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Lung epithelial cell senescence in IPF

Jun Araya, Shunsuke Minagawa, Satoko Nojiri, Yoko Yumino, Jun Kojima, Takanori Numata,

Hiromichi Hara, Makoto Kawaishi, Katsutoshi Nakayama, and Kazuyoshi Kuwano.

Division of Respiratory medicine, Deparmment of Internal medicine. The Jikei Universit: School of Medicine

Aberrant re-epithelialization of remodeled airspaces is a prominent pathologic finding in idiopathic
pulmonary fibrosis (IPF) and is implicated in IPF pathogenesis. Recent studies suggest that epithelial
senescence is a risk factor for development of IPF, indicating such aberrant re-epithelialization may be
influenced by the acceleration of cellular senescence. Among the sirtuin family, SIRT6, a class 111 histone
deacetylase (HDAC), has been demonstrated to antagonize senescence. We evaluated the senescence of
bronchiolization in association with SIRT6 expression in IPF lung. Senescence associated p-galactosidase
(SA-B-gal) staining and immunohistochemical detection of p21 were performed to evaluate cellular
senescence. As a model for TGF-B-induced senescence of abnormal re-epithelialization, we used primary
human bronchial epithelial cells (HBEC). The changes of SIRT6, p21, and interleukin (IL)-1p expression
levels in HBEC and alpha-smooth muscle actin (aSMA) expression levels in fibroblasts were evaluated. In
IPF lung samples an increase in markers of senescence and SIRT6 expression was found in the bronchial
epithelial cells lining cystically remodeled airspaces. We found that TGF-f induced senescence in primary
HBEC by increasing p21 expression, and while TGF-B also induced SIRT6, it was not sufficient to inhibit
cellular senescence. However, overexpression of SIRT6 efficiently inhibited TGF-B-induced senescence
via proteasomal degradation of p21. TGF-B-induced senescent HBECs secreted increased amounts of
interleukin (IL)-1p, which was sufficient to induce myofibroblast differentiation in fibroblasts. These
findings suggest that accelerated epithelial senescence plays a role in IPF pathogenesis through perpetuating

abnormal epithelial-mesenchymal interactions, which can be antagonized by SIRT6.
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Anifibrotic Effects of Blocking Antibody Specific
for PDGF Receptor-a or 8

on Bleomycin-Induced Pulmonary Fibrosis in Mice

Yasuhiko Nishioka, Masami Kishi, Momoyo Azuma, Yoshinori Aono, and Saburo Sone

Department of Respiratory Medicine and Rheumatology The University of Tokushima Graduate School

Idiopathic pulmonary fibrosis is a progressive and lethal pulmonary disorder. We reported that imatinib
prevented bleomycin (BLM)-induced pulmonary fibrosis in mice via inhibiting phosphorylation of platelet-
derived growth factor receptor (PDGFR). Since imatinib can inhibit both PDGFR-a and B, the role of
inhibition of PDGFR-u or B in antifibrotic effects of imatinib is still unclear. To clarify the role of each
PDGFR, we used the blocking antibody specific for PDGFR-a or  in BLM-induced pulmonary fibrosis
model in mice. First we confirmed the expression of PDGFRs in murine lung fibroblasts by a flow cytometric
analysis. Next we examined inhibitory effects of APAS and APBS5 on the growth of lung fibroblasts stimulated
with PDGF by using *H-thymidine incorporation assay. Then we investigated whether APAS and APBS
could prevent lung fibrosis in BLM-model of C57BL/6 mice. Mice were treated i.p. with Img of APAS or
APBS every other day. and assessed pulmonary fibrosis by Ashcroft score on day28.

Expressions of PDGFR-a and B in murine lung fibroblasts were similar. Addition of APAS and APBS
inhibited the growth of fibroblasts induced by PDGF-AA and BB, respectively. APBS5 prevented the growth
of fibroblasts more strongly than APAS. In addition, administration of APB5 was more effective in inhibiting
pulmonary fibrosis than APAS in BLM-induced model. It is likely that the PDGFR-a and B play a different
role in BLM-induced pulmonary fibrosis in mice. The specific approach using the blocking antibody for
PDGFR-B might be more useful for treatment of pulmonary fibrosis.
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Ml L7=. APBSIZAPAS L Y@<, HEEKFHL
MEhEE R LIZ(X3)., &L, Tvd~vaiw
I MARAMELE T T L 2\ C, APAS R L (FAPBS
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IMLE IRl vasohibin D#REHE{LIRREIZ F5 1) B & H|

