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Abstract Increased accumulation of collagens in extr&key words Bleomycin - Pulmonary fibrosis -

cellular matrix (ECM) is mainly responsible for bleomy€ollagen - HSP47

cin-induced pulmonary fibrosis in rats. This study was

designed to assess whether increased collagen accumula-

tion in bleomycin-induced pulmonary fibrosis is associdttroduction

ed with heat shock protein (HSP) 47, a molecular chaper-

one for collagen biosynthesis. We investigated the expiefrosis is characterized by increased deposition of vari-
sion of type | and type Ill collagens and HSP47 in bleods collagens and occurs in virtually every tissue and or-
mycin-induced pulmonary fibrosis. Fifteen male Wistgan system. However, despite a large literature describ-
rats were divided into two groups; group |: bleomycin-itng the composition and morphological changes that oc-
duced pulmonary fibrosis; group Il: PBS-treated agedr in the fibrotic connective tissue, the underlying
matched control rats. Pulmonary fibrosis was induced fagchanisms responsible for excessive deposition of col-
injecting a single dose of bleomycin sulphate (5 U/kggens in the fibrotic lesions are still poorly understood.
body weight) intratracheally. Three bleomycin-treated ratsThe newly identified collagen-specific stress protein,
and two age-matched control rats were sacrificed at H®P47, localized in ER, has an important involvement in
end of each of the 1st, 2nd and 4th weeks of the expivé synthesis/assembly of various collagens as a colla-
ment. In bleomycin-treated rats, histological examinatigen-specific molecular chaperone [11-13, 17, 18].
revealed pulmonary fibrosis, which increased with timdSP47 has been found to be involved in the sclerotic/fi-
Increased type | and type Il collagen desposition was bietic process in various experimental fibrotic diseases.
served in the lungs of all the bleomycin-treated rats. Wealpossible role for HSP47 in pulmonary fibrosis has not
immunostaining of HSP47 was noted in the control lundgeen demonstrated; nevertheless the potential exists for a
In contrast, strong immunostaining for HSP47 was seerpathological role of this HSP47 in modulating fibrotic
all the bleomycin-treated fibrotic lungs. In addition, irchanges of the lungs, since HSP47 is involved in the fi-
creased numbers of phenotypically altered myofibroblaktstic process in various organs [8, 9, 15]. Although
(a-smooth muscle actin immunopositive) and fibroblasiSP47 has been shown to have a key role in increased
(vimentin immunopositive) were seen in bleomycin-treateposition of collagens in experimental liver cirrhosis [8,
ed lungs and found to express HSP47. Parallel increas@]ond glomerulosclerosis [15] in rats, it is unclear
collagens and their molecular chaperone HSP47 exprekether HSP47 has a similar role in the pulmonary fi-
sion was found in the bleomycin-treated lungs, and thigiosis. The identification and localization of HSP47 may
co-localization could be detected by double immunostalre critical for a better understanding of the mechanism
ing. Overexpression of HSP47 may play a significant paftpulmonary fibrosis.

in the excessive assembly of collagens and could contribAVe investigated a possible role of HSP47 in bleomy-
ute in this way to the fibrosis found in bleomycin-treatezin-induced pulmonary fibrosis in rats.

rat lungs.

M.S. Razzaque[(]) - T. Taguchi ;
Second Department of Pathology, Nagasaki University School Materials and methods

of Medicine, 1-12-4, Sakamoto, Nagasaki 852, Japan

e-mail: razzaque@net.nagasaki-u.ac.jp Male Wistar ratsr{= 15) were used for the study. All the rats were

kept in an air-conditioned room (21 + 2°C) lighted for 12 h a day
M.A. Hossain - S. Kohno (5:00 A.M. to 5:00 P.M.) at the Animal Centre of Biomedical Re-
Second Department of Internal Medicine, Nagasaki University search, Nagasaki University School of Medicine. All the rats had
School of Medicine, Nagasaki, Jaj.an free access to pelleted food and drinking water.
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Fig. 1 A Lung of a control rat, showing no significant histologicatohistochemical controls, the antibodies were replaced with
changesB Histological features of the lung of a bleomycin-treate@i01% PBS or with a similar concentration of either mouse or rab-
rat sacrificed at 2 weeks, showing increased inflammatory cell infilt IgG. After washing with PBS, the sections were processed fur-
tration and pulmonary fibrosis. The animals were matched fi:r agéher using Histofine SAB-PO kit as directed by the manufacturer,
Fig. 2 A Weak immunostaining of type Il collagens is noted i@"d the sections were developed with'-8ji&minobenzidine and
the control lungsB Immunostaining of type Il collagen is strong202- A conventional alkaline phosphatase staining method was
in the fibrotic areas of a bleomycin-treated I ing used to localize HSP47 in the lung sections (Histostain-AP Kit;
Zymed Laboratories, USA).

