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Extracellular matrix alterations and acute inflammation;
developing in parallel during early induction of
pulmonary fibrosis

Kristina Rydell-Térmanen', Kristofer Andréasson', Roger Hesselstrand', Juha Risteli®, Dick Heinegdrd',
Tore Saxne' and Gunilla Westergren-Thorsson?

Pulmonary fibrosis is a hallmark of several systemic diseases such as systemic sclerosis. Initiation and early development is
not well characterized, as initiation usually is unnoticed in patients, yet fibrosis has been considered a late event, occurring
after an inflammatory phase. By utilizing an animal model, the starting point can be defined and the initiation process and
early development thoroughly investigated. To investigate these processes from a systemic perspective, we choose a
systemic administration route, instead of the more commonly used local administration. The aim of this work was to study
the initiation of pulmonary fibrosis in an animal model and to investigate early alterations in connective tissue, cell turnover
and acute immune response in lung parenchyma. Animals were injected subcutaneously with bleomycin, three times a
week (w) for 1-4w (controls received saline). Total collagen was histologically assessed by Picro Sirius Red and Masson’s
Trichrome, collagen production by antibodies directed against N-terminal of procollagens | and lll, proliferation by labeling
with proliferating cell nuclear antigen, apoptosis by TUNEL and innate immunity by detecting neutrophils and macro-
phages. Total collagen was significantly increased at 1, 2 and 4w compared with controls. Procollagen |, was increased at 1w
and remained increased, whereas procollagen lll-staining was increased at 2w, compared with controls. Myofibroblasts were
increased at all times as were proliferation, whereas apoptosis was increased from 2w. Neutrophils peaked at 1w (2779 + 820
cells/mm?) and gradually decreased, whereas macrophages peaked at 2w (135 £ 29 cells/mm?). Subcutaneously adminis-
tered bleomycin induces rapid alterations in connective tissue and cell turnover, suggesting a plasticity of the connective
tissue. A transient neutrophilia is detected and increased number of macrophages likely represents a clearance process of
said neutrophils. The study suggests fibrosis initiation and acute inflammation to occur in parallel in this model.
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Pulmonary fibrosis is present in a wide range of different
diseases and conditions, such as autoimmune disorders and
infection, but may also occur without any known cause. Pul-
monary fibrosis and/or inflammation are the key features of a
large complex of conditions termed diffuse parenchymal lung
diseases (DPLD), which affects the lung tissue between en-
dothelial and epithelial basement membranes.' Classification
and definition of DPLD were published in 2002 by American
Thoracic Society and European Respiratory Society,” high-
lighting the diversity and similarities of different DPLDs. Im-
portantly, however, as of today no effective treatment directed
against any kind of pulmonary fibrosis is available.?

Histologically, several distinct patterns of pulmonary
fibrosis can be detected and are associated with different
DPLDs. A commonly occurring pattern is nonspecific
interstitial pneumonia (NSIP),"* which is characterized by
relatively homogenous primarily inflammatory and fibrotic
alterations, visible as accumulation of connective tissue in the
alveolar septa. This histological pattern is often found in
association with collagen-vascular diseases, such as systemic
sclerosis. Fibrosis has previously been considered the end
result of chronic inflammation, yet accumulating evidence
indicates that fibrosis and inflammation are two separate
pathways.”
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To develop therapeutics that can reverse fibrosis, a better
understanding of the initiation and developmental processes
is essential.® Early alterations can efficiently be investigated in
animal models, and an often used model is the administration
of bleomycin to induce structural alterations. The most
common administration route is intratracheal (IT) or intra-
nasal (IN), however, intraperitoneal (IP), intravenous (IV)
and subcutaneous (SC) administrations are also used. IT/IN
administration, thus applying bleomycin directly into the
airways, results in prominent epithelial damage, which leads
to heterogeneous central pulmonary fibrosis/scarring.” In this
model, acute inflammation is present within the first week,
(w) and fibrosis can be seen around day 14, with a maximal
response around days 21-28, and resolves thereafter.””® In
contrast, SC administration, either by repeated injections or
mini pumps is known to induce a more heterogeneous distal
fibrosis, often located in the subpleural compartment, with
vascular involvement.” In this model acute inflammation
peaks around 1-2w'®'" and skin fibrosis initiated by this
route of administration are known to persist at least 6w after
cessation of bleomycin.'? If anything, the lung is even more
sensitive to bleomycin than skin, as demonstrated by the
occurrence of lung alterations before alterations in skin, de-
spite the skin being the site of injection. Thus, the IT/IN
administration route may not be the best way to mimic the
histological pattern of NSIP, and the ensuing diseases. A better
alternative may be to deliver bleomycin SC, using repeated SC
injections or mini pumps,'® which induce a more NSIP-like
pulmonary fibrosis.'” By this administration route bleomycin
exerts the greatest effect on the vascular endothelium, which
most likely mimics the clinical situation of NSIP. By admin-
istering injections over severalw, the initiation phase can be
investigated, as the repeated exposures sustain a fibrotic re-
sponse and preclude a potential resolution.