EIrLEbH W E! MM KH R
Al g HFn VEfg v M4 e

FEFEPEITAAESE (IPF) 13, /N IERIBREE 55 £ OWRNE TS O MM 2 AE & Lo lihk - Tk
DB TH D, FOBMALOTFEEIZE TR 2 & E 2 B2 U0 D iR S T &
L CTGF-B1 DRI A 1), #RAEFMIRE D pEFEEND Z £ M BTV, Vasohibin-
1(VASH 1) (% VEGF BB U C s R M CRiig S 2 s BN - <h 5. fabix
I E TIZIPFAAM OB EHEEIZ B Il B mE S FHH IO L Tnbs 2 AR H L#M
HLA, ZOBGICVASHINEEL TW D E 25 2 mitair>7-. IPFEEMIZET S
VASH1 B8 % So SRR I TRFT L7 & 2 A, VASHI (TARHE( LI 25 8520 00 B L 4 B FE s 28
DIME P BARRL O T 72 &3, BRHESE AR E O Fi8HE 3E IR IZ VASHT O R B2 fEs2 L7=. TGF-BI
ISRV MEFE L3O v MGV A AR RRAE IR 5 VASHIL & X7 BHATTHEL, &
DIZHIAE LIG O VASHIHIIN L 72 Z & h, AhfiE IS VASHL & A L OV L T b
ZEERE L. RIZ, VASHI OfFRMESEINIC T 28GR R A 5 72D 12 siRNA & T VASHI &
BADORBEIH L= L 25, EHIRETaSMA ¥ 37 EHENZEHIZHEM L, TGF-p 1
BT E BIZHEELaSMA DRBFITTEE B /2. 5 O HA 5 VASHIZRRHE(LAR B IC I W)
TIMAEINHIVER O &7 & THRAE R FL 2 $15 L TS ATEME RS9 R ST,

Vasohibin-1, a negative feedback regulator of angiogenesis,
is expressed by myofibroblasts in idiopathic pulmonary fibrosis to

modulate fibrogenesis

Tokiwa Tamai®?, Nao Hirota', Naoko Shibata', Hiromitsu Ohta’,

Shu Hisata', Toshihiro Nukiwa', Yasufumi Sato®, and Masahito Ebina'

'Department of Respiratory Medicine, Tohoku University Graduate School of Medicine,
1-1 Seiryo-machi, Aoba-ku, Sendai, Y80-8574, Japan,
*Department of Vasucular Biology, Institute of Development, Aging and Cancer, Tohoku University,
4-1 Seirvo-machi, Aoba-ku, Sendai, 980-85735, Japan.

Vasohibin-1 (VASH-1) is identified as an angiogenesis inhibitor expressed by vascular endothelial
cells for negative feedback regulation. We examined whether VASH-1 might be involved in pulmonary
fibrogenesis because we previously reported a significant decrease of alveolar capillaries in fibrotic lesions
in the lungs of patients with idiopathic pulmonary fibrosis (IPF) (Ebina M, et al., AJRCCM 2004). The
immunohistochemical examination of lung biopsy samples taken from IPF patients showed that alpha
smooth muscle actin (aSMA)-positive myofibroblasts expressed VASH-1 in fibrotic lesions. The expression
VASH-1 protein was elevated in human fetal lung myofibroblasts in culture. Interestingly, this differentiation
to myofibroblast was abrogated by the knockdown of VASH-1 expression with small interference RNA. A
comprehensive analysis using DNA microarray approach further revealed that the knockdown of VASH-1
expression leaded to the up-regulation of TGF-B1, SMAD3 and aSMA genes. These results showed for
the first time the expression of VASH-1 in myofibroblasts and further suggested its additional function to

modulate fibrogenesis.
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B BEE AR HESE (IPF : Idiopathic pulmonary fibrosis)
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SRR SRR ¢ IPF AE OSBRI A
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1 AR 7 vasohibin D BRHEILIFAEIZ351F 2 42 E

BEIT-T-. FEREHRED HETITV, Alexa
Fluor (Molecular Probes)(Z X ¥ d ¢tk L7=. — o
212 Propidium lodide (P1) "CHZD x40 %47 > 7=.
BEEMRE 0 b BRI B RRHE S AR MRC-5,
IMR-90, WI-38% 37% CO: A  F 2~ — & —NT
B U7z, FRARMESEMIAR ~ D (LB E BRI, 10
em7 o v V2 | ZHINAREREL, 80% 2 7T
I B LT M L9 5 ML AC#A, 18 P[] 1% L2 TGF-B 1(5
ng/m) AWML, 48R & L7z, [RIRFICES & LI
AZENUL L, O TR A R A%, = OER T ¢
N —Z TN L7, T ORI TR 134k
REL10 AL ORI 2 B/ L7z,