The staining intensity ak-smooth muscle actin (argi-smooth

The rats were divided into two experimental groups. Bleomycimuscle actin: Dako Corp, Denmark), vimentin (anti-vimentin: Dako
treated ratsn(= 9) were given a single intratracheal injection of bl&corp, Denmark), type | collagen (anti-type | collagen: Cosmo Bio,
omycin (5 U/kg of body weight) under anesthesia. Another six rdapan), type Il collagen (anti-type Il collagen: Chemicon, USA)
were given a single intratracheal injection of similar volume ahd HSP47 (anti-HSP47: Biotechnologies Corp, Canada) was grad-
0.01 M PBS and used as controls. Three bleomycin-treated ratsemhédemiquantitatively according to the following scale: (0) = no
two age-matched control rats were killed after 1 week, 2 weeks ataining, (+) = weak staining, (++) = moderate staining, (+++) =
4 weeks of the experiment by exsanguination under ether anesthssiang staining.
Both lungs were then removed from each rat via a midline incision. Double immunostaining was performed to localize HSP47/type |
A portion of each lung was fixed immediately in Carnoy’s solutiaollagen, HSP47/type Ill collagen, HSR#-&mooth muscle actin
for 2 h for immunohistochemistry and another portion was fixed amd HSP47/vimentin in the same lung sections as described earlier
10% formalin for 24 h for immunohistochemical and histologicfl5]. Briefly, paraffin sections (¢im) were deparaffinized, dena-
examination. tured with 0.3% hydrogen peroxide in methanol (30 min), reacted

Tissues were processed to paraffin, anihof each lung sec- with 10% nonimmune goat serum (10 min) and incubated with
tion was stained with haematoxylin-eosin (HE) and Masson’s tntonoclonal antibody against HSP47 for 1 h. The sections were
chome. The extent of pulmonary fibrosis was determined by lightated further with biotinylated second antibody (10 min) and
microscopic examination. streptavidin-alkaline phosphatase (10 min) successively and devel-

Immunohistochemistry was performed as described earlier [bped with BCIP/NBT, which produces a dark purple stain. Then the
16]. Briefly, paraffin sections (im) were deparaffinized with xy- sections were further stained for type | collagen, type Il collagen,
lene, and rinsed thoroughly with ethanol. The sections were tliesmooth muscle actin or vimentin by streptavidin-biotin-peroxi-
soaked in 0.3% hydrogen peroxide in methanol for 30 min at roatase (HRP) method and the antigen—antibody complex was visual-
temperature to inactivate endogenous peroxidase activity. Afieed by aminoethyl carbazole (AECYB), which produces an in-
mild treatment with trypsin (15 min), the sections were incubatéehse red stain. As immunohistochemical control, primary antibod-
with either 10% goat serum or 10% rabbit serum (30 min), th@s were replaced with either 0.01 M PBS or mouse/rabbit IgG di-
covered with primary antibodies and incubated for 1 h. As immiuted with PBS (similar concentration to that of primary antibody).



Results

The histological study exhibited no significant histolo( :
cal changes in the age-matched control lungs (Fig. . & 3
while marked pulmonary fibrosis and inflammatory ¢ = =
infiltration were always noted in the lungs obtain " "
from bleomycin-treated rats (Fig. 1B). The extent of | g%
fibrosis increased gradually with time (2 weeks anc .
weeks).

