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Abstract

vascular morphology of Npr2s"

NPR-B signals on intestine with mesentery.

Objective: The biological importance for the signaling of C-type natriuretic peptide (CNP) and natriuretic peptide
receptor B (NPR-B) has been recognized. However, the details remain unclear and are debatable. The Npr2 is a gene

of NPR-B, and we previously reported a unique phenotype of a spontaneous mutant mouse lacking Npr2 (Npr2/s»),
such as severe ileus-like disorder with bloodless blood vessels. In this study, we analyzed the bloodless mesenteric

" by histological observation to clarify the effects of the CNP/NPR-B signal deficiency.

Results: Blood vessels in the mesentery were clearly dilated in the preweaning Npr2?"/" mice. Additionally, in the
Npr2" mice, the lacteals were partially dilation or randomly direction mucosal epithelial cells in villi, and mesen-
teric adipocytes were undeveloped. These findings provide important information for understanding the role of CNP/
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Introduction

Natriuretic peptide receptor B (NPR-B) is known as a
receptor for C-type natriuretic peptide (CNP), which
contributes to the generation of intracellular second mes-
senger cyclic guanosine-3’,5-monophosphate (cGMP) by
binding to CNP. The signal is involved in smooth muscle
relaxation and blood pressure control and is recognized
for its biological importance. Further, it has been pre-
dicted that CNP/NPR-B signaling has a different regu-
latory mechanism depending on the organ and size of a
blood vessel [1, 2]. Recently, a human epidemiological
study reported that CNP levels in the blood were high in
hypertensive patients [3]. Whether this is due to a bio-
logical mechanism to high blood pressure or a result
of a CNP-induced increase in blood pressure remains
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elusive. In addition, in the context of human obesity, it
was reported that CNP is a suppressor of obesity as its
level was decreased in the obese group [4—6]; however,
another study showed no significant difference in blood
CNP levels between the normal and obese groups [7].
Furthermore, CNP suppressed obesity in mice [8, 9]
while CNP/NPR-B/cGMP promoted adipogenesis in an
in vitro experimental system [10].

We have previously established a spontaneous mutant
mouse strain as a short-limbed dwarfism (SLW) mouse.
Mice homozygous for SLW (Npr2*/s") are defective in
NPR-B function due to a frameshift mutation in Npr2,
particularly in the exon-8 encoding the region present
just under the transmembrane domain [11]. The pheno-
types of Npr2®" include dwarfism [12], gastrointes-
tinal (GI) disorders such as severe ileus-like condition
with gas [11, 13, 14], erectile dysfunction in male repro-
ductive organs [15] and significant reduction of white
adipose tissue and triglyceride in the blood in adults
[14]. We revealed that CNP relaxes the pyloric antrum
and large intestine of normal mice but not Npr2¥"¥,
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demonstrating a site-specific direct effect of CNP on the
GI tract [11]. Therefore, we previously believed that the
GI disorder in Npr2® arose from the direct effects of
CNP/NPR-B signal deficiency on the GI tract. However,
although the loss of NPR-B did not affect the levels of the
ligand CNP, an electrolyte, and triglyceride in the blood
in preweaning Npr2®"!, significant bloodless blood ves-
sels and few adipocytes in the mesentery and abnormal
intestinal development could also be factors for GI disor-
ders [14]. These findings indicate that CNP/NPR-B sign-
aling plays an essential role in regulating mesentery and/
or intestinal blood flow.

However, it is unclear how CNP/NPR-B signal defi-
ciency affects mesenteric vascular morphology. Many of
the Npr2® mice exhibited gastrointestinal disorders
at 10 to 15 days of age. Therefore, in the present study,
we analyzed the morphology of mesenteric vessels in
Npr2"s% mice, focusing on when they started to show
their most distinctive phenotype with severe GI disorders
in addition to survived adult Npr2*** mice.

Main text

Materials and methods

Mice

An Npr2™% strain was established from a mating
between a founder male spontaneously mutant mouse
in the ddY mouse colony at Okayama University and
a C57BL/6] female [11, 12]. The mice in the mix back-
ground of ddY and C57BL/6] used in this study was
described in the previous report [14]. The mice were
maintained under standard 12 h light/dark conditions.
Either heterozygotes or wild-type mice were used for
comparison (referred to as controls); homozygotes from
the same litter for controls were used and referred to as
Npr2®s Mice were anesthetized by injecting a com-
bined anesthetic containing 7.5% medetomidine hydro-
chloride, 8% midazolam, and 10% butorphanol tartrate
in saline (10 pl/g) into the subcutaneous of the neck or
intraperitoneal using a 29G syringe. Mice were eutha-
nized by cut the diaphragm under anesthesia and imme-
diately removed their whole gut.

