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Background: Fecal incontinence (FI) is the inability to control bowel movements, resulting in fecal leakage. If left untreated, FI can 
seriously impact the long-term well-being of individuals affected. Recently, using secretome has become a promising new treatment 
method. The secretome combines growth factors released outside cells during stem cell development, such as mesenchymal stem cells. 
It consists of soluble proteins, nucleic acids, fats, and extracellular vesicles, which contribute to different cell processes. The primary 
aim is to assess the impact of hypoxic secretome administration on accelerating wound healing through the HIF-1α pathway in a post- 
sphincterotomy rat model.
Methods: The study was conducted with two distinct groups of 10 rats each, the control and treatment groups, which were injected 
with hypoxic secretome at 0.3 mL. The inclusion criteria for the rats were as follows: male gender, belonging to the Sprague-Dawley 
strain, aged between 12 to 16 weeks, with an average body weight ranging from 240 to 250 grams.
Results: There was an increase in HIF-1α gene expression in both groups. The treatment group 37 was significantly higher on day 42 
(p = 0.001). VEGF increased significantly in the treatment 38 group on day 42 (p = 0.015). The neovascularization score increased 
significantly in the treatment 39 group during the first 24 hours (p = 0.004). The fibroblast score increased significantly in the 40 
treatment group in the first 24 hours (p = 0.000) and 42 days (p = 0.035). After being given secretome, there was a higher increase in % 
collagen area and collagen area (µm2) in the treatment group compared to the control group (27,77 vs 11.01) and (419.027,66 vs 
186.694,16).
Conclusion: The use of hypoxic secretome has a significant effect as a choice for the treatment of anal sphincter injury after 
sphincterotomy through the HIF-1α-VEGF-Fibroblast pathway.
Keywords: fecal incontinence, fibroblast, HIF-1α, hypoxic secretome, neovascularization, VEGF

Introduction
Fecal incontinence (FI) is an involuntary passage of liquid and/or solid feces that negatively affects the quality of life, 
with prevalence ranging from 7% to 15% In the general population.1 In patients with fecal incontinence, various physical 
and psychological disorders can occur, such as recurrent infections, ulcers and skin scars, social anxiety disorders, 
behavioral problems, self-deprecation or isolation, and other problems that give rise to feelings of guilt and shame.2–4 

FI can begin in childhood and persist into adulthood. Among children, the incidence rates of FI vary from 1.6% to 4.4%, 
and boys have more potential to suffer from fecal incontinence.5 The leading cause is often associated with surgeries such 
as internal sphincterotomy and fistulotomy, which account for 35–45% of FI occurrences.6–8

Various efforts have been made to prevent FI after surgical procedures, including conventional therapies like enema 
use, neurostimulation/biofeedback, and reoperation. However, the outcomes of these methods have often been 
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unsatisfactory, leading to persistent FI, surgical wound infections, rectal prolapse, and other complications.9 Anoplasty 
alone is not compelling enough to achieve reasonable recovery rates for anorectal anomalies to prevent FI in children. 
Research in Indonesia reported that the incidence of fecal incontinence caused by complications from Posterosagittal 
Anorectoplasty (PSARP) surgery in children with anorectal malformations is 5.8%.10 After anoplasty, different supple-
mentary therapies have been tried to enhance recovery rates. Still, conservative methods have not produced optimal 
results yet.11–13

The secretome, composed of cytokines, proteins, chemokines, extracellular vesicles, and growth factors released by 
Mesenchymal Stem Cells (MSCs), has shown significant promise in tissue repair and regeneration.14 Wound treatment 
with the secretome can significantly accelerate new tissue formation, collagen deposition, and re-epithelialization, which 
is mediated by growth factors such as vascular endothelial growth factor (VEGF).15 VEGF expression is associated with 
hypoxia-inducible factor 1 (HIF-1) and induced by hypoxia through an HIF-1α independent pathway.16 To promote the 
expression of VEGF in hypoxic conditions, HIF-1α will bind to HIF-1β to form the active transcription factor HIF-1. 
This transcription factor will then translocate to the nucleus and bind to hypoxia regulatory elements (HREs) within the 
promoter region of HIF-1-inducible genes in conjunction with coactivators p300 and CREB-binding protein (CBP).17 

Xi et al conducted research that resulted in the secretome having the most important role in the proliferation stage of 
wound healing, which upregulates VEGF and accelerates the transformation of fibroblasts into myofibroblasts, thereby 
increasing collagen synthesis.18

