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Abstract

Alpha-calcitonin gene-related peptide (¢CGRP) plays a significant pathophysiological role in the regulation of bone metabo-
lism. Our previous research indicated that *CGRP might have a potential application in enhancing osseointegration in vivo. To
further uncover the intrinsic mechanism of its networks in bone regeneration, here we investigate the impact of *CGRP on
osteogenic differentiation in bone marrow-derived mesenchymal stem cells (BMSCs) from both wild-type and *CGRP”~ mice.
Considering the half-life of *CGRP in plasma is only 10 min, we applied ®CGRP lentivirus and stably transfected it into BMSCs,
followed by transfection identification and cell cycle assay. We further conducted a series of in vitro tests, and the results
revealed that biological functions including migratory ability and osteogenicity exhibited positive correlation with BMSCs’
o CGRP expression. Meanwhile, this phenomenon was associated with an enhanced expression of YAP (Yes-associated
protein), the key downstream effector of the Hippo pathway. To sum up, our data together with previous in vivo observa-
tions is likely to elucidate the intrinsic mechanism of «CGRP in bone remodeling, and a«CGRP would appear to be a novel
treatment to promote bone wound healing.
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have demonstrated that calcitonin gene-related peptide
(CGRP), a 37-amino acid peptide, is able to stimulate the
differentiation of BMSCs into osteoblasts in vitro® .
CGRP is an important neuropeptide expressed in the reg-
ulation of bone metabolism, the cardiovascular system, the
gastrointestinal system, and pain'®"'?. There are two forms
of CGRP: a- and BCGRP". Traditionally, it is considered

Introduction

Although bone has the capability to completely repair and
regenerate after simple fracture, there are a number of clinical
situations in which auto- or allografts augment bone regenera-
tion'. The issue of bone repair and regeneration has been the
subject of heated discussion. It has recently been suggested
that bone regeneration involves several partially overlapping
phases®. However, the underlying problem with current tech-
niques is that they often promote bone regeneration through

! State Key Laboratory of Oral Diseases & National Clinical Research

direct osteogenesis', which limits its further development.
Generally, cells like bone marrow-derived mesenchymal
stem cells (BMSCs), osteoclasts, and osteoblasts are
involved in bone metabolism. Recently, several studies have
reported that osteoporosis is mainly attributed to the
decreased osteogenic differentiation of BMSCs'~, strength-
ening the importance of BMSCs and making them attractive
candidates for clinical applications for bone remodeling.
Moreover, as the common precursors for both osteoblasts
and adipocytes®, it is critical to stimulate BMSC prolifera-
tion and differentiation into osteoblasts, thus improving ther-
apy efficiency of bone wound healing. Later related studies
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that aCGRP is a physiologic activator of bone formation,
whereas BCGRP has little effect on this process'*'”. Bone
formation and osteopenia was downregulated in «CGRP™
mice'®!”. Our previous experiments suggested that «CGRP
plays a significant pathophysiological role in bone develop-
ment, metabolism, and remodeling around titanium implants
via lentiviral transfection in vivo'’.

The Hippo signaling pathway plays a critical role in mul-
tiple biological behaviors, such as organ development and
tissue repair. Yes-associated protein (YAP) is the main tran-
scriptional regulator in this pathway. When the Hippo path-
way is activated, YAP is phosphorylated, resulting in its
inhibition. Otherwise, YAP enters into the nucleus and acti-
vates downstream transcription. Yu et al. found in their study
that calcitonin receptor-like receptor (CLR), a component of
the Hippo signaling pathway receptor, prevents YAP phos-
phorylation; Therefore, CLR might promote YAP function
during bone metabolism'®.

We hypothesized that aCGRP plays a comprehensive role
during osseointegration or a series of events involved in bone
metabolism via coordinating various aspects. In addition, we
tried to clarify the intrinsic mechanism regarding these
events. In this study, we first investigated the impact of
lentiviral vector overexpression ®CGRP on osteogenic dif-
ferentiation in BMSCs from both wild-type and «CGRP™”
mice, in order to determine the osteogenic effects of «CGRP,
and further demonstrated its comprehensive intrinsic
mechanism in bone regeneration.

Materials and Methods

Isolation and Culture of BMSCs

This study was approved by the Ethics Committee of West
China Hospital of Stomatology, Sichuan University (No.W-
CHSRIB-D-2017-053). «CGRP*'* mice (wild-type model)
and «CGRP”" mice (xCGRP™" model) with the same back-
ground were purchased from RIKEN BioResource Center
(Tokyo, Japan). Femoral and tibial bones were collected from
both between 8 and 12 weeks of age and washed with
phosphate-buffered saline (PBS). Then the femoral and tibial
medullary cavities were flushed with «-MEM (Gibco, Grand
Island, NY, USA) supplied with 10% fetal bovine serum
(FBS; Gibco), 100 U/ml penicillin and 100 pg/ml streptomy-
cin sulfate. The marrow cell suspension was aspirated repeat-
edly and filtered through a 70-um cell strainer prior to culture
in an incubator at 37°C with 5% CO,. Cell culture was con-
tinued with medium changes every 2 days until the cells were
subconfluent. BMSCs between passages 2 and 4 were used for
the following experiments.

