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Abstract

Background: The poor clinical situation of type 2 diabetes-induced erectile dysfunction (T2DMED) creates an urgent need for new therapeutic
targets.

Aim: To reveal the conserved molecular mechanism of T2DMED across species.

Methods: T2DMED rat and mouse models were constructed to extract mRNA from corpus cavernosum for high-throughput sequencing. The
differentially expressed genes (DEGs) were analyzed and the Kyoto Encyclopedia of Genes and Genomes (KEGG), Gene Ontology (GO), and
Protein—Protein Interaction Networks were performed by bioinformatics methods. Immunohistochemistry, immunofluorescence, hematoxylin-
eosin and Masson staining were used for subsequent verification.

Outcomes: Cross-species transcriptomics of T2DMED rats and mice were analyzed and validated.

Results: Gene expression patterns in normal corpus cavernosum of mice and rats showed a strong correlation (r=0.75, P <2.2 x 107'6),
with a total of 156691 homologous genes identified. In both species, 553 homologous down-regulated DEGs were identified, mainly enriched
in pathways related to smooth muscle and mitochondrial functions, as revealed by KEGG and GO analyses. Immunohistochemistry and
immunofluorescence confirmed the decreased expression of a-smooth muscle actin and Uqcr10 in cavernosum tissues of T2DMED mice
and rats. Additionally, 239 homologous up-regulated DEGs were identified, which were enriched in the Wnt signaling pathway and extracellular
matrix composition. Subsequent experiments confirmed increased B-catenin expression and significant collagen accumulation, indicating fibrosis

in T2DMED.

Clinical implications: To provide a new direction for improving the erectile ability of patients with T2DMED.

Strengths and limitations: The main strength is that cross-species transcriptomic sequencing has revealed the conserved molecular
mechanisms of T2DMED. The main limitation is the lack of further validation in the T2DMED patients.

Conclusions: Cross-species transcriptomic comparisons may offer a novel strategy for uncovering the underlying mechanisms and identifying

therapeutic targets for T2DMED.

Keywords: type 2 diabetes mellitus; erectile dysfunction; cross-species transcriptome; mitochondrial function; extracellular matrix.

Introduction

Erectile dysfunction (ED) is a significant organic disorder
affecting the male sexual health, which is estimated to reach
322 million worldwide by 2025.! Diabetes mellitus, particu-
larly type 2 diabetes (T2DM), is a major risk factor for ED,
with the prevalence of diabetes-induced erectile dysfunction
(DMED) ranging from 35.8% to 86.1% in various regions.”
ED is often a precursor to cardiovascular diseases and dia-
betes, with 12% of diabetic patients presenting with ED as
their initial symptom.® In contrast to type 1 diabetes, which
is primarily caused by autoimmune destruction of pancreatic
islet cells, T2DM is largely attributed to long-term unhealthy
lifestyle and accounts for the majority of diabetes cases.* The
incidence of ED in T2DM patients is 1.9 to 4 times higher than
in non-diabetic individuals, with onset typically occurring 10
to 15 years earlier.’-°

Current treatment strategies for ED, such as glycemic
control, do not fully restore normal erectile capacity in T2DM
patients, necessitating additional therapeutic approaches.”
Phosphodiesterase type 5 inhibitors, which improve erectile
function by promoting the relaxation of cavernous smooth
muscle through the increased levels of cyclic guanosine
monophosphate, are considered first-line treatments, but,
44% of DMED patients perceive insufficient improvement.®
Furthermore, the second-line therapies, such as intracav-
ernous administration and vacuum devices, often lead to
undesirable side effects, including penile pain, abnormal
erections, and even cavernous fibrosis, with complication
ranging from 24% to 61%.510

Animal models are frequently used in biomedical research
to study human physiological and pathological processes.
Among these, rat and mouse are the most commonly
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models in DMED research. However, the findings from animal
models are not always directly applicable to humans due to
inherent interspecies differences.!! Investigating biological
processes that are conserved across species provide an inno-
vative strategy for identifying potential therapeutic targets
for DMED.!2:13 In this study, we conducted a comparative
transcriptomic analysis of the corpus cavernosum from
T2DMED rats and mice to address the question: What are the
common pathological changes of penile tissue and molecular
mechanisms of ED underlying T2DM?

