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Purpose: Penile erection requires integrative interactions between vascular endothelial cells, pericytes, smooth muscle cells, and
autonomic nerves. Furthermore, the importance of the role played by pericytes in the pathogenesis of angiopathy has only re-
cently been appreciated. However, global gene expression in pericytes in diabetes mellitus-induced erectile dysfunction (DMED)
remains unclear. We aimed to identify potential target genes related to DMED in mouse cavernous pericytes (MCPs).

Materials and Methods: Mouse cavernous tissue was allowed to settle under gravity in collagen I-coated dishes, and sprouted
cells were subcultivated for experiments. To imitate diabetic conditions, MCPs were treated with normal-glucose (NG, 5 mM) or
high-glucose (HG, 30 mM) media for 3 days. Microarray technology was used to evaluate gene expression profiles, and RT-PCR was
used to validate sequencing data. Histological examinations and Western blot were used to validate final selected target genes re-
lated to DMED.

Results: Decreased tube formation and increased apoptosis were detected in MCPs exposed to the HG condition. As shown by
microarray analysis, the gene expression profiles of MCPs exposed to the NG or HG condition differed. A total of 2,523 genes with
significantly altered expression were classified into 15 major gene categories. After further screening based on gene expression
and RT-PCR and histologic results, we found that Hebp1 gene expression was significantly diminished under the HG condition and
in DM mice.

Conclusions: This gene profiling study provides new potential targets responsible for diabetes in MCPs. Validation studies suggest
that Hebp1 may be a suitable biomarker for DMED.
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INTRODUCTION

Diabetes mellitus (DM) causes erectile dysfunction (ED)
with severe angiopathy, which is the main reason for the
reduced efficacy of phosphodiesterase-5 (PDE5) inhibitors
in DM [L,2] Several studies have presented gene expression
profiles of cavernosum tissue and cavernous endothelial cells
in diabetes-induced ED [3-5], but the genetic mechanisms
responsible have yet to be elucidated and more molecular
candidates are needed.

Pericytes are multifunctional mural cells that surround
endothelial cells and support vascular development and ho-
meostasis [6-8] Accumulating evidence shows that pericytes
play important roles in vascular contractility and constitute
a reservoir of mesenchymal stem cells [9] In mouse caver-
nosum tissue, we found that the distribution of pericytes
protrudes more into in the microvessels of the subtunical
area than in the cavernous sinusoids. As we know, oxidized
low-density lipoprotein (LDL) mediates oxidative stress and
can induce pericyte apoptosis and diabetic retinopathy [10,11]
We recently observed that a loss of pericytes increases the
leakage of oxidized LDL in mice with diabetes-induced ED,
which may hinder the expansion of erectile tissue by induc-
ing cavernous inflammation and fibrosis in vivo and in vitro
[1] Restoration of the cavernous pericyte content by injection
of hepatocyte growth factor significantly decreases cavern-
ous vascular permeability. However, the detailed functional
roles of pericytes in penile erection are still largely un-
known.

Physiologic and pathologic gene expression profiling pro-
vides a means of understanding the molecular mechanisms
underlying diabetes-induced ED and of identifying novel
treatment targets. In the present study, we performed a
microarray assay on mouse cavernous pericytes (MCPs) ex-
posed to normal-glucose (NG, 5 mM) or high-glucose (HG, 30
mM) conditions, which were used to mimic diabetesinduced
angiopathy, and we identified genes differentially induced
in MCPs under these conditions. After screening for signifi-
cantly altered genes, Hebpl was chosen as a potential novel
therapeutic candidate for diabetes-induced ED.

MATERIALS AND METHODS

1. Ethical statement and animals

Eight-week-old adult male C57BL/6J mice were used in
this study (5 for MCP characterization, 10 for the in vitro
functional study, 6 for microarray assays, 10 for RT-PCR
validation of the microarray results, and 12 for the diabetes
study). All animal experiments were approved by the Insti-
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tutional Animal Care and Use Committee of the Inha Uni-
versity (approval number: INHA 170112-475).

