Syndecan-4 [l #HEFMINEIZ 5T TGF-BIZ &K B
collagen & a-SMA mRNA FEHTHE % P4 5

B8 Dk ESON BT —PEEHESC
A fERy % B B g &

M Al H (A

Syndecan-4 [ TR RS D ~NT VIR T 07 A7V T, FO7V a7 Ah
AHIEE IR % 72 cytokine, growth factor 72 & & fE A LAEFFAER 2 b 0. F5FRMEMMTRMEE (IPF)
DR T EFMaC~ 7 1 7 7 — I syndecan-4 IR FBELL T\ D Z &b, IPF DIFAEICEE
HLTWAZ EWRBENDN, MOBRKMEIZIS T 5 syndecan-4 D EIDFEHIIEI RIS Z 0.
Z 2T, MifRHEILIZ 51T B syndecan-4 DEFNZRETT 272012, MifRHESF AL WI-38 24 L,
TGE-B #lli# %% @ type I collagen (COL1A1), a-SMA mRNA ¥B 7T & Smad3 & Akt D U U ELIZ %t
T BENBRIZKT 5 recombinant syndecan-4 @ co-incubation & syndecan-4 knockdown DN F: & Hias L
7e. FE7z, TGF-B & recombinant syndecan-4 D& % in vitro binding assay THENT L, BT syndecan-4
KA~ U A\ bleomycin Z & N5 L, 14 H#% D COLIAL & a-SMA mRNA 81 % wild-type =
7 AL B Uz, JRRAEZE A WI-38 12 38\ C TGF-B I IZ & 5 COL1AL, a-SMA mRNA D3
HTLHEE & Smad3, Akt® Y ER{LTCHEIL, recombinant syndecan-4 & TGF-B ¢ co-incubation {2 & ¥ #])
il 41, siRNAZ & 5 syndecan-4 ™ knockdown {2 & V) B488 X472, 72, recombinant syndecan-4
13 TGF-BIC IR R AFIEICHE A L=, T, bleomycin# 5 14 H #% 0 COL1A1 & a-SMA mRNA %%
BliZ wild-type v 7 A & ELE L Tsyndecan-4 K<V A TR VR L Tz, LEDORER LD,
syndecan-4 | LA ARAEZE AR IZ 35 T TGF-BIZ £ % Smad3 & Akt U > BR{LAi] % I L collagen O FE
AETUHE L ARRRMESE A~ D L 2 EI T 5 2 E 0D, IPF IR A ik L O RE~D B 53R
@D,

1B B AT RS IR 2 R
T AR I B B BIARTSCHE ISR %
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Syndecan-4 1%, AHIEARMEIZHIT 5~/ T U Hils T
a7 A7) B HSPG)TH Y, t h Tldsyndecan-1
D54 ETOAEENFET D", Syndecan iE matrix
metalloproteinase (MMP)-7, 9X° ADAMI1772 ElZ XY
e E 2 b Ul S, MIRREA O T e "]
AL (soluble form) & L THHFEEL™, £D~/3F
> B [ 1R 5 13 FE % O cytokine, chemokine, growth
factor EFEETHZ LI L - T, TOAEYFENIRE
HEERHLTCNDEEZLNTVS .

Bolt, FxIZLPSKENK G~ v AfEEET v
(2351 5 HSPG mRNA D FB & HFt Lz & = A,
syndecan-4 D F& FFH-BH B, O HSPG LA
{fELTWiphotz, F72, syndecan-4 K~ AT
LPS Z R ENHE G Lwilt-type & HLESRRT L7z & 2 A,
LPSRE W53, 6Hf 1k O BALFE P 4F BRI
syndecan-4 K8~ 7 A 233\ C wild-type & Fhlz LT
%<, BALIK®H D CXC chemokine T % KC, MIP2
b syndecan-4 R~ U A THERETH-72% b
DOFERIL, syndecan-4 1% LPS i E 1235 W\ THIRAE
ERZ bSO E2TRR L TND.

FeFMERRRRAMERE (IPF) 1%, SHEAETFENRKIS0% O
THABR OB ERTH Y, MoEEIC
Fl &g < BRERIC X DM S =25 — 5
Vg ERifast~ b U w7 ADOEFIEANE DFRRED
KETHDD, ZOFEMIOWTITANHLR SR
V. I ETH &1L, syndecan-4 23 IPF Jilikfk iz B
WT LEAIfae~ 7 v 7 7 — I <HEELLY, IPF
B O ORE S Maded (BAL) ¥ H @ syndecan-4
REIEEELVEETHLZLERLTNDYNR,