Materials and methods
Animal model

All animal procedures were approved by the Animal Care and
Use Committee of the Fifth Affiliated Hospital of Sun Yat-
Sen University (Approval No. 00369) and were performed in
strict compliance with NIH guidelines for laboratory animal
care and use. The T2DM model was induced using a high-
fat diet combined with low-dose streptozotocin, with slight
variations between rats and mice.'*!> Seven-week-old male
Sprague-Dawley rats and C57BL/6 N mice were obtained
from the Guangdong Provincial Medical Laboratory Animal
Center. After 1 week of acclimatization, the animals were
randomly divided into control and model groups, with 10
animals in each group. Rats were fed a high-fat diet (45%
kcal from fat) for 4 weeks, followed by two intraperitoneal
injections of streptozotocin (25 mg/kg) at three-day intervals.
Mice received five consecutive intraperitoneal injections of
streptozotocin (50 mg/kg). A blood glucose level exceeding
16.7 mmol/L was the diagnostic criterion for diabetes. Dur-
ing the T2DM modeling process, 1 mouse and 2 rats died.
After 12 weeks on a high-fat diet, an apomorphine (APO)
test was performed to screen for T2DMED. APO (Sigma)
was dissolved in saline containing 0.2 mg/mL ascorbic acid
and administered via subcutaneous injection into the dorsal
neck region at doses of 80 ug/kg for rats and 100 ug/kg
for mice. Penile erections were recorded within 30 minutes
post-injection, and animals showing no erections during this
period were classified as T2DMED. Based on the APO test
results, 7 DMED mice and 6 DMED rats were identified.
Of these, 3 animals from each group (normal and DMED)
were randomly selected for transcriptomic analysis, while the
remaining animals were used for histological validation.

cDNA library construction and sequencing

After modeling, the glans, urethra, vascular, and nervous
tissues were removed to isolate the penile corpus cavernosum.
mRNA was extracted using TRIzol reagent (Invitrogen, Carls-
bad, CA, USA) following the instructions. The extraction
procedure was similar for both rats and mice: The penis was
amputated near the base, and the glans, urethra, and dorsal
penile vessels were discarded. The corpus cavernosum tissue
was homogenized in liquid nitrogen, and TRIzol was added
for 10-15 minutes of incubation on ice. After chloroform
extraction, the aqueous phase was collected, and the protein
layer was discarded. RNA was precipitated with isopropanol
and centrifuged at 12 000 g for 10 minutes at 4°C. The super-
natant was discarded, and the RNA pellet was washed twice
with 75% ethanol, air-dried, and dissolved in sterile, nuclease-
free water. cDNA library construction and sequencing were
conducted by Novogene Co. (Beijing, China).
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Sequencing data processing

Raw sequencing reads were filtered to obtain clean reads,
removing those containing adapters, excessive N bases, or
low-quality bases (Qphred <5 for more than 50% of the
sequence). Clean reads were aligned to the reference genome
using HISAT2 (v2.0.5). FeatureCounts (v2.0.1) was used to
quantify known gene expression levels. Data visualization was
performed using ggplot2 (v3.5.1)' in R. Gene expression
correlations between rat and mouse homologous genes
were assessed using Pearson correlation in R (v4.4.0).17
Differentially expressed genes (DEGs) were identified using
DESeq2 (v1.44.0),'% with multiple hypothesis correction
by the Benjamini-Hochberg method. DEGs were defined as
llog2(fold change)l > 1 and p.adj < 0.05.

KEGG and GO enrichment analyses

Kyoto Encyclopedia of Genes and Genomes (KEGG) and
Gene Ontology (GO) enrichment analyses of DEGs were con-
ducted using clusterProfiler (v4.12.0).1%2! KEGG was used
to identify significantly associated biological pathways, while
GO categorized gene functions into biological process (BP),
molecular function (MF), and cellular component (CC). The
reference gene sets for mouse and rat were “org.Mm.eg.db”
and “org.Rn.eg.db,” respectively. The Benjamini-Hochberg
method was used for multiple testing corrections, with sig-
nificance set at p.adj < 0.05.

Gene set enrichment analysis

Gene set enrichment analysis (GSEA) was performed to iden-
tify pathways enriched among DEGs using clusterProfiler
(v4.12.0),>2 with 10000 permutations. Normalized enrich-
ment scores were used to assess gene set enrichment, with
p-adj < 0.05 and q < 0.25 considered significant.

