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ABSTRACT

ROLES OF PULMONARY ANGIOTENSIN SYSTEM IN THE DEVELOPMENT OF
PULMONARY FIBROSIS

By
Xiaopeng Li

Treatment for IPF targeting the suppression of inflammation has not been successful,
suggesting that inflammation is not the sole mechanism underlying lung fibrogenesis.
Mortality of IPF patients is not dependent on severity of inflammation, but correlates well
with the presence of “fibroblastic foci” and adjacent failure of reepithelization. Loss of
alveolar epithelial cells (AECs) and failure of reepithelization characterized in pulmonary
fibrosis can be considered as profibrotic and are believed to initiate the fibrotic lesion.

The loss of AECs could result from necrosis and/ or apoptosis. Increased level of
apoptosis was found in AECs in experimental and human pulmonary fibrosis. One
indication that the angiotensin system is involved in fibrogenesis is findings that blockade
of angiotensin systems blocked Pulmonary Fibrosis (PF) at least in several animal
models. Our lab showed that angiotensin II (ANG II) induces apoptosis of the primary
AECs through ANG II type I (AT1) receptor in vitro. Apoptosis of AECs induced by Fas
Ligand, TNF-alpha, and amiodarone requires angiotensin synthesis de novo as AECs
apoptosis can be blocked by the antisense oligonucleotide against the mRNA of the
angiotensinogen (ANGEN), angiotensin converting enzyme (ACE) inhibitors, and ANG
II receptor (AT receptor) antagonists in vitro. Taken together, those data suggest that
ANG I, the processed product of ANGEN, is the key to regulate apoptosis of AECs and

subsequent lung fibrosis.
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The existence of “local angiotensin system” in the lung, which is independent of the
endocrine RAS, is supported by studies demonstrating the expression of angiotensin
system components in cultured primary rat AECs in response to Fas Ligand, TNF-alpha,
and amiodarone and myofibroblasts from human fibrotic lungs. Bleomycin-induced rat
and mouse pulmonary fibrosis model is a well-studied model for fibrogenesis. But there
is much still unknown about the components and roles of pulmonary angiotensin system
in bleomycin-induced pulmonary fibrosis. The overall objective of my thesis project was
to determine the roles of pulmonary angiotensisn system in the development of
pulmonary fibrosis. We tested the overall hypothesis: the pulmonary angiotensin system
including its components angiotensinogen, cathepsin D and ATI1 receptor, plays an
essential role in the development of bleomycin-induced pulmonary fibrosis at least in part
through ANG II-AT1 receptor pathway mediated apoptosis of AECs. Our data showed
that: 1) AEC apoptosis in response to bleomycin (BLEO) requires ANG synthesis and is
inhibited by ANG system antagonists; 2) Cat D is required for AEC apoptosis in response
to bleomycin at least in part by converting angiotensinogen to ANGI; 3) Administration
of the AT1-selective receptor antagonist and deletion of the ATla receptor gene block
BLEO-induced AEC apoptosis and lung fibrosis; 4) The apoptotic type II alveolar
epithelial cells and myofibroblasts are the major cellular sources of lung-derived ANGEN
in vivo; 5) Administration of the antisense against ANGEN messenger RNA attenuates

bleomycin-induced AEC apoptosis and lung fibrosis.
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Figure 3.1: Detection of apoptosis in primary AECs and A549 cells. A, B and C: Primary
cultures of AECs were exposed to vehicle (A) or BLEO (B and C) at
25mU/m] for 20hr and were then fixed in 70% ethanol without washing (see
Methods). Cells exhibiting chromatin condensation and nuclear fragmentation
with propidium iodide (arrowheads, B) were scored as described earlier (27
and Methods). C: BLEO-exposed cells were fixed and prepared for in situ end
labeling (ISEL, left) or TUNEL (right) of fragmented DNA (25); note
colocalization of label (blue or brown, respectively) in nuclear fragments
(arrowheads) identified by propidium in B. D, E and F: A549 cells exposed to
vehicle (D) or BLEO at 25mU/ml (E) or 100mU/ml (F) for 20hrs were fixed
and prepared for immunolabeling for Fhe active form of Caspase 3 (see
Methods). Note labeling of active Caspase 3 (purple) in cells with either
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nucleus (arrows, E and F). Note also reduced total cell number with increasing