*
30 4 “t
<
Z
€ 204 T
<
3
8 104
0
TGF-B . + .
sDC4 . . +

A EIDORRFE T, FARHEIEak 2 H U T
HEALIZ I3 1T B syndecan-4 DIFE & gt L7z,

Bk

JiiBRMELE AR WI-38 2 fFEH L, TGF-B (1 ng/ml)
B 24 BRERE % D type 1 collagen (COL1A1) & a-smooth
muscle actin (SMA) O mRNAFEBL(EEMIRT-PCR) &,
I 115 4 % @ Smad3 & Akt D U > [ 1k (Western
blotting) {2 %19 % syndecan-4 D& E| % 51 5 7= 12,
¥ 7 recombinant syndecan-4 (1000 ng/ml) & TGF-B @
co-incubation DF #E, ¥RIZ syndecan-4 siRNA i AlZ
& % syndecan-4 knockdown DF #E DL R 2 a5t L /2.
B2, TGF-B & syndecan-4 & DfEE & METT 5729
{Z, recombinant TGF-B (5 ng/ml) % ELISA plate{Z
coating L, FiE & DI &£ 7 recombinant syndecan-4 & 4°C
overnight Cincubate 4, 480 nm {Z & 2 W EEE (OD480)
ZRE L. %2, syndecan-4 D fiifkHE(LIZ 1T
LE % in vivo THETT 272912, syndecan-4 K1H
< 7 Z1Z bleomycin (2.5 mg/kg) R ENRE L, #
514 H % o Jifi 8 # |2 ¥ 17 5 COL1A1 & a-SMA
mRNA DI % wild-type = 7 A & Hhlg L7z,

w R

Pl ARAE E AR WI-38 1233V T, TGF-B Il 24 s
%12 COL1AL & a-SMA mRNA OHEIMHTED B,
H157% 12 Smad3 O VU EBELTLER RO 7o
(data not shown) 7%, TGF- B & recombinant syndecan-4
@ co-incubation (% 24 f f#] % @ COL1Al & a-SMA
mRNA O Z#NH L (Figure 1), 15431 ® Smad3

« T

o-SMA mRNA

- + +
- - +

Figure 1. Effect of Syndecan-4 on COLIAl and a-SMA mRNA Expression after TGF-B
Stimulation. SDC4: syndecan-4. *: p <0.01 vs. Medium only, T : p <0.05 vs. TGF-B. Means + SE.
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& Akt DV AL TUHE A I L 72 (Figure 2). FIZ,
syndecan-4 siRNA D& AMIIIZ IV T, TGFE-B 1%
24 B ] %  COL1AL & a-SMA mRNA 3 . 13,
control siRNA E AR L 0 H#N LTk Y (Figure 3),
F721545% 00 Smad3 & AktD U U ER{LIL siRNA &
AR IZ 35T control siRNA E AKAME L 0 FodE L
Tz, F72, TGF-Bidsyndecan-4 & BEEEIFMIZ
fEE9 5 Z & Din vitro binding assay TR S 41 (Figure

p-Smad3

p-Akt
TGF-p - + +
SDC4 - - +

Figure 2. Effect of Syndecan-4 on Phosphorylation of Smad3 and Akt
Expression. SDC4: syndecan-4.

< 75 -
b4
14
£
« 501
<
-
-
O
Q© 25+
O -
TGF-B - + +
siControl + + -
siSDC4 - - +

4), T|Z, syndecan-4 KB~ ¥ A T®D bleomycin K&
W5 14 A % O &2 51 5 COL1AL & a-SMA
mRNA EHIL, wild-type~ 7 A L L CHET
& - 7= (Figure 5).

e & BE

A, Frx X AfRRHELIZ 3B 1) B syndecan-4 D&
B 2B 5 NI D7D, R HESE AR WI-38
~O TGF-B R %7 % syndecan-4 DEFH & &t
L7z. Syndecan-4 %, KA CIXHIEREIZFETE
T 5 & EHIT, shedding 52T AR & LT HIFIE
95", SEIOREFT, recombinant syndecan-4 73
TGF-BIZ & % collagen & o-SMAFEILDOHE N2 #1H L,
syndecan-4 siRNA IZ L ¥ syndecan-4 O F&EL % 4| 3
5 & TGF-BIZ X % collagen & a-SMA FE TR, D BN A3 5
WCTT#E L, F7-TGF-B & syndecan-4 ¥ ST A Z &

o-SMA mRNA

Figure 3. Effect of Syndecan-4 siRNA on COLTAT and a-SMA mRNA Expression after TGF- 3
Stimulation. SDC4: syndecan-4. *: p <0.01 vs. Medium only, T : p <0.05 vs. TGF-p. Means + SE.

p-Smad3
TGF-B - + + -
siControl + + - -
siSDC4 - - + +
p-Akt
TGF-$ - + - +
siControl + + - -
siSDC4 - - + +

Figure 4. Effect of Syndecan-4 siRNA on Phosphorylation of Smad3
and Akt Expression. SDC4: syndecan-4.