Identification of BMSCs

Cells were identified with alizarin red staining for osteogenic
differentiation and Oil Red O staining for adipogenic differ-
entiation. To induce osteogenic differentiation, BMSCs were
grown in osteogenic-inducing medium o-MEM containing

10% FBS, 100 U/ml penicillin, 100 pg/ml streptomycin sul-
fate, 50 pg/ml ascorbic acid (Sigma, St. Louis, MO, USA),
5 mM B-glycerol phosphate (Sigma) and 10®* M dexametha-
son (Sigma) for 21 days. After that, cells were fixed in 4%
paraformaldehyde for 30 min, followed by two washes with
ice-cold PBS, were stained for 30 min with alizarin red, and
then underwent two washes as previously described. The
secreted osteocalcin level was then explored. To induce adi-
pogenic differentiation, cells were cultured in the adipogenic
differentiation medium, consisting of «-MEM supplemented
with 10% FBS, 1 umol/l dexamethasone, 0.05 mmol/l 3-
isobutyl-1-methylxanthine, 10 pmol/ml bovine insulin and
200 pmol/l indometacin for 7 days. Oil Red O staining was
performed to detect the lipid droplets. Briefly, cultured
BMSCs were fixed in 4% paraformaldehyde for 30 min and
washed with 60% isopropanol. They were stained with Oil
Red O for 5 min, they then underwent a rinse with 60%
isopropanol and two further rinses with ice-cold PBS.

Construction and Transfection of «CGRP
Overexpression Lentiviral Vector

Our previous experiments have successfully constructed an
aCGRP overexpression lentiviral vector system as previ-
ously described!”. «CGRP™* BMSCs (wild-type BMSCs)
and «CGRP”~ BMSCs (aCGRP”~ BMSCs) were divided into
three groups. Wild-type BMSCs were allocated to three
groups: (1) Wild-type group: «CGRP ™" BMSCs without
transfection; (2) Overexpression group: «CGRP ' BMSCs
with «CGRP overexpression lentiviral vector transfection;
and (3) Empty vector group: a«CGRP ™" BMSCs with
oCGRP empty lentiviral vector transfection. In the same
way, aCGRP”" BMSCs were divided into «CGRP™" group,
overexpression group and empty vector group.

Empty vector group: a 40 pl quantity of aCGRP empty
lentiviral vector containing GFP was added to 1 ml «-MEM
and transfected into both wild-type BMSCs and «CGRP™
BMSC:s. Cells were cultured in an incubator at 37°C with 5%
CO, for 8-12 h.

aCGRP overexpression group: wild-type and «CGRP™”
cells were transfected with 40 ul «CGRP overexpression lenti-
viral vector via different multiplicity of infection (MOI) levels
(10, 20, 40, 60, 80, and 100) and cultured as described above.

Untransfected cells were cultured as usual.

Identification of «CGRP Lentiviral Vector
Transfection In Vitro

To further evaluate the expression of «®CGRP via different
MOI levels (10, 20, 40, 60, 80, and 100), western blot was
performed. Briefly, cells of each group were washed three
times with ice-cold PBS and then whole-cell protein extracts
were obtained using lysis buffer (Keygen total protein
extraction kit; Keygen Biotech, Nanjing, China) at 4°C for
30 min. This was followed by a 15-min centrifugation at
14,000 rpm at 4°C to obtain the supernatant; the
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bicinchoninic acid method was used as the quantitative
assay. After boiling for 5 min, 50 ug protein of each group
was applied to SDS-PAGE (10% polyacrylamide gel) at 80
V for 40 min and 100 V for 80 min. The separated proteins
were then transferred in the gel to a polyvinylidene difluor-
ide (PVDF) membrane (Millipore, Billerica, MA, USA) and
blocked at room temperature for 1 h. After that, the mem-
branes were probed with ®CGRP antibody (1:1000, Abcam,
Cambridge, UK) at 4°C overnight, followed by incubation for
1 h with horseradish peroxidase-conjugated secondary anti-
body (diluted 1:2000). Reactive bands were visualized using
an enhanced chemiluminescence kit (Millipore). The densi-
ties of the bands were computer analyzed by a densitometer
(Quantity One, Bio-Rad, Hercules, CA, USA).

Cell Cycle Assay

To confirm the effect and safety of «CGRP lentiviral vector
transfection on wild-type and aCGRP”~ BMSCs, cell cycle
was assessed by flow cytometry. Cells from different groups
were collected and then centrifuged twice at 2,000 rpm for 5
min. Following fixation with 70% (w/v) ice-cold ethanol at
4°C overnight cells were washed with PBS, and there fol-
lowed 8 min centrifugation at 1,000 rpm. To stain the cells,
100 ml of RNAase A (Keygen Cell Cycle Detection Kit,
Keygen Biotech) was added at 37°C for 30 min, followed
by incubation with 400 ml of propidium iodide (Keygen Cell
Cycle Detection Kit, Keygen Biotech) at 4°C for 30 min.
After that, flow cytometry (Beckman Coulter, Indianapolis,
IN, USA) was conducted for each sample. The S-phase frac-
tion of total cells (SPF) in each sample was calculated
according to the formula:
S

SPF(%) = 100
) = Go/Gr + S+ G~

The proliferation index (PI) was calculated according to
the formula:

S+ Gy/M

PICR) = Go/Gi + S+ G/M

x 100

Cell Migration Assay

Migration of BMSCs was analyzed using transwell cham-
bers. The pore size of the transwell membrane was 8 pm. A
volume of 600 pl a-MEM containing 10% FBS was added to
the lower chambers. Cells were plated into the upper cham-
bers at the density of 2x10* cells/well in 200 pl a-MEM
supplied with 1% FBS. The chambers were incubated at
37°C in 5% CO, for 12 h and 24 h. After a wash with PBS,
BMSCs that migrated to the lower face of the porous mem-
brane were fixed with 500 pl cold methanol for 20 min at
37°C and stained with 500 pl 2 pmol/l Calcein-AM for 30
min in an incubator. Unmigrated BMSCs were removed with
cotton swabs. Migrated BMSCs were photographed in five
random fields per filter and measured by cell counting.