The specific aim of this study was to elucidate the initia-
tion phase of pulmonary fibrosis, and explore the early al-
terations of the connective tissue, cell turnover and innate
immune response in a model of pulmonary fibrosis induced
by SC administered bleomycin.

MATERIALS AND METHODS

Mice

C57/Bl 6 mice were purchased from MoB A/S (Ry, Denmark)
used and kept housed under barrier conditions, with food and
water ad libitum. All protocols were approved by the local
ethics committee (Malmo6/Lund, Sweden; number M275-10).

Bleomycin Administration
We utilized a modified model of bleomycin-induced pul-
monary fibrosis, ie, SC injections creating a systemic ad-
ministration; see Figure 1 for illustrational overview.
Bleomycin (0.1 ml; 500 g/ml, bleomycin sulphate, Bleomycin
Baxter, Baxter Medical AC, Kista, Sweden) was administered
using a 30-gauge needle, SC in the back of the animal,
three times a w for 1, 2, 3 or 4w. An additional group was
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Figure 1 Schematic illustration of the study design. Animals were injected
in the neck three times a week for 1-4w. Following killing the tissue
specimens were obtained. Control animals received saline injections;
animals subjected to different number of injections were compared

but no differences were found between controls despite the number

of injections.

killed following one single injection. Measures were taken to
inject the bleomycin at a similar spot every time. Control
animals received saline, preliminary experiments comparing
histological parameter of animals subjected saline injections
at various time points did not display any differences (data
not shown), and therefore controls injected with saline for
4w were used in the study, N =5-7 in each group/time point.
Animals were killed within 48 h of the last injection, when
tissue samples were obtained for paraffin embedding.

Tissue Processing and Routine Staining

Tissue was fixed in 4% formaldehyde for 20-26 h, dehydrated
in 70% in several rinses over 2—3 days before final dehydration
and embedding in paraffin. Before analysis the paraffin em-
bedded tissue were sectioned into 4-um slices and rehydrated
from xylene in falling concentrations of ethanol to either Tris-
buffered saline (TBS-buffer, used for immunohistochemistry)
or tap water (total collagen staining and HTX/eosin). Sections
were allowed to equilibrate for 15min in buffer before con-
tinuous proceedings. To obtain an overall view of tissue and
alterations, tissue was stained with HTX/eosin, according to
standard protocol.

Collagen Staining

Two different methods were used to indentify collagen con-
tent in the tissue; Picro Sirius Red (PSR, visualizes fibrillar
collagen as birefringent structures under polarized light) and
Masson’s Trichrome (MTC, labels connective tissue, primarily
collagens, blue). Both staining methods were performed
using standard protocols, dehydrated to xylene and mounted
in permanent mounting medium. A total of 5-7 animals
from each time point, including controls were investigated.
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Picro Sirius Red

4-ym thin sections were stained with Picro Sirius Red
(PSR, Direct red 80, Alfa Eesar, Karlsruhe, Germany) 0.5g
dissolved in 500 ml saturated picric acid. The slides were
incubated for 1h, rinsed briefly in water and dehydrated
in 99.9% ethanol.