0.25
(TGF-B 5.0 ng/ml)

0.2

0.15

OD 450

0.1

0.05

O T T T T 1
0 100 500 1000 2000

Syndecan-4 (ng/ml)
Figure 5. Binding of TGF-f to Syndecan-4.
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P <0.05
0.8 1
[72]
% % 06
(7]
<F o
<Z l
23,
85'
0
Wild-type  SDC4 KO
(n=9) (n=11)

a-SMA mRNA
in Lung Tissues

P <0.05

12

o T

SDC4 KO
(n=11)

Wild-type
(n=9)

Figure 6. mRNA Expression of COL1Al and o-SMA in Syndecan-4 Deficient Mice (SDC4
KO) after BLM Instillation. Day 14 after BLM instillation. Means + SE.

AR TE 22 &b, AIEHEMEEm D
syndecan-4 | TGF-B & # & L, TGF-p & TGF-B
receptor & D& ZHHlIT 5 Z LI K > T Smad3 &
Akt DY U EEETTHE D I Z I U TR KEAL 2 Bl
THEEZ N,

IT4E, Jiang 5 ld syndecan-4 KIE~ 7 A &2 L
bleomycin &KUVE W% 5-1% O Jifi D #EHE(L % wild-type =
U A &R U, syndecan-4 i HUERAEIC (B & 8
-2 chemokine T& % CXCL10 &~ %7 it B 64 %
S LTHREA L, CXCLI0IZ L 2 MMESF IR Ok &
P2 Z LI K 0 OB Z i35 LA L
TW3 'Y %72, Echtermeyer 5 i syndecan-4 K8~
AT HT AL ORRBREEERA N B2 b
TWHZ EHMELTEY Y, syndecan-4 [ LHHAED
GE - BECEEREEEZR L TWDHEEZ LN
2.
T x OFGE L E MR BEAS-2B A L 7z in
vitro DFEET T, recombinant syndecan-4 O FTALE |
LPSR°TNF-a|Z & % CXCL8 mRNA D#EIN4 i L
Tk Y, syndecan-4 D~ T UERERAIEZ T LT
TNF-o & recombinant syndecan-4 O #% & 3 TNF-a &
BEAS-2B £ TNF-a receptor & DFES % #ifil4 5 =
L2 &Y CXCL8 mRNAENZ#FI L7z & B2 b
% 9. Jiang & D= 7 A bleomycin i HEE €7 /L D
Y CX, BALW#KH @ TGF- B X syndecan-4 X
H~ U A Lwild-typev U A TIEENRD AT
o2l Bi 597, syndecan-4 KB~ 7 A Tl
B OMHEACNBECTH 722 D, syndecan-4 1%
TGF-BOFEEME] & N XTI TGF-BIZ L D HIEN
TFNVOIEHALIHIZ 5 EEZ L TnH EE X LR
5. LLEXY, syndecan-4 1T TH 5~ 1T B

BpLfx DAT 4 2—H—LDOFEAENLT, Bk
TEERSCHREMLIER 2oL B2 6, fMila
21 O syndecan-4 {X 2 7 & H & L CPKCa DiE
{72 EORBBAND S 7 F AR EICEEREE LT 5
ELMESNTED 9, WEEREZRELE.

AFEIOKFHI LY, syndecan-4 23 ffifrHE LI 1E
AELOZ EBBELMIR -T2, 4%, IPF: K
TEPERTRRME LR BT 5 syndecan-4 72 K D7 a7
FT7VH, Va7 a s E arget & LTz
TREEORRICHEIT T, S OISR RN &
Ez2bhb.
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TGF P& R BIBERLATIC 35 ) 5 B catenin A& NFEAT IS
X4 % PTEN V) > [ AR il 48 oD 8 BE
A E SR FIR? BRI