BLEOdoses (Eand F)........coooiiiiiiiiiii e 52

Figure 3.2: Dose-dependent induction of nuclear fragmentation by bleomycin (BLEO) in
primary rat AECs and blockade by inhibitors of caspases, endonucleases,
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Day 2 of primary culture (see Methods). Putative inhibitors were added 30
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minutes prior to addition of BLEO; nuclear fragmentation was scored as
described in Fig.1B and Methods. ZVAD = ZVAD-fmk (N-benzylcarboxy-
Val-Ala-Asp-[O-Me]-CH,F, 60uM), ATA = aurintricarboxylic acid 10uM);
CAPTO = captopril (500ng/ml); SARAL = saralasin (50ug/ml). Bars are the

mean + S.E.M. of at least 4 observations; * = p<0.05 versus control (0.0

Figure 3.3: Blockade of bleomycin-induced apoptosis in primary AECs by selective
caspase or ANG receptor blockers. Rat AECs were isolated and challenged
with 25mU/ml BLEO alone or in the presence of the Caspase 3-selective
inhibitor DEVD-fmk (60uM) or the ANG receptor AT1-selective antagonist
losartan (LOS, 10°M). Control cultures (CTL) received BLEO and blocker
vehicles only. Nuclear fragmentation was scored as described in Fig.1 and
Methods. Bars are the mean + S.E.M. of at least 4 observations; * = p<0.05
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Figure 3.4: Inhibition of bleomycin-induced apoptosis of A549 cells by inhibitors of
caspases or ANGlII-receptor interaction. A549 cells were cultured to 8%
confluence as described in Methods and were challenged with 25mU/ml BLEO
in the presence or absence of the indicated compounds. Anti-ANGII =
neutralizing antibody to ANGII (lug/ml); N.S.IgG = isotype matched
nonimmune immunoglobulin (lug/ml); L158809 = ANG receptor ATI-

selective antagonist (10° M); PD123319 = ANG receptor AT2-selective
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antagonist (10°M). Other abbreviations and concentrations are the same as in
Figs. 2 and 3. Nuclear fragmentation was scored as described in Fig.1 and
Methods. Bars are the mean + S.E.M. of at least 4 observations; * = p<0.05

versus control (0 doSe).......coouiiiiiiiiiii i e 56

Figure 3.5: Induction of caspase 3 activity by bleomycin and inhibition by an ANG
receptor antagonist. A549 cells were challenged with BLEO (25mU/ml) for
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antagonist saralasin (SARAL, 50ug/ml). Assay of Caspase 3 was conducted
on adherent cells as described in Methods. * = p<0.05 versus control (CTL)

and ** =p<0.05 versus BLEO...........coooiiiiiiii e, 57

Figure 3.6: Semiquantitative RTPCR of angiotensinogen (ANGEN) mRNA in AECs after
bleomycin exposure. Primary cultures of rat AECs (A) and A549 cells (B) were
exposed to BLEO (25mU/ml) for the indicated times and total RNA was
isolated. RTPCR was performed as described before with primers specific for
rat or human angiotensinogen (ANGEN), B-microglobulin (B-MG) or B-actin as
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Figure 3.7: Blockade of bleomycin induced apoptosis and net cell loss in AECs and A549
cells by antisense oligonucleotides against angiotensinogen mRNA. Primary
rat AECs (A) or A549 cells (B) were transfected for 4 hours with antisense or

scrambled sequence (scram) oligonucleotides as described earlier (see
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Figure 4.1:

