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Calcitonin Gene-Related Peptide Enhances the Expression
of Signaling Molecules of the Wnt 7b/Beta-Catenin Pathway
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Abstract

Background: Hyperoxic lung injury is characterized by epithelial cell
death and leukocyte infiltration/inflammation in the lung. Calcitonin
gene-related peptide (CGRP) has been shown to improve survival of
lung epithelial cells and reduce hyperoxic lung injury in rats. However,
the mechanism of CGRP protective activity is not completely under-
stood. The Wnt7b/B-catenin pathway plays an important role in lung
development, repair and regeneration. This study therefore was de-
signed to examine the regulatory role of CGRP in the Wnt7b/B-catenin
pathway in type II alveolar epithelial cell (AEC II) under hyperoxia.

Methods: Rat neonates and AEC II from premature rats were ex-
posed to hyperoxia in the absence or presence of CGRP, Wnt7b and
B-catenin protein levels were measured by Western blot analysis,
while T cell factor (TCF) and c-myc mRNA levels were determined
by reverse transcription-polymerase chain reaction (RT-PCR).

Results: In the rat lung, both Wnt7b and B-catenin proteins were de-
tectable, and hyperoxia significantly increased Wnt7b and B-catenin
protein expression. AEC 11, after exposure to hyperoxia, had signifi-
cantly higher levels of Wnt7b and B-catenin proteins, and TCF and
c-myc mRNAs, which was further enhanced by CGRP.

Conclusions: CGRP stimulates the expression of multiple molecules
in the Wnt 7b/B-catenin pathway in AEC II under hyperoxia, which
might be part of the mechanism by which CGRP protects the lung
from hyperoxia-induced injury.
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Introduction

Oxygen therapy constitutes a requisite part of respiratory sup-
port for preterm neonates, and also can be life-saving for adult
patients under intensive care [1-3]. Excess supply of oxygen
however, may lead to hyperoxia that can result in multi-organ
injury including the lung [4-6]. Hyperoxic lung injury is char-
acterized by epithelial cell death [7, 8], e.g., type II alveolar
epithelial cell (AEC II) apoptosis is detected in rat lungs ex-
posed to hyperoxia [8], and leukocyte infiltration/inflamma-
tion [9-11]. AEC II plays important roles in normal pulmo-
nary function. They not only produce and secret pulmonary
surfactant to maintain normal lung function but also involve
in repair and regeneration after lung injury as AEC 11, through
differentiation, can give rise to type [ AEC [12, 13].

A variety of bioactive molecules and complex signaling
pathways are involved in lung development, repair and regen-
eration [14-17]. Neuropeptides/neurotransmitters can promote
lung repair and regeneration by promoting lung epithelial cell
growth, proliferation and differentiation [18-20]. In a previous
study, we showed that calcitonin gene-related peptide (CGRP),
a sensory neuropeptide, improved survival of AEC II cells and
reduced oxidative stress-induced injury of the immature lung
in rats [21]. However, the signaling pathways underlying the
protective effects of CGRP on AEC II remain elusive. The Wnt
signaling pathway, a complex signal transduction system, plays
an important role in embryonic development, glucose homeo-
stasis, cell proliferation, cell apoptosis, cell differentiation and
migration [22]. To date, three Wnt signaling pathways have
been recognized, which are 1) the canonical Wnt pathway, 2)
the non-canonical planar cell polarity pathway, and 3) the non-
canonical Wnt/calcium pathway. The canonical Wnt pathway
regulates gene expression, controlling cell growth and death
[22]. We hypothesized that the canonical Wnt pathway might be
involved in CGRP protective activities in hyperoxic lung injury.
This study was therefore conducted to examine the regulation of
signaling molecules of the Wnt 7b/B-catenin pathway by CGRP
in hyperoxia-treated AEC 1II isolated from immature rats.

