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Regulatory mechanisms of the susceptibility to
Fas on lung fibroblasts

Naoki Hagimoto, Kazuyoshi Kuwano, Michihiro Yoshimi, Takashige Maeyama
Nobutaka Nakashima, Naoki Hamada, Mizuho Yamada, and Yoichi Nakanishi

Research Institute for Diseases of the Chest Graduale School of Medical Sciences, Kyushu University

We have demonstrated previously that lung epithelial cell apoptosis induced by Fas ligation might
be involved in fibrosing lung diseases. Fas i1s also constitutively expressed on lung fibroblasts. but in
contrast to lung epithelial cells, fibroblasts are highly resistant to Fas-mediated apoptosis and may replace
damaged epithelial cells. In this study, we examined the role of the extraceltular-signal regulated kinase
{ERK) in controlling the sensitivity of lung fibroblasts to Fas-mediated apoptosis. The treatment with
agonistic anti-Fas antibody or recombinant Fas ligand did not induce apoptosis on primary cultured
lung fibroblasts,. Co-treatment with MEK inhibitor U0126 induced apoptosis dramatically, whereas co-
treatment with the phosphatidylinositol 3-kinase (Pl 3-kinase) inhibitors LY 294002 had no effect.
Thus, suppression of ERK signaling sensitized lung fibroblasts to Fas-mediated apoptosis. Fas engage-
ment to lung fibroblasts induced rapid activation of p4d (ERK1) and pd42 (ERK2} without significant
activation of ¢c-Jun N-terminal kinase (JNK) and p38 MAPK, subsequently increased FLIP expression.
Under conditions of suppressed ERK signaling by the treatment with U0126, Fas engagement could not
increase the FLIP expression, and restoration of FLIP expression reversed the induced sensitivity of tung
fibroblasts to Fas-mediated apoptosis. These data suggest that inhibition of Fus-mediated apoptosis via
promotion of FLIP expression is a mechanism through which ERK signaling can promote lung
fibroblasts survival. Finally we demonstrated collugen synthesis by Fas ligation on lung fibroblasts.
This mechanism leading to the overgrowth of lung fibroblasts and collagen synthesis may participate in
the pathogenesis of fibrosing lung diseases.
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Fig. 1  Fag exprossion and the susceptibility to Fas-mediated apoptosis on SAEC or NHLF,
{a) Flow cytometric analysis shows the Fas expression on SAEC and NHLF.  Almost same amount of Fas is expressed on both SAEC and

NHLF.

{b) SAEC or NHLF was incubated with 500 ng/ml of CH-11 for 24 hr and then both of cells were stained by Annexin V-PL. The apoptoesis
rate was simultaneously mezsured with flow cytometry.  86% of SAEC was induced to apoptosis, but only a small proportion (8%) of NHLF was

induced to apoplosis.
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Fig.2 Effect of MEK inhibitor on Fas-mediated apoptosis on NHLF.
NHLF was incubated with CH-11 (500 ng/ml) with or without
U0126 (20 M} and LY294002 (20 M), and then stained with
Annexin ¥-PL Co-incubation with CH-11 and U0126, but nat
LY294002, significantly induced apoptosis on NHLF.  Resulis
are shown as mean+SD of three experiments. **. P<0.0L, *
P<005.
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Fig.3 The kinetics of the expression of MAPK and Akt induced by Fas engagement on NHLF.
Western blot analysis shows that ERK was rapidly activated by CH-11 (500 ng/ml) treutment from 30 min to 120 min on NHLF. JNK, p38