Methods). Cells were challenged with bleomycin (BLE, 25mU/ml) for 20
hours immediately thereafter, and apoptosis (upper panel) was scored as
detailed in Figs.1-3; net cell loss (bottom panel of B) was measured as
detailed in Methods. lipo = lipofectamine; see Methods for details. Bars are
the mean + S.E.M. of at least 4 observations; * = p<0.05 and ** = p<0.01

versus corresponding control (CTL)..........c.ccooviiiiiiiiiiiiiiiiieeens 59

Cleavage of a fluorogenic substrate for Cathepsin D (CatD) is dependent on
time and protein concentration. Lysates of primary alveolar epithelial cells
(AECs) were incubated with the fluorogenic substrate MOCAc-Gly-Lys-Pro-
lle-Leu-Phe-Phe-Arg-Leu-Lys (Dnp)-D-Arg-NH2, and generation of
fluorescent product was monitored continuously over 30 minutes (see
Methods for details). Note linearity of product formation with time and

amount of AEC lysate............ooiiiiiiiiiiii e 78

Figure 4.2. Bleomycin upregulates CatD activity and release from AECs. Primary

cultures of rat alveolar epithelial cells (AECs) were exposed to bleomycin
(BLEO) for 20 hours at a concentration known to induce AEC apoptosis
(25mU/ml). CatD activity was measured in cell lysates as described in Figure
1, in the presence or absence of the aspartyl protease inhibitor pepstatin A
(pepA). Inset: CatD activity was measured in concentrated cell culture

medium collected from BLEO-treated (BL) and untreated (C) cells studied in
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panel A. Bars are the mean + S.E.M. of n = 6; * = p<0.01 versus untreated

control (CTL) by ANOVA and Student-Newman-Keul’s test.................. 79

Figure 4.3. Bleomycin does not alter steady-state levels of CatD mRNA. A: PCR
products from two different primer sets (1 and 2, see Methods) used to
amplify CatD mRNA by RTPCR; starting material was total RNA isolated
from primary rat AECs exposed to BLEO or vehicle for the indicated times.
B: Realtime RTPCR of CatD mRNA (primer set 2) at the indicated times after
exposure to BLEO (see Methods). p-MG = B-microglobulin; bars are the

mean+S.E.M. of three separate AEC cultures................c.ooveiiiiiiiiininnne 80

Figure 4.4. Bleomycin increases the release of immunoreactive CatD protein from
cultured AECs. Primary cultures of AECs were exposed to bleomycin
(BLEO) as in Figure 2; detergent lysates were harvested from the cells
(monolayer), and the cell culture medium was collected and concentrated.
Equal amounts of lysate protein (10ug/lane) or volume of culture medium
(equivalent to 10° cells) were subjected to western blotting with Cat-D-
specific antibodies (see Methods). Note increases in immunoreactive proteins
of apparent MW~ 52, 48 and 44kdal (arrowheads) in medium from BLEO-
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Figure 4.5. Pepstatin A inhibits bleomycin-induced apoptosis of AECs in vitro. Primary

cultures of rat AECs were exposed to BLEO in the presence or absence of
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pepstatin A (pepA) at 100uM. Apoptosis was quantitated by scoring of
nuclear fragmentation with propidium iodide (panel A) or by the enzymatic
activity of Caspase 3 (B). See Methods for details. Bars are the mean + S.E.M.
of n = 6; * = p<0.01 versus untreated control and ** = p<0.05 versus BLEO

by ANOVA and Student-Newman-Keul’s test................... 82

Figure 4.6. Antisense oligonucleotides reduce CatD immunoreactivity and inhibit
bleomycin-induced apoptosis of AECs in vitro. A: Antisense (AS) or
scrambled-sequence oligonucleotides (SCR) were transfected into primary
cultures of rat AECs in the presence of lipofectin (LIPO, see Methods),
without challenge with bleomycin (CTL). Western blotting of concentrated
cell culture media was performed with CatD-specific antibodies; note
decrease in immunoreactive CatD by AS but not SCR oligonucleotides. B:
After antisense oligonucleotide transfection as in panel A, AECs were
challenged with BLEO (25mU/ml) and harvested for detection of fragmented
nuclei as in Figure 5. Bars are the mean + S.E.M. of n = 3; * = p<0.01 versus
untreated control (CTL) and ** = p<0.05 versus BLEO by ANOVA and

Student-Newman-Keul’ s test. ....coooinii e e 83

Figure 4.7. Production of ANGII from angiotensinogen fragment 1-14 in vitro.
A: Angiotensinogen fragment 1-14 (F1-14, 5uM) was incubated in vitro
(without cells) with the indicated purified enzymes; ANGII was measured in

the reaction buffer by specific ELISA (see Methods for details). Note
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Figure 5.1.