This process highlights the essential role of HIF-1α in activating the VEGF gene, promoting angiogenesis during the 
wound healing process, inducing fibroblast activity, promoting migration, and the formation of the extracellular matrix19 

There has not been much research discussing the role of the secretome in wound healing in sphincterotomy rat models. 
Utilizing the secretome as a treatment for FI is a novel approach that is expected to increase recovery rates and produce 
optimal results compared with conservative methods. The main aim of this research is to examine the role of the 
secretome, especially VEGF, in accelerating tissue repair through the HIF-1α/VEGF pathways and its relation to the 
formation of fibroblasts in muscles in post-sphincterotomy mouse models.

Materials and Methods
Place and Ethical Clearance of Research
The maintenance of rats in this research was carried out at the Laboratory of the Faculty of Veterinary Medicine, Bogor 
Agricultural University, West Java. Institutional Animal Care approved this experiment and Use Committees (IACUC) 
(630/UN6.KEP/EC/2022) of the Faculty of Medicine, Padjadjaran.

Research Design and Subject
Twenty male rats of the Sprague-Dawley aged between 12 and 16 weeks with weights ranging from 240 to 250 grams 
were taken for an experimental interventional with a randomized pre- and post-test with a control group design. This 
study was conducted with two distinct groups, the control and treatment groups, each consisting of 10 rats. The rats were 
sourced from the same breeding grounds, received the same feed, and were healthy, showing regular activity and 
behavior. The rats that looked sick (inactivity, fur looks dull, loose stools, bite wounds), had more than >10% weight loss 
during adaptation, and died before treatment were excluded from the research. Furthermore, the maintenance of rats was 
carried out for two weeks. Sprague-Dawley was chosen because this strain of rats was the most widely used in the 
laboratory and had advantages in terms of availability, ease of breeding, congenic strains, and high resistance. A study 
showed that this commonly used mouse strain had an anal sphincter structure similar to humans.20

The entire research subject underwent microscopic surgery that damaged 25% of the sphincter ani muscle. Before 
surgery, the rats were anesthetized with intramuscular injection of ketamine and intraperitoneal injection of xylazine 
hydrochloride (0.15 mL/kg). The internal and external anal sphincter muscles were separated, and incisions were made at 
10 o’clock and 2 o’clock positions using surgical techniques under a microscope.

Fecal incontinence was evaluated through the analysis of rat feces, which were classified as Bristol type 6–7. This 
classification indicates the presence of fecal incontinence, as the observed fecal matter was loose and watery.
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Secretome Preparation and Isolation
This research used the secretome of human umbilical cord mesenchymal stem cells (SM-hUCMSC) as the intervention. 
Mesenchymal stem cells from the umbilical cord were isolated and cultured up to passage 6 in a T175 Flask. Once 
reaching 70–80% confluence, the culture medium was replaced with a basal medium and incubated under hypoxic 
conditions (5% O2) at 37°C for 72 hours to allow secretion of the secretome. The conditioned medium (CM) was frozen 
at −80°C for a week. The results of the analysis of active substance content based on ELISA tests revealed pro-collagen 
levels at 655,100.00 pg/mL, vascular endothelial growth factor (VEGF) at 21.42 pg/mL, and basic fibroblast growth 
factor (bFGF) at 34.64 pg/mL.

For the secretome isolation, the umbilical cord is placed into a 500 mL Schott bottle containing a cold transport 
medium (α-MEM + 1% ABAM). The umbilical cord is then washed using sterile PBS (pH 7.4) in a sterile tea strainer 
placed over a 500 mL beaker, performing 3–4 washes until the PBS solution remains clear or unchanged in color. This 
process removes contaminants from the specimen, and the contaminant solution is discarded. The washed specimen is 
transferred into several 50 mL tubes, with each tube filled to a maximum of 15 mL. An equal volume of 0.075% 
collagenase (30 mL) is added to the samples (1 part sample to 2 parts collagenase). The samples, now containing 
collagenase, will form two phases. Incubate in 5% CO2 at 37°C for 1 hour, homogenizing every 15 minutes. After 
1 hour, two layers will form: the upper layer is discarded using a pipette, and the lower layer is collected, pipetted into 
a 15 mL centrifuge tube, and filtered using a 100 μm cell strainer. The sample is then transferred to several 15 mL tubes 
and centrifuged at 1200 rpm for 10 minutes at room temperature. After centrifugation, the supernatant is discarded, and 
10 mL of lysis buffer (resuspension) is added to remove red cell debris. The sample is centrifuged again at 1200 rpm for 
10 minutes. The supernatant is discarded, and the pellet is resuspended in 1 mL of complete growth medium and 
transferred into a T-25 flask. Incubate at 5% CO2, 37°C. Observe the cells and replace the medium every 2–3 days or 
when the medium changes color. Replace the medium 2–3 times a week until the cells reach 80% confluency. Once the 
cells reach 80% confluency, they are subcultured.

