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Abstract

Background: Diabetic erectile dysfunction (DMED) involves endothelial injury, smooth
muscle dysfunction, cavernosal fibrosis, and disordered extracellular matrix (ECM)
remodeling. Mesenchymal stem cells have therapeutic potential but show limited local
persistence. Platelet-rich plasma (PRP) contains multiple growth factors, enabling it to provide

an optimal microenvironment for mesenchymal stem cells. We investigated whether platelet-



rich plasma (PRP) supports human umbilical cord-derived mesenchymal stem cells (hUC-
MSCs), whether concurrent delivery is superior to monotherapy or sequential delivery, and

whether benefit is associated with antifibrotic ECM remodeling.

Methods: DMED was induced in male rats with a high-fat diet and streptozotocin. Animals
received saline, PRP, hUC-MSCs, sequential hUC-MSCs followed by PRP, or concurrent
hUC-MSCs+PRP. Cell viability and colony formation, near-infrared imaging, intracavernous
pressure, histology, hydroxyproline, quantitative proteomics, immunofluorescence, and
Western blotting were evaluated. Multigroup endpoint data were analyzed using one-way
analysis of variance, with one-sample t tests where appropriate; longitudinal body-weight,

glucose, and fluorescence curves were analyzed descriptively.

Results: PRP exerted concentration-dependent effects: 10% PRP enhanced hUC-MSC
viability and colony formation, whereas 20% PRP was inhibitory. PRP prolonged the local
hUC-MSC-associated fluorescence signal. Concurrent hUC-MSCs+PRP improved erectile
function more than either monotherapy or sequential treatment and reduced collagen deposition
and hydroxyproline. It also restored matrix metalloproteinase 9/Collagen I turnover, increased
endothelial nitric oxide synthase and Calponin-1, and improved alpha-smooth muscle actin (a-
SMA) abundance on Western blotting and its spatial continuity on immunofluorescence.
Proteomics implicated ECM-receptor interaction and the integrin a7-f1 complex. Integrin a7
was higher after concurrent treatment than after hUC-MSCs alone or sequential treatment (both
P <0.01). Total Smad2/3 remained stable, whereas treatment reduced the elevated

phosphorylated Smad2/3-to-total Smad2/3 ratio and transforming growth factor-p1 expression.

Conclusions: Concurrent PRP and hUC-MSC delivery produced greater benefit than
monotherapy or temporally separated treatment. The findings associate improved local MSC
activity may be associated with integrin a7-related cell-ECM communication, attenuation of

transforming growth factor-f1/Smad profibrotic signaling, normalized matrix turnover, and



improved endothelial and smooth muscle homeostasis. This regimen may offer a rational cell-

support strategy for DMED.
Keywords: Diabetic erectile dysfunction; Cavernosal fibrosis; Platelet-rich plasma; Human

umbilical cord-derived mesenchymal stem cells; Extracellular matrix remodeling;

1 Introduction

Diabetic erectile dysfunction (DMED) is a common and difficult-to-treat organic
complication of diabetes mellitus [1]. Longer diabetes duration, poor metabolic control, and
concomitant vascular risk factors further increase the risk of erectile dysfunction (ED) [2].
Persistent hyperglycemia, oxidative stress, and chronic inflammation continuously damage the
corpus cavernosum and activate profibrotic responses [1]. Excessive collagen deposition and
an imbalance between extracellular matrix (ECM) synthesis and degradation can reduce
cavernosal compliance, alter the smooth muscle-to-collagen composition and cell-matrix
mechanical coupling, and impair sinusoidal expansion and veno-occlusion, thereby aggravating
ED [3]. Studies in diabetic animals have shown that activation of transforming growth factor
beta 1 (TGF-B1)/Smad signaling is accompanied by fibromuscular remodeling of the corpus
cavernosum, increased collagen and hydroxyproline levels, and impaired erectile function [3].
Abnormal expression of TGF-B1-related fibrotic proteins has also been observed in penile
tissue from patients with ED [4]. Cavernosal fibrosis and ECM dysregulation are therefore not
merely end-stage histological findings but important pathological processes that translate
metabolic injury into hemodynamic dysfunction [5]. Conventional pharmacotherapy primarily
improves the short-term hemodynamic response but rarely reverses progressive structural
damage; consequently, restoring endothelial, smooth muscle, and ECM homeostasis

simultaneously remains a major challenge in the treatment of DMED [6].

Normal penile erection depends on a dynamic balance among the endothelium, smooth

muscle, and ECM. Mesenchymal stem cells (MSCs) can promote tissue repair through



paracrine, proangiogenic, anti-inflammatory, and antifibrotic effects [7]. Human umbilical
cord-derived mesenchymal stem cells (hUC-MSCs) offer additional advantages, including
robust proliferative capacity, low immunogenicity, and a relatively stable source [8]. However,
the hyperglycemic, hypoxic, proinflammatory, and profibrotic environment of the diabetic
corpus cavernosum accelerates the injury and clearance of transplanted cells [9].
Pharmacokinetic and cell-tracking studies also indicate that long-term persistence of
transplanted MSCs in target tissues is generally limited and that detection is influenced by the
route of administration, local microenvironment, and tracking method [10] . Stable functional
recovery after MSC therapy may therefore require not only preservation of early cell-
associated activity after transplantation but also correction of the adverse microenvironment
characterized by collagen accumulation, impaired matrix turnover, and disrupted cell-ECM

communication.

Platelet-rich plasma (PRP) is prepared from autologous blood by centrifugation and
contains numerous growth factors, anti-inflammatory mediators, and matrix-regulatory factors
that may provide a transient supportive microenvironment for transplanted MSCs [11].
Randomized controlled trials have suggested that PRP has therapeutic potential for ED,
although the evidence of efficacy remains inconsistent[12] . Moreover, growth factor
concentrations and PRP composition vary substantially among individuals and preparation
methods [13]. PRP and MSCs are considered to have complementary effects in regenerative
medicine [14], and in vitro studies have shown that PRP can promote UC-MSC proliferation in
a concentration-dependent manner [15]. On this basis, the present study addressed three
interrelated questions. First, can PRP at an appropriate concentration improve the biological
status of hUC-MSCs and prolong their local retention-related effects in the corpus cavernosum,
thereby producing a combined benefit over monotherapy? Second, does the supportive effect
of PRP depend on an early temporal window that overlaps with MSC transplantation, such that

concurrent administration is superior to temporally separated MSCs—PRP treatment? Third, is



the functional advantage of concurrent treatment accompanied by substantive reversal of
cavernosal fibrosis and ECM dysregulation, and how are ITGa7-related cell-ECM
communication, MMP9/Collagen I turnover, and TGF-B1/Smad profibrotic signaling

molecularly associated with this process?

