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Clinical application of gene therapy with HGF
for idiopathic pulmonary fibrosis

M. Miki, K. Akiyama, M. Ebina, M. Watanabe,
D. Koinuma, K. Hagiwara, A. Nakamura, T. Nakamura and T. Nukiwa

Depariment of Respiratery, Oncelogy, Molecular Medicine, Institute of Developmens, Aging and Cancer, Tohoku University

Hepatocyte growth factor (HGF)is a humoral mediator of epithelial-mesenchymal interactions, acting on a variety
of epithelial cells as mitogen, motogen, and morphogen. Exogenous HGF acts as a hepatotrophic factor and an
organotrophic factor during experimental injury. We have already reported that exogenous HGF protein acts as a
pulmotrophic factor in wive and prevents the progression of bleomycin (BLM)-induced lung injury when
administered in either a simultaneous or delayed fashion. HGF is a potent candidate to prevent or treat lung fibrosis.

On the basis of these findings and in order to step up for the clinical application of HGF in the field of respiratory
diseases, we examined the adenoviral mediated HGF treatment. While the direct intratracheal administration of
adenoviral vector expressing rat HGF (Ad-HGF] (4 X 10°pfu) yielded high transient HGF expression in the lung

(312.5 £ 63.4ng/g tissue, day 3), adenovirus caused neutrophil alveolitis and extended the duration of BLM-
induced inflammation. In spite of indirect intraperitoneal (i. p. ) administration of Ad-HGF(6 X 10° pfu) to CSTBL/6
mice with BLM-induced lung fibrosis expressing 231.3ng/g of rat HGF in lung tissue at day 3, the significantly
reduced hydroxyproline content {128 + 5 %} was resulted, comparing with the mice treated by adenovirus without
cDNA insertion {Ad-Null, 177 + 9 9, p<0.005}. Furthermore, the ratio of apoptotic cells per total alveolar
cells in BLM-induced lung injury was reduced by the i. p. administration of Ad-HGF (35 = 4 % vs.13 = 1 %,
p<0.05). Ad-HGF also reduced the expression of TGF 2 mRNA induced by BLM in the lung. Intravenous
administration of Ad-HGF (4 X 10°pfu} ameliorated BLM-induced lung fibrosis as well as i.p. (6 X 10° pfu).
These results indicate the potential therapeutic effect of Ad-HGF for lung fibrosis, and the necessity to establish a
route of a vector administration avoiding additional infection to diseased lung.

We-also have established the safer method using plasmid vector conjugated with macro-aggregated albumin

(MAA) for expressing HGF specifically in the lung thorough lung vessels. We concluded that the gene therapy
using HGF is promising field for lung fibrosis.
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1 Structure of recombinant adenovirus vector
HGF ¢DNA.,
The recombinant  vector [Adex| CAHHGF:Ad-HGF}
constructed from Ad3-derived virus that has a deletion of Ela,
E1b and a portion of E3 regions.

WA Z 7 — Ad-Nuoll RER L 72,

HGF#W 75 A 3 KN ¥ —1k, b b HGF cDNA B k
SR o 7WE— % —%F pUC- 75 A 3 FIZHAAATR
L 72 {pUC- SR« -HGF), T 7, B ER 380372 #, Orson
Ly HEmm it BB vy o7 LT3

(macroaggregated albumin: MAA) T #5 & L7 pUC-SR « -
HGF # 3 L, fEMAEN IS L O C o EE 2 i</,

containing rat

is

=

Mg

2} Northern biotting

Ad-HGF & A549 Il %> CS7BL/6 ~ 17 A LI H 54 in
vitro B3 £ OF in vive T ORI % Northern blotting 1412 T il
L7, F7o, AdHGF % f&514, day3 O TV A —
F %> 5 Acid guanidine phenol chloroform (AGPC)
tocal RNA 241 L, 7 » b HGF B & U Lo LG

ol o T v L TGF-3 @ mRNA 78 & % Northern
blotting £ Cigw L 72, Al & LT,
phosphate dehydrogenase (GAPDH) 71— 7% w7z

s

glyceraldehyde-3-
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B2 Expression of the rat HGF transcripts in the mice lung
transfected with Ad-HGF.