Masson’s Trichrome

4-um thin sections were also used for staining with MTC
(Masson’s Trichrome Kit, Sigma-Aldrich, St Louis, MO, USA)
according to manufacturers protocol, and dehydrated.

Immunohistochemistry (IHC)

Sections were processed for IHC according to a standard
protocol; First sections were rehydrated and allowed to
equilibrate in TBS-buffer for 15 min. The primary antibody
was applied, diluted in Dilution buffer (TBS supplemented
with 1% BSA) and allowed to incubate (in a humid in-
cubation chamber) in room temperature for 1.5-2h or at
4 °C over night (both protocols produce equal results). The
dilution of the primary antibody was determined by a dilu-
tion series based on the manufacturer’s statement. To assess
collagen synthesis antibodies directed against the N-terminal
propeptides of procollagen type I (PINP) and type III
(PIIINP) were used; to investigate number of myofibroblasts
a double staining with PIIINP and o-smooth muscle actin
were utilized; to investigate proliferation an antibody directed
against proliferating cell nuclear antigen (PCNA) was
employed. The immune response was visualized using
antibodies directed against macrophages and neutrophils.
Following incubation with primary antibody, the slides were
thoroughly rinsed in two changes of TBS buffer, before
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application of the secondary antibody and the nuclear mar-
ker DAPI. The dilution of the secondary antibody used was
according to the manufacturer’s recommendations (1:200)
also diluted in dilution buffer. DAPI was used at a con-
centration of 30 uM and further diluted 1:200 when mixed
with the secondary antibody. The mixture of secondary an-
tibody and DAPI were incubated for 45-60 min in room
temperature, followed by rinsing as described above. The
slides were mounted in fluorescent mounting medium and
stored in —20°C before analysis. Before labeling macro-
phages, antigen-retrieval was needed; this was preformed
enzymatically, using Proteinase K-solution (20 ug/ml) in
phosphate buffered saline. The solution was applied onto the
slide and incubated 15-20 min at room temperature. Apop-
tosis was detected using the TUNEL method according to the
manufacturer’s instructions (ApopTag Red In Situ, S7165,
Millipore, Temecula, CA, USA). All details on the primary
and secondary antibodies, in addition to required pretreat-
ments, and suppliers can be found in Table 1. In all, 5-7
animals from each group (controls as well as bleomycin ex-
posed animals) were included.

Digital Imaging and Analysis

Analysis was performed by digital imaging and the software
Image] (v1.44j; Wayne Rasband, NIH, USA). All slides were
analyzed in a blinded fashion. Images were taken of the lung
parenchyma, as this area was considered to be the area of
interest. The images were obtained in a random fashion,
however, to assure the imaging of the regions of interest a
starting point was selected—always the bottom part of the
section close to (directly under) the lung parenchyma. From
this starting point, the next image was taken 2—6 image fields’

Table 1 Summary of primary and secondary antibodies used in the study

Parameter Antibody Species Product number
Proliferation PCNA Rabbit Ab15497
PINP PINP Rabbit NA
PIINP PIINP Rabbit NA
Myofibroblasts PIINP Rabbit NA
a-SMA Mouse C6198
Neutrophils Neutrophils ~ Rat Ab2557-50
Macrophages® F4/80 Rat MCA497G
DyLight488-conjugated Anti-rat 112-485-1670
Anti-rabbit 711-485-1520
DyLight555-conjugated Anti-rabbit 711-505-1520
Anti-hamster ~ 127-505-1600
TUNEL Apoptosis S7165

Dilution  Secondary antibody Source of primary antibody

1:400 DyLight 555 Abcam, Cambridge, UK

1:900 DyLight 488 Professor Risteli?*%3

1:900 DyLight 488 Professor Risteli*>?