The ECM is not a passive scaffold. Integrin-mediated bidirectional cell-ECM signaling
regulates cell adhesion, survival, cytoskeletal organization, mechanical adaptation, and tissue
homeostasis [16]. Integrin a7 (ITGa7) is a muscle-associated integrin subunit that connects
smooth muscle cells to the matrix and contributes to vascular smooth muscle homeostasis [17].
In non-penile vascular smooth muscle models, ITGa7 has also been reported to influence TGF-
B1 maturation and related signaling; however, this cross-tissue evidence cannot substitute for
causal validation in the present study [18]. Meanwhile, Collagen I and MMP9 reflect matrix
deposition and degradative turnover [19], whereas TGF-B1/Smad signaling participates in
fibroblast activation and profibrotic responses [20]. Integrating these processes within a
common framework may help determine whether concurrent treatment restores endothelial and

smooth muscle homeostasis by improving cell-matrix communication and ECM turnover.

Against this background, current therapeutic options for DMED remain limited and often
provide suboptimal efficacy. Although MSCs and PRP have emerged as promising
regenerative therapies for DMED, each has distinct advantages and limitations. It remains
unclear whether PRP can enhance the biological activity and local retention of MSCs, whether
their concurrent administration is superior to monotherapy or sequential treatment, and through
which mechanisms this strategy alleviates cavernosal fibrosis and ECM dysregulation.
Therefore, this study aimed to evaluate the supportive effects of PRP on hUC-MSCs,
determine the therapeutic advantages of concurrent combination therapy over monotherapy and
sequential treatment, and explore the molecular basis underlying its effects on cavernosal
fibrosis and ECM dysregulation, thereby providing experimental evidence for regimen

optimization and clinical translation of PRP combined with hUC-MSCs for DMED.



2 Materials and methods

2.1 Experimental animals and establishment of the DMED model

A total of 55 six-week-old male Sprague—Dawley rats were obtained from the Laboratory
Animal Center of Xuzhou Medical University (Xuzhou, China) and maintained under specific
pathogen-free conditions. After a 7-day acclimatization period, five rats continued to receive
standard chow as controls, whereas 50 rats received a 60% high-fat diet for 8 weeks for
diabetes induction. Based on a previously described model of type 2 diabetes-associated ED
[21], high-fat-fed rats were fasted for 12 h and injected intraperitoneally with streptozotocin
(STZ; 35 mg/kg). STZ was freshly prepared in 0.1 mol/L citrate buffer (pH 4.5), protected
from light, and kept on ice. Rats with a blood glucose concentration >16.7 mmol/L on day 7
were considered diabetic. Apomorphine (APO) screening was performed 2 weeks later. APO
was freshly dissolved in saline containing 0.5% vitamin C, protected from light, and
administered subcutaneously at 100 pg/kg. Isoflurane anesthesia was used only briefly for
APO injection; after full recovery and a 10-min resting period, erectile responses were
observed for 60 min. Rats showing no erection were considered to have DMED. No additional

inclusion or exclusion criteria were applied.

Of the 50 rats subjected to diabetes induction, six died within 7 days after STZ injection.
All 44 surviving rats met the blood glucose criterion for diabetes; 27 met the DMED criterion
after APO screening, whereas the remaining 17 were considered unsuccessful models and
excluded. Of the 27 eligible DMED rats, 25 were selected using a random-number table and
allocated equally, using the same method, to the DMED, PRP, MSCs, MSCs—PRP, and
MSCs+PRP groups (n =5 per group). The remaining two eligible rats were not included.
Together with the five control rats, the final groups were Control, DMED, PRP, MSCs,
MSCs—PRP, and MSCs+PRP (n = 5 per group). No formal a priori sample-size calculation

was performed; group size was determined by the number of animals that successfully met the



DMED criteria. After group allocation, no animals died and no animals, samples, or data points

were excluded.

Randomization was performed without stratification or blocking by body weight or blood
glucose. Treatment administration, ICP/MAP assessment, and tissue collection were conducted
in randomized order. Personnel performing treatment administration, outcome assessment,
image and Western blot quantification, proteomic analysis, and statistical analysis were blinded
to group allocation; animals and samples were labeled with random identification codes. All
animal procedures were approved by the Experimental Animal Ethics Committee of Xuzhou
Medical University (approval no. 202503T028). This study was reported in accordance with
ARRIVE 2.0. Further details on housing, husbandry, control of potential confounders,
anesthesia, welfare monitoring, and humane endpoints are provided in Supplementary Material

S2.
2.2 PRP preparation

Autologous whole blood (1 mL) was collected from each rat and mixed with 0.15 mL acid
citrate dextrose solution A (ACD-A). The samples were first centrifuged at 400 x g for 10 min;
the plasma and buffy coat layers were transferred and then centrifuged at 1500 x g for 15 min.
Excess supernatant was discarded, and approximately 200 uL. of supernatant was retained to
resuspend the platelet pellet, yielding approximately 200 uL of PRP. PRP was activated with

chitosan at a final concentration of 175 pg/mL and stored at —20 °C for 15 days before use.
2.3 Culture and characterization of hUC-MSCs

The hUC-MSCs were kindly provided by Vcanbio Cell & Gene Engineering Co., Ltd. (Tianjin,
China), and cells from passages 3 to 7 were used. Cells were cultured in low-glucose
Dulbecco's modified Eagle medium supplemented with 10% fetal bovine serum and 1%
penicillin/streptomycin at 37 °C in 5% CO.. The MSC phenotype was assessed according to

the minimal criteria proposed by the International Society for Cellular Therapy [22]. For flow



cytometry, cells were resuspended in phosphate-buffered saline containing 0.5% bovine serum
albumin. The corresponding antibody (2.5 uL) was added to each tube, and the cells were
incubated on ice for 30 min in the dark before analysis using a BD Biosciences flow cytometer.
Data were analyzed using FlowJo. The antibodies included CD90, CD45, CD73, CD105,
CD34, and HLA-DR.Complete antibody information, including suppliers, catalog numbers,

and working amounts, is provided in Supplementary Table S1.
2.4 MTT and colony-formation assays