MAPK or Akt were not activated by Fas-engagement.
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Fig. 4 FLIPL expression induced by Fas engagement on NHLF.
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{a) Weslern blot analysis shows that FLIPL expression was increased after ERK activation from 120 min on NHLF. {b) The increasing of FLIPL
expression was significantly inhibited by the co-incubation with U0126, but not with LY294002.
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Fig.5 Effect of AdY-FLIPL transfection on the MEK inhibitor-in-
duced sensitivity to Fas on NHLF.
For infection, 5x 105 cells were grown o log phase and infected
with adenoviruses at 10 pfu/cell.  Forty-eight hours post-infec-
tion, the cells were treated with CH-11 (500 ng/ml) and UGI126
(20 zM) for 12 hr and analyzed by flow cytometry 1o quantify
apopiosis. Restoration of FLIPL expression reversed the induced
sensitivity of lung fibroblasts to Fas-medtated apoptosis.  **,
P<001. = P<0.05
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Fig. 6 Type | collagen expression induced by the treatmeni of CH-11
or recombinant Fas ligand. The identity of collagen bands was
confirmed by sensitivity 1o pepsin digestion.  The combined
density bands indicate -1 and -2 band of collagen. Samples
were loaded as follows: lane |, control non-stimulated NHLF ;
lane 2, NHLF activated with 4ng/ml TGF-gI: lane 3-5.
NHLF activated with 50, 100, 500 ng/ml CH-11, respectively :
lane 6, NHLF co-incubated with CH-11 {500 ng/ml} and U0126
(20 M) ; lane 7, activated with recombinant Fas ligand (rFasl)
(1 pg/ml); lune 8, sume as sample 7 incubated with anti-TGF-
£ neutralizing Ab: lane 9. same as sample 8 incubated with anti-
Fas neutralizing Ab.

Results shown are from one representative experiment from a total
of 3 performed.
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Depletion of Recipient Macrophages by Gadolinium Chloride
Prevents Development of Obliterative Airway Disease in a
Rat Model of Heterotopic Tracheal Transplantation

Takeshi Oyaizu, Yoshinori Okada, Yuji Matsumury, Kazuyoshi Shimada,
Tetsu Sado, and Takashi Kondo

Depuriment of Thoracic Surgery, Instinge of Development, Aging, and Cancer, Tohoku University

Background : Obliterative bronchiolitis (OB) is one of the major obstacles to long-term survival of Jung
transplant recipients. Although detailed pathogenesis of OB remains unclear, substantial evidences
suggest that OB is the result of tissue repair and remodeling in response 1o atrway injury which was
primarily caused by alloimmune response.  Recent studies have shown the possible role of growth factors
such as PDGF and bFGF in this process and the involvement of macrophages as one of the sources of
these growth factors.  Ohjective : We intended 1o determine whether depletion of recipient macrophages
by gadelinium chloride (GdCl;) resulted in decreased obliterative airway disease in a rat model of
heterotopic tracheal transplantation. Methods : A tracheal segment of donors was trunsplanted into a
subcutaneous pouch of recipients between a fully MHC incompatible combination of rats (BN — LEW).
Recipient animals were intra-venously injected with 80 mg/kg of GdCl; « 6H,0 on day 0.7, 14 post-
transplant. Control animals received saline instead of GdCl;.  Allografts were harvested on day 7, 14,
17, 21 and the degree of (1) mononuclear cell infiltration, (2) airway lining epithelial loss and {3} luminal
obliteration due to fibroproliferative tissue was pathologically examined and scored on a scale of 0-4 as
previously described. A portion of allografts was submitted to RT-PCR analysis to examine mRNA
levels for PDGF, bFGF and TGF-£1. Results : Immunohistochemical studies of allografts confirmed
significantly reduced ED2 positive macrophages in tracheal allografts in the GdCl,-treated animals
compared to the controls.  GdCly injection did not change the time course of lymphocytic infiltration
and epithelial loss, however, significantly decreased the degree of luminal obliteration of allografts by
fibroproliferative tissue, with histological score of 1.420.3 in the treated animals compared with 3.0£0.5
in the controls (mean=SE, p<0.05). mRNA expression of PDGF-A and PDGF-B was significantly
decreased in the GdCl, group. Cenclusien : Treatment of recipients with GdCl, significantly reduced
macrophage infiltrates in the allografts, and this was accompanied by significantly reduced fibroprolifer-
ative atrway changes and by significantly decreased PDGF mRNA levels in the tracheal allografts.  This
suggests the possible role of macrophages in the pathogenesis of OB after lung transplantation.