Diabetes was induced by injecting multiple low doses
of streptozotocin (STZ, S0130; Sigma-Aldrich, St. Louis, MO,
USA) intraperitoneally (50 mg/kg body weight per day in 01
M citrate buffer, pH 4.5) for 5 consecutive days. Eight weeks
after STZ administration, mice were anesthetized with in-
tramuscular injections of ketamine (100 mg/kg) and xylazine
(5 mg/kg) and placed supine on a thermoregulated surgical
table as described previously [12,13]

2. Primary culture of MCPs

Primary cultures of MCPs were performed as previously
described [14-16]. Briefly, penis tissues were harvested and
placed in sterile vials containing Hank’s balanced salt solu-
tion (HBSS; Gibco, Carlsbad, CA, USA). Urethras and dorsal
neurovascular bundles were removed and only corpus cav-
ernosum tissues were washed three times with phosphate-
buffered saline (PBS). Corpus cavernosum tissues were cut
into small pieces (1-2 mm) and allowed to settle into col-
lagen I-coated 35-mm cell culture dishes containing a 300-uLi
complement of Dulbecco’s modified Eagle Medium (DMEM,
Gibco) in a 5% CO, atmosphere at 37°C. After 20 minutes,
900 pL of complement medium (20% fetal bovine serum, 1%
penicillin/streptomycin, and 10 nM human pigment epithe-
lium-derived factor [MFCD03792528, Sigma-Aldrich]) was
added and tissues were incubated in 5% CO, at 37°C. The
medium was changed every 2 days and after culture for 2
weeks, only sprouting cells were subcultured to dishes coated
with collagen I (#5005; Advanced BioMatrix, San Diego, CA,
USA). MCPs at passages 2 or 3 were used for experiments.

To determine cell types, cells were stained with anti-
bodies against NG2 (a pericyte marker, AB5320; Millipore,
Temecula, CA, USA; 1:50), CD31 (an endothelial cell marker,
MABI398Z; Millipore; 1:50), PDGFRp (a pericyte marker, SC-
1627; Santa Cruz Biotechnology, Santa Cruz, CA, USA; 150),
smooth muscle a-actin (smooth muscle cell and pericyte
marker, A2547; Sigma-Aldrich; 1:200), or DAPI (a nuclear
marker, H-1500; Vector Laboratories, Inc, Burlingame, CA,
USA). Digital images were obtained using a confocal fluores-
cence microscope (K1-Fluo; Nanoscope Systems, Inc, Daejeon,
Korea).

3. Tube formation assay

Tube formation assays were performed to evaluate
angiogenesis by cultured MCPs in the NG (56 mM, G702,
Sigma-Aldrich) or HG (30 mM) condition [10] Briefly, about
50 pL of growth factor-reduced Matrigel (354234; Becton
Dickinson, Mountain View, CA, USA) was dispensed into 96-
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well culture dishes at 4°C and allowed to gel for at least 10
minutes at 37°C. MCPs were preconditioned to NG or HG
conditions for 3 days and then seeded into wells at 2x10*
cells/well in 200 pL. of DMEM. Tube formation and phase
images were observed 16 hours later at 40X, and the number
of master junctions was counted.

4.TUNEL assay

The TUNEL (terminal deoxynucleotidyl transferase-
mediated deoxyuridine triphosphate nick end labeling) as-
say was used to evaluate MCP cell death in in vivo glucose
conditions and in vitro diabetic conditions. The ApopTag”
Fluorescein in situ Apoptosis Detection Kit (S7160; Chemicon,
Temecula, CA, USA) was used according to the manufac-
turer’s instructions. Apoptotic cell digital images and num-
bers were observed at a screen magnification of 200X using
a confocal fluorescence microscope. Values are expressed per
high-power field (400X). The percentage of TUNEL-positive
cells in the in vitro study and the number of TUNEL-posi-
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tive cells were evaluated.

5. cDNA microarray

The microarray study was performed on MCPs that
had been treated with the NG (3 pooled samples) or HG (3
pooled samples) condition. cDNA microarray analysis was
performed after 3 days of treatment. The microarray analy-
sis was performed by E-Biogen Inc. (Seoul, Korea), as previ-
ously described [10] For RNAs isolated from MCPs treated
with the NG or HG condition, we synthesized target cRNA
probes and performed hybridization using Agilent’s Low
RNA Input Linear Amplification kit (Agilent Technology,
Santa Clara, CA, USA). Hybridized images were scanned us-
ing an Agilent DNA microarray scanner and quantified us-
ing Feature Extraction Software (Agilent Technology). Data
normalization and gene selection were performed using
GeneSpringGX 7.3 (Agilent Technology). Average normalized
ratios were calculated by dividing average normalized signal
channel intensities by average normalized control channel