PRP used for the in vitro experiments was prepared using the same procedure as PRP used
for animal injection. After activation and storage at —20 °C for 15 days, it was filtered through
a 0.22-um membrane. PRP concentrations of 5%, 10%, and 20% were selected based on
previous studies of concentration-dependent MSC responses to PRP [15]. hUC-MSCs were
cultured in media containing 10% fetal bovine serum, 0.1% bovine serum albumin, or the
indicated PRP concentrations. Cell viability was assessed using the MTT assay after 48 h of
PRP exposure, and absorbance was measured at 562 nm. For the colony-formation assay, cells
were cultured for 12 days, fixed with paraformaldehyde, stained with 1 mg/mL crystal violet,

and counted.
2.5 Grouping and treatment

The PRP group received 200 uL. PRP per intracavernous injection. The MSCs group
received 1 x 10 hUC-MSCs suspended in 200 pL saline per injection, whereas the MSCs+PRP
group concurrently received 1 x 106 hUC-MSCs and 200 uLL PRP. The Control and DMED
groups received 200 pL saline. These regimens were administered once every 2 weeks for a
total of four injections. The sequential MSCs—PRP group first received four MSC injections,
followed 1 month later by four PRP injections. For each injection, anesthesia was maintained
via a face mask with 2% isoflurane (RWD Life Science Co., Ltd., Shenzhen, China) in oxygen

at 400 mL/min, and rats were placed in the supine position. The base of the penis was



temporarily ligated, 200 pL of the corresponding preparation was injected using a 1-mL
syringe, and the needle was retained in place for 5 min to facilitate local distribution. Endpoint

assessments were performed 2 weeks after the final treatment.
2.6 In vivo imaging

A 5-mM DiR stock solution (MedChemExpress) was prepared in dimethyl sulfoxide, and
the working solution was prepared at a 1:1000 dilution. hUC-MSCs were labeled according to
established live-cell tracking methods using a lipophilic near-infrared dye. Labeled cells were
injected into the corpus cavernosum either alone or concurrently with PRP, with a cell-free
control included. Serial imaging was performed every 2 days after injection using an IVIS
Lumina S5 in vivo imaging system (CLS148588; excitation/emission = 748/780 nm). The
fluorescence-positive area in the penile region was normalized to the first measurement and
expressed as the relative fluorescence area (%). Ex vivo imaging of the penis was also

performed at the endpoint.
2.7 Assessment of erectile function

Erectile function was assessed 14 days after the final treatment under anesthesia
maintained via a face mask with 2% isoflurane in oxygen at 400 mL/min, following
established methods for cavernous nerve stimulation and ICP recording in rodents [23]. After
exposure of the cavernous nerve, stimulation was applied at 5 V and 15 Hz for 1 min. A
pressure needle was inserted into the corpus cavernosum to record ICP, and mean arterial
pressure (MAP) was measured by cannulation of the left carotid artery. Three ICP responses
were recorded for each animal and averaged. Erectile function was evaluated using ICP and
ICP/MAP. Immediately after assessment, rats were placed in an induction chamber and
euthanized by continuous exposure to 5% isoflurane until death, after which tissues were

collected.

2.8 Histological and immunofluorescence analyses



All paraffin-embedded penile tissue sections were cut at a thickness of 3 um. Hematoxylin
and eosin (H&E) staining and Masson's trichrome staining were used to evaluate cavernosal
sinusoidal architecture and collagen/muscle-related tissue composition, respectively.
Quantitative analyses were performed at matched anatomical locations using ImageJ [24], with
n = 3 per group. Immunofluorescence was performed using a tyramide signal amplification
(TSA) double-labeling protocol. After deparaffinization and rehydration, sections underwent
antigen retrieval in citrate buffer (pH 6.0). Endogenous enzyme activity was blocked with 3%
H:0: for 20 min at room temperature, followed by blocking with 10% goat serum for 30 min at
37 °C. Primary antibodies against eNOS and a-SMA were incubated overnight at 4 °C,
followed by horseradish peroxidase (HRP)-conjugated secondary antibodies and TSA
detection. Complete primary-antibody information, including suppliers, catalog numbers, and
working dilutions, is provided in Supplementary Table S1. eNOS was visualized with TYR-
555 and a-SMA with TYR-488, followed by DAPI counterstaining. Fluorescence images were

acquired using identical parameters and quantified with ImageJ [24], with n = 3 per group.
2.9 Hydroxyproline assay

Hydroxyproline is a characteristic amino acid highly enriched in collagen, accounting for
approximately 13%—14% of collagen dry weight while being present at very low levels in most
non-collagenous proteins. Tissue hydroxyproline content is therefore commonly used as an
indirect estimate of total collagen burden rather than as a measure of the entire ECM, which
also includes proteoglycans and glycoproteins [25]. Mid-cavernosal tissue stored at —80 °C was
analyzed using a hydroxyproline assay kit (Nanjing Jiancheng, A030-2-1) according to the
manufacturer's instructions, with n = 5 per group. Absorbance was measured at 550 nm using a

Synergy?2 microplate reader (BioTek, USA), and the results were expressed as pg/mg tissue.

2.10 Proteomic analysis



DIA quantitative proteomic analysis was performed on cavernosal tissues from the
Control, DMED, PRP, MSCs, and MSCs+PRP groups, with four biological replicates per
group and 20 samples in total. DIA acquisition and quantification followed established
methodological principles [26]. Protein identification and annotation were based on the
UniProt database (version 2025.02) , and downstream analyses were performed on the
Majorbio Cloud platform. Between-group differences were assessed using Student's t test, and
differentially expressed proteins were identified using a fold-change threshold of > 1.2 or <
0.83 together with P < 0.05. Principal component analysis was used to evaluate global
expression patterns. Treatment-rescued proteins were defined as the union of proteins that were
upregulated in DMED versus Control and downregulated in Treatment versus DMED, and
proteins that were downregulated in DMED versus Control and upregulated in Treatment
versus DMED. Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGQG)
enrichment analyses were annotated using the corresponding resources . Fisher's exact test was
applied, and multiple comparisons were corrected using the Benjamini—Hochberg method; an

adjusted P value < 0.05 was considered significantly enriched.
2.11 Western blot analysis