Shown are autoradiograms of Northern blot analysis of HGF
mRNA from the lung 3 days after intratracheul administration of
Ad-HGF. Total RNA (204g) from Ad-HGF-treated, Ad-Null-
treated, and control mice at day 3 were electrophorized in 1%
agarose, blotted, and hybridized with ™P labeled rat HGF cDNA.
The HGF mRNA from the transgene was indicated at 2.6 Kb,

L2 ‘1“9“3 SRS

3 Localization of the rat HGF mRNA in the mice lung
transfected with Ad-HGF. .
In situ hybridization (ISH} with HGF antisense probe showed
that the bronchial cells (A), alveolar epithelial cells (B} and
alveolar macrophages (B} expressed rat HGF mRNA.



s
i 4 it oo S

EfFIE

M s f*i&nzsl VRO ZAMNEEARRT LT, i
wERR AL pdrafz (HMe), A Faxi7
U‘J/qa%ﬂ/hﬂ—ﬂ/ﬁ}’ﬁtﬂﬁf W ldrod (M

7).

FEFER S T, R
10%pfu T 5 L, MHECHEL S, mix i L
231.3 ng/g tissue {duy3) O HGF 4 H % it &
TLA=A Y GRE 28 BEOw 7 A /M)\% T
1, A-HOF$E58EIC BT S A T midibig = 20
oy, a4 FoFrso)rgdbart D’—Mﬂi&tt

EMIES D 3R D 6 X
il

g

2 400
D 350
2

= 300}
o

=

5 250+f
B

c 200
°

® 1501
g

g 100
o

3 50
5

S 0 . . .

0 5 10 15

Time after intratracheal administration of Ad-HGF {days)

[ 4 Quantitative analysis of HGF transgene expression in the
lungs of mice after intratracheal administration of Ad-HGF.
The time course of the HGF mRNA expression was examined
by ELISA 0, 3, 7, and 14 days after administration of Ad-HGF
(4 X 10pfu) (n=3 each). The expression levels reached
maximum level between day 3 (312.6 = 63.4 ng/g tissue) and
day 7 (351.0 £ 10.4 ng/g tissue), and gradually decreased until
day 14 (1491 £ 11.4 ngfe tissuc).
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5 Distribution of BAL cell types in mice after intrarracheal

administration of adenoviral vectors.
Mice were administered intratracheally with Ad-Null, Ad-

HGF, or PBS as control, and bronchoalveolar lavage (BAL)
was performed 1o determine leukocyte cell number and
composition. [ncreased pulmonary accumulation of leukoeytes,
especially lymphocytes and ncutrophils, were detected at day 3
after administration of adenoviral vectors, Ad-HGF as well as
Ad-Null.
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B 6 Histepathology of bleomycin-injured
vector-treated lungs.,

Adenoviral veciors were administered intratracheally at day O,
and then BLM instillation intraperitoneally at day 1, 3, 5 and
7. Mice were sacrificed at day 28 for histopathological study.
and the lung sections were cvaluated by H & E staining (data not
shown] and Elastica-Masson staining (A to D). Mice teated
with Ad-HGF {4 X 10°pfu} (C} did not improve the [ibrotic
changes induced by BLM intusion, uand showed the similar
histopathological findings 10 BLM only [B) and BLM with Ad-
Null treated mice (D} (> 40). A was negative control without
BLM and adenoviral vector.
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7 Analysis of lung collagen  content  quantitated by

hydroxyproline assay.
Whole collagen content wuas cvaluated by determining
hydroxyproline content of left lung at day 28, and the values

were shown as % of saline treated controb, Intratrachcal
administration  of  Ad-HGF (W) did not affect lung
hydroxyproline content  in BLM-injured mice, and has

significant ditference from Ad-Null { (n=3 in each group).
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B8 Quantitative analysis of HGF transgenc expression in the
lungs of mice after intraperitoneal administration of Ad-HGF.
The time course of the HGFE transgene cxpression was
examined by ELISA at day 0, 3, and 7 {n=4 in cach group).
The expression level reached a peak (231.3 ng/g tissue) at day
3 and was maintained same level until day 7.