R MR RRESE 1L, fibroblastic foci DREEZRIRFE A E T 5. BRI T A R
SRR L RT I E PG SN, Fa ik, B HEACHHE SR MU i P B AR R
FRAESEHIIR 2 [RIE L7z, HIZ, epithelial-mesenchymal transition(EMT) [T ifasb < b U » 7 2 Difd
FPEEAZIILD & THBRMBER LB CTREERFETH L Z EBAMHAI LTS, Zh
D AR ARHESE R N TR T B AR LR 251, TGF Pl RIEA B L MRS IR e 7 Uik e
BEAEBHRL TS, Fxid, MEBRENREN L 5T 3 F S F 72 EMT BRI & AL 50 12 Hi 4
L1%% PTEN OAEBEMED, EMTFHERIBIZ L 5 PTEN CEREEALO U V(b & - THEE T2
TEEHLMNILE. XBIC, PTEN CREGEBFERZEAT S Z LIZL Y TGFRFHFEEMT &
HETAZEE2HLNILE., LOLEBRLEDOL I BREHFICEI Y EMT 2RI T 50809 &
WOWTHEHBAL N TIE A>T, 29 L7=H TGFB#%E EMT B iz 58 =1 BLI M AR 12
FAET 5 B-catenin DT EABATIC L o TRFE SN D Z L& S 7z, Fexid, PTENDCK
sl U > BRAL ERALAE AR 2 0 TGF BRI & 5 B-catenin DA D & MG E N~ JHTERAT % 58
BIZHIET A LI X0 EMT 206425 Z L 2L L. 20X 512, PTEN® CRumH Y
VERLERALAANC & AP 2 RERIC RT3 5 2 &1L, EMT 72 & ORBIBIF ST~ AMICT 5
ZEiZohnbEEZ LN

A critical role of phosphorylation of the PTEN C-terminus in TGFp-
induced fB-catenin translocation into cytoplasm during EMT
Naozumi Hashimoto', Kazuyoshi Imaizumi?, Yoshinori Hasegawa!

!Department of Respiratory Medicine, Nagoya University Graduate School of Medicine
2Department of Respiratory Medicine and Allergy, Fujita Health University

The pathological hallmark lesions in idiopathic pulmonary fibrosis (IPF) are the fibroblastic foci, in
which fibroblasts are thought to be involved as key mediators of matrix deposition. Current evidence
suggests that the pathogenesis of pulmonary fibrosis might involve the recruitment of endothelial and
alveolar/epithelial cell (AEC)-derived fibroblasts through Epithelial/Endothelial-Mesenchymal Transition
(EMT), as well as bone marrow (BM)-derived fibroblasts. Fibrotic lesions contribute the development of
new fibrosis lesion as tissue microenvironment through the supply of many kinds of growth factor signaling,
TGFp stimulation, and hypoxic condition as well. We showed that TGFB and hypoxia in tissue
microenvironment modulate phosphorylation levels of the PTEN C-terminal tail, resulting in loss of PTEN
activity. We also demonstrated that modulation of phosphorylation sites in the PTEN C-terminal tail could
rescue TGFP and hypoxia-induced EMT. Nevertheless, the biological mechanisms remain elusive. Recently,
TGFB-induced translocation of B-catenin from E-cadherin complexes into cytoplasm is involved in the
transcription of EMT target genes. In the present study, our data suggest that mutation of phosphorylation
sites in the PTEN C-terminal tail (PTEN4A) inhibited EMT through complete blockade of B-catenin
translocation into cytoplasm, besides the inhibitory effect of PTEN4A on TGFf-induced activation of smad-
independent signaling pathways. Thus, this exploration leads to illuminate the mechanisms, by which lung

fibrosis develops.
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BT AR KERE 1Y, fibroblastic foci ¥R B2
BAEATDH. BRECREICR) B RRHESEMIRIT 25
REH A RTZENRESNZ. 25 Lich, Fix
VARSI >R & U TR B B SRR ME R D T E &
WwELEZ 0. E£7z, MAREERKSE L TH
epithelial-mesenchymal transition(EMT) & /1 L 7= fiii il =
B2 SRAAE S MR DFFTE b s SN72(2,3). &bl
Fx 1%, endothelial-mesenchymal transition(Endothelial-
MT/EMT) % It U 7= 380~ L8 PR B 0 B R STkt 2
fazFE L C#E L (9. EMTIEMas~ R U
7 ZADWRFEALZ L U &3 DBHEIR TR IR
DTEBERFETHY, ZORIEIXMEMEREOE
REIE EE DO TEER VO LD, ThbDEhk
IRRRHESE IR DS TR 2 BRME(LIR L, TGF i
FEAR I MEBBREL L ZH LTS (5).
VAR N BR R R F T D TGF BRo AR e 38 il 3
PTENZEHUE T % L O'PTEN CoR4a U > BR{LEL Y
VL TUE AR T 5 2 LIS LY PTENTE R T &
bz EEBABLMNI L (6). £72, PTENCK
D Y B LEML OAERRIT 2 B IUNRBER 5
EMTZ #1922 & b B THLIZ LT(6).
LinL7ai G, ZO5FFREFFIIAL TR
Mol AEZRGERLNNITHZEEZENEL
7-.