o-SMA/CD31/DAPI

Fig. 1. Isolation and characterization of MCPs. (A) Pericytes were sprouted from mouse cavernous tissues. Photograph showing a representative
phage image (screen magnification, 40%, day 7 and day 10). (B) Characterization of MCPs by immunofluorescent staining using antibodies against
pericyte markers (NG2 and PDGFRp), endothelial cell marker (CD31), and smooth muscle a-actin (SMA, a smooth muscle cell and pericyte mark-
er). Nuclei were labeled with DAPI. Scale bar indicates 50 um. MCPs, mouse cavernous pericytes; DAPI, 4,6-diamidino-2-phenylindole.
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intensities. Functional gene annotation was performed in
accordance with the Gene Ontology Consortium guidelines
(http//www.geneontology.org/index) using the GeneSpring-
GX 73. gene classification based on searches performed by
the BioCarta (http//www.biocarta.com/), GenMAPP (http://
www.genmapp.org/), DAVID (http://davidabcenciferf.gov/),
and MEDLINE databases (http://www.ncbinlm.nih.gov/).
c¢DNA microarray data was deposited in the Gene Expres-
sion Omnibus database (www.ncbinlmnih.gov/geo, accession
no. GSE146357).

6. RT-PCR

Total RNA was extracted from cultured cells using
TRIzol (15596026; Invitrogen, Carlsbad, CA, USA), as previ-
ously described [5] RT was performed using 1 pg of RNA
in 20 ulL of reaction buffer containing oligo dT primer and
AccuPower RT Premix kit (140620111L; Bioneer Inc, Daejeon,
Korea). PCR was performed with AccuPower PCR Premix
kit (2001211A, Bioneer Inc) and denaturation at 94°C for 30
seconds and annealing at 60°C for 30 seconds in a DNA En-
gine Tetrad Peltier Thermal Cycler. To analyze PCR prod-
ucts, 10-uL aliquots were electrophoresed on 1% agarose gels
and detected under ultraviolet light. GAPDH was used as an
internal control.

7. Histological examinations

Normal and diabetic mouse cavernous tissues were har-
vested and fixed in 4% paraformaldehyde overnight at 4°C.
Frozen tissue sections (12um) were incubated with antibod-
ies for Hebpl (NBP214977;, Novus Biologicals, Littleton, CO,
USA; 1100) and PDGFRp (SC-1627; Santa Cruz Biotechnol-
ogy; 1:50). After washing 3 times with PBS, sections were
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incubated with Rabbit DyLight 550 secondary antibody (Ab-
cam, Cambridge, UK; 1:200), Goat Alexa Fluor 488 secondary
antibody (Abcam, 1:200), or DAPI (Vector Laboratories, Inc.)
for 2 hours at room temperature. Signals were visualized
and digital images obtained with a confocal microscope (Na-
noscope Systems).

8. Western blot

Cavernous tissues were harvested using RIPA buffer
(89900, Sigma-Aldrich). Equal amounts of protein (30 pg per
lane) were electrophoresed on 12% sodium dodecylsulfate-
polyacrylamide gels. Proteins were then transferred to poly-
vinylidene fluoride membranes, which were blocked with
5% nonfat dried milk for 1 hour at room temperature. Mem-
branes were then incubated at 4°C overnight with primary
antibodies for Hebpl (NBP214977; Novus Biologicals; 1:500)
and B-actin antibody (Abcam, 1:6000), and subsequently with
secondary antibody, such as horseradish peroxidase-conjugat-
ed goat anti-rabbit IgG (ab6721, Abcam) and goat anti-mouse
IgG (AP308P, Millipore). The signals were visualized using
an enhanced chemiluminescence (EBP-1073; Amersham
Pharmacia Biotech, Chicago, IL, USA) detection system, and
results were quantified by densitometry.

Digital images and PCR and densitometry results were
processed using an image analyzer system (Image J 1.34; Na-
tional Institutes of Health [NIH], Bethesda, MD, USA; http//
rsbwebnih.gov/ij/).