RNA Fi# 2L 3 VASH-1/ v 7 &7 > © Vasohibin
Stealth RNA (Invitrogen #1:(Z THERE, BlFIL (5°-CAA
GGA CCG GAA GAA GGA UGU UUC U-3%)), *ig
AV AT FRELT, A7 77 VEFI(S-CAA
CCA AGG AGA GGA GUA UUG GUC U-3")%#ffH
L7z, HfEA -~ siRNA 3 AL Lipofectamine RNAi
MAX (Invitrogen#t) % v 7=, MRCS5#Z% 10 cm
BT 4 v V2 R, 80% a2y 7oy hIFIC
HEMLEREHIIZ AZH L, Lipofectamine RNAI MAX %
AT Stealth RNAB L OxA Y 227 F K% K
FGUAT Y ar L, 8EEHKICENERLO
FEERRICH W,

ifE: HlaSMA(~¥ 7 AE/ 7 r—7}/, SIGMA -
7% XA Y 7 v— /L, Epitomics), $i VASH-1(~
7 RAE /7 a—F)), Pib-actin(vVAE /72—
F b, SIGMA), itk R CD34Fik (= T AE /) 7 a—
Fv, =F LA, Hlvimentin ik (= 7 XE ) 7 a—
F /v, Dako), t h#l A% 2 & B TGF-B I(R&D),
PDGF-BB(R&D) % U /=,
DIRZLTOY T« Tk MIfA% modified RIPA
Buffer (50 mM NaF, 20 mM HEPES, 150 mM NaCl,
1.5 mM MgCl, 5 mM EDTA, 02% triton-X, 10%
glycerol, 5 mM SDS) % FIWVTIERRE L, & OHIaIaHE
HWE10%7T 7 VLT I RANLVTKEN LT, dkEi%
DFWVEPVDF R T L ~BEB L, 5 %AF LI
N7 TCT ey XU, HlaSMA(1:500), HtVASH-
1(1:1000), b-actin(1:5000) ¥t &= THRP THEi% L,
LAS-1000{b 5% TRt L7, #EBloE ki
Image J % AVVTT - 72,

DNAYA 707 LAk MRCSHINEEZ 10 cmi5sE
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L, Stealth RNA % VT VASH-1BEFD/ v 7 ¥
U ETo. Sy H T % AR L
Ja%[EIY L, RNeasy mini kit (QIAGENfL) % Flv T
total RNA Z}g8I L7=. 7L > b Low RNA Input U
=7 IR & 7~ ¥ > b Plus(Agilent#t) % iV C
cDNAZ AR L, 5l &\ T cyanine-3(Cy3) 7 )b
{t.c RNA%Z &R L72. whole human genome 4 X 44k
(agilent £1:) ™7 LA {Z Gene Expression Hybridization
KitZ VT 65C, 17TRENA TV XA B —a
EI{ToTle. BB DOT LA % Agilent~A— 7 a7 L
AAFXY T —IZL DV AFY =T L. TUVADR
Ry bOFAEIEIZIZY 7 b7 = 7 Feature Extraction
ver 955 L. BEfkLTvAOT—%

1:IPF ﬁ%ﬂiﬁmlﬁisﬁg ICH (T 5 VASH-1 ]
IPF H.35 O B AE BRI 12 36 W C it = A i 5 B FER 8 1 s 1
7 ML PN RZ A o0 — 512 VASH-1( 588 ) D 36 Bl %383 % (X 1000).
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DFFEHTIZIX GeneSpring GX version 10.0.1 (Agilent
technology) #fifl, Bz FDO I/ AV T 42 bu—
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b o C2EU EORBEDZELZ RO HBLE 5K
-,

METEEIT - v 22 T ay T 4 7O R
DOFFHEHAE BRI~ - Ay h=—DURE%
AT ZTo /. $NTOMRIZ=EDFE £
EHEFETRL, pO0SEAEEDY LHELL.

BREEE
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IPF 8.3 O B 9 A4 1 Jifi 12 36 1 F D VASH-1 D %
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FRHE AL 93 22 JE) [ 0D 1 87 48 J8 0% B3 7 I e B L2 s
T, MmN AR VASH-1 DR B2 MR L7 (X
1). F7z, FRRHEEND R % & TeME L iR I 3B
TVASH-1 DEBZRGT L= & 2 A, Mk
BNIZ VASH-1 ORBNPRBD 7= (K2). ZEREGR
21T 9 & a SMA [ O i B2 i IE C 1 VASH-1
MDIEBLL, EoREENHURETHIREBRIZ, IPFE
F M DFRAEALITZE T lToa SMA BR: 0 5 it 240 1
VASH-1 DR AR 1.
KEEHEHIFMEIIC S (T 5 VASH-1 DRIE O#KRET
BRAESE AL A VASH-1 Z PEAE L TV 5 Z & Zfifeil
+ % 72 %2 MRC5, IMR-90, WI38 0 3 f¥H 0 1% 4%
b M RRHESEHIIEMRIC R D VASH-1 BBl A 7 = A X