PPI network construction

Protein—Protein Interaction (PPI) networks were built by
inputting DEGs into the STRING database,”? and visualiza-
tion was performed using Cytoscape (v3.10.1).2* Hub genes
were identified using the cytoHubba(v0.1) plug-in, based on
neighborhood connectivity (NCC).2%

Immunofluorescence and immunohistochemistry

For immunofluorescence, sections were blocked with 5% goat
serum for 30 minutes at room temperature, then incubated
overnight at 4°C with primary antibodies: anti-B-catenin
(abclonal, 1:100) and anti-a-smooth muscle actin (e-SMA)
(Abcam, 1:100). After washing with tris buffered saline,
slides were incubated with fluorescent secondary antibodies
and stained with 4°,6-DiAmidino-2-PhenylIndole (DAPI) for
nuclear visualization.

For immunohistochemistry, antigen retrieval was per-
formed by heating sections in citrate buffer (pH 6.00) at
700 W for 20 minutes. After blocking with 5% goat serum for
30 minutes, sections were incubated with primary antibodies:
anti-Uqcr10 (SAB, 1:50), anti-B-catenin (abclonal, 1:100), and
anti-collagen 1 (Servicebio, 1:400), following manufacturer
protocols (BOSTER). Sections were then incubated with
biotinylated secondary antibodies for 30 minutes, followed
by ABC reagent for 30 minutes. DAB substrate (BIOFIVEN)
was prepared and applied for 20 minutes, with development
monitored under a microscope. After washing, sections were
counterstained with hematoxylin, dehydrated, cleared, and


org.Mm.eg.db
org.Mm.eg.db
org.Mm.eg.db
org.Mm.eg.db
org.Mm.eg.db
org.Rn.eg.db
org.Rn.eg.db
org.Rn.eg.db
org.Rn.eg.db
org.Rn.eg.db

Sexual Medicine, 2025, Vol 13, Issue 1

A
10
= ,
= /
\
-10

MA MB MC RA RB RC
Group

R=0.75,p<2.2e-16

0 5 10 15
log2(Rmean)

mus
I rat

21015 12680

Figure 1. Homologous gene analysis between normal rats and mice. (A) Violin plot showing that the expression of protein-coding genes of corpus
cavernosum in normal rats and mice. (B) Venn diagram showing the overlap of homologous genes from corpus cavernosum between normal rats and
mice. (C) The correlation of homologous genes of corpus cavernosum between normal rats and mice, analyzed using Pearson correlation analysis. MA,
MB, MC: Three samples of corpus cavernosum from the normal mouse group. RA, RB, RC: Three samples of corpus cavernosum from the normal rat

group.

mounted. Images were acquired using confocal microscopy
(Carl Zeiss AG).

Reactive oxygen species detection

Reactive oxygen species (ROS) detection was performed using
a ROS kit (C10422). Fresh penile tissue was frozen, sectioned
to 5 um thickness, and incubated with CellROX™ Deep Red
dye (1 uM) and DAPI for 30 minutes at 37°C in a dark,
humid environment. Confocal microscopy was used for image
acquisition (Carl Zeiss AG).

Hematoxylin-Eosin and Masson staining

For hematoxylin—eosin (HE) staining, slides were stained with
hematoxylin for 5 minutes, differentiated in 1% hydrochlo-
ric acid alcohol for 1 minute, blued in ammonia water for
1 minute, and stained with eosin for 1 minute. The slides
were then dehydrated in graded ethanol and cleared in xylene
(5 minutes, thrice) before mounting.

For Masson’s trichrome staining, slides were stained with
Weigert’s hematoxylin for 10 minutes, differentiated in 1%
hydrochloric acid alcohol for 1 minute, blued in ammonia

water for 1 minute, and stained with Masson’s dye for 30 min-
utes. After eosin staining for 1 minute, slides were dehydrated,
cleared in xylene, and mounted. Stained sections were scanned
and analyzed using a high-resolution digital pathology system
(3DHISTECH).

Statistical analysis

The Shapiro-Wilk test was applied to assess the normality
of data distribution. For comparisons between two groups,
the Mann-Whitney U test was used for non-normally
distributed data, while the Student’s t-test was applied
for data with a normal distribution. Statistical analyses
and visualizations were conducted using GraphPad Prism
software (v8), and results are expressed as mean + standard
deviation.