Total protein was extracted from the corpora cavernosa of Sprague—Dawley rats using
RIPA lysis buffer (Yamei, PC101) supplemented with enzyme inhibitor (Yamei, GRF101S),
and protein concentrations were determined using a BCA protein assay kit (Yamei, ZJ102).
Protein samples (30—40 ug per lane) were separated by SDS—-PAGE using 10% precast gels
(Yamei, PG112) and electrophoresis buffer (Yamei, PS105S), followed by wet transfer to 0.45-
um PVDF membranes (Immobilon-P, IPVH00010). Lablead T3012 transfer buffer was used,
and transfer was performed at 300 mA for 45 min. Electrophoresis and transfer were conducted
using a PowerPac Basic system (Bio-Rad). Membranes were blocked with rapid protein-free
blocking buffer (Yamei, PS108P) for 30 min at room temperature, incubated with primary

antibodies for 16 h at 4 °C, and then incubated with secondary antibody for 1 h at room



temperature. Membranes were washed three times for 10 min each with 1x TBST prepared
from 10x TBST (Yamei, PS103S). Primary antibodies against Calponin-1, Collagen I, MMP9,
p-Smad2/3, a-SMA, total Smad2/3, TGF-B1, ITGa7, and GAPDH were used, together with a
goat anti-rabbit secondary antibody. Complete antibody information, including suppliers,
catalog numbers, and working dilutions, is provided in Supplementary Table S1. Bands were
developed using ECL chemiluminescence reagent (Affinity, KF8003) and captured with a
Tanon 4600 chemiluminescence imaging system. Band intensities were analyzed using ImagelJ.
Target proteins were normalized to GAPDH, and p-Smad2/3 was further normalized to total

Smad?2/3. Each group included three biological replicates.
2.12 Statistical analysis

All statistical analyses were performed using GraphPad Prism 10.6. ICP and ICP/MAP
were prespecified as the primary outcomes. Histological staining, immunofluorescence,
hydroxyproline content, and Western blotting were secondary outcomes, whereas proteomic
analysis and DiR imaging were exploratory outcomes. Continuous variables were summarized
descriptively, and their distributions were assessed using normality and lognormality tests.
Multigroup data that met the assumptions of parametric testing were analyzed using ordinary
one-way analysis of variance. Where appropriate, one-sample t tests were used to compare
values with a prespecified reference value. Longitudinal changes in body weight, blood
glucose, and DiR relative fluorescence area were used only to describe temporal trends and
were not subjected to inferential statistical testing. Data are presented as the mean + standard

deviation, and P < 0.05 was considered statistically significant.

3 Results

3.1 PRP was successfully prepared, hUC-MSC identity was confirmed, and diabetes

persisted in the rats



PRP was prepared using a two-step centrifugation protocol and activated with chitosan
before use in subsequent experiments (Fig. 1A). Cultured hUC-MSCs exhibited the typical
adherent, spindle-shaped, fibroblast-like morphology (Fig. 1B). Flow cytometry showed high
expression of CD73, CD90, and CD105 (approximately 99.8%—-100%) and minimal expression
of CD34, CD45, and HLA-DR (approximately 0.01%—0.04%), consistent with an MSC
phenotype (Fig. 1C).

Longitudinal descriptive data showed that body weight increased during the high-fat diet
phase and gradually decreased in diabetic animals after STZ injection. Blood glucose rapidly
increased and remained high in all diabetic groups (Fig. 1D—F). Local treatment with PRP,
MSCs, or the sequential or concurrent combination did not appreciably correct systemic
hyperglycemia, suggesting that the subsequent improvement in erectile function predominantly

reflected local tissue effects rather than restoration of systemic glucose metabolism.
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Fig. 1 PRP preparation, hUC-MSC characterization, and the diabetic phenotype

(A) Preparation of autologous rat PRP and intracavernous injection. Whole blood (1 mL)
was mixed with 0.15 mL ACD-A. After centrifugation at 400 x g for 10 min, the plasma and
buffy coat layers were transferred and centrifuged at 1500 x g for 15 min. Excess supernatant
was discarded, and the pellet was resuspended to obtain approximately 200 uL. PRP. PRP was
activated with 175 pg/mL chitosan and stored at —20 °C for 15 days before use. (B)
Representative morphology of hUC-MSCs. (C) Flow cytometric characterization of CD34,
CD45, HLA-DR, CD73, CD90, and CD105 expression. (D) Changes in body weight during the

high-fat diet phase. (E) Changes in body weight after STZ induction. (F) Changes in blood



glucose after STZ induction. Longitudinal body-weight and blood-glucose curves are presented
descriptively and were not subjected to inferential statistical analysis. The illustration in panel

A was created using Adobe Illustrator (Adobe Inc., San Jose, CA, USA).

3.2 PRP supports hUC-MSCs within an optimal concentration window, and concurrent

treatment produces the greatest functional recovery

The mean absorbance values in the 10% FBS, 0.1% BSA, 5% PRP, 10% PRP, and 20%
PRP groups were 1.698, 0.580, 1.117, 1.328, and 0.554, respectively (n = 6). Compared with
the nutrient-restricted 0.1% BSA condition, both 5% and 10% PRP increased hUC-MSC
viability, with the highest viability among the PRP-treated groups observed at 10% PRP. By
contrast, viability in the 20% PRP group decreased to a level close to that in the 0.1% BSA
group. The colony-formation assay showed a consistent nonlinear response: colony-forming
capacity was greatest with 10% PRP but markedly reduced with 20% PRP (Fig. 2A—C). These
findings indicate that PRP support of hUC-MSCs does not increase linearly with concentration

but instead occurs within an optimal concentration window.

Compared with the Control group, the DMED group showed marked reductions in ICP
and ICP/MAP. PRP, MSCs, and MSCs—PRP each improved the erectile response, whereas
the greatest recovery was observed in the concurrent MSCs+PRP group (Fig. 2D-F). Mean
ICP values in the Control, DMED, PRP, MSCs, MSCs—PRP, and MSCs+PRP groups were
96.31, 37.46, 72.87, 77.02, 84.49, and 90.03 mmHg, respectively; the corresponding ICP/MAP
values were 0.914, 0.362, 0.700, 0.722, 0.784, and 0.849. Concurrent treatment was superior to
PRP or MSC monotherapy and to the MSCs—PRP regimen, in which both interventions were
administered but separated in time. These findings suggest that coexistence of PRP and MSCs

within the same local temporal window may be important for the combined benefit.
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Fig. 2 PRP improves hUC-MSC status, and concurrent MSCs+PRP treatment most
effectively restores erectile function

(A) hUC-MSC viability under different culture conditions (n = 6). (B) Quantification of
colony numbers (n = 3). (C) Representative images of colony formation. (D) Representative
ICP waveforms for each group. (E) Quantification of ICP. (F) Quantification of ICP/MAP.

Erectile function was assessed with n = 5 animals per group. Quantitative data are presented as



the mean =+ standard deviation. ns, P > 0.05; *P < 0.05; **P < 0.01; ***P <(0.001; ****P <

0.0001.

