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Abstract
The neuropeptide calcitonin gene-relat-

ed peptide (CGRP) mediates inflammation
and head pain by influencing the functional
vascular blood supply. CGRP is a well-char-
acterized mediator of receptor-regulated
neurotransmitter release. However, knowl-
edge regarding the role of CGRP during the
development of the superior cervical gan-
glion (SCG) is limited. In the present study,
we observed the localization of CGRP and
vascular endothelial growth factor (VEGF-
A) mRNAs during prenatal development at
embryonic day 14.5 (E14.5), E17.5 and
postnatal day 1 (P1) using in situ hybridiza-
tion. The antisense probe for CGRP was
detected by in situ hybridization at E14.5,
E17.5, and P1, and the highest levels were
detected at E17.5. In contrast, the antisense
probe for VEGF-A was detected by in situ
hybridization in gradually increasing inten-
sity from E14.5 to P1. The differences in the
expression of these two markers revealed
specific characteristics related to CGRP
concentration and release compared to
those of VEGF-A during development. The
correlation between CGRP and VEGF-A
may influence functional stress and the vas-
cular blood supply during prenatal and post-
natal development. 

Introduction
CGRP is a mediator of receptor-regulated

neurotransmitter release and is related to vas-
culogenesis during differentiation and organ
development.1 CGRP affects the expression
of vascular endothelial growth factor (VEGF-
A).2 The neurochemical profile and peripher-
al and central targets differ in the mouse dor-

sal root ganglia (DRG).3 The populations of
axons and synaptic boutons in the sympathet-
ic ganglia display CGRP and substance P-like
immunoreactivity. CGRP first appears in the
mouse on E16.5 and is located around blood
vessels and near the cartilaginous bone
matrix in the mouse limb.4 The axotomy-
induced network of CGRP-immunoreactive
nerve fibers may be related to the interaction
between sympathetic and sensory neurons
after peripheral nerves under physiological
conditions and peptidergic nerve fiber local-
ization during response to stress.5,6 Despite
the similarities in the densities of CGRP
axons in the superior cervical ganglion in nor-
motensive and genetically hypertensive rats,7
the numbers of CGRP mRNA-positive
inflammatory cells were increased in tissues
in response to certain allergic reactions.8,9

Therefore, a functional alteration may also
generate a population of CGRP-positive cells
in the SCG during development. However,
the CGRP expression patterns in ganglion
cells of the SCG under various functional
conditions during development are unknown.
In contrast, functional alterations of peripher-
al nerves upregulate VEGF-A expression in
Schwann cells and neurons.10 However,
VEGF-A expression in the SCG during
development has not been determined.
During development, the population of neu-
ronal nitric oxide synthase- and vasoactive
intestinal peptide-positive reaction ganglion
cells were increased in the cat stellate gan-
glion within the first 20 days of life compared
to the SCG.11 Therefore, there is a need to
assess the relationship between CGRP and
angiogenesis markers in the SCG during
development. VEGF-A acts as a neurotrophic
factor and plays an important role during the
regeneration of peripheral nerves between the
superior cervical ganglia and dorsal root gan-
glia.12 The number of VEGF-immunoreactive
neurons differs between the SCG and DRG
during development.13 Moreover, no reports
have examined the VEGF-A mRNA levels
during SCG development. We observed the
expression of these two factors in ganglion
cells from mouse SCG at E14.5, E17.5 and
P1 using in situ hybridization with anti-sense
probes for CGRP and VEGF-A.

Materials and Methods

Sample preparation
All laboratory animals were procured

from the Nippon Medical Science Animal
Resource Laboratory and bred at the
Animal Testing Center of the Dept. of
Dentistry, Nippon Dental University. Male
mice (CLER Japan, Inc.; Tokyo, Japan)
were maintained on a solid pellet diet (MF;
Oriental Yeast Inc., Tokyo, Japan). The

mice were used at E14.5, E17.5 and P1. The
animals were sacrificed by pentobarbital
overdose, and the right SCG was subse-
quently removed. Fresh samples isolated
from the right SCG were prepared from
four groups.