9 Intraperitoneal njection of AJ-HGF ameliorated bleomycin-
induced pneumonitis,
Microscopic findings (Elastica-Masson staining} of the mice
lung 3 weeks after administration of the vectors were shown, A
& B: BLM with Ad-HGF (6 X 10°pfn) treated, C & D: BLM
with Ad-Null (6 X 10%fu) treated. Shown in the left column
{A & C) is in low magnification (X 6.23), and right (B &
D] in high magnification (> 20). Ad-HGF apparently improved
the area of fibrotic change.
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10 Analysis of lung collagen content quantitated by
hydroxyproline assay.

Whele collagen content of the left lung was evaluated by
determining hydroxyproline content of left lung at day 28, and
the values were shown as % of saline treated control,
Intraperitoneal administration of Ad-HGF significantly reduced
the lung hydroxyproline content in BLM-injured mice (8 (128
=+ 5%, n=5}, comparing to Ad-Null {(ll) (177 + 9%, p<0.005)

{n=5 in each group).
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11 Itravenous  administration of Ad-HGF  ameliorared
bleomycin-induced pneumonitis.
Hydroxyproline contents of left lung at day 28 were shown as
% of saline treated control, Intravenous administration of Ad-
HGF significantly reduced the fung hydroxyproline content in
BLM-injured mice (N} comparing to Ad-Null (l) (127.6 &
14.9 % vs.149.4 = 24.0 %, p<0.05)}.
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12 Ad-HGF rescued apoplotic alveolar epithelial cells from bleomycin-induced injury.
TUNEL staining (B, D) demonstrated apoptotic cells in alveolar epithelial cells at day 7 after administration of BLM only (A, B} and
BLM with HGF therapy (€, D). Treatment with Ad-HGF prevented the apoptosis in the alveolar epithelial cells (D) from BLM injury.
Left panels are H & E swainings, (Original magnification: A, B, C, D, X 100,)
On the right side (E), the results of percentage of apoptotic cells in the lung were plotied. The number of apoptotic cells was reduced by
administration of Ad-HGF.
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13 Ad-HGF decreased TGF- 5 1 mRNA expression in the mice lung after bleomycin-induced injury.
A: Northern blot analysis of TGF-2 | mRNA expression {upper pancls} and 7 -actin {lower panels) as control in the right lung of mice.
Total RNAs {20:g) was derived from no-treated mousce (lane 1), mice treated with BLM and Ad-HGF {day3: lane 2, day7: lune 3) and
mice (reated with BLM and Ad-Null (day3: lane 4, day7: lane 5).
B: Quantification of the TGP-2 | mRNA expression by Northern analysis. Relative amounts of TGF-2 1 mRNA were evaluated by
densitometoric correction 1o that of 7 -actin mRNA at each time points. Ad-HGF (@] inhibited the increase of TGF- 3 lat day 7 after BLM
administration (H) (n=3).
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[ 14 Expression of HGF after Iniravenous injection of plasmid
vectors with or without macroaggregated albumin (MAA ).
Intravenous  administration of pUC-SR « -HGF (5 1 g)
conjugated with MAA induced the expression of HGF (174 pg/g
tissue) in the lung eleven times as much as naked pUC-SRe -HGF
{5,080 (15 pgfe tissue).
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E 15 Time Course of HGF Expression after [Inrravenous
Administration of pUC-SR ¢ -HGF Conjugaied MAA.
The expression level reached a peak {148.1 £ 63,1 pg/s tissue)
2 duys after injection, and slightly decreased thereafter.
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AMRETEABCTILEEZHY, ML 20 595 TGF-g 13t L TN T A HFTH 2 W[ iEH TGE-
B UMZEEIG (Fo i EU T B s, MHEELLTIG 55 L 2R A7, C5TBLE v 7 Al
bleomycin 1.5mg/kg & RE MRS L 72&, 5 HHIZHANEEFEABAEILET v TEE TGF-2
U B SEEIgG (Fo) plERETARIIREHIGEA Lz, 1208 EETEAH T HB) ORIz Lk
ik d e % BRI LR IE Al & Western Blotting #9772, 21 HE GEZTEAKZI6HE) @
Hydroxyproline 202 & o THMLOFFM 41T 72, BHATOEHEREN~DEOOERLERL, o
OBETENEFHTHL L E2z B/ L LSS, Hydroxyproling B4 ¢, HEORZRT
WA R TGE- 3 11 B RR-1eG (Fo) @& LT HE AL 5 bleomycin AT L OEIRIS R4 Chdo
Fo. SHBEERALAUPHEOHRIC TS TH LA LL ) hOBRAPLETHI LELILND,