Key Words : Lung transplantation, Obliterative bronchiolitis, Macrophage, Growth factor, Platelet-
derived growth factor (PDGF)
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D55, Ll, FESEICEROS CTFke
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AL, MBEBEORPEFELTT 2R 6 K& 2R
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% # (obliterative bronchiolitis ; OB) T&H 52, OB
i, EHE AR 3 A BRI B o h 2 REET, i
BEOWEHICHRIEL, ZOHHEOK 1/3% 505,
BRI IPAZEMEIRARAE R E L L TRN, WEE
B IR R X~ O SE SRR L RE
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OB DFELRT £ LT, RIE, MOBARIATWD
Dix, Vi3 “response to injury theory™ T#H 5, I
hi, [AsrDREE & 2BENTE LEOBE, B
%l INCHT 2 BFREE LTRET 2HREX
PIEDOFHE NSRRI DS, £ OREBOXRETH
LETBLDTHBY, @I BT injury BIZRHES T
HRFE LT, 7TofEirrbE RSN Ty
BY, ZOBEH S, OB TN 51 513
REFEZ N TWE, —F, “response” DiEfR S
FTHEEZONTWA OOHIZE, plaelet-derived
growth factor (PDGF}, basic fibroblast growth factor
(bFGF), transforming growth factor (TGF~3) FED
growth factor 23%H 5N, Z4LlE, Z4Ls growth factor
A OB % HHE L7 BEFOSE Z ki ¢k
R HAEINL T 2RSS, BIE T Vic s
VT, PDGF % bFGF OEM&RSIZE > T, OBIZHA
LU 7= PAZSEME SRERZE A EAL & 41 2 HEN LR R
HICHDTHBH®,

Z N5 O growth factor (&, KX i s EA SN
% Z EASin vitro, in vivo THERES ATV, OBJ4E
OB T IS O growth factor OEA W T/ %)
ERLLTWALEAIATHE206D0D—2IC
7077 —YHHb. Henz 59 1, OB #FELIE
BOERD 5V EERES % Hv» T PDGF O EE %
Hf& i & insitu hybridization T, #OFE B4

k=70 77— Tholc LT3, 2,
Magnan &9 it, OB BHF L7-BF 2B TiL, fila
w707y —Yh50 TGF-8 O453HH3 OB ZFE L
TOROLBFHIEAEFRICTEL THE I L ERL
TWwa, Lnl, ZasiEfeMRsSfdsicsd
b 6T, INET, w7 a7y — S ORECEEE
A8, OB OFFEEZHNEIT 2 i D THEEHE
B L 7o i v,

T, ARtgeTiR, o w7y —YOBRES OB
OFEENMEC SRR L THEER H S pEc D&, B
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D mRNA OFEIR % reverse transcriptase  polymerase
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H—#ET) ko7,
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£ET, #E5%THEOREC B2 EDI it
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4. FH—Ffly

F+—%w b % pentobarbital sodium, (50 mg/kg)
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DU E AEOERE 0w LS ORIFLRTE, 4=x%
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SO EFEDNE : O=fiFEa L, 1=2f0 5% LITO
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B £ 577 7 FEEORYE : 0=FIZER L, 1=
FEDTMFO25% LA T OPAZE, 2=NEOmED 26
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ANREDHRID 76% LIE DR,
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727 PRGSO~ 2 07y =R 6 T
Tl oA e miFHE THERN T 2728
W, RUEHRRFEARER T o %0, Hizi, v v AR
Zw & EDI, ED2, CD4, CDR T ./ 7 24— 1gG 17
{& (Serotec ; Oxford, UK) % Flvaiz. HUAOFEFREEHE
X, PREBOESES S EDL: 2004, ED2: 100 ff,
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Bt I FHER L.

