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Expression of Foxfl, FGF-10, FGF-receptor, MMP-1 and MMP-7
in early fibroblastic lesions of interstitial pneumonia

Tomoko Nakayama, and Yuh Fukuda

Department of Analytic Human Pathology, Nippon Medical School

Foxfl exists in the interstitial cells in lung tissue and has very important role for lung morphogenesis
and development, Foxfl has many transcriptional target genes, such as MMP-1, stromelysin, HGF,
which are closely related to the pathogenesis of interstitial pneumonia. FGF-10 plays a key role in
epithelial proliferation and alveolar bud formation of mouse embryo, MMP-1 is related to extracellular
matrix absorption in fibrotic lesions. We investigated immunohistochemical analysis and real time PCR
for Foxfl, FGF-10, FGF-receptor (FGF-R), MMP-1 and MMP-7 in microdissected early fibrotic
lesions of UIP and COP lung tissues to confirm the relation between the alveolar regeneration and these
factors.

Immunohistochemical analysis shows interstitial cells in the early intra-alveolar bud are positive for
Foxfl in COP, but are weakly positive in the fibroblastic foci of UIP. In real time PCR assay, Foxfl
shows significantly higher expression in COP than UIP (p<<0.05). There is no significant difference in
other analysis factors, FGF-10 shows high tendency in COP and low tendency in UIP. FGF-R shows
high tendency in UIP and low tendency in COP. MMP-7 shows high tendency in UIP and low
tendency in COP. MMP-1 shows no distinct difference between UIP and COP. These results indicate
that Foxfl is involved in the extracellular matrix absorption and the mechanism of alveolar regeneration

in fibrotic lesions of interstitial pneumonia.
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Fig. 1. Immunochistochemical findings of Foxfl in UIP and COP
A. Interstitial cells in an intra-alveolar bud are positive for
Foxfl in COP.
B. Interstitial cells located in the area of fibroblastic focus are
slightly positive for Foxfl in UIP.

FGF-R T, UIP 2 50T, BFEHOMEER L.
FGF-10/FGF-R Tl%, UIP CEFHROMEEERL,
UIP Tk v 7% —ic it LT, FGF-10 DFERLD
WFEDIA STz,

MMP-7 {3 UIP iZ BT, ESEEOERE2RLL,
MMP-1 iR ITELSE0 S iz /e,

x =

EERTFTH2 Foxfl i, =7 AFERIGIC BT 28
shz kD, MERICIEEZRTTH L I LMRENT
W58 Foxfl KA~ 7 ARk, BErncfifistbiEsEo
KINZ & DFRED, A7 097 ACBWT b HER
@ Foxfl OFEHRL 20 b D TR, MEEREAE, Bl
MO ATEsEEDH 5N, 6B 2 TIchhBms3L
JETCT B, 7, AR WT & [BRED Foxfl SEIEL
HHHNTORYACBWTS, BHT I X 3 Ml
FEATIEY, WT 2Pk E2He205 2 Lkl

(a) ngf 1 {b} FGF-10

30 = ! 0.6
0.5
20 0.4 T
0.3
10 0.2
0.1
0 — 0 b
COP UIP COoP UIP
(&) FGF-R (d) FGF-10/ FGF-R
12.5 0.15
10
_ 0.1
5 0.05
2.5
0 0
Ccop uip cop  UIp
(e) MMP-1 (Hh MMP-7
15 500 F
Ty 400
300
200
160
- ]
cop UIP cor uvIp

Fig.2. Real time PCR assay for Foxfl, FGF-10, FGF-R, MMP-1,

and MMP-7 in UIP and COP.

{a) Foxfl shows significantly higher expression in COP than
UIP. {p<0.05)

(b) FGF-10 shows high tendency in COP and low tendency in
UIP,

(¢} FGF-R shows high tendency in UIP and low tendency in
coP.

(d) The ratio of FGF-10 for FGF-R shows high tendency in
COP and low tendency in UIP,

(e) MMP-1 shows no distinct difference between UIP and COP,

(f) MMP-7 shows high tendency in UIP and low tendency in
COP.
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Immunohistochemical study of cell cycle regulators in idiopathic
pulmonary fibrosis

Kingo Chida, Hisano Mizushima, Seiichi Miwa,
Noriyuki Enomoto, and Takafumi Suda

Department of Respiratory Medicine, Hamamaisu University School of Medicine

Idiopathic pulmonary fibrosis (IPF) is a progressive fibrotic disorder characterized by the prolifera-
tion of fibroblasts. Fibroblast proliferation in IPF is generally observed as a process following epithelial
injury and alveolitis, but details of the mechanism remain to be clarified.

