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Endothelin-éonverting enzyme-1 gene ablation attenuates pulmonary
fibrosis via CGRP—AMP/EPAC1 pathway
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INTRODUCTION

Endothelin-1 (ET-1) and endothelin-converting enzyme-1 (ECE-1) were involved in
pulmonary fibrosis. Clinical trials with endothelin receptor antagonists had unmet results
which opened avenues to other strategies opposing ET-1 pathway, such as ECE-1 suppression.
ET-1 is a 21 amino-acid peptide and produced by endothelia, smooth muscle cells, airway
epithelia, and alveolar macrophages of lung. ET-1 is generated from big ET-1 after cleavage
by ECE-].‘Previous studies showed that ECE-1 hydrolizes and biologically inactivates
bradykinin, atrial natriuretic peptides (ANP), beta amyloid, and calcitonin gene-related
peptides (CGRP) in vitro. This in vitro studies were confirmed by in vivo on ECE-1 knock-out

'mice, which had higher beta-amyloid and ANP levels physiologically. However, the

pathological relevance of ECE-1 activity needs further elucidation.

Complete suppression of ECE-1 in ECE-1 homozygous knock-out mice (ECE-17)
results in embryonic lethality or prematuré death because of craniofacial and cardiovascular
defects. In contrast, ECE-1 heterozygous knock-out (ECE-1"") mice having half ECE-1
activity compared to that of wild type littermates (ECE-1""), survive and develop normally. In
view of the above, we studied whether ECE-1 genetic suppression would protect against
pulmonary fibrosis induced by bleomycin in ECE-1 heterozygous knock-out mice (ECE-1"")

"and further investigated the impact of reduced ECE-1 activity on its related peptides.

MATERIALS AND METHODS -

ECE-1"" and ECE-1"" mice under 129SvEv background were used in this
experiments (male, 8- to 10-week-old). Pulmonary fibrosis was induced by bleomycin
exposure. Mice were anesthetized with 50 mg/kg ip pentobarbital, trachea was exposed by
26G needle insertion. Bleomycin (10 pg/g body weight) or 0.9% saline vehicle in 60 pul
volume were instilled into the lung. Mice were allowed to recover from surgery, and then
sacrificed at indicated times (7, 14, 21 and 28 days).

Histologic spesimens were used to evaluate pulmonary inflammation and fibrosis.
Sections were stained with HE and inflammation was scored using a semi-quantitative scale of
0-3. Fibrosis was determined by Masson trichrome staining and analyzed using.Image J
program. Macrophages and fibroblasts were detected using immunohistochemistry and
immunofluorescence. Whole fields from eight sections per lung in each mice were assessed.
Lung collagen content was measured with Sircol assay. Bronchoalveolar lavage fluid was
performed for protein quantification using Bradford methods ‘and TNF-a immunoassay.

Lung ECE-1 protein level was measured with western blot. Lung ECE-1 activity was

- determined from lung membrane fraction. Lung ET-1, CGRP, bradykinin, ANP and cyclic

AMP level was measured with enzyme immunoassay. Gene expression was quantified with



real-time qPCR from ¢cDNA-derived reversé transciptase of total RNA. Specific primers for
ECE-1, CGRP, TGF-B, CTGF, CollAl, Col3Al, CD68, Yml, Argl, MCPi, RANTES,
GAPDH and HPRT-1 were applied. Protein level for S100A4, TGF-B, CRLR, RAMPI,
EPACI, PKAo, GAPDH and B-actin was quantified with western blot. Immunofluorescence
were performed for CRLR/RAMP1 and macrophages colocalisation.

For statistical analysis, multiple comparisons were analyzed with ANOVA and
Fisher’s LSD tests. P value of <0.05 was considered statistically significant.

RESULTS )

Lung inflammation with minimal fibrosis occurred on days 7 and 14. Lung fibrosis
appeared on days 21 and 28. ECE-1"" mice had less fibrosis area, lower collagen, fewer
fibroblasts, and 0-SMA (+) cells. Reduced expressions of TGF-B, CTGF and collagen were
also found in ECE-1"" mice. Fibrosis in the bleomycin animal model is preceded by

inflammation. ECE-1"""mice had lower inflammation score, BALF protein and TNF-a on day -

14 following bleomycin instillation.