1:900 DyLight 488 Professor Risteli

1:2000 Directly conjugated to Cy3  Sigma, St Louis, MO, USA

1:100 DyLight 488 Abcam

1:1500 DyLight 488 Abcam

1:200 Jackson Immunoresearch Europe,
Newmarket, UK

1:200 Jackson

Rhodamine, included in kit~ Millipore, Temecula, CA, USA

al\/lacrophages required antigen retrieval, preformed as follows; proteinase K (20 ug/ml) 20 min in room temperature, before applying the primary antibody.
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Figure 2 Representative images of lungs following repeated subcutaneous bleomycin injections. HTX staining of distal lungs from animals subjected

to bleomycin exposure for 1w (a), 2w (b), 3w (c) and 4w (d) compared with a control (e). Cellular infiltrate were most prominent at 1 and 2w, and
remained only as patchy gatherings of cells at 4w. At 4w, numerous necrotic macrophages were found directly beneath the pleura (f). Scale bars represent
100 um in panels a-e and 50 um in panel f.
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Figure 3 Images of lung parenchyma stained with Masson’s Trichrome. The lung contains a relatively large amount of connective tissue, as can be seen in
the control lung (a); however, this amount can be greatly increased following bleomycin exposure for 4w (b). Scale bar represents 50 um.

right and 1-3 upwards from the starting image. A variable
number of images of each slide were taken, ranging from 5
(when obtained at x 20 magnification) to 10 (taken at x 40
magnification). Specific analysis of the images was performed
slightly differently depending on the parameter studied.

Picro Sirius Red

Slides were viewed under polarized light at x 40 magnifi-
cation and 8-10 randomly obtained images of the lung
parenchyma were analyzed for area of positive staining (um?,
red birefringence) and related to lung area (mm®). The
resulting data are given are positively stained area, per total
tissue area (um?/mm?). However, to be comparable with
other parameters of connective tissue (MTC, PINP and
PIIINP) the final numbers were calculated as percentage
labeled area of total area. Importantly, as the analysis was
made using a dark background, the air spaces were not ex-
cluded in this analysis.

Masson’s Trichrome

Large images of whole cross-sectioned lung were obtained at
x 4 (by taking several smaller images and stitching them
together), and a region of interest (ROI) selected (lung par-
enchyma and distal lung were included, whereas central lung
including larger airways and vessels were excluded). Within
this ROI the total tissue area (excluding airspaces) was
measured. The area of a defined nuance of blue corre-
sponding to the intense blue collagen staining was measured
and related to the total tissue. The results are given as pro-
portion of collagen area of the tissue area (%).

Immunohistochemistry

Depending on parameter, either the number of cells or the
positively labeled area (um?) was calculated, and all results
were related to mm?® of tissue area. Quantification was pre-
formed as follows; the number of positively labeled cells was
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counted manually (except neutrophils), whereas the area and
number of neutrophils was calculated digitally. The digital
measurement of area was done by transforming the image to
grayscale, and adjusting the threshold to incorporate only
positively labeled area followed by a software calculation of
the area. Neutrophils were counted digitally by a similar
approach, as when measuring labeled area, instead the
number of dots (ie, positively labeled cells) was counted by
the software and related to area. To be comparable with other
measurements of connective tissue, the results obtained for
PINP and PIIINP were recalculated into fractions (%) of
labeled area in comparison with total tissue. Importantly, as
the analysis was made using fluorescent microscopy, the air
spaces were not excluded in this analysis.

Statistical Analysis

Results were statistically tested using Analyse-it for micro-
soft excel (Analyse-it Software, Leeds, UK). For determina-
tion of statistical differences between the different groups the
nonparametric Kruskal-Wallis test combined with the LSD
post hoc test was performed, and all time points were com-
pared with controls. P<0.05 was considered statistically
significant, and data are, if not stated otherwise, given as
mean + s.d.