production of ANGII by the combination of purified CatD + purified
angiotensin converting enzyme (ACE), but not by either enzyme alone. B:
Primary cultures of AECs were exposed to 5uM F1-14, and ANGII was
measured in the serum-free cell culture medium; note production of ANGII by

AECs challenged with F1-14, but not by untreated AECs....................... 84
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14. Primary cultures of AEC were incubated with F1-14 as in Figure 7, in the
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(SARAL, 50ug/ml) or L158809 (10 M). See Methods for details. Bars are
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** = p<0.001 versus F1-14 by ANOVA and Student-Newman-Keul’s test...85

Detection of DNA fragmentation, activation of caspase 3, and alveolar type II
pneumocytes in mouse lung. Deparaffinized lung sections were prepared from
mice instilled intratracheally 14 days earlier with sterile saline (A, C, and E)
or BLEO (B, D, F, and G). The sections were subjectedto ISEL of fragmented
DNA (A and B) or IHC with antibodies against the active form of caspase 3
(E-H) or with the type II cell-specific antibody MNF116 (C and D). G:
Higher magnification of active caspase 3 labeling. in F. H: Active caspase 3
labeling in mice treated with BLEO and LOS, an ATI1 receptor antagonist.

Note ISEL and active caspase 3 labeling in cells in the comers of alveolar

XX
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Figure 5.2.

Figure 5.3.

walls in the lungs of BLEO-treated mice (B, F, and G, arrowheads) but not
in saline-treated mice (A and E) or in mice treated with BLEO and LOS (H).
Note also the co-localization of MNF116 (C) with

anti-caspase 3 IHC (G) or ISEL (B) in BLEO-treated lungs. D reveals labeling
of the type II cell marker MNF116 in relatively normal regions of
BLEOtreated lung (D, right) but not in more severely affected regions (D,
left). See text for details. Original magnifications: X400 (A, B, C, G); X200

(D); X100 (B, F, H)....ooooeeee e 103

Histology of mouse lungs at 14 days after instillation of BLEO. A-C:
Hematoxylin and eosin preparations of mouse lung instilled intratracheally
14 days earlier with sterile saline (A), BLEO (B), or BLEO and LOS (C). See

text and Materials and Methods section for details. Original magnifications,

The ATl1-selective receptor antagonist LOS inhibits BLEO-induced
activation of caspase 3. A: BLEO was instilled intratracheally into normal
mice with and without LOS in the intratracheal instillate (see Materials and
Methods). Six hours later, the lungs were perfused to remove blood, excised,
and the enzymatic activity of caspase 3 was measured in lung homogenates.
B: Lung explants were prepared from normal mouse lung tissue perfused
before excision (see Materials and Methods). BLEO (25 mU/ml) was

applied in serum-free culture medium for 24 hours in the presence or

XX1
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Figure 5.4.

Figure5.5.

absence of LOS (10_6 mol/L). Bars are the means + SEM of n=6; *, P <
0.05 versus control (CTL); ** , P <0.05 versus BLEO+LOS by analysis of

variance and Student-Newman-Keul’stest...........oovvvviiiiieiinennnennn. 106

AT]1 receptor blockade inhibits DNA fragmentation and caspase 3

activation in lung epithelial cells 14 days after BLEO instillation. Normal
mice were given a single intratracheal instillation of BLEO in the presence or
absence of LOS in the instillate. LOS also was administered thereafter daily
intraperitoneally. Fourteen days later, lung sections were prepared and
labeled by ISEL (A) or by IHC for the active form of caspase 3 (B). Labeling
was quantitated in cells within the alveolar surfaces (see Figure 1C). Bars are
the means + SEM of n = 6; *, P < 0.01 versus control (CTL); **, P <0.05

versus BLEO by analysis of variance and Student-Newman-Keul’s test.....107

AT]1 receptor blockade inhibits lung collagen accumulation at 14

days after BLEO instillation. Normal mice were administered BLEO in the
presence or absence of LOS as described in Figure 3. Fourteen days later,
total lung collagen was determined by assay of total hydroxyproline (HP) in
hydrolyzed lung tissue (see Materials and Methods). Bars are the means +
SEM of n = 6; *, P <0.05 versus control (CTL) by analysis of variance and

