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The effect of gefitinib on naphthalene-induced bronchiolar epithelial

cell injury in mice.

Takashige Maeyama', Chika Harada', Tetuya Yokoyama', Saiko Ogata’,

Naoki Hamada', Kazuyoshi Kuwano®, Yoichi Nakanishi'

‘Research Institute for Disease of the Chest. Graduate School of Medical Science, Kyushu University
“‘Respiratory Medicine, Department of Internal Medicine, Jikei University School of Medicine

Epidermal growth factor receptor (EGFR) and its ligands play important roles in the regeneration of
damaged epithelium and proliferation of various epithelial tumors. Although the EGFR-tyrosine kinase
inhibitor, gefitinib is effective against advanced non-small cell lung cancer with EGFR mutations, some
patients treated with this agent develop severe acute interstitial pneumonia. Characteristics of patients who
develop interstitial pneumonia include older age, smoking history, and preexisting interstitial pneumonia
suggesting a connection between airway injury and alveolar dysfunction. The purpose of this study was to
investigate the effects of gefitinib on airway repair after injury. C57BL/6J mice received intraperitoneally
naphthalene at day 0. gefitinib was given per os daily at day —1 to 13 after naphthalene administration.
Bronchoalveolar lavage fluid and lung tissue were obtained at day 7 and 14. Terminal bronchial epithelial
cells from day 14 were retrieved with laser capture microdissection, and gene expression analyzed using
microarray. gefitinib treatment following naphthalene prolonged neutrophil sequestration and induced acute
lung injury. We found 17 genes with more than a 3-fold increase in bronchiolar epithelial cells from mice
treated with gefitinib following naphthalene at day 14 compared with those treated with naphthalene alone.
Upregulated genes are known to participate in neutrophil sequestration, acute inflammation and airway
remodeling. We conclude that EGFR inhibition in repairing airway epithelial cells modulated significant
expression of genes involved in the airway microenvironment, prolonged inflammation, and potentiated
acute lung injury in mice.
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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 o-2 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 UIP-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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Protein # Protein AC Identification
method

1 a-2 macroglobulin P-01023 GM

2 Ceruloplasmin P-00450 GM, MS

3 Immunoglobulin A-S chain P-99003 GM, MS

4 Complement factor B P-00751 GM

5 a-1 B-glycoprotein P-04217 GM, MS

6 Hemopexin P-02790  GM, MS

7 Albumin P-02768  GM, MS

8 Transferin P-02787 GM, MS

9 Complement C3 P-01024 GM

10 Immunoglobulin heavy chain a P-99002 GM, MS

11 -2 antiplasmin P-08697 GM, MS

12 a-1 antichymotrypsin P-01011  GM, MS

13 a-2-HS-glycoprotein P-02765  GM, MS

14 Antithrombin 11l P-01008 GM, MS

15 Vitamin D-binding protein P-02774 GM, MS

16 a-1 antitrypsin P-01009  GM, MS

17 Zinc finger protein GLIS1 P-08151  MS

18 Apolipoprotein A-1IV P-06727 GM

19 B-actin P-60709 GM, MS

20 Fibrinogen y, a chain P-02679 GM

21 Immunoglobulin heavy chan P-99009 GM, MS

22 Immunoglobulin heavy chany P-99006 GM

23 Zinc a2-glycoprotein P-25311 GM

24 Haptoglobin P-00737 GM, MS

25 Toll-like receptor 1 P-38593 MS

26 Orosomucoid 1 P-02763 GM

27 Pulmonary surfactant protein A P-07714 GM, MS

28 Immunoglobulin J chain P-01591  GM, MS

29 Complement factor | P-05156  GM

30 C-reactive protein P-02741 GM

31 Proapolipoprotein Al P-39133 GM

32 Immunoglobulin light chain kKA P-99007 GM

33 Apolipoprotein A-1 P-02647 GM

34 Glutathione S-transferase pi P-09211  GM,MS

35 Translationally controlled tumor protein ~ P-13693  GM

36 Serum retinol binding protein P-02753 GM

37 Haptoglobin a P-00738 GM

38 Superoxide dismutase (Cu-Zn) P-00441 GM

39 Transthyretin P-02766  GM, MS

40 Immunoglobulin binding factor P-15923  GM

41 Calgranulin B P-31725 GM

Protein #: reference to the annotations in Figure 1. AC: accession number from the SWISS-PROT

database. MS: LC-nESI-MS/MS. GM: Gel matching with two dimensional gel electrophoresis

database from SWIiSS-PROT.

