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Radiotherapy is commonly used in treating many kinds of cancers which cannot be cured by other
therapeutic strategies. However, radiotherapy also induces the damages on the normal tissues.
Radiation-induced fibrosis is frequently observed in the patients undergoing radiotherapy, and be-
comes a major obstacle in the treatment of intrahepatic cancer. Hedgehog (Hh) that is an essential in
the liver formation during embryogenesis is not detected in the healthy liver, but activated and modu-
lates the repair process in damaged livers in adult. The expression of Hh increases with the degree
of liver damage, regulating the proliferation of hepatic progenitors and hepatic stellate cells (HSC).
In addition, Hh induces epithelial-to-mesencymal transition (EMT) and activation of myofibroblasts.
In the irradiated livers, up-regulated expression of Hh signaling was associated with proliferation of
progenitors, EMT induction, and increased fibrosis. Female-specific expression of Hh leaded to the ex-
pansion of progenitors and the accumulation of collagen in the irradiated livers of female mice, in-
dicating that gender disparity in Hh expression may be related with radiation-susceptibility in female.
Hence, Hh signaling becomes a novel object of studies for fibrogenesis induced by radiation.
However, the absence of the established experimental animal models showing the similar physi-
opathology with human liver diseases and fibrosis-favorable microenvironment hamper the studies for
the radiation-induced fibrosis, providing a few descriptive results. Therefore, further research on the
association of Hh with radiation-induced fibrosis can identify the cell and tissue - specific effects of
Hh and provides the basic knowledge for underlying mechanisms, contributing to developing thera-

pies for preventing the radiation-induced fibrosis.

Key words : Hedgehog, radiation, liver fibrosis, progenitor, epithelial-to-mesencymal transition (EMT)
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7IAE GFl tiet A7 A= QAT A A8 &
Abgt FERE Y FAR Q18 AR ZAL ok 7t At
28] sl B3] gzl Zlo] glck wEhA, £ FAAM=
WAk ALY @ zF 22 9] &4 gis) dwsty H
EAE 7o A9 B (repair) Y-S 2HE= A7 By
3] A & 71(hedgehog) 9} WA AL W 7 Afrglee) ¢
AR S A, BAbd A 5ol WE FAEE HasE 5
Ae 71T doAS AAE A gtk

al
7¥ekal uH12]. WA g = B ‘%(cehopathy) At 3
ZEA 3.9} (hepatocellular
carcinoma), ¥ ¢ (cholangiocarcinoma), ¢ % (stomach can-
cer) 59 Aol ARE-H AL 9la[16], BAFAE, o AR
TFFE} AT ATl st =] FH A (breast cancer),
W Fo|t, ¥ Mo]ha 22 Zo| Y (metastatic cancer), F7
19 (head and neck cancer), % (lung cancer), 27 (rectal
cancer), ¥ %(encephaloma), #)7%(pancreatic cancer) 5
oA WARY A &5 APt ok YA Aae T4 2
717} AAY, 2ZW R AR o] 97 &S F3 Xﬂ
W7t 27kt AU, &2 934 e F AAGA
H R E ARs= M a3l 310}7‘] o
Atk 53], b& AgMH YL 4 aAE 5
»1: Uﬂ—r E‘]’I—X_IL_ ]A t‘“ﬂ"]‘ﬁr 0}/’(]‘3} ]

47, 63, 75-76, 82, 89, 92]. o] t}ek3k
2 AR g g g Hes 247 o2 A st

P
HAHOZE 24 Y] AHE FUSE ABIRL AL
o gheb, WAL AR 4 o) Ag gasln A8
EEBECEEEE PR AREEEEEEE R DR

stoll thEk olsl7t B2t
WAL ZA} A, 27 374A09] 4 side effect)o] W43}
Td 1 FFT DNA <&/(DNA damage), #it&F
(hypoxia), 4t8}& ~E# ~(oxidative stress)7F $ATH31, 50,
93]. WA ZAHE DNA &7l 9 gk A E 24 apoptosis) 2
M EGZA A (cell growth arrest)S & HHsle] F/d R w2
J_§} ’3 Bl (premature senescence)E %= 3HTH30, 56, 62, 65].
t‘o/\W ZAbe 2HA LY Faigte] HIgAA R v
13Th[50, 88]. =, ARl o) A4t