Results

Homologous gene analysis between normal rats
and mice

To assess the differences and similarities in gene expres-
sion between rat and mouse corpus cavernosum at the
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Figure 2. DEGs in T2DMED mice and rats. (A, B) The volcano plot and bar graph of DEGs in T2DMED mice compared to the normal group. (C, D) The
volcano plot and bar graph of DEGs in T2DMED rats compared to the normal group. (E) The Venn diagram showing the overlap of DEGs between
T2DMED rats and mice. (F) The scatter plot indicating the correlation of common DEGs between the two species. DEGs: differentially expressed genes;

mus: mouse; T2DMED: type 2 diabetes-induced erectile dysfunction.

transcriptome level, we collected three normal and T2DMED
samples from each species. On average, each mouse sample
yielded 30.8 million raw reads, with 94.57% aligning with the
reference genome Mus musculus (NCBI-GRCm39). Of these,
90.88% mapped to exonic regions, 4.77 % to intronic regions,
and 4.35% to intergenic regions. Approximately 81.65%
(25.15 million reads) were clean reads, which were used for
subsequent analysis.

In comparison, each rat sample generated 43.29 million raw
reads, with 95.28% aligning to the reference genome Rattus
norvegicus (Ensembl-Mratbn7). Of these, 89.8% mapped to
exonic regions, 5.51% to intronic regions, and 4.69% to

intergenic regions. Approximately 95.89% (41.51 million
reads) were clean reads used for further analysis.

After the normalization for fragments per kilobase of exon
per million fragments mapped, we compared the protein-
coding gene expression patterns between normal rats and
mice. The expression pattern in mouse corpus cavernosum
was relatively uniform, whereas it was more concentrated
in rats (Figure 1A). To ensure comparability, we focused on
15691 homologous genes (Figure 1B). Correlation analysis
revealed a high degree of similarity in gene expression between
the two species (Pearson correlation, r=0.75, P < 2.2 x 1071¢)
(Figure 1C).
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Figure 3. Functional enrichment analysis of homologous down-regulated genes. A. The venn diagram showing the DEGs that are down-regulated in both
T2DMED rats and mice. (B) KEGG analysis of co-down-regulated DEGs. (C) GO enrichment analysis of co-down-regulated DEGs. D. GSEA analysis of
oxidative phosphorylation pathway in mice. (E) GSEA analysis of oxidative phosphorylation pathway in rats. DEGs: Differentially expressed genes; mus:
mouse; KEGG: Kyoto Encyclopedia of Genes and Genomes; GO: Gene Ontology; BP: biological process; MF: molecular function; CC: cellular

component; GSEA: gene set enrichment analysis.

DEGs in T2DMED rats and mice

After analyzing DEGs using the DESeq2 package on RNA-
seq data from rats and mice, we identified 4820 DEGs in
T2DMED mice compared to the normal group, of which 2419
(50.18%) were down-regulated and 2401 (49.82%) were
up-regulated (Figure 2A and B). Similarly, in T2DMED rats,

3969 DEGs were identified, with a slightly higher proportion
of down-regulated DEGs at 56.18% (2230) compared to the
normal group (Figure 2C and D). To explore the biological
changes shared between the two species, we identified the
intersection of DEGs from both groups, resulting in 1184
homologous DEGs (Figure 2E).
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Figure 4. The decreased expression of «-SMA both in T2DMED rats and mice. A. Immunofluorescence staining of «-SMA in the corpus cavernosum of
the mice. (200x) B. Immunofluorescence staining of a-SMA in the corpus cavernosum of the rats. mus: mouse; T2DMED: type 2 diabetes-induced

erectile dysfunction. (100x).

These homologous DEGs were further classified into
four subgroups: the homologous up-regulated group, the
homologous down-regulated group, the rat up-regulated but
mouse down-regulated group, and the rat down-regulated
but mouse up-regulated group. This discrepancy highlights
both the similarities and differences between rats and mice in
the development of T2DM (Figure 2F). Given that conserved
changes across species are more likely to shed light on critical
aspects of disease onset and progression, we proposed that
the same trend differentially expressed genes (ST-DEGs)
might more accurately reflect common biological alterations
across species. Therefore, we selected ST-DEGs from both the
homologous up-regulated and homologous down-regulated
groups for detailed bioinformatics analysis, aiming to uncover
key molecular mechanisms and potential therapeutic targets
for T2DMED.