Weak interstitial immunostaining (+) for type | (da  f;
not shown) and type lll (Fig. 2A) collagens was notec =%
the lungs of control rats. In contrast, strong immu = ¢
staining (+++) with increased deposition of type | col
gen (data not shown) and type Il collagen (Fig. 2B) v
always noted in the fibrotic lesions in bleomycin-trea
rats. Although the intensity of collagen immunostaini %
was same in all bleomycin-treated rats lungs, the leve
collagen deposition increased with time. =

Immunoreactive HSP47 expression was weakly
tected in the interstitial cells (+) and endothelial cells
of the blood vessels in the control lungs (Fig. 3A).
contrast, markedly increased HSP47 immunostair 7k
was noted predominantly in interstitial cells (+++) ina 1§ 5>+ £~
around the pulmonary fibrosis in bleomycin-challenc =5 #£
lungs (Fig. 3B, C). When monoclonal HSP47 was
placed with a similar concentration of mouse I1gG,
specific staining was noted (data not shown). Althot
the intensity of HSP47 immunostaining was same in
bleomycin-treated rat lungs, the level of HSP47 expi
sion (in terms of area) increased with time.

To examine whether the increased expression
HSPA47 in bleomycin-challenged lungs is associated \ , .
increased accumulation of collagens, double immu «* %
staining for HSP47 and collagens was performed in | :
lung sections. Co-expression of HSP47 and type | cc
gen (data not shown) and HSP47 and type Il colla
(Fig. 4A, B) was noted in the fibrotic areas induced
bleomycin injection. A similar pattern of immunostai
ing was seen in all bleomycin-challenged lungs.

a-Smooth muscle actin was present mainly in the \
sel walls and the bronchial wall in the control lun
(Fig. 5A), while increased numbers @fsmooth muscle *
actin-positive myofibroblasts was noted in bleomyc £ _#e. "o ) & Ot %
treated rat lungs, revealing phenotypic modulation S«g Mo 23 ,3;;’ S
these cells (Fig. 5B). Similarly, compared with the con- ‘ I
trol lung (Fig. 5C), increased numbers of vimentin-podtig. 3 A Immunohistochemistry for heat shock protein (HSP) 47

ive m nchvmal origin lIs (fibrobl wer |4y a control lung, showing weak staining for HSP47, mainly in the
t en ineZIe Cmy ig tro (:E] d rcet |Sn( b |2|b agté) ere aé@terstmal cells.B, C In contrast, markedly increased HSP47 im-
see eomycin-treated rat u g_S( g. )- . munostaining is noted, mainly in the stromal interstitial cells, in
To determine the cells expressing HSP47 in bleomyeomycin-treated luncs

cin-challenged lungs, double immunostaining for HSP47
and a-smooth muscle actin or vimentin was performed
in the lung sections. Co-expression of HSB4Sihooth Discussion

muscle actin (Fig. 6A, B) and HSP47/vimentin (Fig. 6C,

D) was noted in the bleomycin-treated lungs. A simil&ibrotic lung diseases are one of the major chronic prob-
pattern of immunostaining was seen in all bleomycifems of clinical practice. The mechanism by which pul-

challenged lungs, suggesting that HSP47-expressingnary fibrosis occurs in various disease conditions is
cells are mostly vimentin-positive fibroblasts andéer unknown. Although several reports have documented in-
smooth muscle actin-positive myofibroblasts. creased synthesis of ECM, including various collagens,
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Fig. 4A, B Double staining on a paraffin section of bleomycinFig. 5 A Immunohistochemistry fora-smooth muscle actin,

treated lungs using antibodies against HSP47 and type Il coldrowing immunostaining in the vessel wall in the control lung.

gen. HSP47 is stained dark purple and collagen is stained inteBs@ompared with the control lung, markedly increased immuno-

red. Note that increased expression of HSP47 is associated \stdining for a-smooth muscle actin is noted in the bleomycin-

increased expression of type Il collagen in the fibrotic areas wéated rat lungC Immunohistochemistry for vimentin, showing