9. Statistical analysis

Statistical analysis was performed using the Mann—
Whitney U test. Results are presented as mean+standard
error, and statistical significance was accepted for p-val-

Mouse cavernous pericytes
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Fig. 2. Reduced tube formation in MCPs exposed to the HG condition. (A) MCPs were exposed to NG or HG conditions for 3 days. Tube formation
assays were performed on Matrigel in 96-well dishes. Phase images of MCPs were taken 16 hours after plating (screen magnification, 40x). (B)
Bars represent mean numbers of master junctions (+standard error) as determined by four separate experiments. *p<0.001 versus the NG group.

NG, normal-glucose; HG, high-glucose; MCPs, mouse cavernous pericytes.
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ues<0.05. more than 90% confluent (passage 1, about 10 days), and
only sprouting cells were used for subsequent studies. MCPs
RESULTS showed finger-like extensions resembling those of normal
vascular pericytes [10,17]. Immunofluorescent staining of
1. Isolation and characterization of MCPs sprouted cells showed high positive staining for NG2 (a peri-

Representative images of sprouted cells at day 7 and  cyte marker), PDGFR (a pericyte marker), and o-SMA (a
passage 1 are shown in Fig. 1A. Cells were cultured until  pericyte and smooth muscle cell marker) but not for CD31 (an

40

30 1
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10 +

TUNEL-positive cells (%)

NG HG

c TUNEL NG2 Merged D

80
60
40
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No. TUNEL-positive cells

0
Normal DM

Fig. 3. Increased apoptosis in MCPs under HG and diabetic conditions. (A) MCPs were exposed to NG or HG conditions for 3 days. TUNEL (green)
assay in MCPs exposed to NG or HG conditions for 3 days. Nuclei were labeled with DAPI (blue). Scale bar=50 um. (B) Percentages of apoptotic
MCPs per field (screen magnification, 40x). Bars represent the mean values (+standard error) of four separate experiments. ‘p<0.01 versus the NG
group. (C) TUNEL (green) assay and NG2 (a pericyte marker, red) double staining in normal and STZ-induced diabetic mice. Nuclei were labeled
with DAPI (blue). Scale bar=50 um. (D) Number of TUNEL-positive apoptotic MCPs. Bars represent the mean values (+standard error) from 4 mice
per group. “p<0.01 versus the normal group. DAPI, 4,6-diamidino-2-phenylindole; TUNEL, terminal deoxynucleotidyl transferase-mediated de-
oxyuridine triphosphate nick end labeling; NG, normal-glucose; HG, high-glucose; DM, diabetes mellitus; MCPs, mouse cavernous pericytes.
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endothelial cell marker) (Fig. 1B).

2. Reduced tube formation in MCPs exposed to
the HG condition

To assess whether MCPs are capable of forming well-or-
ganized capillary-like structures and to examine the effects
of the NG or HG condition on tube formation, we performed
a tube formation assay in vitro. After 16 hours, MCPs ex-
posed to the NG condition formed tube-like structures (mas-
ter junctions), whereas the number of master junctions was
significantly less for MCPs exposed to the HG condition (Fig.
2).

3. Increased cell apoptosis in MCPs exposed to
the HG condition
To determine the effect of the HG condition on MCPs,
we used TUNEL assays to evaluate apoptosis in cells ex-

Profiling of mouse pericytes in the glucose condition

posed to the NG or HG condition. The results obtained
showed that the percentage of apoptotic cells was higher in
the MCPs exposed to the HG condition (Fig. 3A, B). In ad-
dition, we also evaluated the apoptosis of MCPs through
TUNEL assay and NG2 double staining in normal and STZ-
induced diabetic mice. The results revealed that the number
of apoptotic MCPs significantly increased in STZ-induced
diabetic mice compared with normal groups (Fig. 3C, D).

4. Overview of gene expression in the NG versus

HG condition

To evaluate the effect of the HG condition on the MCP
gene expression profile, two gene libraries from the NG and
HG groups (n=3 pooled samples per group) were constructed.
In total, 55,681 genes were detected by microarray assay
in both libraries. A total of 2,523 significant expressional
changes were detected and classified into 15 gene ontology
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Fig. 4. Overview of differentially expressed genes under normal-glucose and high-glucose conditions. (A) Genes with significantly different ex-
pressions as determined by microarray analysis were classified into 15 gene ontology (GO) categories. (B, C) Percentages and number of genes
showing substantial expressional changes (up- or down-regulated) after the application of more stringent selection criteria (>2-fold change and
raw data expression amount >500) to those genes showing expressional changes. HG, high-glucose.
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(GO) categories (Fig. 4A) using ExXDEGA software (E-Biogen,
Inc). Only the cell migration, cell proliferation, and extra-
cellular matrix categories showed significantly more genes
with decreased than increased expression (Fig. 4B). Details of
numbers or percentages of significant expressional changes
in these GO categories are summarized in Fig. 4C. Additional
screening of significant expressional changes was performed
by differentially expressed gene (DEG) analysis by apply-
ing two conditions: namely, a fold change of >20 and a raw
data expression amount >500 in the NG or HG condition.
As a result, 23 genes were found to be up-regulated and 9 to
be down-regulated under the HG condition (Fig. 5A). Genes
showing significant expressional changes are listed in Table
L