Cryopreservation
The isolated cells are placed into cryovials and stored at −20°C for 30–60 minutes. Subsequently, they are transferred to 
−80°C for overnight storage and then kept in a cryo tank at −196°C.

Thawing
To thaw the mesenchymal stem cells (MSCs), remove the vial from the liquid nitrogen tank (−196°C) and melt it in 
a 37°C water bath until the frozen suspension becomes liquid. Transfer the cells into a 15 mL tube containing 4 mL of 
complete medium (DMEM + 10% Fetal Fetal Plasma, FFP). Centrifuge at 1600 rpm for 5 minutes. Discard the 
supernatant, resuspend the pellet in 5 mL of culture medium, and transfer to a T25 culture flask. Incubate in a 37°C, 
5% CO2 incubator, observing daily with an inverted microscope. Every 2–3 days, or when the medium turns yellow, 
replace the old medium with the fresh medium by washing the culture with PBS. Continue incubation until the cells 
reach 70% confluency in the T25 flask. When the cells reach 70–80% confluency, wash with PBS. Add 1 mL of 0.25% 
trypsin to the culture flask and incubate for approximately 5 minutes to detach the cells from the T25 flask. Confirm cell 
detachment using an inverted microscope. To stop the trypsinization, add 1 mL of complete medium to the flask, transfer 
the entire content to a 15 mL tube, and centrifuge at 1600 rpm for 5 minutes. Discard the supernatant and resuspend the 
pellet in 1 mL of complete medium with added serum (FFP).

Cell Harvesting and Characterization
When the cells reach 70–80% confluency, wash them with PBS to remove any residual medium. Add 1 mL of 0.25% 
trypsin to the culture flask and incubate for approximately 5 minutes to detach the cells from the T25 surface. Check the 
cells under a microscope to confirm that they have fully detached. For thorough confirmation, use an inverted micro-
scope. After detaching the cells, add 1 mL of complete medium to neutralize the trypsin. Transfer the contents of the T25 

Journal of Inflammation Research 2024:17                                                                                          https://doi.org/10.2147/JIR.S480061                                                                                                                                                                                                                       

DovePress                                                                                                                       
7465

Dovepress                                                                                                                                                  Lumban Gaol et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


flask into a 15 mL centrifuge tube and centrifuge at 1600 rpm for 5 minutes. Discard the supernatant and resuspend the 
pellet in 1 mL of complete medium supplemented with Fetal Fetal Plasma (FFP).

Characterizing Adipose-Derived Mesenchymal Stem Cells
Adipose-derived mesenchymal stem cells (MSCs) are characterized through immunophenotyping. This method involves 
assessing the expression of specific Cluster of Differentiation (CD) markers: positive for CD73, CD90, CD105, and 
CD44 and negative for CD11b, CD19, CD34, CD45, and HLA-DR. The analysis is carried out using a flow cytometer.

Immunophenotyping Procedure
1. Prepare nine 1.5 mL tubes, each for a different component of the hMSCs characterization process.
2. Add 100 μL of hMSCs suspension to each tube.
3. Incubate the tubes in the dark for 30 minutes.
4. Wash the stained cells twice with PBS.
5. Analyze the cells using a flow cytometer.

Protein Quantification
To measure protein levels, mix 10 μL of conditioned medium and MEM-α with 190 μL of Coomassie Brilliant Blue 
G-250 reagent. Vortex the mixture to ensure thorough homogenization, then transfer it to a 96-well plate. Measure the 
absorbance at 600 nm using an ELISA reader. Perform the assay in duplicate and determine the protein concentration 
using a standard BSA curve.