Functional enrichment analysis of homologous
down-regulated genes

A total of 553 homologous down-regulated DEGs were
identified in the subset of T2DMED and normal group
between the 2 species (Figure 3A). KEGG enrichment
analysis revealed that these genes were significantly enriched
in pathways related to the muscle cytoskeleton,

neurodegeneration, Parkinson’s disease, diabetic cardiomy-
opathy, and oxidative phosphorylation (Figure 3B). GO
enrichment analysis indicated that these genes were primarily
involved in BP such as muscle development and function,
and energy metabolism. Their MF were associated with
myofibers and mitochondria (Figure 3C). Furthermore, GSEA
enrichment analysis identified 11 commonly down-regulated
pathways in both species (Supplementary Table S1), including
those related to altered muscle function and mitochondrial
oxidative phosphorylation (Figure 3D and E), reinforcing the
crucial role of mitochondrial and smooth muscle alterations
in the progression of T2DMED.

To further support the credibility of these bioinformatics
results, we performed immunofluorescence analysis on rat
and mouse cavernous tissues. The results demonstrated a
reduction in @-SMA fluorescence intensity in the T2DMED
group, indicating a decrease in smooth muscle content during
the course of T2DMED in both species (Figure 4A and B,
Supplementary Figure S1A and B).

Identification and validation of
mitochondria-related DEGs

To further investigate the mitochondrial alterations associ-
ated with T2DMED, we retrieved 1140 mitochondrial genes
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Identification and validation of mitochondria-related DEGs. (A) The venn diagram showing the DEGs among rats, mice and mitochondrial
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genes. (B) The heatmap showing the hierarchical clustering of common mitochondria-related DEGs in rats and mice. Blue indicates low expression
levels and red indicates high expression levels. (C) Interaction network analysis of common mitochondria-related DEGs. (D,E) Immunohistochemical
staining of Uger10 in the corpus cavernosum of the mice and rats. (200x) (FG) The ROS levels in the corpus cavernosum of the mice and rats. DEGs:
differentially expressed genes; mus: mouse; T2DMED: type 2 diabetes-induced erectile dysfunction; ROS: reactive oxygen species. (200x).

from the MitoCarta database’® and compared them with
DEGs identified in rats and mice. This analysis revealed
111 mitochondria-related DEGs (Figure 5A), of which 101
were ST-DEGs, and 97 of these ST-DEGs exhibited a down-
regulation trend (Figure 5B and Supplementary Table S2).
Using these 101 mitochondrial ST-DEGs, we constructed a
PPI network consisting of 91 nodes and 1686 edges. By calcu-
lating the NCC, we identified the top 10 hub genes, including
Ndufa5, Ndufv2, Ndufa6, Ndufal2, Ndufb3, Ndufc1, Cox5a,

Uqcr10, Ndufb5, and Ndufa4 (Figure 5C). All of these genes
are closely linked to mitochondrial function and oxidative
phosphorylation processes.

The protein encoded by Ugcr10 is a key component of
mitochondrial respiratory chain complex III, and changes in
its expression may indicate mitochondrial dysfunction. Our
experimental results showed that the expression of Ugcr10
was reduced in the T2DM model group (Figure 5D and E).
Mitochondria are the primary source of intracellular ROS,
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Figure 6. Functional enrichment analysis of homologous up-regulated genes. (A) The venn diagram showing the DEGs that are up-regulated in both
T2DMED rats and mice. (B) KEGG analysis of co-up-regulated DEGs. (C) GO enrichment analysis of co-up-regulated DEGs. DEGs: differentially
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function; CC: cellular component.

and their dysfunction can lead to abnormalities in the electron
transport chain, which subsequently increases ROS produc-
tion, consistent with what we observed in T2DMED samples
(Figure SF and G). These findings aligned with our bioinfor-
matics analysis, reinforcing that mitochondrial dysfunction
may contribute to the progression of T2DMED.

Functional enrichment analysis of homologous
up-regulated DEGs

Similarly, we identified 239 co-regulated DEGs among the
1739 up-regulated DEGs in rats and 2401 up-regulated DEGs
in mice (Figure 6A). KEGG enrichment analysis of these 239

DEGs revealed that they were primarily enriched in pathways
related to the extracellular matrix (ECM), focal adhesion, and
proteoglycans (Figure 6B). GO enrichment analysis further
indicated that these up-regulated genes involved in BP were
associated with the composition of the ECM and Wnr sig-
naling pathway. Their CC was predominantly associated with
ECM components and membrane structures, with MF related
to the recognition, binding of ECM and collagen components
(Figure 6C).