Materials and Methods

DMEM/F12 medium and fetal bovine serum (FBS) were
bought from Thermo Fisher Scientific China Co., Ltd (Shang-
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hai, China). The total protein extraction kit was bought from
Keygen Biotech. Co., Ltd (Nanjing, China). SDS-PAGE gels
were from Boster Biological Engineering Co., Ltd (Wuhan,
China). Anti-rat Wnt7b antibody, anti-rat B-catenin antibody,
anti-B-actin antibody and horseradish peroxidase-conjugated
anti-rabbit secondary antibody were obtained from Santa Cruz
Biotechnology (Shanghai, China). CGRP was from AnaSpec
Inc. (Fremont, CA, USA). PVDF membranes were from Am-
ersham Phamacia Biotech (Beijing, China). Enhanced chemi-
luminescence chromogenic (ECL) system was bought from
bioWorld (Dublin, OH, USA). RNA extraction kit was the
product of Bioer Technology Co., Ltd (Hangzhou, China). The
reverse transcription-polymerase chain reaction (RT-PCR) Re-
verTra Dash Kit was purchased from Toyobo Co., Ltd (Osaka,
Japan). PCR primers were synthesized by Thermo Fisher Sci-
entific China Co., Ltd.

Animal model

Use of animals and all animal procedures was approved by
the Research Ethics Committee, Chongqing Medical Uni-
versity, in compliance with the Guidelines for the Care and
Use of Laboratory Animals issued by the Ministry of Science
and Technology, China. Timed-pregnant Sprague-Dawley
rats were obtained from the Experimental Animal Center,
Chongqing Medical University. Neonatal pups were immedi-
ately used after birth and treated as described elsewhere [21].
Briefly, two groups of pups (18 animals/group) were randomly
selected with one group serving as controls that were main-
tained under room air with oxygen concentration controlled at
21+2%, while the other group of pups were placed in special
Plexiglass chambers where oxygen concentration was kept be-
tween 93% and 97%. At days 3, 7 and 14, animals were sac-
rificed with intraperitoneal injection of pentobarbital (50 mg/
kg). Afterwards, thoracic cavity was opened, and the lung was
removed, rinsed with PBS, snap-frozen in liquid nitrogen and
stored at -80 °C for protein extraction.

AEC Il isolation, culture and treatment

AEC 1II was isolated from the fetus at gestational age of 21
days as described previously [23]. The identity of AEC II
was determined by modified Papanicolaou staining and im-
munostaining using AEC Il-specific antibodies as described
elsewhere [23]. ACE II was cultured in DMEM/F12 medium
containing 10% FBS at 37 °C under a humidified atmosphere
containing 5% CO,. Cell treatment was done as follows: cells
were seeded in six-well plates (5 x 10%/well) and cultured for
24 h. Afterwards, spent medium was replaced with fresh me-
dium and cells were divided into four groups: 1) air group, 2)
air + CGRP (100 nM), 3) hyperoxia group, and 4) hyperoxia
+ CGRP (100 nM). Cells in groups 1 and 2 were cultured in a
37 °C incubator under a moisture atmosphere containing 5%
CO, for 24 h. Cells in groups 3 and 4 were placed in Plexiglas
chambers filled with moisture carbogen (95% O, and 5% CO,)
and cultured at 37 °C for 24 h. Subsequently, cells were har-
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vested for protein and mRNA assays.

Western blot analysis

Western blot analysis was performed to measure Wnt7b and
[-catenin protein levels in rat lung tissue and AEC II. Protein
samples were prepared as follows: 50 mg rat lung tissue was
homogenized in 200 uL of lysis buffer (Keygen Biotech. Co.,
Ltd) or 2 million cultured AEC II lysed in 100 pL of lysis
buffer. After centrifugation at 12,000 g for 20 min at 4 °C, the
supernatant was harvested and the protein concentration was
determined using the BCA protein assay kit (Bio-Rad Labora-
tories) as per the protocol provided by the manufacturer. Fifty
micrograms of total protein for each sample was separated by
SDS-PAGE and electrically transferred onto a PVDF mem-
brane. The membrane was blocked with TBS-T buffer (10 mM
Tris-HCI, pH 7.50, 9% NaCl and 0.05% Tween 20) containing
5% milk at room temperature for 1 h followed by incubation
with the primary antibody at 4 °C overnight. All primary anti-
bodies were used at dilutions of 1:500. After three washes (5
min/wash) with TBS-T buffer, the membrane was incubated
with horseradish peroxidase-conjugated secondary antibody
(1:3,000 dilution) at room temperature for 1 h. Afterwards,
the membrane was washed three times with TBS-T buffer and
the target protein was detected with an ECL chemilumines-
cence kit. ChemiDocXRS image acquisition system (Bio-Rad
Laboratories, Shanghai, China) was used for blot imaging. The
Quantity One 4.5.0 software (Bio-Rad Laboratories) was used
for densitometric analysis of protein bands, and semi-quan-
tification of each target protein was done after normalization
against B-actin.