Preparing the BSA Standard Curve
Dissolve 100 mg of Bovine Serum Albumin (BSA) in a 10 mL volumetric flask with distilled water to obtain a stock 
solution with a concentration of 10 μg/μL. From this stock solution, prepare serial dilutions to achieve concentrations of 
0.5, 0.75, 1.0, and 1.25 μg/μL. Pipette 10 μL of each dilution into 190 μL of Coomassie Brilliant Blue G-250 reagent, 
vortex to mix, and transfer to a 96-well plate. Measure the absorbance at 600 nm using an ELISA reader and generate 
a standard curve with absorbance on the y-axis and concentration on the x-axis.

Gel Preparation
Weigh Hydroxypropyl Methylcellulose (HPMC) and disperse it in hot water. Allow it to sit covered for 24 hours to 
expand. Once expanded, mix in 10% propylene glycol and 0.3% Glydant® Plus Liquid while stirring. Slowly incorporate 
this mixture into the conditioned medium to achieve a final protein concentration of 0.05%. Stir the mixture in a cold 
environment using an ice bath until a homogeneous gel forms. Finally, add demineralized water to reach a total volume 
of 100%.

Subject Intervention
In the treatment group, hypoxic secretome was administered. Secretome is injected directly after sphincterotomy at 
0.3 mL and injected into the sphincter ani muscle at three points: 12 o’clock, 4 o’clock, and 8 o’clock. The control group 
received a standard saline solution at 0.3 mL. Meanwhile, the pretest group underwent termination directly without any 
treatment.21

RNA Extraction
The extraction of mRNA for HIF-1α, VEGF, and β-actin was carried out using TRIReagent following the manufacturer’s 
protocol (Molecular Research Center Inc., Cincinnati, OH). After extraction, the RNA concentration and purity were 
determined using a spectrophotometer. For qPCR, the cDNA synthesis was performed using a reverse transcription kit 
(Promega Corporation, Madison, WI), where 1 µg of total RNA was reverse transcribed in a 20 µL reaction mixture 
containing oligo(dT) primers and reverse transcriptase.

The qPCR was conducted using a 96-well plate format in a real-time PCR system (eg, Bio-Rad CFX96). The primers used 
for amplifying the HIF-1α, VEGF, and β-actin genes were as follows: HIF-1α forward primer 5′-TGCTC 
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ATCAGTTGCCACTTC-3′, reverse primer 5′-TGGGCCATTCTGTGTGTAA-3′; VEGF forward primer 5′- 
ACTGGACCCTGGCTTTACTG-3′, reverse primer 5′-TCTGCTCTCCTTCTGTCGTG-3′; and β-actin (ACTB) forward 
primer 5′-CCTGTGCTGCTCACCGAGGC-3′, reverse primer 5′-GACCCCGTCTCTCCGGAGTCCATC-3′. These primers 
amplify fragments of 209 bp for HIF-1α, 150 bp for VEGF, and 153 bp for β-actin.

Each 20 µL qPCR reaction contained 1 µL of cDNA, 10 µL of SYBR Green qPCR Master Mix (Applied Biosystems, 
Foster City, CA), 0.5 µL of each primer (10 µM), and 8 µL of nuclease-free water. The cycling conditions included an 
initial denaturation at 95°C for 3 minutes, followed by 40 cycles of denaturation at 95°C for 15 seconds, annealing at 
60°C for 30 seconds, and extension at 72°C for 30 seconds. A melt curve analysis was performed at the end of the run to 
confirm the specificity of the amplification.

Relative gene expression was calculated using the comparative threshold cycle (CT) method. The CT values of HIF- 
1α and VEGF were normalized to the housekeeping gene β-actin. The fold change in expression was determined using 
the 2−ΔΔCT method, where ΔCT represents the difference between the target gene and β-actin, and ΔΔCT represents the 
difference in ΔCT between treated and control samples. Each experiment was performed in triplicate to ensure 
reproducibility and no-template controls were included to rule out contamination.