3.3 PRP prolongs the local MSC-associated fluorescence signal and provides temporal-

window evidence for the benefit of concurrent treatment

In vivo imaging showed that the cell-free control remained near background throughout
the observation period. Both the MSCs and MSCs+PRP groups exhibited a strong local
fluorescence signal at early time points, followed by gradual decay (Fig. 3A). Fluorescence
remained detectable through day 12 in all animals in the MSCs group and through day 16 in all
animals in the MSCs+PRP group. The relative fluorescence area curves and ex vivo images
both showed a more persistent local MSC-associated signal in the combined-treatment group
(Fig. 3B, C). The time course was displayed descriptively and was not subjected to inferential
statistical testing. Although the DiR signal cannot be equated with the number of viable cells,
its direction was consistent with the superior functional outcome in the concurrent-treatment
group and supports the possibility that PRP prolongs the local window of MSC-associated
activity.

H&E staining showed reduced cavernosal sinusoidal spaces and disorganized tissue
architecture in the DMED group. Partial recovery was observed after PRP or MSC treatment,
with the most favorable trend in the MSCs+PRP group (Fig. 3D, E). However, some between-
treatment differences did not reach statistical significance; this finding therefore supports a
favorable structural trend but does not independently establish the absolute superiority of the

combined treatment.
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Fig. 3 PRP prolongs the local MSC-associated fluorescence signal and improves the trend

in cavernosal sinusoidal architecture

(A) Serial in vivo imaging after injection of DiR-labeled MSCs alone or together with PRP
(n=6). (B) Ex vivo fluorescence images of the penis. (C) Time course of the relative
fluorescence area; this curve was analyzed descriptively only. (D) Representative H&E-stained
sections from each group. (E) Quantification of the cavernosal sinusoidal space area (n = 3).

Data in E are presented as the mean =+ standard deviation. ns, P > 0.05; *P < 0.05.



3.4 Concurrent treatment reverses cavernosal fibrosis and dysregulated ECM turnover

and improves smooth muscle and endothelial status

To determine whether functional recovery was accompanied by reversal of cavernosal
fibrosis, we first evaluated collagen burden and tissue composition. Masson's trichrome
staining showed an increased collagen fiber area fraction and a reduced muscle fiber area
fraction in the DMED group. PRP and MSCs each produced partial improvement, whereas
MSCs+PRP most effectively corrected collagen accumulation and the abnormal muscle-to-
collagen composition (Fig. 4A, B). The hydroxyproline assay yielded consistent findings:
hydroxyproline content was markedly elevated in the DMED group, decreased to varying
degrees in all treatment groups, and was closest to the Control value in the concurrent
MSCs+PRP group (Fig. 4C). Mean hydroxyproline contents in the Control, DMED, PRP,
MSCs, MSCs—PRP, and MSCs+PRP groups were 1.819, 4.034, 3.477, 3.157, 2.975, and
2.112 png/mg tissue, respectively (n = 5). The concordant Masson's trichrome and
hydroxyproline findings indicate that concurrent treatment produced the most pronounced

improvement in cavernosal fibrosis.

Western blotting showed increased Collagen I and reduced MMP9 expression in the
DMED group. After treatment, these proteins changed in opposite directions toward the
Control pattern, with the largest changes observed in the concurrent MSCs+PRP group (Fig.
4D-F). Together with the reductions in collagen fiber area and hydroxyproline content, the
combination of reduced Collagen I and restored MMP9 supports the interpretation that
concurrent treatment attenuates pathological collagen accumulation and promotes
normalization of dysregulated ECM turnover rather than simply suppressing all matrix

components.

a-SMA immunofluorescence showed reduced signal intensity, sparse spatial distribution,
and disrupted continuity in the DMED group. Recovery trends were observed after PRP and

MSC treatment, with the greatest improvement in the concurrent MSCs+PRP group (Fig. 4G,



H). Relative a-SMA fluorescence intensity was significantly higher in the MSCs+PRP group
than in the DMED group (P < 0.05), but did not differ significantly from the Control, PRP, or
MSCs groups. Whole-tissue Western blotting showed a concordant directional pattern: the o-
SMA/GAPDH ratio was reduced in the DMED group and increased to varying degrees after
treatment. The a-SMA/GAPDH ratio in the MSCs+PRP group was significantly higher than
those in the DMED (P < 0.0001), PRP, MSCs, and MSCs—PRP groups (all P < 0.05), but was
comparable to that in the Control group (P > 0.05) (Fig. 41, J). Calponin-1 expression was
reduced in the DMED group and increased after treatment, with the greatest recovery in the
concurrent-treatment group (Fig. 41, K). Taken together, the concordant immunofluorescence
and Western blot findings indicate recovery of a-SMA abundance and spatial continuity, while

Calponin-1 further supports improvement in the contractile smooth muscle phenotype.

eNOS expression was markedly reduced in the DMED group, partially restored after MSC
treatment, and highest in the concurrent MSCs+PRP group. Expression in the concurrent-
treatment group was significantly higher than that in the DMED, PRP, and MSCs groups and
did not differ significantly from the Control group (Fig. 4L, M). These findings indicate that

concurrent treatment substantially improves cavernosal endothelial status.
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(A) Masson's trichrome staining of rat corpus cavernosum. (B) Area fractions of collagen
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5). (D) Representative Western blots of Collagen I, MMP9, and GAPDH. (E) Densitometric
quantification of Collagen I. (F) Densitometric quantification of MMP9. (G) a-SMA
immunofluorescence. (H) Relative a-SMA fluorescence intensity (n = 3). (I) Representative
Western blots of a-SMA, Calponin-1, and GAPDH. (J) Densitometric quantification of a-SMA.
(K) Densitometric quantification of Calponin-1. (L) eNOS immunofluorescence. (M) Relative
eNOS fluorescence intensity (n = 3). Western blotting included n = 3 biological replicates per
group. Quantitative data are presented as the mean + standard deviation. ns, P > 0.05; *P < 0.05;
**P <0.01; ***P <0.001; ****P <(.0001.Blots were cropped for presentation. Full-length

blots/gels are presented in Supplementary Figure S3.

3.5 Proteomics implicates ECM-receptor interaction and the integrin a7-1 complex as

candidate mechanisms

DIA proteomics was performed on 20 samples and identified 9,227 proteins and 102,460
peptides. Volcano plots revealed extensive expression changes between the DMED and
Control groups and distinct protein response patterns after PRP, MSCs, and MSCs+PRP

treatment (Fig. SA).