RESULTS

Bleomycin Model

All animals survived the experiment and no loss >10% in
body weight was detected. The relatively low dose of bleo-
mycin did exert effects on the lung, first visualized in slides
stained with HTX/eosin. At 1w a cellular influx was detected
(Figure 2a) which peaked at 2w (Figure 2b). At 3w the cellular
influx was resolving (Figure 2c) and at 4w (Figure 2d), only
scattered aggregations of immune cells were found. Controls
(Figure 2e), displayed a normal lung architecture compared
with bleomycin-exposed mice. At 3w scattered macrophages
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Figure 4 Alterations in connective tissue and myofibroblasts following
bleomycin exposure. Variation of the two different parameters of total
collagen (Picro Sirius Red (PSR) and Masson'’s Trichrome (MTC)) (a) and
procollagen | and Il (PINP and PIIINP) (b). Procollagens were detected using
antibodies directed against the N-terminal propeptides.?*’ All staining is
calculated as area of total tissue area (%). The number of myofibroblasts
(defined as cells co-positive for PIIINP and a-smooth muscle actin) was also
altered because of bleomycin exposure (c), a significant increase present
already at 1w, which remained throughout the study. Myofibroblast data
are given as mean * s.d. and *P<0.05, **P<0.01 and ***P<0.001
compared with controls. A total of 5-7 animals were analyzed for each
parameter and time point.

appearing necrotic were found directly beneath the pleura and
at 4w small assemblies of necrotic macrophages were found in
the same localization (Figure 2f). Importantly, we did not find
any evidence of neutrophil secondary necrosis, or the clear-
ance system being overwhelmed."*

922

Total Collagen Content and Collagen Synthesis

Total collagen content was calculated using two separate
methods (PSR and MTC), both displaying a similar pattern—
increases at 1 and 2w, normalization at 3w and again increased
levels at 4w. MTC-stained sections (Figure 3) clearly showed
relatively high amount of collagen present in normal lungs,
but also the clear increase in apparent collagen content fol-
lowing 1, 2 and 4w of bleomycin exposure (4A). PSR-positive
area was found to be significantly increased at 1, 2 and 4w
(Figure 4a). PINP was significantly increased at 1w and
remained elevated throughout the study indicating elevated
collagen synthesis (Figure 4b). In contrast, PIIINP was sig-
nificantly increased only at 2w, (although a tendency,
P=0.066, was found at 1w, Figure 4b). Interestingly, similar
to PSR and MTC, PINP and PIIINP display a rapid increase at
1 and 2w, at 3w, respectively, however, all parameters but
PINP (which does show a decrease, but remains significantly
increased compared with controls) display a normalization.

Increased Number of Myofibroblasts

The number of myofibroblasts, here defined as cells co-po-
sitive for PIIINP and o-smooth muscle actin, displayed a
marked and early increase following bleomycin exposure
(Figure 4c). The number of myofibroblasts rapidly increased
compared with controls, already after one injection (0.33w),
and this increase remained throughout the study. Interest-
ingly, a difference in localization was noted at different time
points; at 0.33w most positive cells were found in close
proximity with vascular structures, whereas at later time
points double-positive cells were found in the lung par-
enchyma as well.

Cell Turnover—Proliferation and Apoptosis

The number of proliferating cells (Figures 5a,c,d) was sig-
nificantly increased at all times. Proliferating cells were
concluded to be mainly structural cells based on location.
Double labeling with markers of smooth muscle and endo-
thelial cells revealed no increased proliferation in these cell
types (data not shown). The number of apoptotic cells
(Figures 5b,e,f) was increased from 2w and onwards. Apop-
tosis in combination with the neutrophilia at 1 and 2w,
suggest a large proportion of apoptotic cells at this time to be
neutrophils, whereas both structural and immunological cells
appear to be apoptotic at 3 and 4w.