In the classical Wnt signaling pathway, B-catenin is a key
molecule, and changes in its expression levels can reflect
the activity of the Waut pathway.?” The results indicated
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Figure 7. The increased expression of g-catenin both in T2DMED rats and mice. (A) Immunohistochemical staining of g-catenin in the corpus
cavernosum of the mice. (300x) (B) Immunofluorescence staining of B-catenin in the corpus cavernosum of the rats. mus: mouse; T2DMED: type 2

diabetes-induced erectile dysfunction. (400x).

that B-catenin expression was significantly elevated in the
T2DMED group compared to the normal control group
(Figure 7A and B), prompting further investigation into the
role of classical Wnt signaling pathway in T2DMED.

Analysis and validation of ECM-related DEGs

Based on the results of KEGG and GO enrichment analyses,
we hypothesized that the composition of the ECM changes
during the progression of T2DMED. To further investigate
these changes, we obtained 1105 ECM-related genes from the
study by Amelia et al.2® Intersection analysis of these genes
with DEGs identified in rats and mice revealed 120 ECM-
associated DEGs (Figure 8A), of which 67 were same-trend
DEGs (Figure 8B, Supplementary Table S3). Among these ST-
DEGs, the majority (53/67) were up-regulated.

We imported these 67 ST-DEGs into the STRING database
to construct a PPI network, consisting of 53 nodes and
554 edges. The top 10 hub genes, based on NCC, included
Collal, Colla2, Col6al, Col5al, Fbnl, Postn, Col6a2,
Col6a3, Thbs2, and Fnl (Figure 8C). All of these hub genes
were associated with ECM collagen composition, indicating
potential alterations in collagen composition within the
corpus cavernosum of T2DMED models.

To test this hypothesis, we employed Masson staining,
HE staining, and immunohistochemistry to examine the
ECM components of the corpus cavernosum in T2DMED
rats and mice. The immunohistochemistry results showed

upregulation of collagen 1 expression in both T2DMED rats
and mice (Figure 8D and E). Additionally, Masson staining
and HE staining revealed significant collagen accumulation
in the corpus cavernosum of T2DMED groups (Figures 8F-1,
Supplementary Figure 1C and D).

Discussion

Cross-species transcriptome not only enhance our under-
standing of biological system evolution and gene function
inference but also help uncover the underlying events of poten-
tial diseases.?’ In this study, we performed cross-species tran-
scriptomic comparisons between rats and mice to investigate
the fundamental processes involved in T2DMED develop-
ment. Our results revealed several common molecular features
in T2DMED corpus cavernosum across species, highlighting
these processes such as down-regulated smooth muscle and
mitochondrial functions, up-regulated Wnt pathways and
ECM composition.

Penile erection is a neurovascular process regulated by
psychological and hormonal factors. Sexual stimulation
triggers nitric oxide production via neuronal nitric oxide
synthase, and activates parasympathetic non-adrenergic, non-
cholinergic cavernous nerves, leading to the increased cyclic
guanosine monophosphate in cavernous smooth muscle
cells. This cascade of signals reduces intracellular calcium
ion uptake, promoting relaxation of cavernous smooth
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Figure 8. Identification and validation of ECM-related DEGs. (A) The venn diagram showing the DEGs among rats, mice and ECM genes. (B) The
heatmap showing the hierarchical clustering of common ECM-related DEGs in rats and mice. (C) Interaction network analysis of common ECM-related
DEGs. (D, E) Immunohistochemical staining of collagen 1 in the corpus cavernosum of the mice and rats. (D-300x, E-200x) (F-I) The masson and HE
staining in the corpus cavernosum of the mice and rats. DEGs: differentially expressed genes; mus: mouse; T2DMED: type 2 diabetes-induced erectile

dysfunction; ECM: extracellular matrix. (F300x, G-200x, H-200x, 1-200x).