In situ hybridization
Tissues obtained during each stage (n =

4) were used for light microscopy studies.
Paraffin-embedded intestine sections (6
μm) from E14.5, E17.5 and P1 mice were
obtained from Genostaff Co., Ltd., Tokyo,
Japan. The tissue sections were deparaf-
finized with xylene and rehydrated through
an ethanol series and PBS. The sections
were fixed with 10% NBF (10% formalin in
BS) for 15 min at room temperature (RT)
and then washed with PBS. The sections
were treated with 4 μg/mL proteinase K in
PBS for 10 min at 37°C, washed with PBS,
and refixed with 10% NBF for 15 min at RT
to avoid tissue damage and prevent the sec-
tions from sliding off the glass slide. The
sections were washed again with PBS and
placed in 0.2 N HCl for 10 min at RT. After
washing with PBS, the sections were placed
in 1x G-WASH (Genostaff Co., Ltd., Tokyo,
Japan), which is equivalent to 1x SSC. In
situ hybridization DNA fragments of CGRP
(NM_001033954.3) and VEGF-A
(NM_00950.4) were used in this study. The
hybridization was performed using probes
at concentrations of 300 ng/mL in G-Hybo
(Genostaff Co., Ltd.) for 16 h at 60°C. After
hybridization, the sections were washed
with 1x G-WASH for 10 min at 60°C, fol-
lowed by 50% formamide in 1x G-WASH
for 10 min at 60°C. Then, the sections were
washed twice with 1x G-WASH for 10 min
at 60°C, twice with 0.1x G-WASH for 10
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min at 60°C, and twice with TBST (0.1%
Tween 20 in TBS) at RT. After the treatment
with 1x G-Block (Genostaff Co., Ltd.) for
15 min at RT, the sections were incubated
with an AP-conjugated anti-DIG antibody
(Roche Diagnostics, Indianapolis, IN,
USA) diluted 1:2000 with 50x G-Block
(Genostaff Co., Ltd.) in TBST for 1 h at RT.
The sections were washed twice with TBST
and then incubated with a buffer comprising
100 mM NaCl, 50 mM MgCl2, 0.1% Tween
20, and 100 mM Tris-HCl, pH 9.5. The
color reactions were performed with an
NBT/BCIP solution (Sigma-Aldrich Co.
LLC, St. Louis, MO, USA) overnight, and
the sections were subsequently washed with
PBS. The sections were counterstained with
Kernechtrot staining solution (Muto Pure
Chemicals Co., Ltd., Tokyo, Japan) and
mounted with G-Mount (Genostaff Co.,
Ltd.). Moreover, each serial section was
stained to detect the different properties of
ganglion cells in SCG by hematoxylin and
eosin staining methods from E14.5 to P1.

Analysis of images of positive reac-
tions for CGRP and VEGF-A
mRNAs in mouse SCG during
development

Each cell in the SCG was classified into
three reaction levels based on the following
responses of the ganglion cells in the spinal
ganglion: weak, moderate, and strong reac-
tions (Figure 1 a-c). We acquired all digital
images from each slide, which was scanned
at an absolute magnification of 400× [reso-
lution of 0.25 μm/pixel (100,000 pix/in.)],
and three slides obtained at E14.5, E17.5,
and P1 were analyzed using the pixel densi-
ty analysis method.14 The background illu-
mination levels were also calibrated using a
prescan procedure. Each stain was individ-
ually calibrated by analyzing single-stained
sections and recording optical density (OD)
vectors, such as the staining color. The aver-
age positive intensity (OD) was defined
based on the percentage as weak (>1999
OD=1+, density of Krajewska level15),
moderate (2000-6999O D=2+), or strong
(7000 OD<=3+) positive staining. A local-
ization algorithm using the deconvolution
method was applied to separate the stains
and classify each pixel according to the
number of stains present. The algorithm
also provides a green-color mark-up image
for the visualization of the positive reac-
tions (Figure 1 d-f). We also classified
shrunken neurons15 in positive ganglion
cells in our slides from E14.5 to P1.