Given the attenuated inflammation and fibrosis in ECE-l”'mice, we assessed ECE-1
system in both phases. Lung ECE-1 mRNA, protein and enzyme activity were significantly
lower in ECE-1" mice, in both phases. We further studied the impact of ECE-1 activity on its
related peptides in the lung. During inflammation, ET-1 expression was significantly

** mice, but the

increased in ECE-1"" mice, in contrast to a constant expression in ECE-1
differences was not mgmﬁcant In fibrosis, ET-1 expression was significantly higher in
ECE-1"* mice. ECE-1"" mice had significantly higher CGRP levels during inflammation and
fibrosis. Bradykinin and ANP levels were not significantly different in both phases.

Because of increased CGRP by reduced ECE-1 activity, we investigated CGRP
pathway. CGRP mRNA expression was increased during inflammation phase and no
significant differences between both genotypes. CRLR co-expressed with RAMP1 forms
active CGRP receptor. Western blot analysis showed more CRLR glycosylation and less
RAMPI] dimerisation irrespective of genotypes in inflammation phase, indicating CRLR
glycosylation due to RAMP1 binding which confirms that CRLR/RAMP1 is functional.
CGRP signaling via CRLR/RAMP] activates a cCAMP pathway. Intracellular cAMP action is
mediated through PKA and EPAC. Intracellular cAMP, EPAC1 and PKA was reduced in
ECE-1"" mice in inflammation phase. The cCAMP pathway remained unaltered in ECE-1*"

. mice.

Recent studies proposed the role of M2 macrophages in regulating pulmonary fibrosis.

M2 macrophages was less accumulated in ECE-1"" mice, suggesting restricted M2-facilitated

transition from lung inflammation to fibrosis in ECE-1*" mice. M2 macrophages in control

* mice did not express CGRP receptors. In confrast, M2 macrophages expressed both CRLR

and RAMP1 in inflammation phase, confirming that CGRP acted through M2 macrophages

‘and may modulate its function during lung inflammation to fibrosis transition.

DISCUSSION

Our study showed that ECE-1 genetic suppression prevented bleomycin-induced
pulmonary fibrosis. A previous in vitro study showed that, in the presence of ECE-1, CGRP
formed a complex with CRLR/RAMPI in the cell membrane, was internalized, and degraded
by ECE-1. Strengthening it, our study exposed. that ECE-1 genetic suppression may have
diminished this process, thereby promoting CGRP signaling and subsequently activating
¢AMP/EPACI and cAMP/PKA pathways. It indicates that CGRP-induced cAMP pathway
activation reduces inflammation and fibrosis.

We identified -that attenuated lung inflammation by ECE-1 suppression was not
attributed to reduced ET-1. Our study confirms that ET-1 does not play a role during transition
from inflammation to fibrosis; rather it was upregulated due to fibrosis thereafter. Although .
lung CGRP levels were significantly increased during lung inflammation, due to peptide
degradation by ECE-1, their levels were lower in ECE-1*"* mice. It shows the rate-limiting
effect of half-reduced ECE-1 in degrading CGRP in pathological conditions, and hence higher -
CGRP levels were observed. Further supporting these results, CGRP mRNA expression were
similar in both genotypes.

Lung cAMP protects against bleomycin-induced inflammation and fibrosis. Higher:
levels of intracellular cAMP in ECE-1*" mice was attributed to CGRP induction. We
suggested that more CGRP in ECE-1"" mice activated the cAMP/EPAC] and cAMP/PKA
pathways. Transition from lung inflammation to fibrosis after bleomycin instillation is
ascribed to M2 macrophages. Our result shows less M2 macrophage in ECE-1"" mice. M2
macrophages expressed CRLR and RAMPI in inflammation phase. We* confirm that in
ECE-1"" mice, excess CGRP acted on M2 macrophages and modulated their function through
cAMP/EPACI1 and cAMP/PKA pathWays limiting the inflammation and fibrosis. .

In conclusion, our results provide novel evidence that ECE-1-mediated degradation
of CGRP is necessary for transition from lung inflammation to fibrosis, in vivo. Our study
identified M2 macrophages to be the target cells for CGRP action during this transition.
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