5. Validation of microarray results by RT-PCR

After literature search and analysis of the 32 signifi-
cantly changed genes, we found 3 genes were related to
the heme oxygenase (HO) system, namely, Hebpl, Prtml,
and HmoxI, and these genes were chosen for the validation
study. The primers used in this study are listed in Table 2
MCPs were exposed to the NG or HG condition, and total
RNA was extracted and subjected to RT-PCR. Only Hebpl
showed a trend in-line with the microarray results and was
expressed at significantly lower levels after exposure to the

Significant gene selection
(fold change more than 2 and
raw data expression amount more than 500)

Total Up-regulated Down-regulated
32 23 9
[ NG
I HG
Hmox1 Prtm1 Hebp1

Fig. 5. Further screening of genes showing significant expressional
changes and validation by RT-PCR. (A) Differentially expressed genes
(DEGs) were selected after applying the two criteria mentioned in the
legend of Fig. 3. (B) Three DEGs were evaluated in MCPs exposed to
NG or HG conditions for 3 days. (C) Bars represent the mean values
(+standard errors) of three separate experiments. *p<0.01 versus the
NG group. Expression in the HG group is shown with respect to the
corresponding expression in the NG group. NG, normal-glucose; HG,
high-glucose; DEGs, differentially expressed genes; MCPs, mouse cav-
ernous pericytes.
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HG condition as determined by RT-PCR (Fig. 5B, C).

6. Decreased expression of Hebp1 in the cavern-
ous tissues of diabetic mice

Double staining of mouse cavernous tissues with anti-
bodies to Hebpl and PDGFRp showed that Hebpl was most
expressed in pericytes and that the expression of Hebpl pro-
tein in pericytes was significantly lower in the tissues of di-
abetic mice (Fig. 6A—C). The fasting and postprandial blood
glucose concentrations in STZ-induced diabetic mice were
significantly higher than in control mice, and body weight
was decreased in STZ-induced diabetic mice. The physiologic
and metabolic parameters of normal and diabetic mice are
shown in Table 3. The results of the Western blot analysis
concurred with the immunofluorescent staining results (Fig.
6D, E).

DISCUSSION

Pericyte dysfunction has recently been reported in dia-
betes-induced ED [11] However, the role played by pericytes
in diabetic ED has not been determined. To our knowledge,
this is the first study to provide global gene expression data
on MCPs exposed to NG and HG conditions. In the present
study, we performed global microarray analysis to access
gene expression profiles and identify the underlying roles
of pericytes in diabetes-induced ED. The significantly dif-
ferent gene expression profiles of MCPs cultured under HG
and NG conditions appear to support the suggestion made
in a recent study that pericyte dysfunction is responsible for
diabetes-induced ED.

MCP dysfunction under NG and HG conditions has been
well characterized [18] Therefore, we prepared primary cul-
tures of MCPs from mouse cavernosum tissues and exposed
them to glucose conditions mimicking those of diabetes-
induced angiopathy. Several studies have demonstrated
that endothelial tube formation plays an important role in
vascular formation. However, the group of Bagley et al. [18]
showed that pericytes wrap around the endothelial cells and
also have tube formation properties in the process of vas-
culogenesis. In addition, we also found that MCPs can form
linear networks like endothelial cells [19-21] In the present
study, we found that MCPs formed more substantial tube-
like structures under the NG condition, and that rates of
MCP apoptosis were greater under the HG condition. These
observations indicate that MCP dysfunction may adversely
affect angiogenesis and critically influence vascular forma-
tion and development.