Cyclin dependent kinase (CDK) and the tumor suppressor gene, CDK inhibitor regulate cell cycle
and are implicated in cell proliferation. On this basis, we hypothesized that fibroblasts in IPF have an
abnormality of cell cycle regulating factors. In this report, we utilized immunohistochemistry to examine
the level of expression of pRB (retinoblastoma gene product) and p27, both of which play central roles
in a major tumor suppressive pathway (RB pathway), in surgically resected lung tissues of patients with
IPF. The expression of pRB was reduced in fibroblastic foci compared with the adjacent tissues, while
the expression of p27 did not vary. That results suggest that downregulation of pRB in fibroblastic foci
contribute to the pathogenesis of IPF.
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Fig.1 Case 4. 75-year old man. Immunohistochemisty of pRB and p27 are shown in fibroblastic foci, The expression of pRB is reduced in
fibroblastic foci compared with the adjacent tissues, while the expression of p27 do not vary. Arrowheads indicate positive-stained celles, and

arrows indicate negative-stained celles. { X 400)

Lz b,

RB (retinoblastoma) #{& I3 AR EFHIE TER
ZRILUTWANAMGKETFTH D, Hefafk 13q14
CRIEE L, 27 M8 2 YV i 6D, #1200kb DR E
RTINS - THAES 2, WETHEYTHS RBSY
»o378 (LT pRB) i, AT 8 BEELL EORIE
BREVNNIZE 98DT L /e, STREBY
110kD) T, MIADIS % L, LANORHE DR
THHENTW3 L a5, pRB I, Mz EW
T RBEERERH L, GlifHs SHHOLET %M%Y
HIEIL Tw 3, Zodilizimss v wBhicikTEL,
Gl iz BLTEFRT E2F L&+ L, E2F
DOHREETEMET 22 Lic kb, GlLi»S SHHA
ORATRMLLT 2, BOHMSETT 22010,
pRB 2%V b 2 E2F Mt L Tl RiEERT
ERBZENPET, ZOV VEHER, £V A2V
~ D-CDK4 %30k 6 HIGHKIC L > TR &R,
WY A 71 v E-CDK2 G HEORIEE 9 iFRITE
1.3, pRB DO ILH X, AN R RIS O Bk % Bk
L, fUEEEmtetk, R ie O BB B
WTERBRHENTE D, 2 EHERTE LAY
THELHEESNL TS,

SEEL I, SR OMHERIE ORI B
W, Gl oo SHAOBTIHTH 2 RBZERICHER
L, pRB & & UF p27 Ot 2T, B
LR DR BRI B 2 SEROEE ERET L, 5

FiZ, MRHEAERIOSMEST M TIE pRB OREDET
R % 7z, MEERE RO HEEERaD RE iE
HLUZ-EREIHE 3N 58, FMEER RO
BIDBIGER 2 7 — 7  SREE, BEENEE ORI
ML THREITE SR Twizy, Jordana 513 4 7
D EFPRI I 5 T 7o i A A 1) il F SR D AR A2
fa e sEIOMBEHRO Zh & BT DM R
LT3, HERHEEM R OMETF T OB REmE i 1
MR THL, 70— g 2 L BhRiE
FEMTER OB A REEOHE L 70—
Loz LML T» 33, 272 Raghu & i3BiiG
ARt & BRIk 2 A UHEdET U, M
AR IR ST (alveolitis predominant) 73 E
% early fibrosis, FRHEIARZBENL (fibrosis predominat)
s 35EF % late fibrosis & 2 MFE &40 ORI
iz L, early fibrosis BRIZ D ZFIENIA - TW B DS
late fibrosis £, XMEEFIZLE~T% <, late fibrosis BE T
R EEE D Aoz EHELTWAEY, 27
Ramos & 1%, IPF I8 O HHESHRIT IS O IER i
EERE U TR OME S, 77 8 b — > R ERIER
HonEWEY LTBY, HRObDEIATHD,
FRAEZEMENT I B AR I D RIRTHEIZBIL T 3 hetero-
geneous S TH S Z EBH SR TE RO, &
5 OMEDTRE D SHAHO Wb ORE ST
DOWHEEPET MR a Nz, SEIDOFRL, BEE
DOFHEFMIT T pRBORMOETHEHI 2D 72