Immunofluorescent Staining

The effects of CGRP on expression of osteogenic phenotypes
(alkaline phosphatase, ALP; collagen Type 1, COL-1) in
BMSCs were examined. Cells in different groups were plated
on coverslips in 6-well plates at the density of 1x10* cells/
well until confluent, then the medium was removed. Cells
were fixed with 4% paraformaldehyde for 30 min and perme-
ated with 0.25% Triton X-100 for 8 min at room temperature.
After incubation with 1% bovine serum albumin (Sigma) for
30 min, the cells were incubated with primary antibodies
raised against ALP (diluted 1:50; Santa Cruz Biotechnology,
Dallas, TX, USA) and COL-1 (diluted 1:100; Abcam) at 4°C
overnight. Control slides were stained with only the secondary
antibody. Following three washes with PBS, cells were incu-
bated with fluorescein isothiocyanate-conjugated secondary
antibodies (diluted 1:100; Zsjq Bio Co., Beijing, China) for
1 h. Nuclei were further stained with DAPI (diluted 1:100;
Beyotime, Shanghai, China). The cells were then observed
using fluorescence microscopy (Olympus, Tokyo, Japan).

Alizarin Red Staining

Alizarin red staining was conducted as the method described
previously.

RNA lIsolation and Real-time PCR Analysis

At 4, 7, and 14 days, total RNA from each group was
extracted using Trizol Reagent (Invitrogen), according to the
manufacturer’s instructions. The RNA was treated with
DNase, and cDNA was synthesized using PrimeScript
Reverse Transcriptase (Takara Bio Inc., Kusatsu, Japan). The
detailed procedure for real-time RT-PCR was described pre-
viously'”. Briefly, real-time PCR was performed in a 20 pl
reaction mixture, using an ABI PRISM 7300 Real-time PCR
System (Applied Biosystems, Waltham, MA, USA). Calcula-
tions of relative gene expression levels were conducted
according to the 2°°“" method, and presented as fold
increase relative to the control group. Primer sequences for
ALP, COL-1, osteocalcin (OCN), and osteopontin (OPN) are
listed in Table 1; glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) was used as internal control.

Western Blot Analysis

Western blot analysis was obtained as described previously.
After blocking for 1 h in 0.1% Tween 20-Tris-buffered saline
(TBST) containing 5% skim milk, membranes were incubated
overnight at 4°C with anti-ALP (diluted 1:200; Santa Cruz
Biotechnology), anti-COL-1 (diluted 1:500; Abcam, Cam-
bridge, UK), anti-OCN (diluted 1:200; Santa Cruz Biotechnol-
ogy), anti-OPN (diluted 1:1,000; Abcam), anti-YAP (diluted
1:1,000; Abcam) and GAPDH antibody (diluted 1:200; Zsjq
Bio Co., China). Following three washes with TBST, mem-
branes were incubated for 1 h with horseradish peroxidase-
conjugated secondary antibody (diluted 1:2,000; Zsjq Bio
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Table I. Primers and Probes used for PCR.

Primer Forward primer 5'-3' Reverse primer 5'-3'

ALP AACCCAGACACAAGCATTCC GCCTTTGAGGTTTTTGGTCA
COL-I GAGCGGAGAGTACTGGATCG GCTTCTTTTCCTTGGGGTTC
OCN TTGGTGCACACCTAGCAGAC ACCTTATTGCCCTCCTGCTT
OPN CTAACTACGACCATGAGATTGG GGGTATAGTGATATAGACTG
GAPDH ACCACAGTCCATGCCATCAC TCCACCACCCTGTTGCTGTA

ALP: alkaline phosphatase; COL-1: collagen type I; OCN: osteocalcin; OPN: osteopontin; GAPDH: glyceraldehyde-3-phosphate dehydrogenase.

A

MOl 10
MOl 20
MOI 40
MOl 60
MOl 80
MOI 100

Negative
Control

GAPDH

aCGRP
Overexpression

Empty Vector
Control

B

MOl 10
MOl 20
MOI 40
MOI 60
MOI 80
MOI 100

Negative
Control

GAPDH

aCGRP
Overexpression

Empty Vector
Control

Figure . Western blot analysis of «CGRP expression via different MOI levels. (A) Wild-type BMSCs. (B) «CGRP”~ BMSCs.

Co., Beijing, China). Reactive bands were visualized using an
enhanced chemiluminescence kit (Millipore). The densities of
the bands were computer analyzed by a densitometer (Quantity
One, Bio-Rad).