Regulation of pulmonary fibrosis by gene transfer of anti-cytokine molecules

Seiji Hayashi, Masahide Mori, Hiroto Matsuoka

Bepariment of Motecular Medicine., Osaka University Graduare School of Medicine

Several investigators have attempted to regulate pulmonary fibrosis with gene therapy in vive. To accomplish
continuous and stable protein expression, in vive introduction with a coding gene has advantages over adminstration
of a recombinant protein.

We introduced soluble human transforming growth factor- 3 (TGF-2} type II receptor-IgG (Fc) (T ZRII-Fe)
gene and assessed the extent of the protein expression and antifibrotic effect on bleomycin-induced lung fibrosis
model mice. On day 0, bleomycin (1.5 mg/kg) was instilled through the trachea inte the lungs of C57BL/6 mice
under anesthesia, and 100« g of plasmid cDNA of the T $RII-Fc gene was injected into muscle with electric pulses
on day 5.

On day 12, expression of T 3RII-Fc protein was detected not only en the muscles by immunchistochemical (IHC)
analysis, but in the lungs by IHC and Western Blotting.

The T 2 RII-Fc gene introduction did not reduce the hydroxyproline content of the lung on day 21 compared to
contro] of lacZ gene.

In vivo gene transfer into muscles by eleciroporation is a new, effective and cheap method for gene expression.

We might need further investigation for the quantitative analysis of the protein expression.
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2 L3702 & &1 o4l LT Western Blotting %
A7z,

21 A E Wikl 3 L, 585 6 LLiE hydroxyproline &
WEE T

(4) HMEE & BEAlEe

4% 8 F RV LT VT B F-PBS 12T AL e
Tissue-Tick [ZM L T20C (ZHF L2 5um Eam)y
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RII-Fe &H O R 2 421 L 72 (Fig.3).

immunohistochemistry
1s1: goat anti human 1gG({Fc} Ab
2nd: rabbit anti goat IgG(H+L) Ab
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Effects of murine interferon- 5 on experimental bleomycin-induced lung injury
and fibrosis in mice.

Arata Azuma', Satoshi Henmi®, Yasushi Miyauchi®, Akiko Izawa?,
Saburo Sone?, Shoji Kudoh'

1. Forth Department of Intemal Medicine, Nippon Medicai School
2. Pharmaceutical Research Laboratories, Toray Industries, Inc.