L7z (33, M1+2). UIP/NZ— 2 & NSIP/NF —
VORBRICEEZRDZLOLLT, UPIZED %
<HEBLLUM# 787 &L, Immunoglobulin heavy
chain a, «2 heat shock glycoprotein, Haptoglobin B,

Surfactant protein A (SP-A), Immunoglobulin J chain
OSFEHITH Y, —HINSIP/SY — @& RHTH -
f= & 22827 B %, Vitamin D-binding protein, B
-actin, Glutathione S-transferase pi D33 TH -
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Evaluation for surfactant protein D levels

in acute and persistent-induced hypoxia in acute lung injury

Naozumi Hashimoto', Koji Sakamoto'. Kazuyoshi Imaizumi',

Yasuhiro Kondoh®, Hiroyuki Taniguchi®, Yoshinori Hasegawa'

! Department of Respiratory Medicine, Nagova University Graduate School of Medicine
“Department of Respiratory Medicine and Allergy, Tosei General Hospital

Since acute lung injury (ALI)/Acute Respiratory Distress Syndrome (ARDS) is known to give rise to
tissue and cellular hypoxia, mounting evidence suggested that persistent hypoxia could induce epithelial-
mesenchymal transition (EMT). Although many studies suggested that surfactant protein-D (SP-D) has
been shown to play a critical role in immune response, recent studies showed that SP-D deficiency resulted
in increasing mortality in acute lung injury model, indicating that SP-D might thwart an overzealous
inflammatory response that could potentially damage the lung. Although many studies demonstrated the
association of the mortality with increasing SP-D levels at the onset of ALI/ARDS, the association of the
circulating SP-D levels in late phase of ALI/ARDS with the prognosis remains uncertain. We retrospectively
demonstrated serial evaluation of PaO2/FiO2 ratio and circulating SP-D levels in the cases with ALI/ARDS.
In late phase, the circulating SP-D levels in nonsurvivors did not differ from those in survivors, irrespectively
of coexistence of persistent hypoxia in nonsurvivors, while, in early phase, the circulating SP-D levels in the
nonsurvivors were significantly higher than those in the survivors. We demonstrated that persistent hypoxia
could repress SP-D expression in epithelial cell lines in vifro, with phenotypic changes through EMT. These
findings in vitro suggested that the decreasing SP-D levels in the late phase of ALI/ARDS might be related
to, in part, hypoxia-induced modulation of SP-D expression with EMT in epithelial cells.
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The localization and production of a chains of type IV collagen in

interstitial pneumonia

Hirokazu Urushiyama, Yasuhiro Terasaki, Dedong Kang, Syunsuke Amenomori,
Mika Terasaki, Mikiko Takahashi, Shinobu Kunugi, and Yuh Fukuda