Immune Response

The cellular immune response was found to be primarily
consisting of neutrophils and macrophages (Figure 6). A pro-
minent and rapid neutrophilia is present at 0.33, 1 and 2w
and followed by a gradual decrease. The numbers, however,
are still significantly increased compared with controls at 3w.
The number of macrophages displayed a significant increase
at 1 and 2w parallel to neutrophils, but peaked 1w later, thus
suggesting a clearance process.

Laboratory Investigation | Volume 92 June 2012 | www.laboratoryinvestigation.org
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) was significantly increased at all times, whereas apoptosis (b) was increased

from 2w. Both methods resulted in red labeling of positive cells (arrowheads). To detect proliferating cells an antibody directed against proliferating

cell nuclear antigen (PCNA) was used, detected by a DyLight 555-conjugated secondary antibody, and slides counterstained with DAPI. Proliferating cells
was found in controls (c) but the number were increased at 2w (d). Apoptosis were visualized using a TUNEL-kit, detecting labeled cells by Rhodamine

and also here the slides were counterstained with DAPI. Apoptotic cells were present in controls (e) and increased at 4w (f). Inserts show magnifications
of areas indicated by frames. Scale bar represents 100 um. Data is given as mean £ s.d. and *P<0.05 and ***P<0.001 compared with controls. A total of

5-7 animals were analyzed for each parameter and time point.

DISCUSSION

The present study aimed to explore the initiation phase of
pulmonary fibrosis, induced by continuous SC administra-
tions of bleomycin, and investigate early changes in con-
nective tissue, cell turnover and innate immune response. We
found alterations of collagen and cell turnover to be rapidly
occurring, thereby suggesting a greater plasticity of con-
nective tissue than anticipated.

The early increase in collagen content of the lung par-
enchyma implies a rapid fibrotic response to bleomycin.
Analogous to previously published reports of similar ad-
ministration, the findings were located distally and found in
the subpleural area.'®" Early alterations are confirmed by
studies investigating fibrosis initiated by SC insertion of an
osmotic minipump filled with bleomycin.'®"!

To investigate the synthesis of collagens I and III, im-
munohistochemistry was performed detecting the N-terminals
of the propeptides of procollagen I and III. PINP displayed an
early increase, indicative of upregulated synthesis, which was

www.laboratoryinvestigation.org | Laboratory Investigation | Volume 92 June 2012

unexpected as collagen type I generally is considered to be
accumulating in advanced stages.'® However, our data are in
accordance with a recent study investigating IPF; procollagen I
was found to be expressed in areas of early fibrosis.'” The
results suggest that the increased total collagen is largely
composed of collagen type I. The increases in PINP and
PITIINP labeling should represent an increased synthesis of the
respective procollagen, although in tissue the antibody labels
both procollagen and the cleaved off propeptide. The latter is
not much retained in tissues, where the level of free propeptide
is very low (J Risteli, unpublished observation).

The number of myofibroblasts was increased at all times,
even after one single injection, suggesting a plausible source of
the increased collagen. Myofibroblasts have been implicated in
the development of fibrosis and are known to synthesize
connective tissue proteins rapidly.'® Interestingly, at 3w
most connective tissue parameters normalized although
not the number of myofibroblasts, which may suggest the
normalization process to be due to increased degradation
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Figure 6 Innate immune response following repeated subcutaneous
bleomycin injections. A transient neutrophilia was found to be statistically
significant at 1 and 2w (a). At later time points no difference compared to
controls was found. The number of macrophages was also increased at 1
and 2w (b), at a time when the neutrophilia was resolving. Data is given as
mean t s.d. and *P<0.05, **P<0.01 and ***P<0.001 compared with controls.
A total of 5-7 animals were analyzed for each parameter and time point.

rather than decreased synthesis. This finding will be further
investigated.