Statistical Analysis

Data are presented as mean + SD. Statistical analysis was
performed with SPSS 17.0 software (SPSS, Inc., Chicago,
IL, USA). Statistically significant differences were assessed
by one-way analysis of variance (ANOVA) and Newman—
Keuls post hoc tests. The value of p<0.05 was considered to
be statistically significant.

Results

Identification and Expression of «CGRP via Different
MOI Levels

Western blot was performed to evaluate the expression of
oCGRP via different MOI levels (10, 20, 40, 60, 80, and 100)
in wild-type BMSCs. Cells were allocated to the xCGRP /"
group, overexpression group, and empty vector control
group. As shown in Fig. 1A, «CGRP expression levels were

almost undetectable under MOI 10, 20, and 40. With an
increase to MOI 60, 80, and 100, «CGRP expression
increased significantly in cells transfected with «CGRP
overexpression lentiviral vector, while in the other two
groups, CGRP expression remained undetectable. MOI
100 showed the strongest target-gene expression in the over-
expression group. The same test was performed in «CGRP™
BMSCs; aCGRP expression did not rise obviously until
MOI 40, 60, 80, and 100 in the overexpression group (Fig.
1B). According to the results, transfection via MOI 60 and
MOI 40 might be the optimal condition in wild-type and
aCGRP”~ BMSCs, respectively. In addition, the empty vec-
tor had no significant effects on those cells.

Cell Cycle Assay

Flow cytometry was monitored to examine the effects of
transfection on the cell cycle at MOI 60 of aCGRP "
BMSCs (Fig. 2A—C) and MOI 40 on aCGRP” BMSCs (Fig.
2D-F). The SPF and PI values in each sample were calcu-
lated according to the formula. There was no significant
difference between the a«CGRP ™ group, overexpression
group, and empty vector control group (p>0.05), thus trans-
fection via MOI 60 had no adverse effect on «CGRP™"
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BMSCs’ cell cycle compared with the other two groups (Fig.
2A—C), as was the case also with the xCGRP™" group, over-
expression group, and empty vector control group via MOI
40 transfection (Fig. 2D-F). Taken together, MOI 60 and
MOI 40 confirmed both the transfection efficiency and
safety in wild-type and «CGRP”" BMSCs, respectively.

oCGRP Promotes BMSC Migration

Based on the above information, the empty vector had no
significant effects on BMSCs. The cells were divided into
four groups with different expression levels of aCGRP:
(1) «CGRP”" control group: Untransfected aCGRP™"
BMSCs; (2) aCGRP™" recovery group: aCGRP™"
BMSCs+aCGRP transfection; (3) aCGRP* control
group: Untransfected wild-type BMSCs; (4) «CGRP™*
overexpression group: wild-type BMSCs+aCGRP trans-
fection. Western blot analysis indicated that the expres-
sion levels of aCGRP were different in the four groups
(Fig. 3A), which demonstrated that they could be com-
pared in the following assays.

Transwell assays were conducted to observe the migra-
tory response of BMSCs to aCGRP. We noted that BMSCs
could be found in the lower chambers at 12 h in all groups,
although these cells did not have characteristic morphology
until 24 h (Fig. 3B). As demonstrated in Fig. 3C, the migra-
tion of the «CGRP™™ overexpression group was much
higher than the xCGRP™ control group (p<0.05). Most cells
in the «CGRP”" control group had not even reached the
underside of transwell chambers at 24 h.

Immunofluorescent Staining

The expression of the osteoblastic markers ALP and COL-1
was assessed by immunofluorescent staining at day 7. As
shown in Fig. 4, cells in the aCGRP™'" overexpression
group displayed obviously increased expression of ALP
in the cytoplasm. The expression of COL-1 was similar to
ALP. With the increase of aCGRP expression levels in
BMSCs, COL-1 expression level became more obvious

(Fig. 5).

Alizarin Red Staining

Alizarin red staining was conducted to further confirm the
effects of «®CGRP on osteogenic terminal differentiation in
BMSCs. From Fig. 6A-D, we could clearly observe that
alizarin red-positive nodules appeared more evenly distrib-
uted in the «CGRP™" overexpression group. The results
also indicated that compared with the «CGRP™" control
group and «CGRP "' overexpression group, *CGRP™" con-
trol groups showed a dramatically decreased mineral nodule
formation, which was in accordance with the quantitative
analysis in Fig. 6E (p<0.05). On the other hand, although
the regions of calcified nodule in the recovery group were

more apparent than those in «CGRP™" control group, there
was no statistical significant difference (p>0.05).

Osteoblast-associated Phenotype Expressions

The gene expression levels of ALP, COL-1, OCN and OPN
were examined with real-time PCR at 4, 7, and 14 days, in
order to evaluate the condition of the early and terminal
osteogenic differentiation. As revealed in Fig. 7A, compared
with the «CGRP™" control group and «CGRP”" recovery
group, ALP gene expression was downregulated in the
o«CGRP™" control group at 7 days (p<0.05). At the same time,
COL-1 gene expression increased during the entire observa-
tion period, although that trend did not reach significant
statistical difference (p>0.05) (Fig. 7B). aCGRP also
enhanced the expression level of OCN (Fig. 7C), and they
were positively correlated at day 14 (p<0.05). In terms of
OPN, the aCGRP™" recovery group presented a noticeable
elevation compared with the «CGRP™" control group at day 7
and tended to be close to the «CGRP™" control group (Fig.
7D). The peak OPN mRNA expression level in the «CGRP ™'
overexpression group at day 14 was about 2.2 times that of
the xCGRP" control group. Briefly, the expression levels of
osteoblast-associated markers ALP, COL-1, OCN, and OPN
exhibited positive correlation with BMSCs’ aCGRP
expression.