Real-Time Quantitative PCR (q-RT-PCR)
The synthesis of cDNA is performed using reverse transcriptase enzyme and oligo dT primers, which will bind to the 
poly-A tail region characteristic of mRNA. This is done to amplify the mRNA used during PCR analysis. The synthesis 
of cDNA involves several steps, including the isolation of mRNA to be used, visualization using electrophoresis, 
synthesis of the first strand cDNA, and amplification of the obtained cDNA. The analysis of mRNA expression of 
HIF-1α, VEGF was conducted using the qRT-PCR method with Mini Opticon® Real-Time PCR and the One Step RT- 
PCR kit. Beta-actin was utilized as the reference gene because its expression is not influenced by treatment on the anal 
sphincter muscle. The amplification conditions were as follows: 2 min preincubation at 50°C, 10 min at 95°C for enzyme 
activation, and 40 cycles at 94°C denaturation for 10s, 55°C annealing for 20s, and 72°C extension for 20s. Comparative 
threshold cycle (Ct) technique. The primers used were: HIF-1α-forward primer, TGCTCATCAGTTGCCACTTC, HIF- 
1α-reverse primer, TGGGCCATTCTGTGTGTAA,22 VEGF-forward primer, ACTGGACCCTGGCTTTACTG, VEGF- 
reverse primer, TCTGCTCTCCTTCTGTCGTG,23 and ACTB forward primer, CCTGTGCTGCTCACCGAGGC, and 
ACTB reverse primer GACCCCGTCTCTCCGGAGTCCATC.20

In this PCR analysis, the following tools and materials are utilized:

● RNA Extraction Kit: DirectZol RNA Kit, Zymo Research, California
● Reverse transcription: cDNA Synthesis System, Bioline, United Kingdom
● PCR Real-Time Machine: PCX Opus, Biorad, California
● Master Mix: SsoFast EvaGreen Supermix, Biorad, California

Histological Analysis
At 24 hours and the 42 days post-surgery, rats were euthanized using a lethal dose of ketamine that was 50 mg/kgBW and 
Xylazine 10 mg/kgBW injected intramuscularly, and surgery was performed on the anal sphincter for histological 
analysis. The anal sphincter muscle tissue of rats was extracted coronally, targeting the area between the damaged 
sphincters.

Samples of descending colon tissue were collected to assess regional side effects on glandular tissue surrounding the 
colon. The collected tissue was fixed for 24 hours in 4% paraformaldehyde, followed by 48 hours of decalcification in 
Morse solution (10% sodium citrate and 22.5% formic acid) at 4°C. After dehydration in graded ethanol, the tissue was 
embedded in paraffin blocks. Coronal sections (5 micrometers) were stained with hematoxylin-eosin (HE) and observed 
under an Olympus BH-2 light microscope equipped with a DP70 camera.

The effect of the secretome on neovascularization and fibrosis during tissue repair following sphincterotomy was 
assessed histologically using HE staining. The histology score for neovascularization and fibrosis assessment is 
determined using the Textor criteria, where each sample was evaluated in four distinct fields of view by three 
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independent observers. A score of 1 indicates that the fibrosis area is less than 25%. A score of 2 indicates that the 
fibrosis area is between 25% and 50%. A score of 3 indicates that the fibrosis area is between 50% and 75%. Finally, 
a score of 4 indicates that the fibrosis area is greater than 75% on average across four fields.24

The impact of the secretome on fibroblast during tissue repair was evaluated using HE staining at the histological 
level. The histology score for fibroblast assessment is determined using the Guo criteria. A score of 0 indicates that no 
fibroblastic cells were detected in the entire field of view, and 1 indicates that the fibroblasts are rarely found and are 
distributed sporadically. A score of 2 indicates that the fibroblasts are seen more frequently but are not dominant. A score 
of 3 indicates that the Fibroblasts dominate the visual field, but there is still free space. Finally, a score of 4 indicates that 
the fibroblasts almost or fill the visual field.25

The impact of the secretome on the collagen area was evaluated using Masson Trichrome staining at the histological 
level. The collagen area was analyzed using Image-J software, demonstrating the difference in % collagen area and 
collagen area density.

Statistical Analysis
Each value was expressed as the mean standard deviation. To determine the differences among the three independent 
groups, the Mann–Whitney and Kruskal–Wallis tests were applied to the differences between the two independent 
groups. The statistical analysis utilized Statistical Package for the Social Sciences (SPSS) v.26, and the confidence 
interval was 95%. Values were deemed to be statistically significant at p 0.05.

Results
Twenty rats were used as research subjects, all undergoing a 2-week acclimatization period 183 and receiving regular 
care and feeding without special treatment. After this period, the rats were induced to become a fecal incontinence model, 
with ten rats assigned to the treatment group and ten to the control group. However, two rats dropped out of the study, 
with one dying during surgery 186 and the other passing away one day after the procedure (Figure 1).