A rss fi
‘F’r‘?ﬂl’ 12}-1a(hypoxia inducible factor-1a, HIF-1a)7} -
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TEjo] &4 Felol ALdA @70 Y= Aolth4, 88,
91]. A4HA37-2 TGF (transforming growth factor)-g19] 2
ZR07 %ﬂ"ﬂl(collagen) 2 o& A E9]7]4d (extracellular
matrix) EHE%J%Q S ASAA, At Yol B
TH15]. PhARto. 2, WAl o] &4 4FAF(reactive oxygen
species, ROS)2 iﬂr"o] LS frdske] A of @akst ol
o #d& MEYE F3td 2EY2E Fidde ot
[18, 66, 84]. o] oFAl, WA, 818 59 Q%10 = WA
DNA &R ofue}, A 2he] o 2 =47
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©] & 2= (hepatitis B virus or hepatltls C virus; HBV
279 A7 (alcoholic steatohepatitis; ASH),
H 43E&4 AW (nonalcoholic fatty liver diseases;
NAFLD)el &Jsf &t AL, 2o % 7] 5 (parasite), &5
J(drug toxin), UIA 2 B (metabolic disease) T 7+ &4
of ofsf 3t whgo] WYHATH3, 4445, 81, 91]. o 2
Aol 1o 4 oAl E (myofibroblast) o] 74 0] 3412 <l
S oH23, 37]. F, 1 £ AL, 2 373 A E (hepatic stel-
late cell/HSC)7} 44 froFA| 22 1 $(transition) ¥ o], F&}
A, ¥ B 29 €l (fibronectin), a-smooth muscle actin (aSSMA)
=9 Aed EAL A, WiEeA 2o 1A E A3
" €A JTH3]. EMT (epithelial-to-mesencymal tran-
sition) 3+ 2 FrolAE Aol 7]odle AR HuFHT

SATHS, 51]. 7+ A frstell Al A frobA L 34 A o] A
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2t el vk, AR ZAM wE A oAl EAd o
ek A= AR AR 7 AREHE ol el 3ot T
L A7 tie] Ha 9l

WAL o] o] gt A3 XJEM #Boste dAEo] YA
= 74, AfEk 220949 TGE-B 9 g&o] tF= 3t
[16, 32, 49, 73]. TGE-B&= Al X 9] ¥3}9} 528 zdsle o)
EAQ S A2 ko] A A EAsE thekdt 7

by

S g99sit 27, 37). £3], TGF- H2 g F TGF-p1& ¢

ZHIEAE, *OJVL, aH 2o 44 FF ddPo2H

A3t faske Aoz gdA Auss, 91]. TGF-B1
I

M| 2 (plasma membrane)dl|] EA| 3= & (receptor) ]

Agste] Smad "1§;ﬁ AAE SAdstete], 22
(procollagen) ] 2= A ATFEAYS O 714 fFHAE
ElRckRS %j/\}?_lZ}(transcrlptlon factor) Ev HZAA
(cofactor)E F-J38HAl HETH?2, 85]. B3, p38, INK, ras/ERK
MAP 932 5 AEHE AA9 AA8S ol 24
frotil 2o 45 XA Fo38]. WAl o3 df
st &, TGF-B19] 28 F7h7F Ras o 25 Gy9| 1
F7} 02594 8 Gy7hA 9] thFst Akl A, TGF-BH al
FRGA S 2437 #EH U 53], TGF-B1 AR DA
A7V Add ' Bl HAMIS AY 3E W) ARE &
]“ﬂo a-SMAZ} 45 ATH32, 73]. o] Hrel, Adf-8 #4
S 38t Aog2 g4HA, a4 A7 A A (connective
tissue growth factor; CTGF)9 &% AL <12k (tumor ne-
crosis factor; TNF)7} $1TH10, 20, 25, 54].