RT-PCR

Total RNA from AEC II was extracted using an RNA TRIzol
kit (Bioer Technology Co., Ltd) according to the manufactur-
er’s instructions and quantified with spectrophotometry. Re-
verse transcription was done using 0.5 pg total RNA following
the kit instructions. PCR was done using 1 pL of RT product
and run as follows: 95 °C for 3 min followed by 30 cycles of
95 °C for 30 s, 55 °C for 30 s and 72 °C for 60 s. The PCR
product was analyzed by 1.5% agarose gel electrophoresis.
Semi-quantification of PCR products after normalized against
[-actin was performed.

The sequences of primers were as follows: c-my: forward, 5°-GG
AGAAACGAGCTGAAGCGTAG-3’, reverse, 5’-CAGCCAAGGT
TGTGAGGTTAGG-3’ (339 bp); TCF: forward, 5~ ATGACACGGA
TGACGATGGG-3’, reverse, 5-GGACAGGTGGGACTGGTTGA
G-3’(221 bp); B-actin, forward, 5’ TCACCCACACTGTGCCCATC-
TATGA-3’, reverse, 5’-CATCGGAACCGCTCATTGCCGATAG-3’
(295 bp).

Results

Five pups died in the hyperoxic group while two died in the
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Figure 1. Hyperoxia increased the expression of Wnt7b and B-catenin proteins in rat lungs. Panel a shows a representative
Western blot for Wnt7b and B-catenin protein analysis in rat lungs. Under normoxia, Wnt7b and B-catenin proteins maintained
at a consistent level at all time points observed (panels a and b). In contrast, hyperoxia increased the expression of Wnt7b and
B-catenin proteins in rat lungs at all time points (panels a and b). *P < 0.05 compared with their respective controls at the same
time point. In the hyperoxic group, at day 7, both Wnt7b and 3-catenin protein levels were significantly higher than their respective

levels at other two time points (°P < 0.05).

control group at the end of study period. Western blot anal-
ysis revealed that both Wnt7b and B-catenin proteins were
detectable in the lung, and levels of both proteins did not
change at different time points in control group (Fig. la).
However, at all time points, both Wnt7b and B-catenin pro-
tein levels in hyperoxic group were significantly higher com-
pared with respective controls. Within the hyperoxic group,
both Wnt7b and B-catenin protein expressions were signifi-
cantly increased at day 7 compared with those at days 3 and
14 (both P < 0.05).

There was no significant difference in Wnt7b and p-catenin
protein levels between AEC II under normoxia and normoxia
plus CGRP (Fig. 2). However, hyperoxia induced a markedly
increased expression of Wnt7b and B-catenin proteins, which
was significantly enhanced by CGRP (Fig. 2). We further
measured the mRNA expression of TCF and c-myc in AEC 11,
and the results showed that TCF and c-myc mRNA levels were
similar between AEC II under normoxia and normoxia plus
CGREP. In contrast, hyperoxia resulted in significantly elevated
TCF and c-myc mRNA expression, which was further boosted
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by CGRP treatment (Fig. 3).

Discussion

Therapeutic use of oxygen is necessary for patients having
critical pulmonary and cardiac conditions especially for pre-
mature neonates [ 1-3]. Over-exposure to high concentration of
oxygen-caused lung injury still occurs in current clinical prac-
tice but effective therapy for such injury is limited. In an effort
to seek biological molecules for effective treatment of hyper-
oxic lung injury, we previously discovered that CGRP had a
protective role in hyperoxia-induced lung injury in rats [21]. In
this study, we aimed at delineating the role of CGRP in regu-
lating the expression of signaling molecules of the Wnt 7b/pB-
catenin pathway. We reported here the following findings: 1)
hyperoxia increased expression of Wnt7b and f-catenin pro-
teins in rat lungs at day 7 post hyperoxia exposure, which
was diminished at day 14; 2) exposure to hyperoxia for 24 h
augmented the expression of Wnt 7b and B-catenin proteins

£l Wnt7b B —catenin

Air control group  Air with CGRP group  Hyperoxia group  Hyperoxia with CGRP group

