o Te -k eN diocas e ¢ e aqk('
_,oe €., ea ce s t, g‘*.g TGF Bfﬁ'k » gaq.el egg\ae Tek.

4
L)

d A/ - p eal o

;(‘_, . 2 A 9;‘ q\ e . ° S e
es¢ daga- 'SMA ‘o a c aage ‘t e<\> - L, get-tl\ o ceed o' as €y € a ,u\g\e
b, b dffees a. . » TGEPL, << < @.% trec c{awse. L add . <) el eldec ¢

(Z. § € a. 2012') %< _av, BMP- 4%*( le adal 3. 4. cas a. Dbe gec.eaed ned! o
EMTavde ces. e 'ace‘g\ ascgr eeeg. »a  eact o f e TGF-B  gasd, i‘b c ae

b}

@. ¢ a BAES-2B ces. (M _&%¢ a.2008). ¢~ lelib, e e ace,'&‘,v'a as, ag 0. Ox

% oo ;

M¥eek as | as EMT! yedeescesa | e e adXg o a, s Nedge W ga

- e b e' e a < te-e.cu< a « eac- - ad e éc amesce £ ¢ a. lde
S . o : & & 9\

4 1 e qkq.gb d, e dec bed ‘. ii g\ N o, - t ab!oedcej( dc\ - & At

;' N ‘D“.
;- 8 e Acc - dq.p TGF-P- g-e.a.q.g.q. be_,*_‘a»t»l\ﬁg ed .?",.:‘,0 e b; LB C e ‘.».
sigct dec ol edffeley 30014 UL T esckhme, de dilec ceh-
a-SMAez & ~gwr b blagk e,-'tgg 2o e £ e TGE- N, add, . dae gea ag
b. bes. W & TGF- B/ece - kel ae  JelNge, ch‘dﬁg e Wa, i.d FGF ;g -
’edq‘cedafe Tgfl’bl ~act 3. q.,oe,' b, - ﬂall,cﬁ . ’a u\q\e\: ec cu Cas begeq.eaed
bas pele adl edectaedagt b f o, ee e;_,“‘e a - gl Fgc_g\e aane  f
2 b, bes-e.. c.adefecL dq\c, o Yk an d&vc‘a‘d’e e, =< es asd, L €C b -
S ‘. i A NS C
€. ea dffees 3l » audt. A | geee, 4 f eTGFR dq‘ ot adcﬂ et
cha by N . e srre f € e g ak P oatal e gt aeafe, eaeaf
O B ooy Gy O " . - L3,
Zc cé(L ¢ &.2016). cedac . e de e =< €l fdg‘ca u\_g\e,qei‘
'T, &, TGF-BasdBMPz g Maszg e~ e “geagicw g, e << e-de eldes awd
& A¢ a;; ‘Lo geseo fb ed e a,ee dSé' «“ eqe*. Ae gud wg ‘c e*..t‘ o 2 o L€ €
~g o~gdee e, ca boe,. ek sa by dag faﬁca‘ ; ea-s\qeﬂ e a-
it N S 20 Dy G s @ 5 . : 5
k., eadffes 3.« adlcagec eenlir- o ’g\c o gua -4 w22tV ded BT eagf_a—
;<§1’a'4‘;4\g‘ea: a,.cqvg_‘ g, e ce‘.‘<eeq.cu<e Becaqeic'cew TGFB
La cei,ae e ﬂ' S €l eq_., ce_ {}ce fac ¢ & be NCRNYS bees e a¢ ~ed f-
d-e . f_ecdcer. ,Agf’f &,& Cp€ 2 ce- - ea dqc a‘< Ly gemel S Te Ny e
eq.cu<a q.cag, 4,ececan’y ed a ad L LR N _bec¢icr. e&»fg\ _ed.
d;ea . fdffees 3. sV degesd « ¢ «- ! T !
con s ““& fc Jelegbr vgcee 0 OWLEDGMENTS