AF7HA Fe Rl Aol g 7+ Adfrstel tig d-E

A AAES VIS B AR 848 1A

e FAHY A7 ARE| 2294 Faha gk
2+
=4

o 1% rlo
e L=

ks

3 olfre, Al M AR Bag o g A7 AR3t At
Aol Aed APEEANA Adol HA Rdvke HolA
At FERAY FAjo] e A4 sjAd A7t 37
el A2 FAE. oo e}, AR P2 F2 AX
FEodM FRHL o AT, AEFEAAN 22E AT
A3g A A LR A gstrlde F2rh Ak E
g, tiEe A7 A3t st £ A o SMAS] T
S2W AR AEE FTHAS B, A ER Alo]o] TR
S5 AN 8 H(hepatic sinusoidal)} HAZ A A 473 =
e

4
HofF7] ®aha Ak vpA o g, 7k A3t 1163475
I3 5 e EMTeE 3404

4 A0l tﬂrﬁ A a} 713 oJstat) A8, YurE 7
BN BRHE T AR 718 B RANS A

3
A SR T AR S TS FE TN, T
QAL S B W3S AT 5 U A4S AP

sIXl& As MY H[A(hedgehog signaling pathway),
EMT 22|10 7+ dRet
ARSE fdste 295 % TGF-B 9
(hedgehog/Hh)%= 7t A-f-3}ol] 3417 2
Husa o33, 60-61]. 1970d ) $4} Christiane Niisslein-
Volhard¢} Eric Wieschaus= % 3}2](Drasgphila) 9] ¥l ob Ay
g o A A& 3 (segmentation)dl] FL3F 4&S ste A
S35 HAsA Edvel © A5 f
B2 f59 9ol ZMAAY Wgy, 1 =
(hedgehog) 9t ZthaL a4 sl A &1 i #}et
HTH26, 29, 42, 53, 71]. A AZ 1 EAfFY vjopdAy A o
A ZE A gAA 98-S she B A (morphogen) o] TH24,
58, 74]. wjobt A Ao M A E s|A 5= e A
ZHl e 2do] A ok=th35, 60, 61, 74]. AT, &4
oA Sl A 529 o] RuEdA[34], o5 I T
AT77F &3 APH ik
3 ?‘]EJ 215 A7 o= Sonic (Shh), Indian (Thh), Desert
(Dhh) = 3T7Y @7tE=(ligand), patch®t smoothend
(smo)Zh= 8- (receptor), 13 AT EFZIAARL
glioblastomas (Glis: Glil, Gli2, Gli3) s{d 2|7} o} A=
2]7F =9} patch®] 2 patcholl FU™ smoE FolF7
511, £9 smow AEAZ 053, glisE & OZ o] FA|
714 Aot o]5 8 glise HAFRI Ak (transcription factor)® 2t
B3], A4le] A HDAR] A1 ASAE B3 &
HH58]. A2 AAAR] hip (hedgehog-interacting pro-
tein)¥} patche] 23L& A3 A5AS BEZA43 A7
(Fig. 1)[28]. 3lA2 1 A5+ LE A (autocrine), It
(paracrine) =+ =T H(e ndocrme) W20 E o] FAER
A, H = Z2Ade ¥ #- YA (membrane-asso-
ciated particle)e] FE|Ql AAF(exosome)S T3l HEHT
26, 58, 68].
ke FHY AAJAAG Abel ETIRIE ] S A5 T
S fr=stA ®th Shhel 79 98 A 2 (gastric parietal cells)
o A EGF (epidermal growth factor)ell 2J3j &&= A|gt, 71
BRAANETAME o i AR A (platelet-drived
growth factor; PDGF)4 leptinel] 93] #& = 7]% t}[58,
77, 90]. ®=3, A EFAPE S A E= HA Eo A= Shht Thh
2F dddgy BuEs 36 9y &40 wat ook
Sk A A BEEE F X a1 Bd 5ol A
A A S BHEAS FAIZTE 4 AT Tl A 2
HHA }d AT g G2 1A, diEE
Zr