Student-Newman-Keul’ s test. .....ccuuuiiiiiit e e eeenaens 108

Figure 5.6. Mice deficient in angiotensin receptor ATla exhibit reduced DNA

fragmentation and caspase 3 activation in lung epithelial cells 14 days after

xxii
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BLEO instillation. Normal [wild type (w.t.)] or heterozygous ATla knockout
mice (+/-) were administered BLEO intratracheally as in Figure 3. Fourteen
days later, lung sections were prepared and labeled by ISEL (A) or by IHC for
the active form of caspase 3 (B), which were quantitated as described in
Figure 4 and Materials and Methods. Bars are the means + SEM of n = 5; *, P
< 0.001 versus wild-type unchallenged (w.t. - BLEO); **, P < 0.01 versus
wild-type challenged (w.t. + BLEO) by analysis of variance and Student-

Newman-Keul s test. .. .....ooiiiiiiiiiiiiiii et ee e 109

Figure 5.7. Mice deficient in angiotensin receptor ATla exhibit reduced lung collagen
accumulation in response to BLEO instillation. Normal [wild type (w.t.)] or
heterozygous ATla knockout mice (+/-) were administered BLEO
intratracheally as in Figure 3 . Fourteen days later lung tissue was fast-frozen,
hydrolyzed, and total collagen was measured by hydroxyproline assay (HP) as
described in Materials and Methods. A: HP data are expressed as a percentage
of the corresponding control (- BLEO). B: Data are expressed as the absolute
amount of HP per left lung. Bars are the means + SEM of n = 5; *, P <0.01
versus untreated (- BLEO) by analysis of variance and Student-Newman-

) G B (=) S 110

Figure 6.1: Semiquantitative RT-PCR of angiotensinogen (ANGEN) mRNA in lungs

3hours after Bleo exposure. Normal rats were intraltracheeally instilled with

Bleo (8U/Kg) or saline (CTL) for 3hours and total RNA was isolated. RT-

xxiii
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PCR was performed as described before (see Meterial and Methods) with

primers specific for rat ANGEN, -Microglobulin  (B-MG) as  control

Figure 6.2: In situ hybridization of ANGEN mRNA demonstrated that positive labeling
(dark purple, shown by arrowhead) increased 6h (B x 200 magnification, C x
400 magnification) and 14 days (E, Fx200 magnification) after BLEO
instillation compared to the corresponding controls (A, D x 200
magnification). 6h after BLEO instillation, the positive labeling is mainly
localized at the corners of the alveolar, which typically are the positions for
type II alveolar cells (BC). 14 days after BLEO instillation, the positive
labeling is mainly localized at fibrotic foci (E) where myofibroblast /
fibroblast accumulate and the corners of the alveolar (F) near the fibrotic

07210 | T P PO PPTPN 135

Figure 6.3: The sections were subjected to IHC with antibodies against the ANGI, lectin
and a-SMA 24 hours (B, C) and 7 days (D, E, F) after intratracheal instillation
of bleomycin. 24h after BLEO instillation ANGEN /ANG 1 (purple) was
found in alveolar walls cell at the corners that did not label with lectin
(compare B &C x400, same filed with matched arrowhead). In severely
affected areas of the parenchyma of bleomycin- induced fibrotic rat lungs,
regions of ANGEN / ANG I labeling (Dx200, black box) were observed to

coincide with a loss of lectin labeling (Ex200, white box: double label of same

XX1v
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section as D). Enlargement of the white-boxed region (F x400) revealed a-
SMA immunoreactivity in the middle of the box on the adjacent serial section,

suggestive of myofibroblasts...............ccoeeiiiiiiiiiiiii 136

Figure 6.4 Pulmonary angiotensin II (ANG II) increased in bleo-induced lung injury. 6
hours and 14 days after bleo instillation, lungs were perfused, homogenized,
and analyzed by ELISA specific for ANG II. Values are means of at least
5 separate determinations. * Significantly different from CTL, P <0.05 (by