bleomycin-treated rat lunis weak immunostaining in the control lurig.An increased number
of vimentin-positive mesenchymal origin cells are noted in the
bleomycin-treated rat lur.g
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Fig. 6 Double staining on a paraffin section of bleomycin-treatesl collagen-specific molecular chaperone [3, 4, 11-13].
g’n”(?é ”Siﬂ%ﬁfﬁﬂm’é’rﬂﬁs ﬁg?oizgi?ggﬁ?(fyogrthléngfg&%‘mn From recent reports, it appears that overexpression of
muscle actin or vimentin is stained red. HSpP4F;-expressing C(!.‘_|‘§P47 has an important role in sclerotic/fibrotic chqng—
are co-expressed with eithersmooth muscle actinA( B) or vi- €S. Masuda et al. [9] demonstrated that the expression of
mentin C, D) in bleomycin-treated rat lungs HSP47 mRNA was markedly induced during the pro-
gression of fibrosis in parallel with alpha 1(I) and alpha
1(ll) collagen mMRNAs in carbon tetrachloride-induced
during the development of pulmonary fibrosis in expetiver fibrosis in rats. In rats, the expression of HSP47
mental and human lung diseases [2, 20, 22], very littlewas also elevated in anti-thymocyte serum-induced glo-
known about the intracellular processing of the collagaererulosclerosis, in parallel with increased expression of
molecules during fibrosis. various collagens [15]. Consistent with the earlier reports
Bleomycin sulfate has been used to induce fibrosis[8 9, 15], in the present study, we found that the expres-
rodents, and is associated with increased inflammatsign of HSP47 was substantially increased in the bleo-
cell infiltration, fibroblast proliferation and collagen acmycin-treated lungs, along with an increased deposition
cumulation [1, 21]. The histological changes in the bleof collagens in the fibrotic areas.
mycin-challenged lungs in the experimental animals arelncreased numbers ofsmooth muscle actin-positive
similar to those seen in human idiopathic pulmonary fiyofibroblasts and vimentin-positive fibroblasts was
brosis [5]. Structural changes in bleomycin-challengested in bleomycin-treated lungs. These phenotypically
lungs include thickening of alveolar septa and loss afered myofibroblasts and fibroblasts were shown to be
lung elasticity, which subsequently leads to morbidity the predominant cell type responsible for procollagen
the animals. In this preliminary study, we examined theRNA expression in this model [21]. In bleomycin-chal-
possible role of HSP47 in pulmonary fibrosis using bletenged lungs all these phenotypically altered cells were
mycin-injected rats. found to express HSP47, which might contribute signifi-
Recently a 47-kD heat shock protein has been idem@ntly to the development of fibrosis in the lung, possi-
fied as a collagen-binding stress protein, and sevedsbl by regulating increased synthesis of various colla-
studies have suggested that HSP47 plays (an) imporgems. Further studies using Northern blot hybridization
part(s) in the synthesis/assembly of various collagensaasl in situ hybridization techniques are under way to ex-
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amine the relative expression and cellular origin of. Kambe K, Yamamoto A, Yoshimori T, Hirayoshi K, Ogawa R,
HSP47 mRNA in bleomycin-treated lungs.

Using a double immunostaining technique, we have

Tashiro Y (1994) Preferential localization of heat shock pro-
tein 47 in dilated endoplasmic reticulum of chicken chondro-
cytes. J Histochem Cytochem 42:833-841

clearly shown that increased expression of HSP47 in tlReKawada N, Kuroki T, Kobyashi K, Inoue M, Nakatani K, Ka-
fibrotic lung is associated with increased deposition of neda K, Nagata K (1996) Expression of heat shock protein 47
various collagens. However, the exact nature of the asspin mouse liver. Cell Tissue Res 284:341-346

ciation between increased expression of HSP47 and cdl
lagens in bleomycin-treated lungs has yet to be defined
In view of the fact that HSP47 plays an important role(s) tetrachloride-induced rat liver fibrosis. J Clin Invest 94:
in the synthesis, processing and assembly of various cql-2481-2488

lagens [6, 7, 10, 18, 19], elevated levels of HSP47 in bi&-

omycin-treated lungs may have a significant role in the

subsequent manifestation of pulmonary fibrosis. Howeut. Nagata K, Yamada KM (1986) Phosphorylation and transfor-
er, the factors regulating increased expression of HSP47mation sensitivity of a major collagen-binding protein of fibro-

in bleomycin-treated lungs need further study. Therap
tic intervention directed against HSP47 might alter t

e

Masuda H, Fukumoto M, Hirayoshi K, Nagata K (1994) Coex-
pression of the collagen-binding stress protein HSP47 gene
and the alpha 1(I) and alpha 1(lll) collagen genes in carbon

Miyaishi O, Sakata K, Matsuyama M, Saga S (1992) Distribu-
tion of the collagen binding heat-shock protein in chicken tis-
sues. J Histochem Cytochem 40:1021-1029

blasts. J Biol Chem 261:7531-7536
Nagata K, Saga S, Yamada KM (1986) A major collagen-bind-
ing protein of chick embryo fibroblasts is a novel heat shock

fibrotic process, which might be of clinical value. Exper- protein. J Cell Biol 186; 103:223-229
imental studies have shown that phosphorothioate améi-Nakai A, Satoh M, Hirayoshi K, Nagata K (1992) Involvement
sense oligodeoxynucleotides to HSP47 inhibited both of the stress protein HSP47 in procollagen processing in the