Venn analysis of treatment-rescued proteins identified 15 proteins shared by all three
treatments. The MSCs+PRP, MSCs, and PRP groups had 54, 74, and 39 treatment-specific
rescued proteins, respectively, together with varying pairwise overlaps (Fig. 5B). Principal
component analysis and heat-map analysis further showed differences in the global protein
expression profiles among groups (Fig. 5C, D). In the KEGG analysis, ECM—-receptor
interaction did not meet the significance threshold after Benjamini—Hochberg correction;
nevertheless, it was selected as a candidate pathway for subsequent validation based on its
ranking, the composition of the rescued proteins, and the structural pathology of DMED (Fig.

5E). GO enrichment analysis displayed relevant terms across biological process, cellular



component, and molecular function categories. Within the cellular component category, the
integrin a7—f1 complex was directionally consistent with the ECM—receptor axis (Fig. 5F),
although this term also failed to reach the adjusted significance threshold. ITGa7 was primarily
detected in treatment-rescued sets that included MSCs and was absent from the PRP-only
rescued set. Thus, the proteomic findings do not directly demonstrate pathway activation but

nominate [TGa7-related cell-ECM communication for subsequent validation.
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Fig. 5 Proteomics identifies treatment-rescued proteins and implicates ECM—

receptor/ITGa7-related remodeling

(A) Volcano plots of differentially expressed proteins for DMED versus Control,
MSCs+PRP versus DMED, PRP versus DMED, and MSCs versus DMED. (B) Venn diagram
of proteins rescued by PRP, MSCs, and MSCs+PRP treatment. (C) Principal component
analysis. (D) Hierarchical clustering heat map. (E) KEGG enrichment analysis, with ECM—
receptor interaction boxed. (F) GO enrichment analysis showing biological process (BP),
cellular component (CC), and molecular function (MF) categories, with the integrin a7—31
complex boxed. Color indicates the adjusted P value, and bubble size indicates the number of
proteins within each term. The boxed terms did not meet the adjusted significance threshold

and are presented only as candidate mechanistic clues.

3.6 Concurrent treatment coordinates ITGa7-related cel-ECM communication and

TGF-B1/Smad signaling to remodel the pathological ECM

ITGa7 expression was markedly reduced in DMED tissue, showed limited recovery after
PRP monotherapy, and recovered to varying degrees in treatment groups that included MSCs
(Fig. 6A, B). Notably, ITGa7 expression in the concurrent MSCs+PRP group was significantly
higher than that in both the MSCs and MSCs—PRP groups (both P < 0.01), indicating that
coexistence of PRP and MSCs within the same local temporal window was closely associated
with stronger ITGa7 recovery. This finding is directionally consistent with the proteomic
signals for ECM-receptor interaction and the integrin a7—B1 complex, but remains correlative
and does not establish ITGa7 as a direct causal target of PRP.

TGF-B1 and p-Smad2/3 expression was increased in the DMED group and decreased to

varying degrees after treatment, with the largest reduction in the concurrent-treatment group

(Fig. 6A, C, D). Total Smad2/3 remained broadly stable across groups (Fig. 6A, E), whereas



the p-Smad2/3/Smad2/3 ratio was elevated in the DMED group, decreased after treatment, and
was lowest in the concurrent-treatment group (Fig. 6F). The stability of total Smad2/3 indicates
that the change in this ratio predominantly reflects altered Smad2/3 phosphorylation rather than
fluctuations in total protein abundance. Together with the coordinated changes in Collagen I,
hydroxyproline, and Masson's trichrome staining shown in Fig. 4, these findings support

attenuation of TGF-B1/Smad-related profibrotic signaling by concurrent treatment.

Integrating the findings from Figs. 4-6, we propose the following interpretive sequence. In
DMED, increased collagen deposition, reduced MMP9, and aberrant activation of TGF-
1/Smad2/3 collectively promote defective ECM turnover and cavernosal fibrosis,
accompanied by reduced ITGa7 and impaired cell-matrix connections. By improving the early
persistence of local MSC-associated activity, concurrent MSCs+PRP treatment may
simultaneously enhance ITGa7-related adhesion/communication and attenuate TGF-B1/Smad
profibrotic signaling. These two lines of evidence converge on reduced Collagen I and
hydroxyproline, restoration of MMP9, and subsequent ECM remodeling, together with
improvements in Calponin-1, a-SMA expression and spatial continuity, eNOS, ICP, and
ICP/MAP. Figure 6G presents this integrated mechanistic model; crosstalk between ITGa7 and

TGF-B1/Smad remains a hypothesis requiring further validation.
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Fig. 6 Concurrent MSCs+PRP treatment coordinates ITGa7-related cell-ECM

communication and TGF-p1/Smad signaling and remodels the pathological ECM

(A) Representative Western blots of ITGa7, TGF-B1, p-Smad2/3, Smad2/3, and GAPDH.
(B) Densitometric quantification of ITGa7. (C) Densitometric quantification of TGF-B1. (D)
Densitometric quantification of p-Smad2/3. (E) Densitometric quantification of total Smad2/3.
(F) p-Smad2/3/Smad2/3 ratio. (G) Integrated mechanistic model based on the present findings.
DMED-associated ECM dysregulation is characterized by reduced ITGa7, increased TGF-
B1/p-Smad2/3, increased Collagen I and hydroxyproline, and reduced MMP9. By prolonging

local MSC-associated activity, concurrent MSCs+PRP treatment enhances ITGa7-mediated



cell-ECM adhesion/communication and attenuates TGF-f1/Smad profibrotic signaling,
thereby restoring ECM turnover, improving cavernosal homeostasis, and increasing ICP and
ICP/MAP. Solid lines denote associations supported by the present findings, whereas dashed
lines indicate potential crosstalk that requires causal validation. Western blotting included n =
3 biological replicates per group. Quantitative data are presented as the mean + standard
deviation. ns, P > 0.05; *P < 0.05; **P < 0.01; ***P < 0.001; ****P < (0.0001. Blots were
cropped for presentation. Full-length blots/gels are presented in Supplementary Figure S3. The

illustration in panel G was created using Adobe Illustrator (Adobe Inc., San Jose, CA, USA).

4 Discussion

The present study addressed the three questions posed in the Introduction through a
sequential evidence chain encompassing cellular support and persistence of local activity,
comparison of concurrent and sequential administration, and fibrosis/ECM remodeling and
their molecular associations. The principal findings were as follows: PRP at an appropriate
concentration improved hUC-MSC status and prolonged the local MSC-associated signal;
concurrent MSCs+PRP treatment improved ICP and ICP/MAP more effectively than
temporally separated MSCs—PRP treatment; and this advantage was accompanied by
attenuated cavernosal fibrosis, restoration of MMP9/Collagen I-related ECM turnover,
enhanced ITGa7-related cell-ECM connectivity, reduced TGF-B1/Smad profibrotic signaling,
and improved endothelial and smooth muscle status. These findings support an integrated
framework in which improved early local MSC-associated activity may coordinate cell-ECM
communication and profibrotic signaling, remodels the pathological ECM, and restores

cavernosal homeostasis and erectile function.