All animal experiments were carried out in accord-
ance with the institutional guidelines regarding animal
care and handling, and the experimental protocol was
approved by the Institutional Animal Care and Use Com-
mittee of the University of Tokyo.

Elastica van Gieson (EVG) staining

Whole GI tissue with mesentery was fixed in 10% buft-
ered formalin at 4 °C overnight, dehydrated, and embed-
ded in paraffin. Six-um-thick sections were cut, placed
on glass slides, and subjected to EVG and immunofluo-
rescence staining.
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For EVG staining, tissues were deparaffinized, hydro-
philized, and immersed in 1% HCl in 70% ethanol for
3 min. The tissues were then immersed in resorcin-fuch-
sin solution (40321, Muto Pure Chemicals, Tokyo, Japan)
for 2 h. Washing was performed with 100% ethanol for
3 min three times, followed by immersion in water, and
treatment with iron-hematoxylin (40341 and 40351 Muto
Pure Chemicals) for 15 min. After 30 min of rinsing
under running water, the tissue was immersed in 5% Sir-
ius Red (33061, Muto Pure Chemicals) in saturated picric
acid for 15 min, quickly dehydrated, permeabilized, and
embedded.

Immunofluorescence staining

Immunostaining was performed as previously described
[14], and the primary antibodies used were rabbit poly-
clonal anti-alpha-smooth muscle actin (aSMA) antibody
(ab5694, Abcam, Cambridge, UK, 1:100 dilution) and
goat polyclonal lymphatic vessel endothelial receptor 1
(LYVE-1) antibody (AF2125, R&D systems, Minneapo-
lis, MN, USA, 1:100 dilution). The secondary antibodies
used were donkey anti-rabbit IgG H&L Alexa Fluor 488
(A21206, Thermo Fisher, Waltham, MA, USA, 1:1,000
dilution) and donkey anti-goat IgG H&L 594 (A11058,
Thermo Fisher, 1:1,000 dilution).

Microscopy and acquisition

Stained images were acquired using a BZ-X710 all in one
microscope (Keyence, Osaka, Japan) or an Olympus fluo-
rescent microscope 1X73 equipped with a color camera
DP73 (Olympus, Tokyo, Japan) for P8 and P15 samples
or adult samples, respectively. For the observation of
P8 and P15 samples, autofocus imaging was done using
a x4 lens, and z-stacked images were generated with 10
section pictures with 0.5 um intervals when using a x40
lens. For the observation of adult samples, single focal
images were observed usingx4,x20, and x40 lenses.
Images were edited using Fiji software [16] and Photo-
shop (Adobe, San Jose, CA, USA). Mesenteric artery con-
taining two layers of lamina elastica (LE) and parallelly
running veins were selected for imaging.

Blood pressure measurement for adult mice

The blood pressure of mice was measured using a BP-
98A blood pressure system (Softron, Tokyo, Japan) by the
tail-cuff method. Systolic, diastolic, and heart rates were
measured under a condition of non-anesthesia and reten-
tion using a mouse retention device. Measurements were
obtained five times for each mouse, and their average val-
ues were shown in graphs.
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Statistical analysis

Data are expressed as the mean +standard deviation (SD).
Dot plots were generated using GraphPad Prism7 soft-
ware (GraphPad Software, San Diego, CA, USA). The area
of the lumen of the blood vessel field was calculated using
the Fiji software. The statistical significance of differences
in mean values was assessed using the Mann—Whitney U
test. There were no criteria used for including and exclud-
ing experimental units. Randomization was not used to
allocate experimental units.

Results

Vasodilation and undeveloped adipose cell in Npr2s'"s"

In both control and NprZSlW/ 5 mice, a bundle of mesenteric
arteries, veins, lymph vessels, and nerves were arranged
and surrounded by serosa. At 1 week of age (P8), a small
adipose mass covered with a capsule was found in this
bundle (Fig. 1A). At 2 weeks of age (P15), the inside of the
mesentery was filled with further developed adipocytes in
control, whereas no developed adipocytes were found in
the Npr2™" mice (Fig. 1C).