VASH-1/
SMA

IPF H O AR HE MR B2 3517 5 VASH-1 OB AFHLAEEMIIZERH 5. (X400)
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BT E o2, TGF-B1AlKE, k& LG o R AMEZE M I ~ D 43 (BT %+ 5 VASH-1 D5
FIZVASH-1 7 w87 BSHER L7 (3). Zhick ERETT D720, RNATHIZ & - TVASH-1 &
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MRCS ffifl2iZ TGF-B 172\ L PDGF-BB % it 48 K [i]#% DaSMA, VASH-1®BIG&Z VT AZ T uyT 4 v
T THRIE L7, VASH-1 %BLE L aSMARBLEZ ERILL ST 7 TRLT.

no stimulation TGF-B1

N w £
o

Arbitrary units

VASH-1 aSMA
=004 80 =0.05
0
40
0
20
0
0 0
0o & N R 0 & & >
s St
E AR Y & L
® ®

aSMA

0 scrRNA siRNA scrRNA siRNA 80

VASH-1

aSMA

B-actin

E5: VASH-1/ v 7 577 2 IZ & V) aSMA DHIRH WK,

= (.02

(=2}
(o]

N

Arbitrary units
N
«Q

il

scrRNA siRNA  scrRNA  siRNA
no stimulation TGF-B1

MRCS5 AR siRNA % FHVWVCVASH-1 D /) v 7 X7 U & 4T o 7ok, 240 ICTGF-Bl1 Z 8L, 48FEf#% D
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14 I R vasohibin OFRHE(LIFREIZ Fo1) B 2H

VASH-1/ w9 &) +TGFR1 TIEET 5 BIEF
VASH-1 SIRNAZ A L1-MRO-5418 sorRNA £ A L fMRC-5#8H
TGF-B1 (5ng/mi) TGF-B1 (5ng/mi)

Fold
Functional Fold Functional Gene change
classification Gene symbol change (up) classification symbol  (down)
Fibrosis FGF1 8.61 Fibrosis FLRT3 3.35
FGF2 5.89 HGF 2.27
ITGAV 5.38 NAB2 2.21
IGFBP3 57.75 CSF1 2.80
IL1A 119.89 KGFLP1 5.30

IL6 38.16

IL8 266.43

IL11 8.45

ICAM1 2.39

NCAM2 6.82

VCAM1 11.01

COL1A1 7.26

COL1A2 3.00

COL3A1 2.03

CSPG4 2.64

PRG4 498

FN1 2.97
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Proteome analysis of bronchoalveolar lavage fluid in patients with
chronic hypersensitivity pneumonitis

Tsukasa Okamoto, Yasunari Miyazaki, Ryutaro Shirahama, Naohiko Inase

Department of Integrated Pulmonology, Tokyo Medical and Dental University

Rationale: Hypersensitivity pneumonitis (HP) is an immunologically mediated lung disease induced by
inhalation of numerous antigens. The pathological features of chronic HP comprise UIP-like pattern and
fNSIP-like pattern. Patients with UIP-like pattern present with insidious onset and have a risk for acute
exacerbation.

Objectives: The aim of this study was to investigate proteins related to UIP-like pattern by comparing to
fNSIP-like pattern using proteome analysis of bronchoalveolar lavage fluid (BALF).

Methods: BALF samples were obtained from patients with chronic HP who underwent surgical lung
biopsies in our hospital between 1998 and 2008. Seven patients with UIP pattern and 4 patients with {fNSIP
pattern were analyzed. BALF samples were concentrated by acetone precipitation and we analyzed with
2-dimensional electrophoresis. Gels were stained with SYPRO Ruby Protein Gel Stain and scanned with
FluoroPhoreStar 3000. Proteins were identified by referring to the SWISS-2D PAGE human plasma map
and the published BALF maps, or by liquid chromatography nano electron spray ionization tandem mass
spectrometry (LC-—nESI-MS/MS). The concentration of pulmonary surfactant protein A (SP—A) in serum
and BALF was measured by enzyme—linked immunosorbent assay.

Results: In comparison of BALF samples between two groups, SP-A and a2 heat shock glycoprotein were
significantly higher in the patients with UIP-like pattern than fNSIP-like pattern. In contrast, glutathione
S-transferase pi and vitamin D binding protein were significantly higher in the patients with fNSIP-like
pattern than UIP-like pattern. We revealed 9 isoforms localized in the SP—A area. The levels of SP-A in
BALF from UlP-like pattern were significantly higher than fNSIP-like pattern in the expanded subjects.
Conclusions: We identified several interesting proteins that might have roles in the process of pathological
differences between UIP-like and fNSIP-like patterns of chronic HP.
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