This study employed a stepwise experimental approach comprising in vitro dose screening,

colony formation validation, in vivo imaging, and functional comparisons to investigate the



effects of PRP on MSC status and retention. The diabetic corpus cavernosum is persistently
exposed to hyperglycemia, oxidative stress, and a proinflammatory and profibrotic milieu,
leading to rapid attenuation of cell-associated activity after transplantation [1, 9]. In the present
study, concurrent PRP administration prolonged the local DiR-associated signal, consistent
with the cell-viability and colony-formation findings and with the superior functional outcome
of concurrent treatment. Therefore, we propose that PRP may create a transient supportive
microenvironment, improve MSC status, and prolong the persistence of MSC-related signals or
paracrine activity within the target tissue. Studies in other tissue-repair settings have similarly
shown that PRP-derived exosomes enhance MSC activity and reparative effects, providing

indirect support for this interpretation [27].

At the dose level, the effect of PRP on hUC-MSCs was clearly nonlinear. Both 5% and
10% PRP increased cell viability at 48 h, with 10% PRP producing the best response among
the PRP-treated conditions, whereas 20% PRP conferred no further benefit and instead reduced
cell viability and colony formation. Previous studies have likewise demonstrated
concentration-dependent effects of PRP on MSCs, although the optimal concentration varies
with the PRP preparation method, cell source, and experimental conditions [15]. Meta-analyses
of randomized clinical studies have not reached fully consistent conclusions regarding the
magnitude and durability of benefit from PRP monotherapy for ED [28], potentially in part
because of heterogeneity in PRP composition and growth factor concentrations [13]. Thus, our
findings provide phenotypic evidence that PRP, within an appropriate concentration range,
supports hUC-MSCs and that concurrent combination therapy yields superior functional

outcomes.

In this study, we compared monotherapies, sequential MSCs—PRP therapy, and
concurrent MSCs+PRP combination therapy.The sequential group received both MSCs and
PRP but with temporal separation, whereas the concurrent group exposed MSCs and PRP to

the same local microenvironment during the early post-transplantation period. Studies of MSC



kinetics in vivo have shown that the distribution, clearance, and short-term persistence of
transplanted cells are strongly time-dependent [10]. The higher ICP and ICP/MAP, more
persistent DiR-associated signal, and stronger ITGa7 recovery in the concurrent group
collectively support the possibility that the principal supportive value of PRP occurs early after
MSC transplantation and amplifies local reparative effects by overlapping with the MSC
activity window. Recent findings in other tissue models, in which PRP promoted integrin B1-
related homing of UC-MSCs and a platelet-rich fibrin shield enhanced MSC survival, provide
indirect support for this early coexistence microenvironment [29]. Thus, the study
demonstrates an efficacy difference between the two prespecified administration regimens and

supports the temporal-overlap interpretation.

Previous studies of DMED have shown that hUC-MSCs improve erectile function and
modulate TGF-B-, a-SMA-, and collagen-related changes [30], whereas PRP has also shown
some protective effect on erectile function in STZ-induced diabetic rats [31]. Hydroxyproline
accounts for approximately 13%—14% of collagen dry weight and can serve as a surrogate for
total tissue collagen burden, but it does not represent all ECM components, such as
proteoglycans and glycoproteins [25]. In the present study, DMED increased Masson's
trichrome-positive collagen and hydroxyproline content, upregulated Collagen I, and reduced
MMP9, whereas concurrent treatment produced the strongest reversal across these endpoints.
Previous work has linked MMP-related degradative activity in the corpus cavernosum to
antifibrotic remodeling and erection-associated signaling [32]. These findings indicate that
DMED is not simply a state of “excess ECM” but instead involves the coexistence of
pathological collagen accumulation and impaired physiological matrix turnover; concurrent
treatment appears to restore ECM homeostasis. Because sinusoidal expansion and veno-
occlusion depend on tissue compliance and an appropriate smooth muscle-to-collagen

composition, these changes provide a structural explanation for recovery of ICP and ICP/MAP.



Moreover, proteomic analysis revealed that the three treatments shared a core set of
treatment-rescued proteins while also eliciting treatment-specific responses. Concurrent
treatment yielded 54 treatment-specific rescued proteins, indicating that its protein expression
pattern was not a complete overlap of the responses to the individual treatments. Changes in
ECM composition and mechanical properties can feed back to regulate cell behavior, providing
strong biological plausibility for ECM—receptor interaction [16, 19]. Although neither ECM—
receptor interaction nor the integrin a7—f31 complex reached the enrichment threshold after
multiple-testing correction, they converged on cell-ECM communication at the pathway and
cellular-component levels and were directionally consistent with subsequent ITGa7 validation.
These enrichment results therefore fulfilled their role in nominating a candidate network but

cannot independently demonstrate pathway activation.

The ITGa7 validation findings further strengthened this mechanistic chain. ITGa7
expression in the concurrent MSCs+PRP group was not only higher than that in the DMED and
PRP groups but also significantly elevated relative to the MSCs and MSCs—PRP groups (both
P <0.01). Thus, the restoration of ITGa7 cannot be explained solely by MSC treatment alone
and is tightly associated with simultaneous PRP and MSC activity within the same local
therapeutic window. As an integrin subunit anchoring smooth muscle cells to the ECM, ITGa7
maintains smooth muscle homeostasis and has been linked to the modulation of TGF-p1
signaling in other vascular models [17, 18]. In addition, recent evidence showing that PRP
boosts integrin f1-mediated homing of UC-MSCs implies PRP modulate integrin-dependent
cell-matrix crosstalk, though such cross-tissue evidence only provides indirect support [29].
ITGa7 may help restore smooth muscle—matrix adhesion and mechanical homeostasis, thereby
linking MSC-associated repair to ECM remodeling. Collectively, the convergence of
proteomic nomination, exclusive ITGa7 upregulation observed under the concurrent regimen,
and its established biological functions positions this integrin as a compelling mechanistic hub

connecting improved cell-ECM adhesion to downstream antifibrotic remodeling. While direct



causal perturbation assays targeting ITGa7 lie beyond the scope of this regimen-comparison
study, the coordinated upregulation of ITGa7, accompanied by suppressed TGF-B1/Smad
profibrotic signaling and normalized MMP9/Collagen I turnover, supports an integrated
working model: PRP-sustained MSC viability re-establishes physiological cell-ECM
communication, which further propagates tissue-reparative signaling cascades. Definitive
dissection of ITGa7-centered causal effects—including its potential crosstalk with TGF-f1

activation—remains a prioritized direction for follow-up mechanistic investigations.