The arteries in control at both P8 and P15 were covered
with a developed adventitia, the inner and outer LE were
contracted, and the blood vessels were thickened (Fig. 1A
and C). In contrast, in Npr?l‘”/ 5% mice at both ages, the LE
was relaxed, and the blood vessels were dilated (Fig. 1A
and C). The LE of veins was also contracted in control but
was dilated in Npr2*" (Fig. 1A and C). At 1 year of age
(adult), the LE of artery and vein was contracted in both
control and NprZSZW/ shw (Fig. 1E). The inside of the mesen-
tery was filled with large adipocytes in control, whereas
small adipocytes were filled in the Npr2™*" mice (Fig. 1E).

The lumen areas of arteries and veins were measured and
compared between the control and Npr2®" mice, and
the results showed that the areas were significantly larger
for Npr2™" than for the control in P8 and P15 (Fig. 1B
and D). In adult mice, the lumen area of arteries was larger
than that of control mice, and there was no difference in
the veins (Fig. 1F).

In the arteries and veins of the smooth muscle, the
smooth muscle in the control mice contracted in accord-
ance with the LE, whereas that in NprZSlW/ S \was clearly
elongated at P15 (Fig. 2A). However, smooth muscle in
both control and Npr2®" adult mice contracted in
accordance with the LE (Fig. 2B). Systolic, diastolic, and
heart rates were similar between control and Npr2®" in
adult male mice (Fig. 2C).
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The villi of the entire intestine in control were developed
uniformly, while Npr2#*" exhibited uneven develop-
ment at preweaning ages but normally developed at adult
age [14]. The lacteals in the partially developed villi were
dilated, and the smooth muscle in the villi was undevel-
oped in Npr2™5" compared to that of the control in P15.
At adult age, the lacteal and smooth muscle were recog-
nized in villi of both control and Npr2*" mice, whereas
the arrangement of nuclei of mucosal epithelial cell and
lamina propria mucosae was disorganized in Npr2#"sm»
mice (Fig. 2D).

Discussion

The CNP/NPR-B signal is known as an endothelium-
derived vasorelaxant factor and has recently been recog-
nized as an inhibitor of adipose hypertrophy. However,
despite the lack of the CNP/NPR-B signal, Npr2**" unex-
pectedly displayed dilated blood vessels and undeveloped
white adipose tissue in the mesentery. Several reasons may
explain this. First, more CNP was available for binding to
NPR-C, resulting in enhanced NPR-C function. NPR-C has
a clearance of natriuretic peptides [17] while it also inhib-
its adenylyl cyclase via activation of phospholipase C by
coupling with the Gi protein [18]. Indeed, NPR-C has been
shown to have multiple functions: CNP/NPR-C is essential
for vascular homeostasis and has a vasorelaxant effect [19,
20]. The lack of NPR-B may result in increased free CNP,
which binds and activates NPR-C, leading to the dilation of
mesenteric vessels and lacteals. Second, NPR-C has a bind-
ing affinity not only for CNP but also for other natriuretic
peptides, such as atrial (ANP) and brain natriuretic peptide
(BNP) [21]. As mentioned above, increased CNP bind-
ing to NPR-C may limit ANP and BNP binding to NPR-C,
thus, enhancing the function of NPR-A, which is a recep-
tor for ANP and BNP. In particular, ANP/NPR-A regulates
blood pressure and fluid balance by relaxing major blood
vessels [22—25]. This may have caused vasodilation in the
Npr2™% mice. Given that relaxation of blood vessels by
NPR-A or NPR-C is separable action from dilation, these
are speculative but maybe probable. In addition, it was
recently reported that NPR-A contributes to the reduction
of white adipose tissue in humans and mice [26, 27]. There-
fore, the suppression of adipogenesis in Npr2* " may also
be due to the increased activity of NPR-A. Lastly, loss of
CNP/NPR-B signal may cause the loss of its relaxing effect
on the mesenteric vessels and become congested, giving
the appearance of dilated vessels. Because experiments

(See figure on next page.)