The study showed that HIF-1α expression in the control group at 24 hours was not significantly higher than in the 
treatment group at 24 hours (24.93±0.43 vs 24.72±0.42, p=0.47) and HIF-1α expression in the control group at 42 days 
was not significantly higher than the control group at 24 hours (26.16±0.66 vs 24.93±0.43, p=0.06). There was 
a difference in the expression of the HIF-1α expression between the control group and the treatment group (Figure 2).

The results of the analysis showed that after being given secretome, the study showed that HIF-1α expression in the 
treatment group at 42 days was significantly higher than the control group at 42 days (27.82±0.67 vs 26.16±0.65, p=0.01) 
and HIF-1α expression in the treatment group at 42 days was not significantly higher than treatment group at 24 hours 
(27.82±0.67 vs 24.73±0.41, p=0.06). There was a difference in the expression of the HIF-1α expression between the 
control group and the treatment group (Figure 3).

There was an increase of HIF-1α expression where the treatment group with secretome administration was sig-
nificantly higher than the control group (3.20±0.59 vs 1.16 ± 0.35 p=<0.01), indicating that there was an effect of 
secretome between the control group and treatment group on the increase of HIF-1α expression in a fecal incontinence rat 
model.

Figure 1 The procedure of the Rats.
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The study showed that VEGF expression in the control group at 24 hours was not significantly higher than that of the 
treatment group at 24 hours (29.55±1.16 vs 29.05±1.92, p=0.63), and VEGF expression in the control group at 42 days 
was not significantly higher than the control group at 24 hours (29.58±1.21 vs 29.55±1.16, p=1.00). There was 
a difference in the expression of the VEGF expression between the control group and the treatment group (Figure 4).

After being given a secretome, it was found that VEGF expression in the treatment group at 42 days was significantly 
higher than the control group at 42 days (31.63±1.19 vs 29.58±1.21, p = 0.02), and VEGF expression in the treatment 
group at 42 days was not significantly higher than treatment group 24 hours (31.63±1.19 vs 29.05±1.92, p=0.07). There 
were differences in VEGF gene expression between the control and treatment groups (Figure 5).

There was an increase in VEGF gene expression where the treatment group was significantly higher than the control 
group with p < 0.05 (3.33 ± 0.59 vs 0.93± 1.28 p = 0.01), indicating that there was an effect of secretome administration 
between the control group and treatment group on increasing VEGF expression in fecal incontinence.

Figure 2 HIF-1α expression in 24 hours Control Group (left) Treatment Group (right).

Figure 3 HIF-1α expression in 42 days Control Group (left) Treatment Group (right).
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After being given a secretome, it was found that neovascularization in the treatment group 24 hours later was 
significantly higher than in the control group (3.60±0.54 vs 2.20±0.83, p=0.014), and neovascularization in the treatment 
group 42 days later was considerably lower than in the control group (1.50±1.00 vs 3.00±0.00, p: 0.024). There were 
differences in neovascularization between the control and treatment groups (Table 1, Figures 6–9). There was an increase 
in neovascularization where the treatment group was significantly higher than the control group with p < 0.05 (3.0000 
±1.41 vs −0.5000 ± 0.58 p = 0.004), indicating that there was an effect of secretome administration between the control 
group and treatment group on increasing neovascularization in fecal incontinence rats.

The study revealed that at 24 hours, rats with fecal incontinence in the treatment group had higher fibroblast scores 
than those in the control group (1.80 ± 0.44 vs 1.20 ± 0.44). By 42 days, the fibroblast score in the treatment group was 
also higher than in the control group (2.25 ± 0.50 vs 1.75 ± 0.50), suggesting that secretome administration has 
a beneficial effect in increasing fibroblast in the fecal incontinence rats (Table 1).

Figure 4 VEGF expression in 24 hours Control Group (left) Treatment Group (right).

Figure 5 VEGF expression in 42 days Control Group (left) Treatment Group (right).
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After being given a secretome, it was found that the fibrosis score of fecal incontinence rats in the treatment group at 
42 days was significantly higher than the control group at 42 days (4.00±0.00 vs 2.25±0.95, p=0.03) and fibrosis scores in 
treatment group 24 hours was significantly higher than control group 24 hours (3.80± 0.44 vs 1.00 ± 0.00, p = 0.00) and 

Table 1 Comparative Assessment of Neovascularization, Fibrosis and Fibroblast in 
24 hours and 42 Days Post-Administration of NaCl 0.9% Vs Hypoxic Secretome 
Intervention

Parameter NaCl 0.9% Hypoxic Secretome

Mean (SD) Med (Min–Max) Mean (SD) Med (Min–Max)