An early proliferation of mesenchymal cells has been pre-
viously described by Aono et al,'® at day 14, possibly ex-
plained by a proliferative response to a subtoxic dose of
bleomycin. Bleomycin is described to induce tissue da-
mage,'>'" thereby activating cellular repair mechanisms
leading to fibrosis. The type of cells undergoing proliferation
or apoptosis have not been thoroughly investigated; however,
based on location (in alveolar tissue, in epithelium/en-
dothelium and in the subepithelial/subendothelial area) and
double-staining with markers for smooth muscle and endo-
thelial cells, proliferating cells can be assumed to be of
structural origin, most likely fibroblasts or fibroblast-like cells
and a large proportion of the apoptotic cells identified
throughout the study are neutrophils.

924

Neutrophilia is expected, as bleomycin is known to induce
tissue damage and neutrophilia when administered IN/IT,’
and our results are in accordance with studies utilizing os-
motic minipumps;'® a rapid increase within the first w and
back to normal at 3w. Studies using IT/IN administration
does, however, describe a more rapid neutrophilia, most
likely due to the direct administration of bleomycin to the
airway epithelium.?* Macrophages were increased at the same
time as the neutrophils started to decrease. It is known that
macrophages clear away apoptotic neutrophils, and therefore
the macrophages may represent a clearance mechanism."
This is supported by the finding of macrophages appearing
necrotic and full of engulfed material at 3 and 4w. Interest-
ingly, the innate immune response appeared to be resolved at
3w, despite continuation of bleomycin injections.

The present study was, in contrast to many studies, ana-
lyzed primarily by histological techniques, allowing for de-
termination of localization of alterations as well as
quantification. The hydroxyproline method to determine
collagen content in tissue is commonly used to quantify al-
terations in larger samples. It is, however, insensitive to local
changes, and thus we concluded that it was unlikely that this
technique would pick up subtle alterations in the lung par-
enchyma, considering the large amount of collagen normally
present in the lung giving a high background level.

As this study was aimed at investigating the initiation
phase of pulmonary fibrosis, we did not include analysis of
the resolution phase. However, studies have shown skin fi-
brosis to persist for at least 6w after cessation of bleomycin,
and the lungs are known to be more sensitive to bleomycin.'*

Pulmonary fibrosis in man is known to be unresponsive to
common therapeutics such as anti-inflammatory drugs,
which can be explained by our findings; if inflammation
occurs in parallel and not as a prequel to fibrosis, anti-in-
flammatory medication will have no effect on fibrotic al-
terations. A number of targets have been investigated as
potentially anti-fibrotic in the bleomycin model; however,
most of these have been administered at the same time or
before bleomycin, thus acting preventive rather than ther-
apeutic.”’ A few substances have shown potential to actually
resolve established fibrosis, such as a 5-HTR,,, antagonist.>*
To our knowledge none of these targets have been in-
vestigated neither in a SC model or proven effective in a
clinical study.

The exact mechanism by which bleomycin induces fibrosis
is not known, but is supposedly related to the cellular damage
induced by the drug.*” Fibrosis is thought to be a result of
cellular damage initiating an inflammatory response and
activation of lung fibroblasts, and thus inhibition or mod-
ulation of proliferative signaling (such as TGF-3, HGF, tyr-
osine kinase, PDGF or PGE,,”'**** which is in accordance
with the increased proliferation and number of myofibro-
blasts presented in this paper. The specific signaling pathways
of this model are still unknown, but most likely mimics the
ones previously described.
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On the basis of our findings we conclude that bleomycin
administered in a low dose via repeated SC injections, induce
rapid and significant alterations of the extracellular matrix of
the lung, detectable using histological techniques. The results
implicates that the initiation of collagen production and
fibrosis occurs in parallel to acute inflammation. Our findings
furthermore suggest that low dose bleomycin administered SC
is a more suitable model of NSIP than IT/IN administration,
and highlight the need to take histological patterns of a
disease into consideration when choosing a model.

This study presents new and intriguing aspects of the in-
itiation and early development of pulmonary fibrosis, and
may provide an explanation to why presently available
treatments has no or very limited effect in the treatment of
fibrotic diseases.
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