StUAEnt'S £-18St). ...ttt e 137

Figure 6.5 The Antisense oligonucleotides against ANGEN mRNA inhibit BLEO-
induced activation of caspase 3. Lung explants were prepared from normal rat
lung tissue perfused before excision (see Materials and Methods). BLEO (25
mU/ml) was applied in serum-free culture medium for 24 hours in the
presence or absence of antisense (40nM)). Bars are the means + SEM of n
= 3; *, P < 0.05 versus control (CTL+lipo) by analysis of variance and

Student-Newman-Keul s teSt. . ....uuuuuuiiiitiitttttteeeteeiieeeeeeeeeeereneens 138

Figure 6.6 The Antisense oligonucleotides against ANGEN mRNA and non-selective AT
receptor antagonist saralasin inhibit BLEO-induced collagen accumulation in
lung explants. Lung explants were prepared from normal mouse lung tissue
perfused before excision (see Materials and Methods). BLEO (25 mU/ml) was

applied in 10% FBS (A) or 1% ITS (B) for 14 days in the presence or absence

XXV
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of SAR (50ug/ml) or antisense (40nM). Bars are the means £ SEM of n = 3; *,
P < 0.05 versus control (CTL) in A; *, P <0.01 versus CTL in B by analysis

of variance and Student-Newman-Keul’stest............ccoiiiiiiiiiiiinin.n. 139

Figure 6.7 Distribution of fluorescence in lung, liver and kidney 2 hous after instillation
of BODIPY labeled oligonucleotides. Normal rats were instilled with
different dose of BODIPY labeled oligonucleotides. Measure fluorescence
intensity in the homogenates of the frozen lung, liver and kidneys after

normalization to total tiSSue protein............cocevveiviiiiiiiiiiiiineneinin 140

Figure 6.8 Localization of the intratracheal instilled fluoscence-labelled antisense against
ANGEN mRNA on the lung sections from rats treated with 75ug of
oligonucleotides.

Panels with red fluorescence show PI staining and panels with green
fluorescence show BODIPY staining. Panel A, B (10 x10) show the same
field from the same section. And so do panel C, D (40 x 10). Panel A, B
revealed that BODIPY fluorescence was localized primarily to the epithelium
of airways (arrow) and in isolated cells of the alveolar walls (arrowhead).
Panel C, D revealed that some alveolar wall cells were stained with high
intensity of BODIPY-oligonucleotides (arrows) while others were stained

with very little of the oligonucleotides (arrowheads)........................... 141
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Figure 6.9

A: Macroscopic photographs of the lungs 14 days after different treatment.
Note the almost normal appearance of the lung in the Bleo +AS treated rat
compared with the Bleo- and bleo+SCR treated rat lungs, which are smaller
with many patchy bleeding spots. B: Quantitation of total lung collagen by
hydroxyproline (HP) assay. At 14 days post-Bleo, collagen was quantitated by
HP assay applied to hydrolyzed lung tissue. See METHODS for details. *

P<0.05vs.CTLby ANOVA. ...ttt 142

Figure 6.10 Bleomycin increased angiotensinogen protein expression, which was

Figure 6.11.

suppressed by the treatment of antisense in perfused lung tissues. 14 days after
instillation of bleomycin or vechicle, lungs were perfused and homogenized
for the western blot analysis. (A) Representative immunoblots and (B)
densitometric evaluation of blot data. Data are presented as mean +sSE (n=5).

R S N IRV 1 K O 1 143

Detection of active caspase-3 by immunohistochemistry (IHC) and western
blots (WB) 14 days after described treatment. Male Wistar rats received
indicated treatment intratracheally. Lung tissues were harvested 14 days after
treatment and subjected to IHC and WB by using anti-active caspsase-3 (p17
fragment) antibody. Upper penal (WB): Active caspase-3 was induced by
bleomycin and suppressed by antisense treatment. Lower penal (IHC): active

caspase —3 was localized in alveolar epithelial cells and alveolar macrophages.
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Figure 6.12. Detection of apoptotic cells by in situ end labeling (ISEL) of fragmented