o, Az
e Aow

o

7

7t 8}(primary billary cirrhosis; PBC), Hl&E4 W7t

(steatohepatitis /NASH)# 22 o8] 79| 7183 A

o] BuEYaL, o5 WAL 7 FTAEY F4

<5 OVﬂi«] =23 AAH e 3 5] 5 TH33-35]. ©f
2

Aol ¥
d HEB s A, A& 1E LEAHU(autocrine)? kA

B R oox



W(paracrine) o] WA o2 FF £l WE A o] HFH Y
(re-morphogenesis)oll #ojdte o2 &
o &Rz 10l &g EMI7} e &= Ao
EMT# A543 9] A X (epithelial cel) 3 F7+9
A 3 (mesenchymal cell) & 7+¢] 7 ©](transition) &
[8]. A&3HF AN TGF-B13 2-& Ato]ETIRIY F7he=
ANEZFEY AZ APES B, $35202 S0 AE
£9 $4% AR 2YH, A TEY AR FXE A
X2 WolstA Hof TCF-Bll o AZAMEZHE Blojuyx
Ao ET} Ho} 2 A8l 7]ofstAl ATh8]. mEtA,
Azl g ZA AT 97 EMT 93 wh=
N S AEER Q8 oS #4358 A RFMIE 54
of Uehpar, datH oz X e dfd 42 vS 7k
s} t}8, 35].
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TE ATH33, 35, 55]. 7] &4 TAES EAE ofn|gith
JA 7P 2 A s 2 v A S e A2 g A
g£2o] 9131, o] &AL TN AT old ThE HEH T F2
S EYA HHEA, 7 750 &AL A o]2A "tk
ARG A o vl st dEo] FrtEE AT} A E
o ApETe A#Ago] Stk $A AFTUNE, AE APES
Agete TN AT frert A4 2 EHIEH
FE7IMEY BolA AE 9 F4, 1A ZAfrotEY
ZA4E fF=sH "ok o)E AXZEL dAZT AEAE Y
& SEATNL, o] Z el AR5t B ThEstE oA, T 5
Ao g|A5 1 e gk vgHso 7 YA Het
[9, 36, 58]. =3, AT I+ vAF%E FHA X (immature
ductular cells)& A=3to] Gl dFep e M{3 AT
9] F37} 7hedt AAMEES BYEole 98 it [59]
olwf 2} 43| TAH Z(Natural killer T cells; NKT cells)E *Z 3

plasma membrane

NN

plasma membrane

VI,

Hedgehog Signaling
“ON”

Nucleus membrane

L Promote Fibrogenesis

Fig. 1. Signaling pathway of Hedgehog. The binding of Hh ligands with Ptc releases Smo, which allow Glis to translocate into
the nucleus. The translocated Glis binds to the promoter, extracellular matrix protein and cytokine, or to the Hh gene.
Therefore, the activated Hh contributed to liver fibrosis. Shh: sonic Hh, Ihh: indian Hh, Dhh: desert Hh.
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& T JZ (T lymphocytes)= 7 B E0]7 =H
X7} E1¢ CXCL16 (C-X-C motif ligand16)2t=

SEZ AL £ Sel] 7t 2 2% NKT Al
ot 29 HAS AScte AL YRES WHE
A ZE ARt Jdgs Bs 8 "oH79-80].

rr

.
o0&y

AR ZALof| ofat ZF HRet ZIRMOM| XI5 9| AE

AT A E F A5 wo] APHTHe7, 69, 72]. 1H
G5 e oF 24 R AfstE Faksta glo]
A, A ZALZ 71 24& AAS A EEE, & 24 ¥
o goldle Afrst 24, AF3tE oAl FEst7ld 2 4
337, 2o AR RAb 2 gz oA A8t
5, 2t Bt A9 WA KB AfdEe & 2EES
sty otk webA, WA A5 a4 TUE K9
WA 28 & FukE A58 Ade] digh A4 S
Atk G w7 A7 Axje] maH, WA o] ZAME AY