B &
1) TGF BAiliZ & % B -catenin IR E PNFEAT DR FE
Jiifie R AR % v C TGF BRI LZ X 5 B-catenin
HIRE AT & o )E Y CREAM L 72
2)PTEN CHKinV BBt LB{mTERIZ L 5 TGF
BB -catenin ML E N AT HI A 20 SR DFRET
FY) (Dox) AT B FHEA L AT AR EA LT
Jifi b Bz AR H358 A AR 1, 34 (Dox) 7 &1 %L GFP,
GFP-PTENwild 35 & ' GFPPTEN4A(PTEN C K U
VERCERL B T AR ) 28 A L2, TGF BRI
12 X % B-catenin Ml fd B N AT & fo e Y TR L

' SRR E R R R
PR PRI - T LR R
TV AERR B B S IRAATIEEE  ARSE A

7o S BICT TICHERFEAAHF T 5 H1299 /1
|{Z PTENwild, PTEN4A, =t b m—/b 27 & —%
ZEEFBL U= MIak 24857 L C TGFBRIEKIC & 5B
-catenin MR B NAEATIC X9 2 Il 2 S & #8m L 7=

S

1) Jifi = B MR 33\ N T B -catenin AR IEIZ RTET 2
Tl EEYA TR L. TGFRRIEIZ L v B
-catenin [ IHIAEIE HHIIEAE ~BITT 5 2 & 2B
L7z,

2) TGF Bl i T Dox £ & 5- H358 fifi & 52 il fid T 1%
EMT %" L 7= E-Cadherin ®j855 & Fibronectin D1
TRAETBD TNV, T —2 L TP-catenin {34
[ S HMRENICBEIT L. —J, TGFBRIE T
Dox #% 5-ifi |- fz #ifiE ¢1% GFP 3 & ("GFP-PTENwild
B HIERE CIEB -catenin FAIENR D> & MEIE ~FAT
L7c. —J, GFP-PTEN4A A TILTGFB#
HZ & o ThHB-catenin I IMIEEICBE L EE T
bolo. T TICHMERRKRIM 2 A3 25 HI209 #ifin T
&, 2 he— Ry X —E AT, TGFBIEH]
B TIZR VT B-catenin (XA E NBITE R LT,
—7J5, PTENwild, PTEN4AE ARKTIL, TGF I
BT 28 T B-catenin (X AIIEIEIZ JBTE L 7. TGFB
H) ¥ T 1L, PTENwild 3 A H1299 4 fd &k 1% B
—catenin (T I B ENBITEZ R LAEZOWIEX L T,
PTEN4A 3 A H1299 flfaik CldMfaEIc BE Lo
FThot.

T2 ITIRMELIRZE IS 31T DRRHESE IR D ZARIMELC
SWTHEFT2HTA), ZHbOEZERR R
AR T D RME(LR A 1Y, TGFBRRIELS LW
KRG COMBMNEREEZ 6L T, &5
72 DRELIRE TR E ST 5 & WO IEELTT
ZOREEEIT> TV 5. MR EITISEIER
EMT#FEHEE T2 T 2N RETH L Z &
BT AT, —OORlEEHIET 50Tkl
AW REEZ B L LIRSS BNETHD &
W BRRIZCE - T2 (5).

PTENZEMT 283 5 & & & 20l % BEH
I LS A R E R CTh DY, Fx L TGFB
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T EEAE 3 K OMRER SR IR BB e & DR N R BE IR 1
S PTENC K V LB % U B LiEfi+ 5 &
EHIZPTENTEMETEZ 7o b Lic. TOREERE L
TEMT#HEEZ b= T 2 AN L. L
L7225, ZOMFITH LIS TV Do T
B-catenin [ E-cadherin & KD —E DRSS Th
DA BET D Z EB ML TWT, TGFRH
BT X A fibronectin <2 vimentin 72 & 0 EMT 24> F
FEELEFIZIIB -catenin HSHIAIE D b AHARE N ~FAT
TAZERHMBNTND (7). LLRR5, Mk
WUNERBEIR T & D TGF BlIILIC & 5 B-catenin fllfE
AT PTENC KR Y VB L2 N T 208 9 00T
B B CTrado 7z,