We further investigated the effect of ®CGRP on protein
expression of the osteogenic phenotypes. The data (Fig. 7E)
suggested that the expression of osteogenic phenotypes was
downregulated dramatically in the «CGRP™ control group
compared with the other three groups, including a decrease
of ALP, COL-1, OCN, and OPN. aCGRP "' *cells trans-
fected with lentiviral vector containing «CGRP showed
increased expression of osteogenic phenotypes, especially
a noticeable elevation of OCN. Due to the stable transfection
of aCGRP, the aCGRP™" recovery group exhibited more
ALP, COL-1, and OCN protein expression compared with
o«CGRP™~ control groups and almost reached the same
expression level as the ®CGRP ™™ control group. Further
investigation revealed that the enhanced expression levels
of osteoblast-associated markers were associated with an
increase of YAP expression, which is the significant effector
of the Hippo pathway.

Discussion

Skeleton is a living and continuously remodeling tissue,
which exhibits abundant sensory neuron innervations'*°.
During bone wound healing, CGRP and other neuropeptide
substances are secreted by nerve endings in the bony callus,
promoting bone metabolism and reconstruction®'. Origi-
nally, xCGRP was shown to be a highly potent vasodilator>.
Later, related studies suggested that aCGRP was found to be
upregulated in regenerating axons within injury zones> 2°
and capable of promoting proliferation of local Schwann
cells®®, which is critical for partnering during peripheral
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Figure 3. Results of Transwell assays. (A) Western blot analysis. (B) The migratory response of BMSCs at 12 h and 24 h in each group. (C)
Quantitation of the migratory response of BMSCs. Scale Bar=50 pm. *p<0.05.

nerve regeneration”’. Other researchers have also reported
that «CGRP is a physiologic activator of bone forma-
tion'*13. Moreover, research shows that CGRP is able to
promote inflammation and inhibit inflammation mediator
release through its ability to influence the activity of inflam-
matory cells, including lymphocytes, Langerhans cells and
macrophages*® 2. Based on these findings, our team
hypothesized that *CGRP may be a novel treatment to pro-
mote the reconstruction of neural feedback pathways and
microcirculation during the bone healing process, thus
improving osseointegration or other events during bone
wound healing®’.

Our previous experiments have suggested that implant
osseointegration significantly decreased in the «CGRP™
mice and oCGRP played a significant pathophysiological
role in bone development, metabolism, and remodeling
around titanium implants via lentiviral transfection in vivo'’.
To further uncover the intrinsic mechanism of its net effects
in bone regeneration, here we investigate the relative direct
impact of «®CGRP on osteogenic differentiation in BMSCs
from both wild-type and ®CGRP”" mice.

In this study, we applied an aCGRP overexpression len-
tiviral vector system and stably transfected it into BMSCs
from both wild-type and «CGRP”" mice. As expected, this
gene delivery system effectively promoted «CGRP expres-
sion in the target cells. Flow cytometry and western blot
showed that transfection via MOI 60 and 40 might be an
optimal condition not only possessing basic transfection effi-
ciency, but also having negligible adverse effects on prolif-
eration of 9®CGRP " and «CGRP”- BMSCs. In addition, no
obvious differences in «CGRP expression were observed
between cells untransfected or transfected with empty vec-
tor, which indicates that transfection with the lentiviral

vector alone does not change «CGRP expression in BMSCs.
Taken together, we successfully assessed different groups
with different aCGRP expressions; thus we explored the
effect of *CGRP expression levels on BMSCs and the potent
molecular mechanisms.

Experimental evidence indicated that BMSCs can
directly migrate to an injured site to proliferate and differ-
entiate into osteoblasts®>. More importantly, promoting
BMSCs to migrate effectively to an injured site has been a
difficult problem to solve***°. Thus, we carried out transwell
assays, which indicated that the overexpression of «CGRP in
BMSCs can increase cell motility, stimulating the BMSCs’
migratory response in the early stage. In addition, ALP activ-
ity indicated that the «CGRP "™ overexpression group
showed the highest osteogenic ability among the groups at
7 days. Furthermore, more and larger mineralized nodules
formed in the «®CGRP transfected group compared with the
control group. aCGRP transfection also stimulated expres-
sion of osteogenic phenotypes, including an increase of
ALP, COL-1, OCN, and OPN. Meanwhile, similar phe-
nomena were observed in western blot analysis. Moreover,
the «CGRP™" recovery group exhibited increased func-
tional osteogenic ability compared with the «CGRP™" con-
trol group and almost reached the same level as the
«CGRP™™ control group. Collectively, we have demon-
strated that ®CGRP plays a prominent role in regulating
bone remodeling.