T ) EIEE ST 7 4 AL PR B, 25
pm BOUR 20 L, &R OB YT 7 1 Vi,
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hematoxylin THEEE*{TH 7z,
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BLUCDS Gl E, ThEhd 8 LB RL
OB TH Y Y L, ZFOERE/RRE L TER
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8. SES 7 MIBITS growth factor ) mRNA
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FRIRLIzZ 27 b Oy id s ERCHRE L,
—8C TR EFEL 7z. mRNA D F#H i PDGF-A,
PDGF-B, bFGF 5 L UF TGF-AlLIcDWTHEEL -,
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ML, Gene Amp PCR System 9600 (Perkin-
Elmer; Wellesley, MA} #H W 7{To7z, 95°C, 60
D fin#h #%, Cyclophilin: 95°C, 30f—60°C, 308
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Anti-sense 5 AGC-TGC-ACT-TGC-AGG-AGC,
bFGF: Sense 5 TCA-CTT-CGC-TTC-CCG-
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R (1 pg/mb) T 20 SRR EET o 7, Bk
PNk CCDA A= 7 F T 4 ¥— (FAS (1),
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FEFE NG RHERE O SR B ORT L W2 HEIZ-D T

#O Wz I R

RS TRME I AE (O APERIEE b 1, hAETEIR S NS TH D, FREEEAZ 13 UIP B RIS HIL,
DAD FRR#HH 55 EHE SN T 5, IPF ORMEER, TRARTSH B 7 I ERIEERD
HETOSRE & 0% {, MEOEGERZIEESIETH S, ABRFIOR S L UBHE S TOH
R& b, § LORBRSITEAE 23R Lo, IPF O, | 2 ALROEET, © WREHORE,
@ HRCT B CHSUIR R+ H7 U 70 4 5 AR « 184 LZ, ©® BRI E OB
&F (F—&MTFT Pa0, 10mmHg LLE) OF ~NTHHLNIEE TREEE] L35, 12EL,
BA & 7 RS, UMD, SEMERD, Mgt v LA e 2R T 5. ﬁﬁﬁﬁ,& LT, (1) CRP, LDH
OEf, (2) KL-6, SP-A, SP-DR YD LE, 55,

Revised criteria for acute exacerbation of idiopathic

pulmonary fibrosis

Hiroyuki Taniguchi and Yasuhiro Kondoh

Department of Respiratory Medicine and Allergy, Tosei General Haospital

While AIP and IPF are separate and distinct ¢clinicopathologic entities, there is clinicul and histelogic
overlap in cases of acute exacerbation of IPF, Usually, the patients with IPF shows chronic indolent
course, however, a fulminant form similar to AIP has been reported in course of patients with 1PF.
Pathologic findings showed both DAD (acute lung injury patterns) and UIP (chronic interstitial
pneumonias). We propose the revised criteria for acute exacerbation of idiopathic pulmonary fibrosis,
The criteria of acute exacerbation includes the followings during chronic clinicul course of IPF: (D
exacerbation of dyspnea within a month, @) pre-existing honeycombing and newly developing bilateral
density elevation in HRCT scans, (3 deterioration of hypoxemia (decrease of PaO, more than 10mmHg
under the same condition). Pulmonary infection, pneumothorax, malignancy, pulmonary thromboem-
bolism, and heart failure should be excluded. Elevation of () CRP, LDH or (&) KL-6, SP-A, SP-D

may be observed frequently.
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{E &I

“EESEMEBTEEHERE (idiopathic  pulmonary  fibrosis ;
IPF) DEMERITE" & i, IPF OEHRR T i Mg i
Fi O BEEOHE L & b I ARRITET 20
HETHASHDWHETH D, LDHETREE N ES
TH DBV 2001 4FT FeFR = Mo FeFet R E b 28
{(idiopathic interstitial pneumonias; 11Ps) D I[EEE 4
BEESIRE T IPF & 2PERIE MR 42 (acute  inter-
stitial  pneumonia; AIP) 3R ZREMETH 3
His, IPF OAMERTIE TR, EifRiy, mEZC
MDA —3—F » TR S5, E 1PF 184
HEATHEORSE U 523, IPF DAMRE T AIP & [F
BRIC B 2 PRS2 B A L RBESERYIC 1 UIP FRRLC
mz, DADFREM S S s EHEE N T3,