Statistical analysis
The differences in the quantitative Real-

Time RT-PCR data among the experimental
groups were assessed using a one-way
analysis of variance (ANOVA), followed by

Bonferroni’s post-hoc test, with one cate-
gorical independent variable and one con-
tinuous variable (the independent variable
include several groups). The level of signif-
icance was set as P<0.05. The results are
reported as the means ± SD. All statistical
analyses were performed using IBM SPSS

Statistics (Base, version 23) (New York,
NY, USA).

Ethics statement
All procedures involving mice were

reviewed and approved by the Nippon
Medical Science Animal Resource
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Figure 1. Three CGRP positive reaction cell types at P1. The expression of CGRP was
assessed using in situ hybridization with an anti-sense probe. CGRP positive reactions in
cells in the SCG at P1 were classified into the following three types; strong (panels a and
d), moderate (panels b and e) and weak (panels c and f ) reactions. Digital images of each
cell were provided by the algorithm as green-color mark-up images for the visualization
of the positive reactions (panels d-f ). Scale bars: 10 mm.
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Laboratory Committee of the Nippon
Dental University (No. 15-31). 

Results

Histochemical observations
In the sagittal sections of the SCG, the

neurons formed a cell mass that changed
from an oval shape to an elongated form
during the three stages of development of
the SCG from E14.5 to P1 (Figure 2 a-f).
The SCG is mainly located beneath the mid-
dle ear in the mouse (Figure 2 a-c). A few
myelin bundles and capillary vessels were
also observed in the inferior region of the
SCG (Figure 2 d-f). Numerous ganglion
cells (Figure 2 f-1), satellite cells (Figure 2
f-3) and a few shrunken neurons (Figure 2 
f-2) were observed in the SCG (Figure 2 d-
f). 

In situ hybridization in the mouse
SCG with positive reactions for
CGRP and VEGF-A mRNAs during
development 

In the E14.5 mice, a CGRP positive
reaction was detected using an antisense
probe, and the reaction was mainly found to
be concentrated around the nuclei and cell
membranes of SCG ganglion cells (Figure
3b). In particular, the CGRP-positive reac-
tion in the cells was found at the lateral zone
of nuclei mainly located in the middle
region of the SCG at E17.5 (Figure 3c).
Moreover, the antisense probe used to
detect the CGRP mRNA was only observed
in a very few scattered CGRP-positive reac-
tion ganglion cells and satellite cells in the
P1 mice (Figure 3d).  In the E14.5 mice, the
intensity of the positive reaction for the
VEGF-A mRNA was detected using an
antisense probe, and this reaction was locat-
ed in a few ganglion cells in the SCG
(Figure 3 e-g). A few satellite cells sur-
rounding the ganglion cells were positive
for the antisense probe for VEGF-A mRNA
in the E14.5 mice (Figure 3e). In the E17.5
SCG, numerous strong VEGF-A-positive
reactions were detected in the ganglion cells
(Figure 3f). At P1, a very large number of
VEGF-A positive reactions in cell was
found in the SCG (Figure 3g). The proper-
ties of the ganglion cells and positive reac-
tions of CGRP and VEGF-A mRNAs in the
cells in the mouse SCG were observed from
E14.5 to P1 (Table 1).