It has been suggested that CGRP could stimulate prolif-
eration, growth, and differentiation of cells involved in bone
metabolism via receptors, producing a variety of biological
effects’®*°. A functional CGRP receptor consists of at least
three proteins: calcitonin receptor-like receptor (CLR), sin-
gle transmembrane-spanning receptor activity modifying
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Figure 4. Immunofluorescent staining of ALP. Scale Bar=50 pm.

protein 1 (RAMP1), and receptor component protein
(RCP)*'*?. The latest related studies suggested that the
Whnt/B-catenin signaling pathway was involved in CGRP-
mediated osteoblastic differentiation of BMSCs*?; others
have indicated that CGRP-induced mouse BMSCs’ osteo-
genesis was associated with the Hippo pathway**. Yu et al.
mentioned in their study that Hippo-YAP signaling was a
downstream branch of G-protein coupled receptors
(GPCR)'®. Meanwhile, as the CGRP receptor belongs to
GPCR, and it was observed that one of the receptor compo-
nents CLR prevents YAP phosphorylation, therefore, CLR
might promote YAP function during bone metabolism'®. In
this study, we explored whether CGRP-mediated BMSCs’
migration and osteogenesis were related to the Hippo-YAP
pathway. The results indicated that the increased migration
ability and osteogenic phenotype expressions were associ-
ated with an enhanced expression of YAP, the significant
effector of the Hippo pathway. To sum up, our investigations
indicate that the Hippo-YAP pathway may contribute to
oCGRP-mediated BMSCs’ migration and osteogenesis.

However, the intrinsic mechanism regarding this is still
unclear and it has remained elusive whether other signaling
pathways are involved.

In the meantime, it should be noted that besides the
above-mentioned effects, we could not exclude other effects
on bone remodeling caused by aCGRP. It may affect
BMSCs’ and other bone-related cells’ angiogenesis, neuror-
egulation, inflammatory reaction, and so forth. A related
study reported that CGRP signaling maintains bone mass
both by directly stimulating stromal cell osteoblastic differ-
entiation and by inhibiting RANKL-induced NF-kB activa-
tion, osteoclastogenesis, and bone resorption'”. Others have
also suggested that CGRP can promote the migration of
BMSCs and stimulate the protein expression of vascular
endothelial growth factor, and the release of cytokines and
growth factors from other cell types; thus enhanced bone
formation may simply be attributed to the known angiogenic
and vasodilatory effects of CGRP*. To further uncover the
molecular mechanism of «CGRP net effects in bone regen-
eration, we will conduct further studies in the next step.
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Conclusion

In conclusion, aCGRP-mediated BMSCs’ migration and
osteogenesis might relate to its downstream branch Hippo-
YAP pathway. Our data together with previous results from
animal models and further analysis is likely to elucidate the
intrinsic mechanism of «CGRP in bone remodeling, and
®CGRP would appear to be a novel treatment to promote
osseointegration and other related events involved in bone
metabolism.

Author Contributions

Bin Wang and Jie Lin carried out the experiments and analyzed
results. Bin Wang and Qin Zhang drafted the manuscript. Ping
Gong participated in the design of the study and preparation of the
manuscript. Xinyuan Zhang and Hui Yu participated in the analysis
and interpretation of data. Lin Xiang supervise of all the studies. All
authors read and approved the final manuscript.

Ethical Approval

Ethical approval to report this study was obtained from Ethics
Committee of West China Hospital of Stomatology, Sichuan Uni-
versity (No.WCHSRIB-D-2017-053).

Statement of Human and Animal Rights

All procedures in this study were conducted in accordance with
approved protocols of the Ethics Committee of West China Hospi-
tal of Stomatology, Sichuan University.

Statement of Informed Consent

There are no human subjects in this article and informed consent is
not applicable.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
work was supported by grants from the National Natural Science
Foundation of China (No.81701007), Sichuan Science and Tech-
nology Program (No. 2018RZ0087), the Fundamental Research
Funds for the Central Universities (No. 2018SCUH0006) China
Postdoctoral Science Foundation Grant (No. 2018M631091), and
the Basic and Applied Basic Research Projects of West China
Hospital of Stomatology of Sichuan University (RD-02-201902).

ORCID iD

Lin Xiang (® https://orcid.org/0000-0002-7938-5112

References

1. Bahney CS, Hu DP, Taylor AJ, Ferro F, Britz HM, Hallgrims-
son B, Johnstone B, Miclau T, Marcucio RS. Stem cell-derived
endochondral cartilage stimulates bone healing by tissue trans-
formation. J Bone Miner Res. 2014;29(5):1269-1282.

2. Einhorn TA, Gerstenfeld LC. Fracture healing: mechanisms
and interventions. Nat Rev Rheumatol. 2015;11(1):45-54.

3. Fischer J, Aulmann A, Dexheimer V, Grossner T, Richter W.
Intermittent PTHrP(1-34) exposure augments chondrogenesis
and reduces hypertrophy of mesenchymal stromal cells. Stem
Cells Dev. 2014;23(20):2513-2523.

4. Takada I, Kouzmenko AP, Kato S. Molecular switching of
osteoblastogenesis versus adipogenesis: implications for tar-
geted therapies. Expert Opin Ther Targets. 2009;13(5):
593-603.