HHYE OIS T, BHEOBHKZMEET IPF &%
ZONBEFICEVT, SRR S LTGETLE
FEFN, SMENEE S S PRE LERNL D VEE
KTHETRTHoE3NRT WA, IPF ORMHEE
i, RS &, SENAYERE TE 2858035 9,
AT o4 PO, FMEY, BAL & FOREFR
%9, A (WEEFE0SFEMETH 2 gefiuinib?
interferon % & &) R ENFOFERE LTHSN T
3., &, BHYEIC X - ThH IPF AMHETE & BBk
Kigx 23 50T, BIYEORAVLEL DD, BK

FEFEMEAMARAESE O SUER WD H L W BIRIEIC 0w T

KBWL T IPF OB 280 Z Lro
fohd, Sl DEEEMEE D D DH M0,

fEke, IPF OEMERNERI NP OEMR SIEDER
ZWIEHE T IPF) B0 T, | BUAOEET, ©
IEOREREEDRTTE, @ Baskaist X STt o 45
ABERE, B O HB RN, © BREEFRSED
HELET, OFXTHASNIEE T “AHNE"
LT3, WS pLiBRER O 2R S, W
EEFB AT ST, UL IPF 2B % EREES
HR'2 (CHERL L e dkHE % RE 3 00380 H 5 & it
3,

SElbivbtik, ABRITERIC X DL IPF
DAMRERER & IPFERIOHEREICINA, EHED
RBIHEG A 0 35 1 B IR OERTREE L, Bl
WEREEITELHE S FR K Lo,

HE & FiE

HEWBTAERE (surgical lung biopsy : SLB) 2T, 7%
By L7z IPF/UIP 66 &, IPF & BRI SLB %
MEATU# 7 o iR & U, ARG, EHRATR, 8
AT, T D EMEE L 7, 2MSEESHL 25, SLB
W T UIP AT Rz DAD Fi BAMil - 72 SRR R A T
FENAFEHE Uiz (” ), B S i fiERE R
Lic, &7z, S, TEMERELY, Miidetesocrqe, &

DI RGAREERERER - T LA ¥ —HNE
* VR AMIRIBTIEIGEEE T

B 1 1P QLR S EIERA AR
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2003 FREU E AR B ERTETTSR

aef,  BRIR & SEEE L1 HER b BRA L7z,

EEReEbEEC I 13, Mann-Whitney U #5E, 2 BE & H
Wy, ETERBCIE, Kaplan-Meier #16C & % Logrank
test % V7o, FRAKHEE S% SRl % b o THE LHE
L7,

#® =R

IPF 66§ & 1PF 21HHEE 6 FIORIRER 1 1R
T BMENETR, FE 6% L IPF TEH L LA
WREAME <, BITRRIER 7.3 B &, BIEICERATE
PR » oz, Ef, BEFR TR, CRPIE6S
mg/dL EFBEICHE <, Pa0, 519 mmHyg &5 KRS
FIMFEX T, BVC493% L HBLEMETD (#
2), BALF T, BB T~ o7 7 —JHE
75.8% EHTEABETERO L (3 3), BUREF O
EAT R, Bostassl X SR ¢, BTl FREF 3
ORI, FREAFTRICINA, WEET 4
> Afefe, B R0 (K 2-a), HRCT Tik 4
BRI T OB SEAT RN A g AMORE LA
WAFD (E2-b). FROME T, IPF QMR
LT IPFER & s U EE W FEREL, 204
FEREE 250 B Th o7 (F 3).

a) AR BIXIRE H

Table 1 ABCRSEEEE R

IPF IPFRENE p
(n=686) (n=6}

Average age 586104 60341 NS
Sex, M:F 48:18 5:0 NS
Presentlng complications

Dyspnea 81% 100% NS

Cough 8% 100% NS

Fever 0% 67% < 0.0001
Duration of symptoms {M) 254::23.2 7.3x786 0.0168
Fina crackle 92% 100% NS
Clubbing 30% 33% NS

Table 2 ABZHFRTIATE

IPF IPF2T R P
(n=66) {n=6)
WBC 71231922 76131463 NS
CRP (mgfdL} 4715 6525 0.0001
1gG (mg/dL) 2011+ 537 20761171 NS
Pad2 (mmHg) B0.4x15.2 51.9x4.0 0.0004
%VC (%) 76.6+20.2 49.3x11.4 0.0124