To identify potential target genes for diabetes-induced

https://doi.org/10.4111/icu.20200272
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Table 2. Primer list for RT-PCR
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Gene Primer sequence (5' to 3') Product size (bp)
Hmox1 F: cctcactggcaggaaatcat R: aaggcggtcttagectcttc 326
Prtm1 F: tctccaccagtectgagtcc R: tattggcataaacgcaacca 339
Hebp1 F: gtgacagacaagccagtgga R: tgactcatgccttcacaagc 442
GAPDH F: ccactggcgtcttcaccac R: cctgcttcaccaccttcttg 501
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Fig. 6. The down-regulation of Hebp1 under diabetic conditions. (A) Hebp1 (red) and PDGFRp (a pericyte marker; green) staining in mouse cav-
ernous tissues. Nuclei were labeled with DAPI (blue). Scale bar=100 pm. (B, C) Hebp1 expression and pericyte levels in cavernosum were quanti-
fied using Image J software. Bars represent the mean values (+standard errors) of three separate samples. *p<0.01 versus the NG group. (D) Rep-
resentative western blots for Hebp1 in mouse cavernosum tissues. (E) Normalized band intensities (£standard errors) of three separate samples.
¥p<0.001 versus the normal group. Expression in the HG group is shown with respect to the corresponding expression in the NG group. PDGFR,
platelet-derived growth factor receptor-3; DM, diabetes mellitus; NG, normal-glucose; HG, high-glucose.

Table 3. Physiologic and metabolic parameters in normal and STZ-  to the HG condition. From these genes, we found that the

induced diabetic mice expression of classic pericyte markers (NG2, PDGFRp) and

Ve Ntamiel STZ-induced genes related to vascular stability, such as Angiopoietinl,
diabetic mice .o .
- were significantly decreased in the HG group compared
Body weight (g) 33.1+0.8 22.1+0.4* . . . . .
: with the NG group, which was consistent with our previous
Fasting glucose (mg/dL) 111.5+4.5 385.7£21.2% d Furth . lted in the identif;
Postprandial glucose (mg/dL)  153.7£3.0 546.7+6.7*% study [1011,13] Further screening resulted in the identifica-

tion of 32 potential target genes. Among these genes, we
observed Hebpl, Prtmil, and HmoxI, which are related to the
HO system. This system has recently emerged as an impor-

Values are presented as meanzstandard error for animals (n=6) per
group.

STZ, streptozotocin.

*p<0.01 vs. normal group. tant player in diabetes and angiogenesis [22,23] HO activity
is decreased in the aorta of STZ-induced type 1 diabetic rats
angiopathy, we examined gene expression profiles in HG and  and in the HG condition in vitro, whereas overexpression of
NG cultured MCPs and found 1551 genes were upregulated  the HO-1 gene attenuates endothelial cell sloughing in the

(fold change >2) and 972 were down-regulated after exposure = STZ animal model [24] Recently, many studies have also
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shown that increased HO-1 gene expression induces vascular
endothelial growth factor (VEGF) and inducible nitric oxide
synthase in diabetic animals [25,26] In addition, Abraham
et al. [27] showed VEGF-induced angiogenesis through a
mechanism dependent on HO-1 expression. These studies
indicated that the HO system plays an important protective
role against the harmful effects of hyperglycemia. In the
present study, RT-PCR validation showed that only Hebpl
gene expression was consistent with our microarray results.
However, little is known of the function of the HO system
in diabetesinduced pericyte dysfunction, and in this study,
we found that Hebpl expression in cavernosum tissue was
significantly lower in DM mice than in normal controls.
These results strongly suggest that induction of Hebpl ex-
pression or activation may be considered one defense against
diabetes-induced pericytes dysfunction.

Notably, the present study identifies an interesting ther-
apeutic target for diabetic ED. However, the study has some
limitations. First, the glucose conditions did not fully reflect
the complexity of diabetes-induced ED and we did not use
L-glucose as an osmolality control. Second, we used three
pooled samples for each group in the microarray analysis,
but we did not perform a separate analysis for each group.
Third, we only evaluated genes related to the HO system,
and thus, several other genes that showed significant ex-
pression changes remain to be validated. Further study on
the detailed functions of Hebpl, such as overexpression of
Hebpl in diabetic animals would importantly contribute to
our understanding of the mechanisms responsible for diabe-
tes-induced ED.

CONCLUSIONS

This study provides profiles of DEGs in MCPs exposed to
normal and high glucose concentrations and suggests that
decreased Hebpl expression may be a potential biomarker
for diabetes-induced ED.
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