Figure. 1 EVG staining and lumen area of the blood vessel. A, C, and E, EVG staining of the mesentery. Npr2** (right) and litter control (left) at
1 week of age (P8) (A), 2 weeks of age (P15) (C), and 1 year of age (adult) (E). The bottom row shows a magnified image of the enclosure in the top
row. A: artery, V: vein, Ad: adipocyte, Ly: lymph vessel. B, D, and F, Comparison of vascular lumen area in P8 (B), P15 (D), and adult (F). N =3 mice for

each genotype in P8 and P15. For adult samples, n=4 and 6 for control and Npr2*!

respectively. Dots represent the lumen size of each sample

WY mice, respectively. The inner lines represent mean and SD,
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Figure. 2. Cross-section and blood pressure. A, Artery of /\/prZS/W/S/W (right) and litter control (left) at P15 and adult. Cyan: smooth muscle, gray:
nuclei. B, Veins of NperWS/W (right) and control (left) at P15 and adult. Cyan: smooth muscle, gray: nuclei. C, Blood pressure of adult male mice
(8-9 months of age), n=2 control and 8 NprZ”W/S/W mice, respectively. D, Cross-section of the villi. I\/prZS/W/”W (right) and control (left) at P15 and
adult. The bottom row shows magnified images of the enclosure in the top row. Cyan: smooth muscle, magenta: lacteal, and white: nucleus
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using mice have shown that CNP/NPR-B signals relax the
mesenteric artery [28], it may be simply that the loss of
NPR-B affected the mesenteric vessels. However, in adult
Npr2®™s mice, vasodilation was not evidently seen, and
there appeared to be no abnormalities on blood pressure.
Thus, it was suggested that CNP/NPR-B signal plays an
essential role in the normal functions of blood vessels dur-
ing pre-weaning ages and maintenance of peripheral tis-
sues during adult age. Small adipocytes of adult Npr2s"
mice may have resulted from affected nutrient absorption
owing to disorganized mucosal epithelial cells and lamina
propria mucosae.

It remains to be answered whether the NPR-B of
Npr2®s™ in which a premature stop codon eliminates
the whole NPR-B structure under the transmembrane
domain [11], contains only the extracellular ligand-bind-
ing domain that can bind to CNP but is nonfunctional
or incapable of binding to CNP. That is, it remains to
be determined whether the majority of CNP is cleared
by clearance or CNP binds to NPR-C and enhances the
NPR-C and/or NPR-A function. Further study would
contribute to understanding the unique GI phenotype
of NprZSIW/ 5 mice. Model mice, such as NprZSlW/ S mice,
can be an essential source of information for understand-
ing the function of genes and the effect of mutations.
Therefore, the phenotype of the GI and vessel of Npr2"
™ mice would provide insight for the treatment of rare
GI diseases, including the GI tract itself and secondary
causes, and contribute to the elucidation of the CNP/
NPR-B signaling mechanism in vivo.

Limitation

Blood vessel samples from control and Np mice
were observed and prepared in the same criteria, and
the location in the mesentery was carefully determined
according to the number of the LE and its morphology
of the section. However, their location and distance may
not be thoroughly the same. The number of control mice
used for blood pressure was small (n=2), limiting statis-
tical significance. Therefore, no definite conclusion was
not made regarding blood pressure of Npr2®"* (n=8).

7 Zslw/slw
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Gastrointestinal; ANP: Atrial natriuretic peptide; BNP: Brain natriuretic peptide;
LE: Lamina elastica.

Acknowledgements

We thank Rieko Oyama (Juntendo University, Tokyo, Japan) for the helpful
discussion. We also thank Yuki Okada and Erina Inoue (The University of Tokyo,
Tokyo, Japan) for supporting experiments.

Authors’ contributions

CSF and MH conceived the study. CSF maintained the SLW mice, performed
histological experiments and immunostaining analysis. CSF and YF. wrote the
manuscript. YF analyzed the data. AH and NK supported the maintenance of

Page 6 of 7

SLW mice. QY performed blood pressure measurement. TM and TK supported
histological experiments. TK provided SLW mice. MH supervised the study. All
authors contributed to discussions. All authors read and approved the final
manuscript.

Funding

This work was supported by a Grant-in-Aid from the Japan Society for the
Promotion of Science (JSPS) Fellows (No. 17J04685) and Scientific Research
from the Ministry of Education, Culture, Sports, Science and Technology (No.
24248050 to M.H.).

Availability of data and materials
The dataset used and analyzed during the current study may be regarded
with corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

All mouse procedures were performed under approval number P17-27H02
from the Institutional Animal Care and Use Committee of The University of
Tokyo.

Consent for publication
Not applicable.

Competing interests
The authors have no conflicts of interest to report.

Author details

Weterinary Pharmacology, Graduate School of Agriculture and Life Sciences,
The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-8657, Japan. *Labo-
ratory of Pathology and Development, Institute for Quantitative Biosciences,
The University of Tokyo, 1-1-1 Yayoi, Bunkyo-ku, Tokyo 113-0032, Japan.
3Laboratory of Veterinary Pharmacology, School of Veterinary Medicine, Azabu
University, 1-17-71 Fuchinobe, Chuo-ku, Sagamihara, Kanagawa 252-5201,
Japan. *Faculty of Veterinary Medcine, Okayama University of Science, 1-3
Ikoino-oka, Imabari, Ehime 794-8555, Japan.