We analyzed the ganglion cells, satellite
cells, and shrunken neurons in the SCG
from E14.5 to P1. At E17.5, the number of
neurons was larger compared with that at P1
(statistically significant difference, P<0.01).
At P1 (statistically significant difference,
P<0.01) and E14.5 (statistically significant
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Figure 2. Hematoxylin & Eosin staining of the SCG. In the sagittal sections of the whole
body obtained during each stage, the neuron cell mass changed from an oval shape to an
elongated form during the three stages of development of the SCG. a-c) Yellow squares
are represented at higher magnification in panels d-f. a,d) SCG at E14.5. b,e) SCG at
E17.5. c,f ) SCG at P1. f ) Ganglion cells (1), satellite cells (2), shrunken neurons with a
vacant space (3). V1-3, cervical vertebrae; OB, occipital bone. Scale bars: a-c) 500 mm; d-
f ) 10 mm; f 1, 2, 3) 5 mm.

Table 1. The properties of ganglion cells using Hematoxylin & Eosin staining in SCG
from E14.5 to P1 (mean ± SD).

*P<0.05; **P<0.01; ***P<0.001.
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difference, P<0.05), the number of shrunk-
en neurons was also larger than that at
E17.5 (Table 1) (Figure 2 f2). The number
of CGRP mRNA-positive cells at E17.5
was larger than that at P1 (statistically sig-
nificant difference, P<0.01). At E14.5, the
number of CGRP mRNA-positive cells was
also larger than that at P1 (statistically sig-
nificant difference, P<0.01) (Table 2). At
P1, the number of moderate reaction CGRP
mRNA-positive cells was larger than that at
E17.5 (statistically significant difference,
P<0.05) (Table 2). At E17.5, the number of
VEGF-A mRNA-positive cells observed
was larger than that at E14.5 (P<0.01)
(Table 3).

Discussion
The proportion of early differentiated

neuronal cells slightly decreased during the
progression of spinal ganglia (SG) differen-
tiation, while the number of neuronal sub-
types expressing CGRP displaying differen-
tiation increased at the later developmental
stages.16 The number of ganglion cells may
change from the postnatal to birth-period
stages in the SCG during development. In
general, no significant differences in the
total number of myelinated axons were
observed in the vagus nerve trunk of Wistar
rats at 4, 24 and 30 months using montages
of images of the entire cross-section of the
nerve collected under a light microscope.17

During postnatal development, the number
of neuronal fibers and the density of CGRP-
positive fibers are significantly greater than
those in the hairy skin of adult rats.18 During
the studied period of intrauterine develop-
ment, the nerve cells of the human trigemi-
nal ganglion significantly differ in size.19

The alterations in the cell number during
development indicate alterations in func-
tional properties, such as the metabolic rate
and other physiological traits, from the
embryonic to adult stages. According to our
results, the number of mouse ganglion cells
at E17.5 was higher than that during the
other examined stages. The ratio of CGRP-
positive cells at E17.5 was also higher than
that at other stages. During the development
of the mouse SCG in late pregnancy, E17.5
is an important key stage determining the
metabolic rate and other physiological
traits. The plasma levels of the metabolic
hormone fibroblast growth factor-21
(FGF21) were increased in mice from E18
to birth.20 In rat axotomized motoneurons,
β-FGF regulates the expression of CGRP
mRNAs as revealed by in situ hybridization
methods.21 Therefore, metabolic hormones
may control CGRP expression during late
pregnancy. Neurons in the SCG undergo
maturation and differentiation from E14.5

to P1 during development. According to
Azuma reports,22 the expression of CGRP
mRNA peaks at E17.5 in the mouse mas-
seter muscle in response to the shift from
embryonic MyHCs to adult MyHCs at
E17.5. Moreover, the peak expression of
CGRP mRNA was detected at E17.5 in the

mouse tibia and at P0 in the mouse
mandible.23 During bone formation, CGRP
mRNA expression was increased during the
embryonic stages beginning at E17.5.23

During late pregnancy, CGRP expression is
regulated during the formation of mouse
muscles and bones. Based on our results,