Fig. 6.13

DNA 14 days after described treatment. Male Wistar rats received indicated
treatment intratracheally; lung tissues were harvested 14 days after treatment
and subjected to ISEL coupled to a fast blue detection system (see METHODS).
Positive reaction is blue. 4: in CTL group, ISEL-positive nuclei were not
observed. B: in bleo group, ISEL-positive nuclei were observed in cells within
the alveolar walls, many ISEL-positive nuclei were observed in septal wall
cells at the alveolar corners. C: administration of antisense decreased ISEL
positive cells in response to Bleo. D: administration of scramble nucleotides

did not decreased ISEL positive cells in response to Bleo...................... 145

The Antisense oligonucleotides against ANGEN mRNA inhibited DNA
fragmentation in lung epithelial cells 14 days after BLEO instillation. Rats
were given a single intratracheal instillation of BLEO in the presence
antisense or scramble ONT in the instillate. Fourteen days later, lung sections
were prepared and labeled by ISEL. Labeling was quantitated in cells within
the alveolar surfaces. Bars are the means + SEM of n = 5; *, P <0.01 versus
control (CTL); **, P < 0.01 versus BLEO or BLEO +SCR by analysis of

variance and Student-Newman-Keul’stest.............ovvviiiiiiiiiiiiinennnns 146
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LIST OF ABBREVIATIONS

ACE Angiotensin Converting Enzyme
ACEis Inhibitors of ANG converting enzyme
AECs Alveolar Epithelial Cells

ANGEN Angiotensinogen

ANG Angiotensin

ANGI angiotensin |

ANG I angiotensin II

APR Acute Phase Response Element
a-SMA Alpha-Smooth Muscle Actin

AS antisense oligonucleotides

ATA aurintricarboxylic acid

AT I cell Alveolar type I cell

AT Il cell Alveolar type II cell

AT1 Receptor ANG II type I receptor

ATF Activating transcription factor

BALF bronchoalveolar lavage fluid
bio-dUTP biotinylated deoxyuridine trisphosphate
BLEO bleomycin

BPAEC Bovine pulmonary artery endothelial cells
cAMP Cyclic AMP

CAPT captopril
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CatD
CMV
CTD-PF
DAG
dig-dUTP
DLco
EBV
ECL
ECM
ELISA
FasL
FBS
F1-14
HGF
HP
HRCT
IHC
IL-6
ILD
IP3
IPF
ISEL

ISH

cathepsin D

cytomegalovirus

Connective tissue disease-pulmonary fibrosis
diacylglycerol

digoxigenin-labeled deoxyuridine trisphosphate
Diffusion capacity of carbon monoxide
Epstein-Barr virus

Enhanced chemiluminescence
extracellular matrix

Enzyme-Linked Immunosorbent Assay
Fas ligand

Fetal bovine serum

angiotensinogen fragment 1-14
Hepatocyte growth factor
hydroxyproline

High-resolution CT
Immunohistochemistry

Interleukin-6

Interstitial lung disease

Inositol-1, 4, S-trisphosphate
Idiopathic Pulmonary Fibrosis

In situ end labeling

In Situ Hybridization
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I.T. intratracheal

ITS Insulin-transferrin-selenium
KGF Keratinocyte growth factor
LIPO lipofectin

LOS losartan

LTe lymphotoxin-a

Km Michaelis Constant

B -MG B -Microglobulin

PAls plasminogen activator inhibitors
PBS Phosphate-buffered saline

PepA pepstatin A

PDGF Platelet-derived growth factor
PF Pulmonary Fibrosis

PGE, Prostaglandin E2

PI propidium iodide

PIP2 Phosphatidylinositol-4, 5-bisphosphate
PKA Protein kinase A

PKC Protein kinase C

PLA2 phospholipase A2

PLCB phospholipase C-beta

PLD phospholipase D

proSP-C pro-surfactant protein-C

RAS renin-angiotensin system
SARAL saralasin

SCR Scrambled-sequence control oligonucleotides
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SNPs
SP-A
TBS
TGF-P
TNF-a
TNF-RII
tPA

TUNEL

UPA
w.t.