24 hours
Neovascularization 2.20 (0.83) 2.00 (1.00–3.00) 3.60 (0.54) 3.00 (3.00–4.00)

Fibrosis 1.00 (0.00) 1.00 (1.00–1.00) 3.80 (0.44) 4.00 (3.00–4.00)
Fibroblast 1.20 (0.44) 1.00 (1.00–2.00) 1.80 (0.44) 2.00 (1.00–2.00)

42 days
Neovascularization 3.00 (0.00) 3.00 (3.00–3.00) 1.50 (1.00) 1.50 (1.00–3.00)
Fibrosis 2.25 (0.95) 2.50 (1.00–3.00) 4.00 (0.00) 4.00 (4.00–4.00)

Fibroblast 1.75 (0.50) 2.00 (1.00–2.00) 2.25 (0.50) 2.00 (2.00–3.00)

Figure 6 Tissue Angiogenesis in the Group with Secretome Intervention – 24 hours Post Intervention (Score: 2.20 ± 0.83).

Figure 7 Tissue Angiogenesis in the Group with NaCl 0.9% Intervention – 24 hours Post Intervention (Score: 3.60 ± 0.54).
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found that the fibrosis score in treatment group 42 days was not significantly higher compared with treatment group 
24 hours (4.00±0.00 vs 3.80±0.44, p=0.31). There was a difference in fibrosis scores between the control and treatment 
groups (Table 1, Figures 10–13). There was an increase in Fibrosis score where the treatment group was significantly 
higher than the control group with p < 0.05 (3.75±0.50 vs 2.25±0.95 p = 0.03), indicating that there was an effect of 
secretome administration between the control group and treatment group on increasing fibrosis score in fecal incon-
tinence rats.

The histological assessment of collagen deposition based on Masson Trichrome staining and, with the help of Image-J 
software, demonstrated a difference in % collagen area and collagen area density between the NaCl 0.9% group 
compared to the hypoxic secretome. It was found that the collagen area (µm2) of fecal incontinence rats in the treatment 
group at 24 hours was lower than in the control group at 24 hours (380.257,77±126.408,72 vs 405.794,55±147.094,15). 
Still, the collagen area in the treatment group at 42 days was higher than in the control group at 42 days (799.285,43 
±222.363,21 vs 592.488,71±148.736,27). After being given secretome, it was found that there was a higher increase in 
collagen area in the treatment group compared to the control group (419.027,66 vs 186.694,16), indicating that there was 
an effect of secretome administration between the treatment group and control group on increasing the collagen area in 
fecal incontinence rats (Table 2; Figures 14–19).

Figure 8 Vascular Feature in the Group with Secretome Intervention – 42 days Post Intervention (Score: 3.00 ± 0.00).

Figure 9 Vascular Feature in the Group with NaCl 0.9% Intervention – 42 days Post Intervention (Score: 1.50 ± 1.00).

https://doi.org/10.2147/JIR.S480061                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2024:17 7472

Lumban Gaol et al                                                                                                                                                   Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Figure 10 Fibrosis Feature in the Group with Secretome Intervention – 24 hours Post Intervention (Score: 3.80 ± 0.44).

Figure 11 Fibrosis Feature in the Group with NaCl 0.9% Intervention - 24 hours Post Intervention (Score: 1.00 ± 0.00).

Figure 12 Fibrosis Feature in the Group with Secretome Intervention – 42 days Post Intervention (Score: 4.00±0.00).
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The study showed that the % collagen area in the treatment group at 24 hours was lower than in the control group at 
24 hours (41.03 ± 12.33 vs 45.06 ± 8.46), but the % collagen area in the treatment group at 42 days was higher than in the 
control group at 42 days (68.80 ± 8.96 vs 56.07±6.58). After being given secretome, it was found that there was a higher 
increase in % collagen area in the treatment group compared to the control group (27.77 vs 11.01), indicating that there 
was an effect of secretome administration between the treatment group and control group on the increase % collagen area 
in fecal incontinence rats. (Table 2; Figures 16–21)