HSP47 production and consequently diminished the prg-

duction ofa(1) chains of type | pro-collagen [18].

endoplasmic reticulum. J Cell Biol 117:903-914
Razzaque MS, Taguchi T (1996) Expression of type Il colla-
gen mRNA in renal biopsy specimens of patients with idio-

In summary, increased expression of HSP47 in bleo- pathic membranous glomerulonephritis. J Clin Pathol [Mol Pa-

mycin-treated lungs may lead to progressive pulmonary thol] 49:M40-M42

fibrosis by regulating increase synthesis/assembly of var:

ious collagens.

16.

Acknowledgements The authors thank Ms. R. Togawa, Ms. Y.
Yamashita and Ms. S. Nakanose for preparing paraffin sections pressing cells in human diabetic nephropathy. J Pathol (Lond)
during this study. Special thanks to Dr. M. Cheng, Dr. A. Nazneen, 174:131-138

Mr. M. Yamamoto and Ms. N. Ohnishi for their technical support17. Saga S, Nagata K, Chen WT, Yamada KM (1987) pH-depen-

References

1.

18.

Aso Y, Yoneda K, Kikkawa Y (1976) Morphologic and bio-
chemical study of pulmonary changes induced by bleomycig.
in mice. Lab Invest 35:558-568

. Bienkowski RS, Gotkin MG (1995) Control of collagen depo-

sition in mammalian lung. Proc Soc Exp Biol Med 209:
118-140

volvement of a cell surface glycoprotein in the differentiation
of skeletal myoblasts. J Biol Chem 259:2646—2650 21.

. Cates GA, Nandan D, Brickenden AM, Sanwal BD (1987)

Differentiation defective mutants of skeletal myoblasts altered
in a gelatin-binding glycoprotein. Biochem Cell Biol 65:
767-775

duced fibrosis. Clin Chest Med 11:21-30

. Ferreira LR, Norris K, Smith T, Hebert C, Sauk JJ (1994) As-

sociation of Hsp47, Grp78, and Grp94 with procollagen sup-
ports the successive or coupled action of molecular chaper-
ones. J Cell Biochem 56:518-526

Razzaque MS, Taguchi T (1997) Collagen-binding heat shock
protein (HSP) 47 expression in anti-thymocyte serum (ATS)-
induced glomerulonephritis. J Pathol (Lond) 183:24-29
Razzaque MS, Koji T, Taguchi T, Harada T, Nakane PK
(1994) In situ localization of type Ill and type IV collagen ex-

dent function, purification, and intracellular location of a ma-
jor collagen-binding glycoprotein. J Cell Biol 105:517-527
Sauk JJ, Smith T, Norris K, Ferreira L (1994) Hsp47 and the
translation-translocation machinery cooperate in the produc-
tion of alpha 1(I) chains of type | procollagen. J Biol Chem
269:3941-3946

Shroff B, Smith T, Norris K, Pileggi R, Sauk JJ (1993) Hsp 47
is localized to regions of type | collagen production in devel-
oping murine femurs and molars. Connect Tissue Res 29:
273-286

) . .20. Specks U, Nerlich A, Colby TV, Wiest I, Timpl R (1995) In-
. Cates GA, Brickenden AM, Sanwal BD (1984) Possible in-

creased expression of type VI collagen in lung fibrosis. Am J
Resp Crit Care Med 151:1956-1964

Zhang K, Rekhter MD, Gordon D, Phan SH (1994) Myofibro-

blasts and their role in lung collagen gene expression during
pulmonary fibrosis. A combined immunohistochemical and in

situ hybridization study. Am J Pathol 145:114-125

) ) . 22. Zhang K, Gharaee-Kermani M, McGarry B, Phan SH (1994)
. Chandler DB (1990) Possible mechanisms of bleomycin-in-

In situ hybridization analysis of rat lung alpha 1(I) and alpha
2(l) collagen gene expression in pulmonary fibrosis induced
by endotracheal bleomycin injection. Lab Invest 70:192—-202