Table 3 BALF FRR

IPF IPECHENE p
(n=66) (n=6)
Coll count (X10%)  2.6=1.9 21%15 NS
Ma (%) 82.5+20.6 758£163 00160
Ne (%) 4.5+10.2 9.1+6.6 0.1311
Ly {%) 11.8£16.7 28.5+£26.2  0.1770
Eo (%)} 1.5+28 14118 NS
OKT4/R 24122 490+25 NS
b) f&RHRCT
TUHSARE

FH2 1°F ORMREC B0 SRR
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IPF21%

1BE

FEREEATERHHED BIENE O L LB 0w T

Logrank test: p<0.0001

IPFStEE: MST 2.5M

0 24 48

96 150(M)

E3  FHEHITER D & OEFFHAM O Bt

£ K

LE|OMETTIE, 1PF OFs@EYn kB b 28
&, MBI AR T UIP & DAD OFRREFEEL T
BY, BEMESORHORERC L 5T, 1IPF ORMH
B U B e s, HEETDE A,
IPF OZMMEDFE T8 & s Ty 30, [FEkO
FRIEBRAREREIC L > THELI B, A7y
PHERAE, YA PATOUVANVAT Y FFRIT, 4-
D 7 v E OB R BRE LR EORN 21T
PEBYH B D, IPF ORMERIE L ERREHRELIT 2 b
D, BEEFEAORMEELH YD, RALUR
WELRHTHS D, 2HEOTREIHEIES L58
FMbHY, BT IPFIINT2AT 04 FORE
R, HTHED 5PFMEL BAL & EORBEFHHC
AL U B ARSI T a9, &5
o, FERMEOFER & LT IPF & #E Lo+ 5
gefitinib D512 £ 5 BHEEOFHERO|E S, Wit
TIEH#IT L 72 IPF Y % interferony HE#EWC & D,
AMERTOEER A N L ORENH B,

BIRIR T, SREIORF TIZFEHL CRPO.LAE
R FRS I, HIERKEE ©, LDH, KL-6, SP-A,
SP-DAE YDA GHEIN TV, BAL ORFT
i, [PFOSMNETRE, TEfed~rero7 7 —
SHEOERLET 2FD L, IPF TR, #MidsET
T LA EREETED LA, AEERRC Y o8
B, FhER, FEREER: & OREMNELY, B oIS T
TERETARD, v 7077 —PHROBTEED T

721, BAL BEHEOMBREEOTMHcHRTH 5 45,
AMMEEFIC B LTI, BERE0E i +58E
THLESDH D,

ST O ERAT B, S EM X ARAT R T,
IPF (38 & 1 5 T THHEF AR DORLIRMBIRGE, BRI
DRI, Fi T 0y 2 ek, B
DOHEEFED ;. HRCT L2 HEEEOZCFCEA
TH 5. BIE IPF OBWICHWT, HRCT TORRH
FROMBEMSEEEINTWE, UM ->TIPFCH
HEF Ao 5 EETOBREMTR+ U AED
AR RIS A5 B &R, IPF OEMREOTTHEY
F TR TAMREEZ oS, VEAMOREL
SN HF o A U7 B EORZZICHIG T 5 FTR
ELTHEEDES,

THOBE T, SEEEERT R AERETORES
fIn 735 B L, IPFLER 2545 B & DERICHE VW
bRl s 7, EthoPREILETFIHR 252 A, IPF%&
IR & i LD TTFERIR TH oz, S
i, PERDED T b VIEIBMEETOIECEL 80%,
WEHTHWY 6 BTHTTI2EENTHY, —K
KFHTR ERHBEIN TS, BIEURITIR SR
BIER), A7 oA FREREIEFREIENE e,
F 70, KECH LT H SLB THESEHC UIP+DAD
N — 2 B UTHER (FFH D IPF O SR
LBF2eELOND) OFFRITRERESIRLTL
37, D&, IPFOAMMEL, 2MHERED
B2 THRBAFRETELERTH L7 SLB DA
MR A B L, SHRIEEDAREL R < L L EEITTTHE
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