Fex 1L B AR S TGF BRI X v BE A&
PTEN %I & PTEN CHbs V) v ER{LTTHEN b /-
HENDZEEHALGNT LD (6), 4EIFE X
TGF BHIIIZ & U B-catenin ASHIAZIE D> & HIARE N~
AT H 2 LR MR L. £ 2T, PTEN CHK#Y
CEBALERAL O U 2 FR AL P E 3 TGF BHIIEIC L 5B
-catenin DMBIINED S IEAN~OBITE T 5
ME D MhEBE LTZ. PTEN CRu U B L&
{575 BL PTEN4A 3 A 13 TGF B4 IZ K 5 B-catenin
DHE N T A B L7228, PTENwildi#Efs T &
AU TGF Bl IZ & 5 B-catenin DFMIZE AT % [H
IET& otz IHIT, T CICHERRRA A
T 5 HI2 MM CHMAEE L7228, =2 hr—/bx
7 & —E AHI299 fEfE 1L TGFBFERIL iz W\ Th
B-catenin {T 4 CIZMNLENICREITL THAMA L T
7=. L L7275 5 PTENwild B X U'PTEN4A A [C
£~ T, B-catenin (FMAEIZRBTHZ La b b
L 7=. TGF BRI FIZ3 T PTENwild 3 A #i A £k
TlEB-catenin [ IHFVENBITEZ R TICHEAD ST,
PTEN4A 3 AFIIEEE TIX TGF A FIZB W T HP
-catenin (ZMIMAEIZR B T2 2 L 2R L. 20
Z &%, TGFBZ EHMBBUNRERTFHEEL 2N
&, PTENCR¥m Y U BRAVEALIT Y Bk A 50T
T PTEN OIEME IR 741 TR -catenin % MEABMEEIZ R
B+5Z a2 b=b9 2, TGFBRAR S/ EREE
KA IZ & 0 PTENC R U B bERfir o Y B
{ETLHE L CPTEN OIEMEFBHAFEI NS Z &I
K o TB-catenin AN ENBATT D & & HITEMT
BEBICEAZ L ETFRLTWS. —J5, PTEN CK
Ui ) BRI B TS 2 PTEN4A X PTEN C Ui

U VEBBEEMIO Y Vb A SERIIET At E D
72 b LT, TGFPZe EHMMNRER FREIC L -
T % B-catenin DAIILENBAIT 2 I L TEMT &R EL
TR ESERITIHE LIz B2 b,

T OEIRIX, TGFRRED 72 WIEFIREEIZB W T
ty PTEN4A A (B -catenin OO FIAE N R 7E & A IE L
WREEFHET 5, TGFRRIEPTFEAET A
REBIZ BT PTEN4A 3 A 3B -catenin Z FlAEE_E
ICHERF 95 & & B ICEMT B BB & 52 223
THZERTFRIEND. ZIUTEFERBEICH D
A TR B E 5 27, B RELIILD LT
DIRIGEALIZ BV CIRFIRIM &2 B EICHIET 2 2 &
EARET AR S S DICXH T LOTHD. 12
BRI R S WO BLR T, A HRAIRENR & &5
[ZEZ PTENAA IZ X ATRIEHISICE B2 L &
Z5.

INGOMALES LI, FxlZ A 2EHWE
PTEN4A BIEFE AL L DR EMRFEF CTH D, Afi
BRAHERE 123 1T 2 BRAESEAIAR & PTEN ZEEM9IC L7z 2
NOOMEIIMD THER R BOTHY, Zhbd
SEBR D> & HT T2 T AR AMERE DTR P HI (2 31T B EE 2
FERPEOND LI L CREER B 272 9.
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RAE L=, A — b7 7 V—DREX], BEHZHOZRETIE, TGF-BIC & 2 ML o
FHEIZH LT, A — b7 7 U3 MEIICER Uis. iSRRI T, IPF O REISHEL
B e CIRME BRI O BRI & B 2 SN AMIEE PN, p62 E EXTFIALEADE
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Involvement of autophagy in IPF pathogenesis
(Autophagic regulation of myofibroblast differentiation)

Hiromichi Hara, Jun Araya, Kenji Kobayashi, Saburo Ito, Naoki Takasaka, Hiroshi Wakui, Yutaka Yoshii,
Chikako Tsurushige, Jun Kojima, Kenichiro Shimizu, Takeo Ishikawa, Takanori Numata, Makoto

Kawaishi, Keisuke Saito, Yumi Kaneko, Katsutoshi Nakayama, and Kazuyoshi Kuwano.

Division of Respiratory medicine, The Jikei University School of Medicine

IPF is characterized pathologically by aberrant regeneration of metaplastic epithelial cells and
proliferation of myofibroblasts, which may be attributed to abnormal wound repair process. Autophagy, a
process that helps maintain homeostatic balance between the synthesis, degradation and recycling of
organelles and proteins to meet metabolic demands, plays an important regulatory role in cellular senescence
and differentiation. Here we examine the regulatory role of autophagy in idiopathic pulmonary fibrosis (IPF)
pathogenesis. We test the hypothesis that myofibroblast differentiation is a consequence of insufficient
autophagy. Using biochemical evaluation of in vitro models, we find that autophagy inhibition is sufficient
to induce acceleration of myofibroblast differentiation in lung fibroblasts. Immunohistochemical evaluation
of human IPF biospecimens reveals that fibroblasts in fibroblastic foci (FF) express both ubiquitinated
proteins and p62. These findings suggest that insufficient autophagy is an underlying mechanism of

myofibroblast differentiation and is a promising clue for understanding the pathogenesis of IPF.
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Rl D BET
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HE L PIES FH— v ZET