2004 SFEEUE AN BT

2, ERMET LT 3FEHE L TR, SEFRED
AFNAER EOBEFUVRATORED S 7 v
RNVTOEYE (FREOTE) 2 EBFZ 5hiz, pRB
OLEBHENCEE L T3, HPV OMHEFEY E7 D1F
ETTALRELSNEZ I ERAANN—XIZE-> TR
EHEEPZF I EREBMONT WA, R
Mdm2 iZ &£ ->T#é pRBid 2 EFF > {bdh, a7
T —AKTFINC SRR R B T LB HRE S e,
27, T WAL THERECRBRETEH DL
podz, PRRTPERBE (CAT p27) & cip/kip 7 7 &
)@ CDK 4 >k &% -—T, CDK4/6-cyclinD! # X
U CDK2-cyclinE 1= & 2 RBD ) A 24N+ 2
IR ko THKERO G1-S B 0BT R &
HILTw39, 27, ZOEAHOBROGEEZ
FreFuFTV AR BZBEASC L TiITbh
B SR T 0 p27 ODRIFETHTFH S I
B8, FHR FTHAER i L T O FIROE T 2580k
Motz RO FEI IR REFHE L TH
D, SRFICBITAIEL AMENLETH S,

WM

IPF/UIP gL fa ¢k, FEAScHEL T
pRB DFEREDE T 2500, St(biiz 517 2 FiEF
HERREAT & o ORI AR 2R L T d 2 L b5
fwahi,

SHEH

1) Weinberg RA : The Retinoblastoma Protein and
Cell Cycle Control. Cell 1995; 81: 323-330.

2) Xu HJ, Quinlan DC, Davidson AG, et al : Alter-
ed retinoblastoma protein expression and prognosis in

early-stage non-small-cell lung carcinoma. J Natl

Cancer Inst 1994 ; 86(9): 695-699.

3) Jordana M, et al : Heterogenous proliferative char-
acteristics of human lung fibroblast lines and clonally
derived fibroblasts from control and fibrotic tissue,
Am Rev Respir Dis 1998 ; 137 579-584.

4) Raghu G, Chen Y, Rush V & Rabinovitch PS:
Differential proliferation of fibroblasts cultured from
normal and fibrotic human lungs. Am Rev Respir
Dis 1988 ; 138: 703-708.

5) Carlos Ramos, et al: Fibroblasts from idiopathic
pulmonary fibrosis and normal lungs differ in growth
rate, apoptosis, and tissue inhibitor of metallo-
proteinases expression. Am J Respir Cell Mol Biol
2001 ; 24: 591-598.

6) Schneider EL, et al : Tissue-specific differences in
cultured human diploid fibroblasts. Exp Cell Res
1977; 108: 1-6.

7) Ko SD, Page RC & Narayanan AS: Fibroblast
heterogeneity and prostaglandin regulation of
subpopulations. Proc Natl Acad Sci USA 1977;
741 3429-3432.

&)} Chiharu Uchida, Seiichi Miwa, et al : Enhanced
Mdm?2 activity inhibits pRB function via ubiquitin-
dependent degradation The EMBO Journal 2005
24 : 160-169.

%) Sherr CJ: Cancer cell cycles. Science 1996;
274 : 1672-1677.

10) Panago M et al: Role of ubiquitin-proteasome
pathway in regulating abundance of the cyclin-depen-
dent kinase inhibitor p27. Science 1995; 269 : 682-
685.

11) FkAsite : HERAREREAFRREE O FHRE
FLLTORE, EXOHDH 2001; 1999): 631-
635.



) 2 NEREEZALDORVBE NG RINREIC G- 2 5%

WmEAMC  ANE—E  AKWANt E R
WiE B HEE iz T Rl

FD Y v IR D & /NEREE IS AR T B FRAERE (a superficial plexus) & SEXIMEREREIZ
AT BERERE (a deep plexus) @ 2 DORMIZHT H, BEWIHNILTHET L I e8menT
WA, NEEROBTITEE I 12 Y o SRS LY o SEm e E AR OREEC B L Tk L {HEEShT W
595, FGHERE & i & 3 2 HIRIMEAR A OFEE £ U » B OB L TIRIEE A Kmsh Ty
Vs, BAP B IR ETARMEE 1 B 1 2 M ERSEE I D WL THE L T & 7223 (Ebina M, et al. AJR-
CCM 2004), $5FEMEITRERE # Rl & U7 B SR FT 22, BRI & 2 RETHETG 48, e
PAMEELEOREINL THY v ESMEREE L L B 0L I B ESE L THEOR
%, SERETARR B £ UBIRET 2 B TREEL 72, £ OER, SF{EM#2EE B X OifeEIEE IR
BT 2 BE OB AER T, DR PRE T ME R 4T 2RO v En s R L
T2 2o VELSIRIREPNC B 2 PIEFRB ORISR L TIT S OSRE a iz, —7, Bitkiriig
fER & CHHEEIEERIM T 2 OARSITER TR, STheOFE) U VFRIBEAVBES LY
ot TR CLREETH D, FECEL LTI EA LY T O EN R SR LT D i,
HIBEPIER o/ N RRRE D U VB AR T A ER RS, RO ORI o FIc X BFEED
7 VT 5 v A FEMANRHEE B & U IEE BT A B ORI ESELER E - T
WEIERFBLTWELEEELLND,