Z'V ADfmk

Single nucleotide polymorphisms
Surfactant protein A
Tris-buffered saline
Transforming growth factor-beta
Tumor necrosis factor alpha
TNF-a./LTa receptor 2
tissue-type plasminogen activator

Terminal deoxynucleotidyl transferase (TdT) mediated
deoxyuridine End Labeling

urokinase-type plasminogen activator
wild type

N-benzylcarboxy-Val-Ala-Asp-fluoromethylketone
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Chapter 1

GENERAL INTRODUCTION

1. Idiopathic Pulmonary Fibrosis
Idiopathic pulmonary fibrosis (IPF) is a progressive, usually fatal, form of interstitial lung
disease resulting from injury to the lung and an ensuing fibrotic response. Fibrosis leads
to thickening of the alveolar walls and the obliteration of the alveolar space with
unknown etiology (Fonseca et al., 2000). The characteristics of IPF are failure of alveolar
reepithelialization, persistence of fibroblasts/myofibroblasts, deposition of extracellular

matrix . and distortion of lung architecture, which ultimately results in respiratory failure.

1.1 Epidemiology of IPF
IPF is a relatively rare disease and more common in males than in females. The estimated
annual incidence is 7 cases per 100,000 women and 10 cases per 100,000 men (Coultas et
al.,, 1994). The incidence, prevalence, and death rate increase with age (Coultas et al.,
1994; Mannino et al., 1996; Schwartz et al., 1994). For the age group between 35 to 44
years there are 2.7 cases of IPF in a population of 100,000. For the age group older than
75 years there are about 175 cases in the same population (Coultas et al., 1994). Two
thirds of patients diagnosed with IPF are with an age greater than 60 years (Johnston et
al., 1997). The mean age at diagnosis of IPF is 66 years (Johnston et al., 1997; Carrington

etal., 1978,
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1.2 Predisposing factors for IPF
Some studies indicate that genetic factors and environmental exposure to dusts, organic
solvents, or urban pollution increases the risk of developing IPF (Johnston et al., 1997,

Hubbard et al., 1996, Iwai et al., 1994).

1.2.1 Genetic factors

Genetic factors may play an important role in the pathogenesis of IPF and about 3% of
the IPF patients aggregated in families (White et al., 2003). Studies seeking the abnormal
genes in those patients demonstrated a mutation in the pro-surfactant protein-C (proSP-C)
gene, which lead to the substitution of leucine by glutamine in the C-terminus of that
protein (Thomas et al., 2000). Electron microscopic studies demonstrated that this
mutant protein is aberrantly located in the cell and lamellar bodies containing surfactants
is abnormal (Thomas et al., 2000). These results suggest that the mutation of the gene
produces protein that could not be properly processed to the correct subcellular
compartment to be secreted out of type II alveolar epithelial cells. The mutation results in
abnormal surfactant production in alveolar type II cells. These findings suggest that in
this familial IPF, improper cellular processing of proSP-C may contribute to pulmonary
fibrosis.

Genetic polymorphisms of several other enzymes and cytokines have been
associated with either the incidence or progression of IPF (Whyte et al., 2000; Pantelidis
etal., 2001). Angiotensin converting enzyme (ACE) gene polymorphisms were studied in
pulmonary fibrosis. The D allele of the insertion/ deletion (I/D allele) polymorphism of

ACE confers a higher level of ACE gene expression compared to I allele. The incidence
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of D allele and D/D genotype of ACE gene in 24 patients with interstitial pneumonia and
moderate to severe pulmonary fibrosis was examined (Morrison et al., 2001). The
incidence of the D allele was approximately 15% higher and the D/D genotype was
approximately 11% higher in the patients group than in the general population (Morrison
et al., 2001). That study suggests that gene polymorphisms that confer higher levels of
angiotensin converting enzyme (ACE) gene expression predispose patients to lung
fibrosis (Morrison et al., 2001).

Single nucleotide polymorphisms (SNPs) of some pro-inflammatory genes was evaluated
in 74 IPF patients with confirmed diagnosis by clinical or biopsy data (Pantelidis et al.,
2001). Four candidate genes were proposed including tumour necrosis factor-a (TNF-a),
lymphotoxin-a (LTa), high affinity TNF-a./LTa receptor 2 (TNF-RII), and interleukin-6
(IL-6). No difference in genotype, allele, or haplotype frequencies of those genes was
found between patients inflicted with IPF and control population. However, the
frequency of carriage of the IL-6 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>