5. Liang W, Zhuo XL, Tang ZF, Wei XM, Li B. Calcitonin gene-
related peptide stimulates proliferation and osteogenic differ-
entiation of osteoporotic rat-derived bone mesenchymal stem
cells. Mol Cell Biochem. 2015;402(1-2):101-110.


https://orcid.org/0000-0002-7938-5112
https://orcid.org/0000-0002-7938-5112
https://orcid.org/0000-0002-7938-5112

1430

Cell Transplantation 28(11)

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Yoo YM, Kwag JH, Kim KH, Kim CH. Effects of neuropep-
tides and mechanical loading on bone cell resorption in vitro.
Int J Mol Sci. 2014;15(4):5874-5883.

. Fang Z, Yang Q, Xiong W, Li GH, Liao H, Xiao J, Li F. Effect

of CGRP-adenoviral vector transduction on the osteoblastic
differentiation of rat adipose-derived stem cells. PLoS One.
2013;8(8):72738.

. Wang YS, Wang YH, Zhao GQ, Li YB. Osteogenic potential

of human calcitonin gene-related peptide alpha gene-modified
bone marrow mesenchymal stem cells. Chin Med J (Engl).
2011;124(23):3976-3981.

. Xu J, Kauther MD, Hartl J, Wedemeyer C. Effects of alpha-

calcitonin gene-related peptide on osteoprotegerin and receptor
activator of nuclear factor-kappa B ligand expression in MG-
63 osteoblast-like cells exposed to polyethylene particles. J
Orthop Surg Res. 2010;5:83.

Irie K, Hara-Irie F, Ozawa H, Yajima T. Calcitonin gene-
related peptide (CGRP)-containing nerve fibers in bone tissue
and their involvement in bone remodeling. Microsc Res Tech.
2002;58(2):85-90.

Kawase T, Okuda K, Burns DM. Immature osteoblastic MG63
cells possess two calcitonin gene-related peptide receptor sub-
types that respond differently to [Cys(Acm)(2,7)] calcitonin
gene-related peptide and CGRP(8-37). Am J Physiol Cell Phy-
siol. 2005;289(4):C811-C818.

Naot D, Cornish J. The role of peptides and receptors of the
calcitonin family in the regulation of bone metabolism. Bone.
2008;43(5):813-818.

Wimalawansa SJ, Morris HR, Etienne A, Blench I, Panico M,
Macintyre I. Isolation, purification and characterization of
beta-hCGRP from human spinal-cord. Biochem Biophys Res
Commun. 1990;167(3):993-1000.

Schinke T, Liese S, Priemel M, Haberland M, Schilling AF,
Catala-Lehnen P, Blicharski D, Rueger JM, Gagel RF, Emeson
RB, Amling M. Decreased bone formation and osteopenia in
mice lacking alpha-calcitonin gene-related peptide. J Bone
Miner Res. 2004;19(12):2049-2056.

Wang LP, Shi XY, Zhao R, Halloran BP, Clark DJ, Jacobs CR,
Kingery WS. Calcitonin-gene-related peptide stimulates stro-
mal cell osteogenic differentiation and inhibits RANKL
induced NF-kappa B activation, osteoclastogenesis and bone
resorption. Bone. 2010;46(5):1369-1379.

Gangula PRR, Zhao HW, Supowit SC, Wimalawansa SJ, Dip-
ette DJ, Westlund KN, Gagel RF, Yallampalli C. Increased
blood pressure in alpha-calcitonin gene-related peptide/calci-
tonin gene knockout mice. Hypertension. 2000;35(1):470-475.
Xiang L, Ma L, Wei N, Wang TL, Yao QQ, Yang B, Xiong Y,
Wu YY, Gong P. Effect of lentiviral vector overexpression
alpha-calcitonin gene-related peptide on titanium implant
osseointegration in alpha-CGRP-deficient mice. Bone. 2017;
94:135-140.

Yu FX, Zhao B, Panupinthu N, Jewell JL, Lian I, Wang LH,
Zhao JG, Yuan HX, Tumaneng K, Li HR, Fu XD, et al. Reg-
ulation of the Hippo-YAP pathway by G-Protein-coupled
receptor signaling. Cell. 2012;150(4):780-791.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Bjurholm A, Kreicbergs A, Brodin E, Schultzberg M. Sub-
stance P- and CGRP-immunoreactive nerves in bone. Peptides.
1988;9(1):165-171.

Cooper RR. Nerves in cortical bone. Science. 1968;160(3825):
327-328.

Lerner UH, Persson E. Osteotropic effects by the neuropep-
tides calcitonin gene-related peptide, substance P and vasoac-
tive intestinal peptide. J Musculoskelet Neuronal Interact.
2008;8(2):154-165.

Brain SD, Williams TJ, Tippins JR, Morris HR, Macintyre 1.
Calcitonin gene-related peptide is a potent vasodilator. Nature.
1985;313(5997):54-56.

Li XQ, Verge VM, Johnston JM, Zochodne DW. CGRP pep-
tide and regenerating sensory axons. J Neuropathol Exp Neu-
rol. 2004;63(10):1092—1103.

Zheng LF, Wang R, Xu YZ, Yi XN, Zhang JW, Zeng ZC.
Calcitonin gene-related peptide dynamics in rat dorsal root
ganglia and spinal cord following different sciatic nerve inju-
ries. Brain Res. 2008;1187:20-32.

Toth CC, Willis D, Twiss JL, Walsh S, Martinez JA, Liu WQ,
Midha R, Zochodne DW. Locally synthesized calcitonin gene-
related peptide has a critical role in peripheral nerve regenera-
tion. J Neuropathol Exp Neurol. 2009;68(3):326-337.