Previous studies in diabetic animals have shown that TGF-B1/Smad activation is
accompanied by increased penile collagen, fibronectin, and hydroxyproline and by impaired
erectile function [3]. More recent interventions targeting Smad signaling or the TSP1-TGF-f
axis have similarly attenuated cavernosal fibrosis and improved erectile function in diabetic
rats [33]. In the present study, total Smad2/3 remained broadly stable across groups, whereas
the p-Smad2/3/Smad2/3 ratio was elevated in the DMED group and decreased after treatment,
in parallel with reductions in TGF-B1, Collagen I, and hydroxyproline and restoration of
MMP9. Concurrent treatment therefore appears more likely to attenuate TGF-f1/Smad-related
profibrotic signaling by suppressing aberrant Smad2/3 phosphorylation than by reducing total

Smad2/3 expression.

The endothelial and smooth muscle findings further link the molecular changes to
functional recovery. Previous studies of DMED have shown that disruption of the
Akt/Hsp90B/eNOS complex and NOX-related oxidative stress impair eNOS function, whereas
restoration of eNOS contributes to an improved erectile response [34, 35]. In the present study,
eNOS expression was reduced in DMED and substantially restored by concurrent treatment,
providing a physiological basis for the improvement in ICP. Calponin-1 was reduced in the
DMED group and showed the greatest recovery after concurrent treatment, supporting
improvement in the contractile smooth muscle phenotype. Senescence and phenotypic

alterations of cavernosal smooth muscle cells have also been implicated in aggravating fibrosis



and ED [36]. Importantly, a-SMA immunofluorescence and whole-tissue Western blotting
showed concordant directional changes. Immunofluorescence demonstrated reduced signal and
disrupted spatial continuity in DMED and improvement after concurrent treatment, whereas
Western blotting showed a lower a-SMA/GAPDH ratio in DMED and a treatment-associated
recovery. The concurrent group had a significantly higher ratio than the DMED, PRP, MSCs,
and MSCs—PRP groups, while remaining statistically comparable to the Control group.
Together with the pronounced increase in Calponin-1, these findings support improvement in
both smooth muscle structural continuity and the contractile phenotype. Single-cell studies
indicate that multiple cell types in the diabetic corpus cavernosum undergo heterogeneous
changes [37] therefore, a-SMA should still be interpreted alongside Calponin-1, Masson's
trichrome staining, eNOS, and functional measures rather than as an isolated measure of

smooth muscle recovery.

From a translational perspective, systematic reviews of stem cell therapy for DMED
generally support preclinical benefit [38], but the MSC secretome remains a candidate strategy
[39], and current human studies and trials combining MSCs with physical modalities have
largely been small or exploratory [40]. Taken together, this study established a relatively
comprehensive association-based mechanistic framework. In vitro, cell-tracking, and
functional evidence indicated that PRP at an appropriate concentration could support hUC-
MSC status and prolong local MSC-related signals. Functional and molecular findings further
demonstrated that concurrent combination therapy was superior to the predefined sequential
regimen. Finally, multiple indicators collectively confirmed corpus cavernosum fibrosis and
ECM dysregulation, whose amelioration was coherently associated with restored ITGa7
expression, attenuated TGF-B1/Smad signaling, and functional recovery.

This study also has several limitations. First, DiR is a lipophilic in vivo tracer, and its
fluorescence cannot reliably distinguish viable transplanted cells from residual dye or dye

transfer. Therefore, the findings of this study should be interpreted in light of MSC kinetics and



the inherent limitations of the tracking method [10]. Second, the treatment duration and
endpoint timing of the sequential group were not fully matched to those of the concurrent
combination group, and the sequential group was not included in the complete histological and
proteomic analyses. Finally, this study lacked ITGa7-targeted interventions and other
experiments required for causal validation. Nevertheless, the available evidence supports the
protocol-level advantage of concurrent combination therapy and an association-based

mechanistic model involving antifibrotic effects and ECM remodeling.

5 Conclusions

Concurrent intracavernous administration of PRP and hUC-MSCs improved erectile
function in rats with DMED more effectively than PRP, MSCs, or temporally separated
sequential MSCs—PRP treatment. This benefit may be associated with PRP-mediated
improvement of hUC-MSC status and prolongation of local MSC-associated activity, enhanced
ITGa7-related cell-ECM communication, attenuation of TGF-B1/Smad2/3 profibrotic
signaling, restoration of MMP9/Collagen I-related turnover, and reductions in collagen and
hydroxyproline burden. Together, these changes promoted remodeling of the pathological
ECM and were accompanied by recovery of smooth muscle and endothelial status and erectile
function. The present study provides relatively comprehensive phenotypic and regimen-
comparison evidence for PRP-mediated support and the advantage of concurrent administration
and establishes a multilevel associative mechanism involving fibrosis and ECM remodeling.
However, synergy in the strict sense, pure temporal causality, [ITGa7-TGF-B1/Smad crosstalk,
and the independent contribution of ECM remodeling to functional recovery require further
validation.Future studies should focus on elucidating the specific mechanisms by which PRP
supports hUC-MSCs and further validate the causal role of ITGa7 in regulating ECM
remodeling through targeted interventions. Meanwhile, studies with larger sample sizes are

needed to optimize the dosage and administration regimen of the combination therapy and



systematically evaluate its long-term efficacy and safety, thereby providing a basis for clinical

translation.
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stem cells; ICP, intracavernous pressure; [ITGa7, integrin alpha 7; IVIS, in vivo imaging
system; KEGG, Kyoto Encyclopedia of Genes and Genomes; MAP, mean arterial pressure;
MMP9, matrix metalloproteinase 9; MSCs, mesenchymal stem cells; MTT, 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; NOX, NADPH oxidase; PBS,
phosphate-buffered saline; PRP, platelet-rich plasma; p-Smad2/3, phosphorylated Smad2/3;
PVDF, polyvinylidene fluoride; RIPA, radioimmunoprecipitation assay; SDS-PAGE, sodium
dodecyl sulfate—polyacrylamide gel electrophoresis; STZ, streptozotocin; TBST, Tris-buffered
saline containing Tween 20; TGF-B1, transforming growth factor beta 1; TSA, tyramide signal

amplification; TSP1, thrombospondin 1; a-SMA, alpha-smooth muscle actin.
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