(%55 ] SRS 31T 5 B B Sk 3E R ATBKM AR fibrocyte 2 & IPF FE T4 & DM HE S
TV 5. —J5Cfibrocyte DITHRMERE IZ 31T HEENIRIERATH Y, fibrocyte O effector cell & L
TOBENZ SN THE L=,

[ 51%] Fibrocyte 5538 B i OBl A IR EE % ELISA 2 AW CRET L7z, &bl MRk
fibrocyte & D HLEEFIC L B b b HiARHESERIIE O fibrocyte (K TFHEIETE R I Z DV TP H-F X ¥ B
0 ABEERE IV TRFT L7, Fibrocyte 5738 EIBHNMIARME AN lysate I 351 2 o-SMA FEELE
v xAZ 7y MECTHRE L. IPFAFEMIZIIT 2 fibrocyte 7> & O IEFEE F DI EIZ O
T IPF B AR ED 1o %t 4 2 se i g (02 TiRET L7z,

[#5 58] Fibrocyte #5388 By IS REMEIEK TRE O R 2O, & MlifMESF R fibrocyte
DY (FEO)RAENE IS & 7k L7z, Fibrocyte 558 HIERIBUMBRMESF MINEIZ Ta-SMA D
BNTLHE LTz, IPFBfIC 38V CRRMEZE MR EE 4 FPL0M T fibrocyte 23 ERES S 4, [AHIIG T4
JEIR 1 DI R ST

[E42] fibrocyte (TR FPEAE & A1 L CRHESERIA O FH O i e SR IE ~ D b 2 58+ 5
= & TR LARAEIC B » TV D ATREMEASRIR S 7.

FEBRFAIV AL FH A 2 AWFIEE IR ZR B R
et eies
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LI

JlHRMERE O AEFRIZ B R EN A /72 LT D i
FEHR ORI E LT LT > b ORRMESEMAL LIS
(2, EBEH RO MEERRTEGHIL T & 5 fibrocyte 2377
TELTWA[L]. FEFEIMIZIT 5 fibrocyte £% 23 K5 F
PENTRRMETE BB IS CTIREE AN S I LA RICE <, FF
WAV R O 9 5 L [RIRRIS, RS PERTARAEE
BETHR L OMBEANHE T35 [2]. Fibrocyte
XML ER R~ — 7 — D CD45, BHifa~— 0 —o
CD34, #EH A v k&7 &—Th 5CXCR4,
CCRTEDHH & R I MMM DAY Th D
ag—Frl, BEAVFL, TaTvaxrsF Ul
EEATHZEE/HME LTV, 3], fifi~EE
L7z fibrocyte I, #fEEFMIIRICMEL 2T —F %
HU® &THMENEEZEET D LI XV iR
HELICBE D > TWD EFBZX BN TND N, —FH Tk
HIERE L U TSR IR E T3 200 8 5 vic
DOWTIXEZRBFN DV T2V [4, 5]. Bucala b
DEITD VL E 2—{ZBWTIE, fibrocyte DA IEHMIT
& L TORBPRMEFEIERSER STV [6].
T, FRME(LBREEIZ C fibrocyte 2> b BEFHIA 7 3
WTLHE UNTRAE L 2B L TV A LB 2 7. A EIiT
fibrocyte (D HEFHE K] T £ A & A1 L 72 Blifiie S A 1o
T AHERZ FLITHRET Lz,

B &

b hREME 0 EEEREDBEL, 7 T exs
Fra— L7 T A TR ARG ER, B
AAE Z 4B L, AutoMACS % F T CD3(T#H),
CDI9(BAHfE), CDI4(HE) TR AT 4 T2V I v 3
“IZE D e bfibrocyte # 0 L7z, 7 a—H A b
A MY =T RFERAIC TS Mao
L~ — I — % RETH T &IT XY fibrocyte TH
BHZEEMER L. B bfibrocyte & 96well 7' L— b
WWCHEEL, BE LEFTORSHEEER FREZ
ELISAVE %2 W THRE L2, M HRFEe -
fibrocyte & DL EEF|IC K D & MlMRMEZEMIE O
fibrocyte I FF M TE S S IZ DWW T H-F 2 Y B D
IAARERE W THRE L. 88N T E
LR %E T fibrocyte IR FAME £ I TR AT H 4 5E
SISO B % s L 7=, Fibrocyte 55328 &I

b b AERAEZER A lysate & IV Ca-SMA, 227 —77
VIBBE 2R Z T ay MEC TR L.
Fibrocyte £5 28 _b- 1 ) 34 il R HE ZE MR IR IC 1T D o
-SSMA, 27 —5 IR A AWK F O EDE
DSEIG B s L7z, IPF B AR 60 A &2 v
7o SR I T FSP-1, CXCR4, BEFHRF-1Z%)
T AHIEYAEITY, IPFRBFTIZI 1T 5 fibrocyte
O RFFER B ONZ RIHIAE DS OBEFER F DR BLUZO U
THE L7z,