muscle cells, dilation of the cavernous sinus, and blood
influx.’® Consequently, the contraction and relaxation of
cavernous smooth muscle regulate sinus dilation and penile
erection. In previous studies, our team demonstrated that
both cisplatin-related and cavernous nerve injury-induced ED
rat models exhibited decreased smooth muscle content.>!-32
Transcriptome sequencing of cavernous tissue from T2DM

models of various species revealed significant downregulation
of smooth muscle-related genes and pathways, indicating
that reduced smooth muscle content and function contribute
to T2DMED pathogenesis. Prior studies have shown that
maintaining normal smooth muscle structure and function
can si3gnificantly improve erectile function in diabetic rats and
mice.”>
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Mitochondria are crucial for maintaining cellular home-
ostasis. They serve as the energy center of all eukaryotic cells
by synthesizing adenosine triphosphate via oxidative phos-
phorylation, while also playing a pivotal role in calcium ion
storage, cellular differentiation regulation, and biomolecule
synthesis.>> Mitochondria are semi-autonomous, possessing
their own DNA and systems for replication, transcription,
and translation. However, mitochondrial DNA is more vul-
nerable to oxidative damage than nuclear DNA, largely due
to its role in generating ROS through the electron trans-
port chain.’® Mitochondrial dysfunction is closely linked to
numerous human diseases, including neurological disorders,
cardiovascular diseases, renal dysfunction, and diabetes and
its complications.>”

In previous studies, we have demonstrated that a mechan-
otherapeutic apparatus can activate mitochondrial autophagy,
maintain mitochondrial numbers and function, and reduce
ROS production, enhancing cellular tolerance to glycosyla-
tion end products.® In this study, we identified a general
downregulation of mitochondria-related genes in the corpus
cavernosum of T2DMED models, suggesting that T2DMED
is also a mitochondria-associated disorder. Understanding the
regulatory mechanisms of mitochondrial homeostasis may
provide deeper insights into T2DMED pathogenesis.

The evolutionarily conserved Wnt signaling pathway plays
a central role in development and tissue homeostasis across
species. Wnt proteins are secreted lipid-modified molecules
that activate B-catenin-dependent signaling, promoting cell
proliferation, differentiation, and maturation.?” Previous
studies have shown increased expression of Wunt-related
genes in corpus cavernosum of streptozotocin-induced type 1
diabetic mice, including Wnt3, Wnt3a, Wni4, Wnt8a, Wni8b,
and Wnt10b, compared to controls. Moreover, Wnt antago-
nists have been shown to enhance penile angiogenesis, nerve
regeneration, and improve erectile function in diabetic mice.?’
Similarly, in our study, we observed abnormal activation of the
Wnt signaling pathway in the cavernous tissues of T2DMED
rats and mice, indicating that further elucidation of key Wnt
molecules may develop new therapeutic avenues for DMED.

The ECM is a complex accumulation of structural and
functional molecules secreted by cells and is a major com-
ponent of the extracellular environment.*’ The shape and
function of fibroblasts in corpus cavernosum are influenced
by ECM stiffness. Fibroblasts in soft environments are round,
but as ECM stiffness increases, they elongate and form spindle
shapes, while neutral lipids and cholesterol levels decrease.*!
Cavernous fibrosis is a key factor in refractory ED, and
collagen aggregation and increased ECM content have been
observed in the cavernous tissues of patients with vasogenic
ED and diabetic rats.*>>*3 Our study identified ECM com-
position alterations as a pathological feature of T2DMED
cavernous tissues. Recent advances in understanding how cells
sense and regulate ECM mechanical properties highlight the
role of components such as elastin, collagen, integrins, and
vinculin.** Cells maintain tissue integrity and function by
sensing and regulating ECM properties, and loss of this reg-
ulation may lead to pathological changes. Understanding the
molecular mechanisms that control ECM interactions may be
essential for developing therapeutic strategies for T2DMED.

This study has several limitations. First, despite the high
degree of homology between rats and mice, there are still
differences in gene expression patterns, behavior, and cogni-
tion. Second, we explored common molecular changes in the

1

corpus cavernosum of T2DMED rats and mice, but further
validation is required to determine whether these processes
are conserved in human T2DMED tissues. Third, by focusing
only on changes shared between the species, we may have
overlooked important molecular features specific to either
T2DMED rats or mice. Finally, although we have listed several
common changes between the DMED rats and mice, there are
still many important genes or pathways that need to be further
explored and validated.

Conclusions

The lack of effective clinical treatments has driven inten-
sive research into innovative therapies for T2DMED. Cross-
species transcriptomic comparisons may offer a novel strategy
for uncovering the underlying mechanisms and identifying
therapeutic targets for T2DMED.
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