Figure 2. CGRP enhanced hyperoxia-induced expression of Wnt7b and B-catenin proteins in AEC Il. There was no significant dif-
ference in Wnt7b and -catenin protein levels between AEC Il under normoxia and normoxia plus CGRP (panels a and b). How-
ever, hyperoxia induced a markedly increased expression of Wnt7b and B-catenin proteins (*P < 0.05), which was significantly
enhanced by CGRP (°P < 0.05, panels a and b). 1 = Air control; 2 = Air with CGRP; 3 = Hyperoxia; and 4 = Hyperoxia with CGRP.
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Figure 3. CGRP enhanced hyperoxia-induced mRNA expression of TCF and c-myc in AEC Il. TCF and c-myc mRNA levels were
similar between AEC Il under normoxia and normoxia plus CGRP (panels a and b). In contrast, hyperoxia resulted in significantly
elevated TCF and c-myc mRNA expression (*P < 0.05), which was further boosted by CGRP treatment (°P < 0.05, panels a and
b). M = DNA size marker; 1 = Air control; 2 = Air with CGRP; 3 = Hyperoxia; and 4 = Hyperoxia with CGRP.

in AEC Il isolated from premature rats, which was further en-
hanced by CGRP treatment; and 3) exposure to hyperoxia for
24 h increased the mRNA levels of TCF and c-myc in AEC I
from premature rats, which was also enhanced by CGRP.

The canonical Wnt pathway, also termed Wnt/B-catenin
pathway, consists of several activators, i.c., Wntl, Wnt3, Wn-
t3a, Wnt7a, Wnt7b and Wnt8 [14]. These activators bind to
the Frizzled receptor on the cell membrane and activate the
cytoplasmic phosphoprotein Dishevelled (Dsh/Dvl) [24], lead-
ing to the accumulation and stabilization of f-catenin in the
cytoplasm. Subsequently, B-catenin is translocated into nuclei
where it forms an active transcription complex with members
of the TCF/lymphoid enhancer factor (TCF/LEF), initiating
the expression of target genes such as surviving, c-myc and
cyclin D1, thereby regulating cellular processes and functions
[25, 26].

It is known that the canonical Wnt pathway is involved
in lung development, repair and regeneration. Okubo and Ho-
gan revealed that the Wnt pathway was hyperactive in mouse
embryonic lungs [27]. Mucenski et al reported that knockout
of B-catenin, a central molecule of the canonical Wnt pathway
in mice resulted in defects of peripheral airway development
in the lung, and pups died at birth because of respiratory fail-
ure [28]. Of all canonical Wnt pathway activators, Wnt 7b is
the only one whose expression is restricted to the pulmonary
epithelium [29]. It has been shown that Wnt 7b is strictly con-
trolled by the lung-restricted transcription factor TTF-1 that is
abundant in AEC II [30]. These data suggest Wnt 7b plays an
important role in regulating AEC II functions. Based on these
observations, we focused on determining whether the Wnt
7b/B-catenin pathway was altered by CGRP treatment in AEC
II. First, we observed that Wnt 7b and -catenin proteins were
expressed in rat lungs, which, after exposure to hyperoxia for
7 days, was elevated. This elevation is likely a self-protective
response of the body to the detrimental effects of hyperoxia.
Indeed, this elevation was eventually diminished after the hy-
peroxic condition prolonged.
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Next, we examined the effects of CGRP on the expression
of signaling molecules, i.e., Wnt 7b, B-catenin, c-myc and TCF
in ACE II treated with hyperoxia. In agreement with the find-
ing in animal experiment, hyperoxia led to increased expres-
sion of Wnt 7b and B-catenin proteins in ACE II, which was
further enhanced by CGRP. Additionally, using RT-PCR, we
showed that mRNA levels of c-myc and TCF were elevated in
ACE 1I after exposure to hyperoxia, which was also intensified
by CGRP. Flozak et al reported that catenin/TCF signaling was
activated during lung injury, which is in line with our findings,
and activation of catenin/TCF promoted the survival of AECs
[16]. C-myc acts primarily as a cell growth factor, and there-
fore elevation of c-myc expression under CGRP treatment
might exert protective effects on AEC II.

In conclusion, CGRP stimulates the expression of mul-
tiple molecules in the Wnt 7b/B-catenin pathway in AEC 11
under hyperoxia, which might be part of the mechanism by
which CGRP protects the lung from hyperoxia-induced injury.
Limits of this study include: 1) CGRP impact on gene expres-
sion in the Wnt 7b/B-catenin pathway in the rat lung under
hyperoxia was not examined, 2) whether inhibition of the Wnt
7b/B-catenin pathway would abolish CGRP protective effects
in the rat lung under hyperoxia was not investigated, and 3)
whether CGRP could prevent AEC II from hyperoxia-induced
apoptosis was not explored.
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