Bw R

b MR &LV 2 L 7 fibrocyte B EIE D4
FEBIEIR FIREZ ELISAJEIC CHIE L 2 5
fibrocyte 5525 FFF{K 1742 TGF-Bp1, FGF-2, PDGEF-
BB OFRBLTLHEN & BTz (K1), fibrocyte & D
IR L0 £ OMIBEIRANEIC b N ITARAE SR
VLA S & R L 72 (X2). TGF-B1, PDGF-BB,
FGF-21Z5%9 % BEPUA T I fibrocyte K TFPE & I fifi
BRI O YT i DWW THRE L& = A, %
O VAFE I 13 PDGF-BB, FGF-2 BLEHLAIC L 0 #)
il & AL7= (3). iV T fibrocyte 5538 L%, TGF-B1,
PDGF-BB, FGF-2H4Iz L5 b kIfRAESEAI O 5
BAEFEHI A~ DI DWW THRET 5720127 = A
Z o7 my MEZTa-SMA, 27 —FVIORE%
REf L7, TGF-B1, FGF-2HJIEF & [FIERIZ fibrocye
Brd FYEWIEIC T N R ME M C D a-SMA,
2T =S UIORBTLES MR S (K4). &5
FHIR 129 2 BB SR 2 U C fibrocyte 5538 ETE
FIMIZ X 5 & DERMESERIIE O i SRAE SRR IE~ D 731k
ERET B e Lz & 2 A, TGF-B1, FGF-2D
FREHAIC LD & MMM TODa-SMA, =
T — 7 I OFBLDIE S L7z (”5). PR EE i
Rz B B 3 E Y12 T FSP-1+CXCR4+ i i
(fibrocyte) 23 HRAEZEHIAR I PN 72 B ONCZ D JED %
DML TEY, S BIZREMIEN TGF-p1 2385
LTCTWaD I &NfER S/ (X6). FGF-2, PDGF-
BBIZ D\ T b [A] Bk O £ 23 15 & 41 72 (data not
shown).  Fibrocyte LA#h DG A FEEAFIL E LT
EEA LR RICHE~ s 07 7 — VU RROH LR
7.
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4. Fibrocyte 3538 FIHHIMIZ & 2 b N RIS HESE I~k

Fibrocyte 5% 1%, TGF-B1, FGF-2, PDGF-BBTF7E FiZt MIGHHESFMIEOERZITV, FHIED lysate
EFRANTYxAZ T oy MEKZTa-SMA, =7 —7F YV IOFRBFZ O THREF L. TGF-B1, FGF-2HM
I & [ARIC fibrocyte 5728 EIEHIIC L ¥ b MATBRMESEMAIZ B D a-SMA, 27— 7 L IOFB I TTHE L.
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5. Fibrocyte 536 EIEHIMIC & 5 b b IHRAEE ML O A IRMESE IR~ DAMBIT R 5 7 7w % 0 FHUE & T30 SUS O M
Fibrocyte 5548 EVE & & b ICE MR T O EPUREE TIC b MRS MIESE 21TV, FMaolysate ¥ N T = A Z 7
2y MEIZTa-SMA, 27 —7 VIOFRBIZOWTHRE Lz, a-SMA, 225 —4 13 % TGF-B 1, FGF-2 OREGUAR I L.

6. IPF BBRFHHIZ 31T B fibrocyte 7> B O IEFHIK T-F 5,
IPF BBRH BHAAE G IS8V TFSP-1(48), CXCR4(#%), TGF-BL(FR)ICHT 5 3EPEEITo72. Merge &I
THEB% 29 5 FSP-1+CXCR4+ TGF-B 1+ #2358 B, fibrocyte 2> 5 O TGF-B 1 BE TR S 47z,

5T &0 BME B SR LA B 0B L 7= fibrocyte 23t

% # AN H 3k fibrocyte & F#z L TGF-B, CTGF % pE4:
Fibrocyte |2 TGF-B1, FGF-2, PDGF-BB7z & D L ARAEZE AR 6t Lo-SMA R A TLiESE 5 Z &

SRR T2 F5 B0 L, B 260 A oD s S0 # Rp Ak 2R DL XN TVWAH[T7]. £ 7 Andersson-Sjoland & (2
M~ REL 95 D Z &R I, Wang LV, FRFRMERTARHERE B ISR D gl T
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