&rce *end, e <, a dte <tesa- e

. fEMTDiL ;Du’g bees g\"-C]: eed ~ e We, ay a

R

o8, awdrseew i & bea., f,oe

N Xt o H3 0,0 58 egage . e TGF—Bd-’gq.a,v‘q.g a~d STEP g qa fr e

1

Cite this article as Cold Spring Harb Perspect Biol 2018;10:a031997 25


http://cshperspectives.cshlp.org/

fco;ﬁ?% Cold Spring Harbor Perspectives in Biology

PERSPECTIV]

www.cshperspectives.org

K. Kahata et al.

C‘»,’_' . 4, . acCes ci!’_, €& a3 =§
£t ¢t ab 2w Wel ay Ca Heq,
Hed- f- oS sll a.*dg& da».ceaq.df"a

Sy Z. \Q%% - e'ﬁdq.g f e a.g_{e z d% ~g
LeCaq. .. TDL ’_'e eﬂ'|§;(*<a‘t b

7
f<c adgesgctbe. ff g“b- ed; d e . N-
te,Ne 1alebeeq.g:.abe q.c dea’e'e as,
b cg, 4 o cis % beca{e .- ace

5( AT 'We al ged. ..%e a, -
Not ek as ﬂ,f’ Dc’ﬂq.d bees =c. ded -
Dcl <% el We ag ~ N edge fe.de.g ae

dﬂgCaq.ce Reea ¢ ,, eSﬂecﬁ Casce
S cw» e SNed. Reeac C g\-»c ,,oeNe—
LA fE ce. ee.ce(ENFINrb»,oe .z eas
U‘h, qFP6‘;’_, g & ,a*»d, eMa eC&: eIe. a
Fas«gNe Ny (IT-IL erb»’ o € By b
U.? 1 PP777 géac . °

-
1§

REFERENCES

*Reference is also in this subject collection.

A ~fe, ‘R «xe J, Rawad P Padaad-Gha C,
Sc af aws R, Se;: P.2010. Mg escarc a b ek,
L, $6%€ CI €<t gua agle *edf a £C A as-
cen de ? ¢ el . Diabftes 59: 1948 1956.

A, a L, Ha R D,B«éc e R E c N, Lu;g PBa‘d—

B S, Hbu® U.2010.Ces. | a " as d TGE- P gea 4.~g
dew.qne?:b, ce fA;eaged&, q_g,; .o dffeé ol
B T R Ba o €dgi. e N Cell Physidl 225
186, 195. 1

Agasd e-Acaga MA, S0 adc as - PD,Ac a e OV, Se -
_a-Pe oy ], Seege W,E; ebe g O, M-+ RE 2007. RS -
socaasdza a-eg fh ~é<. L. $e6 CIn -
Lext gua wgls 3 e . qg d'e e < s Dev Dyh 236
282512833, *

Aeaq.deAca‘a MA, Mc a -Ce,ex M, Vcesc AG,
Ras. I, Rg ], de K ﬁe RR, Haddad GGYTbB e D,
Setge W, EF ebegO ¢ a.2008. TGF-Bu i"a,."z‘
& ~dic ca\wegg\aedd& “%., ed ¢ a ‘a PR P
des, add 5 SC A _S:.g Dev Dyn 237: 259 269.

Asd ‘eeﬁ D, B. ¥« ML, Usge ede N, By 4 de A,
Sc e AL.2015.A¢" 4 Aa.dBreg aefaeldee-
N Lﬁ.gges.eevu 1% ¢ ce  «e asde ¢ ce
£2%c aec ce Endocriholdgy 156: 27440 2450.

Aqcar BA, Bes' : YD, R adN, ML\) ~aY, Peseag, N.
2007. B ~ec. Y . ge»\e Cr L esn ’g«.aﬁ«-gi o es a
fr.ek ~a dffees a. f e &, wdecte wr Ce
,Va.eage ‘Gastrbenterol'ogy 133 887 896t

Bab JL, H&aq.gFWW & ~gDM, XaY,Sd Y, Sé ad
TA Cac ; ag~aJA, C iﬁg'RT Sc ~oe AW, fCJ, ¢
a. 2006. B ~ex. "v, FENS c" cest 