Received: 8 September 2021 Accepted: 15 November 2021
Published online: 27 November 2021

References

1. Moyes AJ, Hobbs AJ. C-type Natriuretic Peptide: A Multifaceted Paracrine
Regulator in the Heart and Vasculature. Int J Mol Sci. 2019;20(9).

2. Prickett TC. Circulating products of C-type natriuretic peptide and links
with organ function in health and disease. Peptides. 2020;132:170363.

3. Sangaralingham SJ, McKie PM, Ichiki T, Scott CG, Heublein DM, Chen HH,
Bailey KR, Redfield MM, Rodeheffer RJ, Burnett JC Jr. Circulating C-type
natriuretic peptide and its relationship to cardiovascular disease in the
general population. Hypertension. 2015;65(6):1187-94.

Del Ry S, Cabiati M, BianchiV, Storti S, Caselli C, Prescimone T, Clerico A,
Saggese G, Giannessi D, Federico G. C-type natriuretic peptide plasma
levels are reduced in obese adolescents. Peptides. 2013;50:50-4.

5. DelRy S, Cabiati M, BianchiV, Caponi L, Maltinti M, Caselli C, Kozakova
M, Palombo C, Morizzo C, Marchetti S, et al. C-type natriuretic peptide is
closely associated to obesity in Caucasian adolescents. Clin Chim Acta.
2016;460:172-7.

6. DelS, Cabiati M, BianchiV, Randazzo E, Peroni D, Clerico A, Federico
G. C-type natriuretic peptide plasma levels and whole blood mRNA
expression show different trends in adolescents with different degree of
endothelial dysfunction. Peptides. 2020;124:170218.

7. Topcu S, Ozhan B, Alkan A, Akyol M, Simsek Orhon F, Baskan S, Ulukol B,
Berberoglu M, Siklar Z, Satiroglu Tufan NL, et al. Plasma amino-terminal
propeptide of C-type natriuretic peptide concentration in normal-weight
and obese children. J Clin Res Pediatr Endocrinol. 2017;9(4):308-14.

8. Bae CR, Hino J, Hosoda H, Arai Y, Son C, Makino H, Tokudome T, Tomita
T, Kimura T, Nojiri T, et al. Overexpression of C-type Natriuretic Peptide in



Sogawa-Fujiwara et al. BMC Research Notes

(2021) 14:438

Endothelial Cells Protects against Insulin Resistance and Inflammation
during Diet-induced Obesity. Sci Rep. 2017;7(1):9807.

Bae CR, Hino J, Hosoda H, Son C, Makino H, Tokudome T, Tomita T, Hosoda
K, Miyazato M, Kangawa K. Adipocyte-specific expression of C-type
natriuretic peptide suppresses lipid metabolism and adipocyte hypertro-
phy in adipose tissues in mice fed high-fat diet. Sci Rep. 2018;8(1):2093.
Katafuchi T, Garbers DL, Albanesi JP. CNP/GC-B system: a new regulator of
adipogenesis. Peptides. 2010;31(10):1906-11.

. Sogawa C, Abe A, Tsuji T, Koizumi M, Saga T, Kunieda T. Gastrointestinal

tract disorder in natriuretic peptide receptor B gene mutant mice. Am J
Pathol. 2010;177(2):822-8.

Sogawa C, Tsuji T, Shinkai Y, Katayama K, Kunieda T. Short-limbed dwarf-
ism: slw is a new allele of Npr2 causing chondrodysplasia. J Hered.
2007,98(6):575-80.

Sogawa C, Wakizaka H, Aung W, Jin ZH, Tsuji AB, Furukawa T, Kunieda

T, Saga T. C-type natriuretic peptide specifically acts on the pylorus

and large intestine in mouse gastrointestinal tract. Am J Pathol.
2013;182(1):172-9.

Sogawa-Fujiwara C, Hanagata A, Fujiwara Y, Ishida Y, Tomiyasu H, Kunieda
T, Nakatomi H, Hori M. Defective development and microcirculation of
intestine in Npr2 mutant mice. Sci Rep. 2020;10(1):14761.