The remodeling of Iymph vessels in idiopathic interstitial pneumonias

as a novel aspect of pathogenesis

Maszhito Ebina, Yuichiro Kimura, Shinya Okouchi, Kazuhisa Konishi, Tomohiro Sakakibara
Ryu Tazawa and Toshthiro Nukiwa

Respiratory Oncology & Molecular Medicine, Institute of Development, Aging and Cancer, Tohoku University, Sendai 930-8575

To date, little information has been reported on the remodeling of lymphatic vessels in interstitial
pneumontias. Pulmonary lymphatics are known to develop as two plexus independent each other. A
superficial plexus develops in the pleural space and interlobular space.  On the other hand, a deep plexus
develops in the connective tissues in the broncho-vascular bundles. We observed the distribution of both
of the lymphatic plexus in the human fetal lungs by 16 week gestation. In the biopsied lungs of patients
with organizing pneumonia and cellar non-specific interstitial pneumonia, lymphangiogenesis extended
from the lymphatics in interlobular septum and/or peribronchovascular bundles to the granulation tissues
in alveoli. In the biopsied lungs of patients with idiopathic pulmonary fibrosis and fibrous non-specific
interstitial pneumonia, the lymphatics were reduced in the fibrotic lesions, mainly in subpleural or inter
lobular septa, and the lymphangiogenesis were hardly observed. This tendency was also observed in the
autopsied lungs of patients with idiopathic pulmonary fibrosis who died of acute exacerbation and
patients with non-specific interstitial fibrosis died of progressive fibrosis with poor response to therapy.
These observations indicated that inability of lymphangiogenesis in the fibrosing lungs of patients with
idiopathic pulmonary fibrosis and fibrous non-specific interstitial pneumonia might cause impairment of
theses fatal diseases.
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Elemental analysis of inorganic particles in the lung tissues of
idiopathic pulmonary fibrosis and other interstitial pneumonias

Kimitake Tsuchiya!, Naohiko Inase!, Yasunari Miyazaki', Nobuyuki Koyama!,
Susumu Isogai!, Takeshi Umino!, Yutaka Usui', Yasuyuki Yoshizawal,
Yasuhiro Kondoh?, and Hiroyuki Taniguchi?

'Department of Integrated Pulmonology, Tokyo Medical and Dental University
:Department of Respiratory Medicine and Allergy, Tosei General Hospital

We analysed the elemental composition of inorganic deposits in the lung tissues of 17 patients (7
men and 10 women with mean age of 64.2) with various interstitial pneumonias because exposures of
inorganic dusts may induce the fibrotic changes in the lung, Five patients with chronic bird fancier’s
lung (cBFL), 5 with collagen vascular disease (CVD) and 7 with idiopathic pulmonary fibrosis (IPF)
were studied. Furthermore, 8 with IPF who lived at Seto City which is well-known for the many
producing companies of chinawares were also investigated. Four of them were engaged in the occupa-
tion dealing with soils and four had no occupational exposures. Birefringent particles in lung tissues
were counted by polarizing light microscopy. Elemental analyses were performed by scanning electron
microscopy and energy dispersive X-ray spectroscopy (EDS). The number of particles in IPF was
greater as compared to CVD (p<0.05). In elemental analyses of IPF with occupational exposures,
silicon (Si) and aluminium (Al} were detected more than other IPs and Al was detected more as
compared to [PF with no exposures (p<<0.03). Moreover, the amounts of Al in IPF with no exposures
was larger than in ¢cBFL (p<005). There were no significant differences in the quantity of elemental
deposition between IPF in Tokyo and in Seto. In this study, we demonstrated the possibility of
involvement of inhaled tnorganic dusts as a causal or modulatory factor in IPF.  And it was also
suggested that an unrecognized exposure to dusts is notable and Al might be one of the important factors
which could induce pulmonary fibrosis. Several patients diagnosed as having IPF have occupational or
latent exposures to inorganic dusts which might be firmly associated with the disease process. We
propose that these cases should not be diagnosed as ‘idiopathic’ and should be excluded from IPF for the
accuracy of diagnosis in the future.
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