Depariment of Analytic Human Pathology. Nippon Medical School

Type I and type 111 collagen are produced in young fibrotic foci of various histological types of interstitial
lung diseases. We reported previously that type IV collagen was deposited in young fibrotic foci of intractable
interstitial lung diseases, such as usual interstitial pneumonia and diffuse alveolar damage(DAD), however,
the deposition of type IV collagen was subtle in young fibrotic foci of nonspecific interstitial pneumonia.
Therefore, type IV collagen depositions in young fibrotic foci may be involved in the refractory pathological
finding of interstitial lung diseases. Type IV collagen is composed of six different isoforms, a!1(1V) through
a6(1V) chains. These chains form three distinct assemblies: al/al/a2, a3/a4/aS, and a5/a5/a6. These
assemblies are distributed differently in the tissues. To investigate the role of type [V collagen deposition
in young fibrotic foci of interstitial lung diseases, we analyzed the localization and production of type IV
collagen, using autopsy cases with DAD and cultured human lung fibroblasts. Eighteen lungs of autopsy
cases with DAD were used for immunohistochemical analysis for the localization of myofibloblasts and o
chains of type IV collagen. Human lung fibroblasts, TIG-1-20, were cultured with Transforming Growth
Factor B1(TGF-B1) and the amounts of secreted o chains of type IV collagen were measured by Western
blotting. The mRNA expression of type 1V collagen in those stimulated cultured cell was quantified by
Real-Time RT-PCR. The Immunohistochemical analysis showed that a1(IV), a2(IV) and a5(1V), but not
a3(1V), ad(IV) and a6(1V) chains, were clearly observed in the young intraluminal fibrotic lesions of DAD. In
the medium with cultured TIG-1-20 cells stimulated by TGF-B1, the amounts of a-SMA, a1(1V), 02(IV) and
a5(I1V) chains were clearly increased in TGF-B1 dose-dependent manner by Western blotting analysis. The
upregulation of mRNA expression for COL4A 1, but not COL4A6, was observed in TGF-B1 dose-dependent
manner by Real-time RT-PCR analysis. a1(IV), a2(1V) and a5(IV) depositions with myofibroblasts in the
young fibrotic lesions may be involved in the refractory fibrotic process of interstitial lung diseases.
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AT 4 v A1 Y 2 (sphingosine 1-phosphate:S1P) (X G # o 7 LA SIPZ AR T 7 2
J— (SIPRI-SIPRS) # /1 L C Flil v VTN A RETHIEEA T 4 24 —D—2>THV, I
TGF-BOEFE 72 co-factor & L THHE(LICEI 532 Z LN EH STV 5D, AlalF 2 I ez m
HIFITH D SIPZREMK(SIPR) T T= A b TH B FTYT20 5 ifRHE L A5 & 9 BF2ER R &
5722 X0 B HEEIC BT A SIPOBRENZ SOV TR AT o712, FOREE, v U AT LA~A
> 2 (BLM) B MERE £ 7 /L O &8 SR BEHEHIZIZSIP 23 L5 L TE Y, in vitro T S1P AR
MESFMMAE IS o L, s ER 2 Uiz, F 72 Bk 2 0 72 SIP 2 BRI BLO MG Tl
BLM+FTY 720 ¢ G- THRUNSIPRI OFEHITTE L RO /2. LL A6, SIP-SIPRL & 7 F /L s fifif
MEFEIZBEE LT, FOMEELGIE - T 25 2 & CHisHERE ORI IS S h
A AREMENRIZ STz,

A role of sphingosine 1-phosphate (SIP) signaling in pulmonary fibrosis

Yasuhiko Nishioka, Momoyo Azuma, Katsuhiro Kinoshita, Masami Kishi, Akio Takezaki and Saburo Sone

Department of Respiratory Medicine and Rheumatology, Institute of Health Biosciences, The University of Tokushima Graduate School, Japan

S1P is biologically active lipid that has an important role in regulating the growth, survival and
migration of various cell types. S1P binds to five G protein-coupled receptors, SIPR1 to SIPRS. Bioactive
S1P has been shown to mimic TGF-beta signals; however, the function of SIP in lung fibrotic process has
not been well documented. We found that treatment with SIP receptor agonist, FTY 720 strongly exacerbated
bleomycin (BLM) -induced pulmonary fibrosis in mice. To clarify the mechanism, we investigated the role
of SIP signaling in pulmonary fibrosis. The level of S1P increased in bronchoalveolar lavage fluid of BLM-
treated mice. The SIP stimulated the proliferation and migration of lung fibroblasts in a dose-dependent
manner. The Real-time PCR analysis demonstrated that the expression of SIP1 receptor was strongly up-
regulated in BLM-treated lung. The elevated expression of SIPR1 was observed in the fibrotic lung tissue of
BLM-treated mice and patient with idiopathic pulmonary fibrosis. These results suggest that the S1P play a
role in the pathogenesis of pulmonary fibrosis through SIPR1 signaling pathway.