We evaluated the effects of murine recombinant interferon-,3 (MulFN-3 ) on experimental bleomycin-induced
lung injury and related pulmonary fibrosis in mice. First, bleomycin (BLM} at the final dose of 100mg/kg was
intravenously injected to 8-week-old ICR male mice, followed by the intravenous administration of MulFN- 2 every
other day for 4 weeks. The animals were sacrificed after 28 days from BLM-injection and the lungs were
appropriately processed. The lungs of the control group and MulFN-7 administered groups were compared
histologically, and soluble collagen and prolylhydroxylase contents were also examined. MulFN- 32 reduced the
number of histological events and significantly decreased lung collagen and prolythydroxylase (PH). contents.
Secondly, BLM at the dose of 10mg/kg was intrapeneatolly injected to 8-week-old CS7BL/6 male mice twice a
week for 5 weeks followed by the subcutaneous administration of MulFN-32 for 14  consecutive days. Mean
survival time of the MulFN- 2 -treated groups was longer than that of the control groups, These results suggest that
MulFN- 2 inhibits lung fibrosis by suppressing the PH activity, Furthermore, our results suggest that human IFN-
/7 may also suppress the progress of idiopathic pulmonary fibrosis in human.
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Histological findings of mouse lung tissue 28days after
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Figure 2 Comparison of lung collagen contents and prolylhy-
droxylase contents 28days after BLM-injection. A) soluble
collagen contents. Accumulation of lung collagen was measured
as salt- and acid-soluble collagens. (*p<0.05 vs. cont. ). B)
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Prolylhydroxylase contents. (*p<0.05 vs. cont. }.
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Figure 3 Comparison of survival rate betwgen cont. group and
MulFN- 3 groups.
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BRI BT 2R S ) E 7 v SO BTN b 1) v~ A {extracellular
matrix: ECM) OB L L P#MORKEHENEI LN L, v ) v 2P A A %0705 7 — % (Marrix
Metalloproteinase: MMPHIBAMEALERIE L S50 2 ARG REEL TR EE & B H 2 EOM O 4485 8 D?-i% %,
FiZ MMP-2 X U MMP-9 i3 BEIBE D F - 2R TH AW R 25— 5 L 23K L L, REREEIE
VA EERREABESNS. DAL, A MBI BT S MMP-2 AU MMPO O & % 1 &5 A0z 9‘
S8, WA OHBEMN#EH O BALF B UM O MMP ORI AW L/, S ONIHIRE, 18 g,
TEI LR O 3 EEOMIEHRD A 72 in vio DWET 4T - 72, BEAMIEH T MMP-9 ¥ TNF-o, TL-1

LD, MMP-2 A TGF-Z 12X WEBEa s, n# FoMlek Tt MMP2 25 TGF- 2 12 X h 358 S 7-
A, MMP-9 &M 7 A4 BV THREASFEIN Lo AT LM TIE TNF. o,
IL-1%, TGE-BIC& »T MMP-9 538 247z, BIERGR, NEILLE, S¥EEROVTROMREKICENT
b TNF-«, IL-13, TGF-21Z% o TS S 7 MMP-2 % 4\ id MMP-9 7% IFNy % Dexamethasone (2 & -
TSR, FRAE L LRSS TECM 2 EL 282 2 L0k ) MMP ORENE(ET 2 2 &
TRz, KT, WRMESRY A by 4, MY M A A 2, BOM &4 MMP O R ELC L
KIZT Z & hhoie,

Regulation of MMP-2 and MMP-9 Expression by Cytokines and Extracellular
Matrix Substrates in Lung Cells

Hisako Miyakawa, Kazuhiro Ivonaga, Tatsuya Okamoto, Isamu Cho
Moritaka Suga, and Masayuki Ando

First Department of Internal Medicine Kumamoto University School of Medicine, Kumamote, Japan