Sogawa C, Fujiwara Y, Tsukamoto S, Ishida Y, Yoshii Y, Furukawa T, Kunieda
T, Saga T. Mutant phenotype analysis suggests potential roles for C-type
natriuretic peptide receptor (NPR-B) in male mouse fertility. Reprod Biol
Endocrinol. 2014;12:64.

Schindelin J, Arganda-Carreras |, Frise E, Kaynig V, Longair M, Pietzsch

T, Preibisch S, Rueden C, Saalfeld S, Schmid B, et al. Fiji: an open-source
platform for biological-image analysis. Nat Methods. 2012;9(7):676-82.
Almeida FA, Suzuki M, Scarborough RM, Lewicki JA, Maack T. Clearance
function of type C receptors of atrial natriuretic factor in rats. Am J
Physiol. 1989;256(2 Pt 2):R469-75.

Murthy KS, Teng BQ, Zhou H, Jin JG, Grider JR, Makhlouf GM. G(i—
1)/G(i-2)-dependent signaling by single-transmembrane natriuretic
peptide clearance receptor. Am J Physiol Gastrointest Liver Physiol.
2000;278(6):G974-80.

Moyes AJ, Khambata RS, Villar I, Bubb KJ, Baliga RS, Lumsden NG, Xiao

F, Gane PJ, Rebstock AS, Worthington RJ, et al. Endothelial C-type

20.

22.

23.

24.

25.

26.

27.

28.

Page 7 of 7

natriuretic peptide maintains vascular homeostasis. J Clin Invest.
2014,124(9):4039-51.

Bubb KJ, Aubdool AA, Moyes AJ, Lewis S, Drayton JP, Tang O, Mehta

V, Zachary IC, Abraham DJ, Tsui J, et al. Endothelial C-Type Natriuretic
Peptide Is a Critical Regulator of Angiogenesis and Vascular Remodeling.
Circulation. 2019;139(13):1612-28.

. Koller KJ, Lowe DG, Bennett GL, Minamino N, Kangawa K, Matsuo H,

Goeddel DV. Selective activation of the B natriuretic peptide receptor by
C-type natriuretic peptide (CNP). Science. 1991,252(5002):120-3.

Barbee RW, Perry BD, Re RN, Murgo JP, Field LJ. Hemodynamics in
transgenic mice with overexpression of atrial natriuretic factor. Circ Res.
1994;74(4):747-51.

John SW, Krege JH, Oliver PM, Hagaman JR, Hodgin JB, Pang SC, Flynn

TG, Smithies O. Genetic decreases in atrial natriuretic peptide and salt-
sensitive hypertension. Science. 1995,267(5198):679-81.

Oliver PM, Fox JE, Kim R, Rockman HA, Kim HS, Reddick RL, Pandey KN,
Milgram SL, Smithies O, Maeda N. Hypertension, cardiac hypertrophy, and
sudden death in mice lacking natriuretic peptide receptor A. Proc Natl
Acad Sci U S A. 1997,94(26):14730-5.

Forte M, Madonna M, Schiavon S, Valenti V, Versaci F, Zoccai GB, Frati G,
Sciarretta S. Cardiovascular Pleiotropic Effects of Natriuretic Peptides. Int J
Mol Sci. 2019;20:16.

Wang TJ. The natriuretic peptides and fat metabolism. N Engl J Med.
2012,367(4):377-8.

Bordicchia M, Liu D, Amri EZ, Ailhaud G, Dessi-Fulgheri P, Zhang C, Taka-
hashi N, Sarzani R, Collins S. Cardiac natriuretic peptides act via p38 MAPK
to induce the brown fat thermogenic program in mouse and human
adipocytes. J Clin Invest. 2012;122(3):1022-36.

Nakao K, Kuwahara K, Nishikimi T, Nakagawa Y, Kinoshita H, Minami T,
Kuwabara Y, Yamada C, Yamada Y, Tokudome T, et al. Endothelium-derived
C-type natriuretic peptide contributes to blood pressure regulation by
maintaining endothelial integrity. Hypertension. 2017,69(2):286-96.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions




	Npr2 mutant mice show vasodilation and undeveloped adipocytes in mesentery
	Abstract 
	Objective: 
	Results: 

	Introduction
	Main text
	Materials and methods
	Mice
	Elastica van Gieson (EVG) staining
	Immunofluorescence staining
	Microscopy and acquisition
	Blood pressure measurement for adult mice
	Statistical analysis

	Results
	Vasodilation and undeveloped adipose cell in Npr2slwslw

	Discussion

	Limitation
	Acknowledgements
	References