TR KF KA~ AN T o T2 AT,

IS -

BIER R A0y B

T OE AR BB D AR EEE PR HE

- 315 -



2010 4EFEOVE AR BICBE T 2 A

ELBHIC

R PE T ARAESE (IPF) 1X, MR TTFHRAROHIR
HHRBTHVREHALDREGTREZIER T 1B
BRI SN TR O, I b2 5NEMAE &t
MM LSO N EERPE L 2o TS Y.

AT 4 A1 Y i (sphingosine 1-phosphate:S1P)
LG # v N7 B SIP % K (SIPR1-S1PR5) %
LT IR T TNV B BET DIREAT 4 =¥ —
DO—>T, IMEFHAECHMILOEIE, b7 Efkx 72
TEFR & 34T 52, T4, SIPIXTGF-BOEE/ co-
factor & L CIEM UiRMESEMIR D431, A 2 {2k
LEERELICEET S F L LTHERESATY
50, Frld, U ADT A=A 2 (BLM) ik
HESEE 7 /LTI THBLSZ G A Tdh 5 SIP A
K7 =R N Tdh DHFTY720 DR L2 EES 5
LWV REEET-. ZDZENDHSIPOKESL
HilfE - FRAET D Z & THEBRMERE DI REAF I OTEHR A~
ST ERHRfEND B X, MfRHEIE B
TSIPBE-THRENC OV TR EIT 7.

Saline

25 | M FTY720

o B

Ashcroft score

O Vehicle

WMRFE

In vitro D EBRRIZI1X, CSTBL/6~ 7 AJlfi R DR
HESERRRR 2 L7z, S1P O filifAe S AR oo B i
(R IF T 520, *H-TdREU Y GA 3R BRI TR L
7o, BRMEF MR O FEEREICZ S 2 5 %X, Boyden
chamber {EIZCTHET L7z, 7HEHCSTBL/6~ ¥ AIZ
BLM125mg/kg % mini-osmotic pump (2 CEFi e F &%
L, w0 AMi#MEEE T VA2 ERR L7z, FTY720
IZ Img/kg/day % Dayl4-28 [ZJEIENI G L=, £7=
RT-PCR % fl\C57BL/6 ~ 7 A fili ik 2R AR, K&
YBLM % %& % #E L Jifi %5 % © S1P 52 28 {& (S1PR1-
SIPRS) DI H ARG L7=. SIPIEE X~ 7 AJififait
% (BALF) Z W ELISA LIS TG 21T - 72, &
72 Bl RHEAE £ 5 L8 X ONIPF TO SIPZ RIARE T %
GEE YL AR TR LTz,

MFHRER

~ 7 A BLM Jili f e fE & 7 L2 B W T FTY720 %
B BLM & 5% 14 H B 528 HB)ICEE L7o#
B, MRRHERE OME 2RO 7 (K 1A). MikkHEL %

BLM + FTY720

Day 21

Day 28

BLM treatment

R1  BLM J#RHEIEE T I T 5 FTYT720 £ 5 O i L5 5h 7 5

T LA = A 2 (BLM) IRHEIE € 7 /L~ 7 AICFTY720 Img/kg/day #4514 H H-28 H H) L7=. Mifif
kO HE Yt TlE, BLM HRHEIE T T /LT RFTY 720 % 512 B W) THOBRHE(C R 2380 72 (A). Mk
FIHIRETT X Y Asheroft score & i L 7= 55, 28 A H ORRME(LA a2 7 XA EIC LA LTz (B). *¥p<0.01
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