FERY Y 7oA TGF-B19} WM EE9] 2Hgo
o E7} FAE o] A B 79T & gl
[16, 32, 49, 73]. < £ AFHL WA o 71
&gl A z1ote] HHAE A SFAHFig. 2)[86]. 20G
of I A S AN AJF(C57BL/6)Y] 7H HE)
Hog Z WstE BAth Aol 29 A XS (fatty hep-
atocyte)©] 7HE® AHEA(portal traid) FHANA B2EF
A 9 (central vein) ZAH M= Z7)7}F 2o A EEE
A8l gle A EEC] HEF AT s AR o] ZAME
A ] 7ol A A EAPE wFAQ active caspase-39] HE 7
A, AAEZT EE F < Thhe] FEZ719) x5
AZAE SAA7IE Glid Edo] FEHUL, o BE
HAFEE BEE A BEE 2F AR EMT 13 1A
<l TGF-B1¢} EMT 37191491 laminin 839 2d 71 4
EMT A 14121 bmp79] & 7hAol ofs) Sk st &
S A5 G4t e 1t 2VINEY ST

th. o] A5 WA g 2t &N B A s HE

g Il
El_u_ﬁlru

t

S

]

S|
=4
A
[e]
&

& o o

1%

H

o

i,

(03 CTRL R

mh |

GAPDH | S et b et i s |

N T
GAPDH |-—i--ﬁ
TGE-p1 [t~ e e e e |
GAPDH | ‘e G N s

a-SMA iy e g — -uul
GAPDHl— I--———il

Radiat Res (2012) 179: 69-75

Fig. 2. Increased expression of Hh signaling in the damaged liver by irradiation A. H & E staining shows the accumulation of
fatty hepatocytes in irradiated liver. The inserted image shows the representative fatty hepatocytes from IR (X40) B. Liver
sections stained to demonstrate the activated caspase 3 from representative CTRL and IR mice. C. Western blot analysis
of Thh, Gli2, TGF-8 (inducer of fibrosis) and a-SMA (fibrogenic marker) expression (GAPDH was used as an internal
control). D. Sirius red staining in liver sections from representative control and irradiated mice (X40). E. Expansion of
CD44-positive progenitors in mouse livers after radiation. Box displays the magnified image from radiation-treated mouse
(X40). PT: portal tract, CTRL: control group, IR: irradiation group.



S7PF 3 271428 S4 3 EMTE 8 3t A3t 719
& 5 dFe AR AT Aolthse]. £, WA AR
o 7 RAES sty A Aol A 24
oA dojet HhEol Tt s A 219 AHEAE F7HH o
AN AT FARD ZAF §, 65791 105l B8 AF o 7

oM slA 52 Aol #AHIL, 53], 65o= EMT

=

ARzt FEEHAG 539, A A5 Z7ER] Thhe 659,
Shh 105l Foigts = Hd g 2olg HYH, o]«
Thh} Shho] WAbA ZAbe] W 7+ gy g 9§
S gte AS S AF7HA 2 FE AT B A
tzte} sl A5 =9 do] defA A ¢7] Wi,
PAA o 93] =248 ZFol A9 Thha} Shhe So]# W 2
o Fo|Eoh WA 2AF F 657914 Thhe] HEZF7}
A 72 E71M 2] FA40] Y 105 7HA] A&EH T,
3} Shheol wHalo] SFjale 1050 #2E Ho 7 Ho},
7IMEY] F4L, Shhe 7+ AH31E F23S 7}
t}. Shho] Ar8hel] #eda}ir[60], [hhe 7+ Z7]A4

& e 9% A+ 279 s IR gri34].
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