Cheng L, Khan M, Mudge AW. Calcitonin gene-related pep-
tide promotes Schwann cell proliferation. J Cell Biol. 1995;
129(3):789-796.

Ma L, Xiang L, Yao Y, Yuan Q, Li L, Gong P. CGRP-alpha
application: a potential treatment to improve osseoperception
of endosseous dental implants. Med Hypotheses. 2013;81(2):
297-299.

Umeda Y, Takamiya M, Yoshizaki H, Arisawa M. Inhibition of
mitogen-stimulated lymphocyte T proliferation by calcitonin
gene-related peptide. Biochem Biophys Res Commun. 1988;
154(1):227-235.

Wang F, Millet I, Bottomly K, Vignery A. Calcitonin gene-
related peptide inhibits interleukin 2 production by murine T
lymphocytes. J Biol Chem. 1992;267(29):21052-21057.
Asahina A, Hosoi J, Murphy GF, Granstein RD. Calcitonin
gene-related peptide modulates Langerhans cell antigen-
presenting function. P Proc Assoc Am Physicians. 1995;
107(2):242-244.

Ichinose M, Sawada M. Enhancement of phagocytosis by cal-
citonin gene-related peptide (CGRP) in cultured mouse perito-
neal macrophages. Peptides. 1996;17(8):1405-1414.

He YL, Ding GF, Wang X, Zhu TJ, Fan SG. Calcitonin gene-
related peptide in Langerhans cells in psoriatic plaque lesions.
Chin Med J (Engl). 2000;113(8):747-751.

Chan JKY, Gotherstrom C. Prenatal transplantation of
mesenchymal stem cells to treat osteogenesis imperfecta.
Front Pharmacol. 2014;5:223.

Ramirez M, Lucia A, Gomez-Gallego F, Esteve-Lanao J,
Perez-Martinez A, Foster C, Andreu AL, Martin MA, Madero
L, Arenas J, Garcia-Castro J. Mobilisation of mesenchymal
cells into blood in response to skeletal muscle injury. Brit J
Sport Med. 2006;40(8):719-722.



Wang et al

1431

35.

36.

37.

38.

39.

40.

Ruster B, Gottig S, Ludwig RJ, Bistrian R, Muller S, Seifried
E, Gille J, Henschler R. Mesenchymal stem cells display coor-
dinated rolling and adhesion behavior on endothelial cells.
Blood. 2006;108(12):3938-3944.

Alam ASMT, Moonga BS, Bevis PJR, Huang CLH, Zaidi
M. Amylin inhibits bone-resorption by a direct effect on the
motility of rat osteoclasts. Exp Physiol. 1993;78(2):
183-196.

Madsen JE, Wang JS, Hukkanen M, Nordsletten L, Konttinen
YT, Santavirta S, Polak JM, Aspenberg P. Sensory nerve
ingrowth during bone graft incorporation in the rat. Acta
Orthop Scand. 1996;67(3):217-220.

Cornish J, Callon KE, Lin CQ, Xiao CL, Gamble GD, Cooper
GJS, Reid IR. Comparison of the effects of calcitonin gene-
related peptide and amylin on osteoblasts. J] Bone Miner Res.
1999;14(8):1302—1309.

Lerner UH. Deletions of genes encoding calcitonin/alpha-
CGRP, amylin and calcitonin receptor have given new and
unexpected insights into the function of calcitonin receptors
and calcitonin receptor-like receptors in bone. J Musculoskelet
Neuronal Interact. 2006;6(1):87-95.

Li L, Kreicbergs A, Bergstrom J, Stark A, Ahmed M. Site-
specific CGRP innervation coincides with bone formation

41.

42.

43.

44.

45.

during fracture healing and modeling: a study in rat angulated
tibia. J Orthop Res. 2007;25(9):1204—1212.

McLatchie LM, Fraser NJ, Main MJ, Wise A, Brown J,
Thompson N, Solari R, Lee MG, Foord SM. RAMPs regulate
the transport and ligand specificity of the calcitonin-receptor-
like receptor. Nature. 1998;393(6683):333-339.

Poyner DR, Sexton PM, Marshall I, Smith DM, Quirion R,
Born W, Muff R, Fischer JA, Foord SM. International Union
of Pharmacology. XXXII. The mammalian calcitonin gene-
related peptides, adrenomedullin, amylin, and calcitonin recep-
tors. Pharmacol Rev. 2002;54(2):233-246.

Zhou R, Yuan Z, Liu JR, Liu J. Calcitonin gene-related peptide
promotes the expression of osteoblastic genes and activates the
WNT signal transduction pathway in bone marrow stromal
stem cells. Mol Med Rep. 2016;13(6):4689-4696.

Fei W, Huiyu Z, Yuxin D, Shiting L, Gang Z, Yinghui T.
Calcitonin gene-related peptide-induced osteogenic differen-
tiation of mouse bone marrow stromal cells through Hippo
pathway in vitro [in Chinese]. Hua Xi Kou Qiang Yi Xue Za
Zhi. 2016;34(3):286-290.

Vignery A, McCarthy TL. The neuropeptide calcitonin gene-
related peptide stimulates insulin-like growth factor I production
by primary fetal rat osteoblasts. Bone. 1996;18(4):331-335.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