                             Original Paper

Figure 3. Expression of CGRP and VEGF-A was assessed using in situ hybridization with
an anti-sense probe for CGRP (b,c,d) and VEGF-A (e,f,g) and a sense probe (a) in mouse
heads from E14.5 to P1. Expression of CGRP was assessed using in situ hybridization
with a sense probe (a) and an anti-sense probe (b) in mouse heads at E14.5. The CGRP
reactions were detected at E14.5 (b), E17.5 (c) and P1 (d). Expression of VEGF-A was
assessed using in situ hybridization with an anti-sense probe (e) in mouse heads at E14.5.
VEGF-A reactions were detected at E14.5 (e), E17.5 (f ) and P1 (g). Scale bars: 10 mm.
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the highest CGRP mRNA reaction was
observed in the mouse SCG at E17.5. In the
cat SCG, the expression of protein CGRP
was appeared at immunohistochemical
method at first after birth at 10 days.24

However our results expression mRNA
CGRP levels was obtained appeared at
E14.5 and then peak of CGRP at E17.5 dur-
ing period of embryonic stage ad at birth
compared to that of protein levels cat SCG.
The expression of CGRP have a various
function to the formation of bone and mus-
cle correlated vascular genesis  as previous-
ly reported.2,22,23 Therefore, CGRP may
affect the formation of each organ with
bone and muscle at postnatal stage. We need
to examine the detail levels of the SCG
CGRP in future. In general, the SCG com-
municates with branches of the superior
laryngeal nerve, superior cervical cardiac
branch, thyroid branch, pharyngeal branch
and branches of the glossopharyngeal
nerve.25,26 CGRP expression may affect
communication with these regions.
Moreover, we analyzed the distribution of
VEGF mRNA in the mouse SCG from
E14.5 to P1. During the postnatal (P0-12)
and adult periods, the expression of VEGF
and its receptor flk-1 was investigated in the
SCG and DRG.13 In P0 mice, all neurons in
the SCG and DRG expressed VEGF, and
then, the number of VEGF-immunoreactive
neurons in the DRG, but not the SCG,
decreased postnatally and reached adult lev-
els at P12, suggesting that temporal changes
in VEGF and flk-1 expression occur in the
peripheral ganglia.13 VEGF may regulate
the expression of CGRP mRNA during
mouse embryonic development. CGRP may
affect the expression of VEGF.2 Functional
alterations of peripheral nerves upregulate
VEGF expression in Schwann cells and
neurons.10 As shown in our results, CGRP
mRNA was expressed at high levels at
E17.5, and the levels of VEGF mRNA con-
tinued to increase during development. In
the mouse SCG, the expression of these two
markers changes with the developmental
stage. The production and concentration of
CGRP continue until E17.5, and CGRP is
subsequently released and transported to
nerve-supplied areas in response to stress
before and after birth and decreases at P1.
In contrast, VEGF expression is increased
as a result of CGRP expression (Figure 4).
A previous study examined neurobehavioral
impairments associated with prenatal
stress.27 Prenatal stress impairs motor devel-
opment, decreases attention, and delays
cognitive development in offspring during
the first year of life.28 In general, CGRP acts
as a neuromodulator under neuropathic,
inflammatory and non-headache pain con-
ditions.29 CGRP accumulates in the nerve
fibers of various tissues during develop-

ment.4,22,30-36 CGRP continues to accumulate
in response to prenatal stress. Therefore,
CGRP gradually accumulates in the SCG
from E14.5 to P1 with possible subsequent

transport to each organ through nerve fibers
in the SCG during prenatal and postnatal
development.
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Figure 4. Schematic image of the changed localization of CGRP and VEGF-A from 14.5
to P1. Oval form represents VEGF-A reactions; small spots represents CGRP. Oral move-
ment may affect CGRP expression in various terminal regions of the head and neck dur-
ing the development process. 

Table 2. The ratio of CGRP positive cells in the SCG from E14.5 to P1 (mean ± SD) cell
count CGRP.

*P<0.05; **P<0.01; ***P<0.001.

Table 3. The ratio of VEGF-A positive cell (mean ± SD) cell count of VEGF-A.

*P<0.05; **P<0.01; ***P<0.001.
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