We recently reported that matrix metalloproteinase (MMP) -2 and MMP-9, produced mainly by macrophages and
epithelial cells, contribute to lung injury resulting in the structural remodeling. The present study was conducted
In order to know more about expression of these MMPs by macrophages and epithelial cells. We studied regulation
of MMP-2 and MMP-9 expression by cytokines, growth factors, dexamethasone {Dx) and extracellular matrix (ECM)
substrates in THP-1, AS549, and BET-1A cell lines, representing monocytes/macrophages, alveolar type II cells,
and bronchial epithelial cells, respectively, using gelatin zymography. MMP-9 production was increased by TNF-
a, IL-13, and LPS in THP-1 and BET-1A cells but not in A349 ceils. MMP-2 production was not influenced
by these stimuli in any of the cell lines. In contrast, TGF- 3 upregulated MMP-2 production in THP-1 and A549
cells and MMP-9 production in BET-1A cells. IFNy or Dx suppressed TNF-«, IL-173, and TGF- 3 -induced
MMPs production in these cells. Furthermore, BET-1A cells cultured on type I collagen or fibronectin displayed
greater constitutive, TNF- -, IL-15-, or TGF- 3 l-stimulated MMPs production than BET-1A cells cultured on
type IV collagen, Our results suggest that cell type, proinflammatory cytokines, growth factor TGF- /3, and cell-
ECM interactions, all affect expression of MMP-2 and MMP-9 and help to clarify the role of these MMPs under
inflammatory lung conditions.



2000 3 HE T b g 2Ji 3

Hr S BIPRS00 ik S D SR 9E

=S¥ 1

FRAEMERN#R AR IE (idiopathic pulmonary fibrosis: IPF) (£
Wl EATPE O RUEENTEEE TS Y, AN s Mo
Ry LMl P oy 2 R

E7E]

KA
VEF) oy S
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NSIP & BOOP Tif MMP-2 D EERIABG TH Y, B -
72 MMP D 3EIEATF L2 o B P AOM“I&FT IEPE

UF nonspecific interstitial pneumonia
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HEREFE
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R ORBEF AT T AWML, BlE,
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OFEINIOWTIAES 4 B I 1 %2 TGF-2, LPS 5%
m?h?i WL RGO B A ST L E T
L7, §TOHRET proMMP-2 & proMMP-9 |24
4 L AT 805 72kDa & 92kDa ORIz /3 2 WA,
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A94Z proMMP-9 OFEFLOIENIA FE /- {Fig.1A), TNF- «
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ng/ml 7 % 5 T proMMP-9 @ 3 H id s L 7

(Fig.1B). TGE-3 I proMMP-9 @/l i2did & A &8
#MIEEF, proMMP-2 DERZ N E 27 (FiglA, ).
TGF- 8 100 ng/mi 235 T proMMP-2 O 56 B 545 1230
BIL 7z, F 7 Dx i proMMP-2 X TF proMMP-9 @ 58 11 %
AL A
A349 TIZTNF-o N UTLPS, IL-13 OFIEUZIE L A

= 2 Ao 72 (Fig 2A-C) . LA L, TGE- 3 1 proMMP-
2 DR EIEAETEOI I = £/ (Fig.2A) . TGE- 2 10-
100 ng/ml O 5T proMMP 2 DB S RIcEL 7

{Fig.2C). # 7= Dx i proMMP-2 % UF proMMP-9 0 5 1]
g ol |t A

BET-1A TiZ, TNF-o« R UFLPS, IL-12, TGF-7? @'ﬂij
Bl LTRSS proMMP-9 D REE A L

(Fig.3A, B). TNF-a 10-1000 U/ml & & V£ [L-15 1-100
ng/ml, TGE-7 1-100 ng/m! O 3%5-T proMMP-¢ 7 5 31E
4 fFE L Ao Dx i proMMP-2 A OF proMMP-9 D5
& I0HI L Az, TNF-o B OF LPS, TL-1 3 D HI#E proMMP-
2OREMIFIEEAEREEERIZES L 20, TGF-3
13 proMMP-9 DER T {EH LA SIS 72,

TNF-a & % WL IL-13, TGF-3 (2358 % 72 MMP-Y
M OTMMP-2 DFIRO IFNy $ 50T Dx 2L 52k % .Tl~
fliL.72. THP-1 TI{XIFNy H 5\ Dx #* TNF-a & 5
B IL-1 310 X o TR S 172 proMMP-9 DR E %, 1 7z
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proMMP-2 DIEB A 405] L 7 (Figd). A549 T2 [FNy &
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