Discussion
In general, the wound healing process consists of three phases: the inflammation phase, the proliferation phase, and the 
maturation phase. The wound-healing process involves both biomolecular and cellular responses. The expression of the 
HIF-1α gene is a biomolecular response that occurs due to trauma and plays a role in neovascularization.26,27 HIF-1α acts 
as a stimulus for inducing angiogenic responses and the expression of various genes, including VEGF, one of HIF-1α’s 
target genes. VEGF is one of the most potent angiogenic factors and plays a role in inducing transcription in the 
neovascularization processes, both in physiological and pathological conditions. In the proliferation phase, fibroblasts are 
produced and function in cell migration and extracellular matrix formation, thereby playing a significant role in 
angiogenesis.26–28

Stem cell therapy is a new method to repair or replace damaged tissues and organs based on the proliferation and 
differentiation of transplanted stem cells. The main idea of stem cell therapy is to harness the amazing ability of stem 

Figure 13 Fibrosis Feature in the Group with NaCl 0.9% Intervention – 42 days Post Intervention (2.25±0.95).

Table 2 Comparative Assessment of Collagen in 24 hours and 42 Days Post-Administration of NaCl 0.9% Vs Hypoxic Secretome 
Intervention

Parameter NaCl 0.9% Hypoxic Secretome

Mean (SD) Med (Min–Max) Mean (SD) Med (Min–Max)

24 hours
% Collagen Area 45.06 (8.46) 42.05 (36.21–54.18) 41.03 (12.33) 42.53 (22.66–52.69)

Collagen Area 
(µm2)

405.794,55 
(147.094,15)

416.430,5 
(201.939,88–609.614,38)

380.257,77 
(126.408,72)

405.002,75 
(246.917,25–546.144,13)

42 days
% Collagen Area 56.07 (6.58) 58.09 (46.82–61.28) 68.80 (8.96) 67.72 (59.93–79.86)
Collagen Area 

(µm2)

592.488,71 

(148.736,27)

647.891,62 

(377.018,63–697.153)

799.285,43 

(222.363,21)

798.298,87 

(530.018,63–1.070.525.37)
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cells to divide and transform into the numerous cell types required for tissue repair. When these stem cells are 
transplanted into the damaged area, they mature and specialize into the exact cell types required to reconstruct the 
damaged tissue, supporting healing and recovery. Stem cell therapy aims to restore function by repairing damaged 
tissues.29–31

The secretome consists of non-tumorigenic growth factors from MSCs, modulating the immune system and 
stimulating angiogenesis. The administration of MSC-derived secretomes plays a role in regulating both pro- and anti- 
inflammatory cytokines.32,33 The secretome comprises several cytokines, including Tumor Growth Factor-beta (TGF-β), 
Vascular Endothelial Growth Factor (VEGF), and Insulin-Like Growth Factor-I, which can influence cell characteristics 
and regeneration, as well as synergistically affect migration and angiogenesis.27 Additionally, the administration of 
secretomes can decrease the production of inflammatory cytokines such as Interleukin (IL)-6 and IL-8.27,32–34 Reduced 
oxygen levels in various tissues activate hypoxia-inducible factor (HIF-1α), expressing angiogenic factors such as 

Figure 14 Collagen Area with Masson Trichrome Staining in 24 hours Control Group (left) Treatment Group (right).

Figure 15 Collagen Area with Masson Trichrome Staining in 42 days Control Group (left) Treatment Group (right).
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VEGF.35,36 Cell culture under hypoxic conditions is known to have beneficial effects on MSCs, and several growth 
factors increase their levels in various types of stem cells under hypoxic conditions.37,38

During normal conditions, HIF-1α will hydroxylate by the prolyl hydroxylase domain (PHD), leading to its 
degradation because of the interaction with von the Hippel−Lindau tumor suppressor protein (pVHL). But HIF-1α is 
stable in hypoxic conditions, translocated to the nucleus, and binds with HIF-1β to form the active transcription factor 
HIF-1 that will interact with coactivator p300/CBP and binds to the hypoxia-responsive elements (HRE) to induce the 
transcription of target genes included VEGF (Figure 22).39

The increased expression of the HIF-1α gene with the administration of hypoxic secretome in the fecal incontinence 
rat model can occur through the Reactive Oxygen Species (ROS) pathway, cytokines, and growth factors. In the ROS 
pathway, PI-3K/Akt activation leads to increased expression of the HIF-1α gene. The increased expression of the HIF-1α 
gene in the cytoplasm of the fecal incontinence rat model also results in increased expression of the VEGF protein. This 

Figure 16 Collagen Feature – 24 hours Post NaCl 0.9% Intervention.

Figure 17 Collagen Feature – 24 hours Post Hypoxic Secretome Intervention.
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Figure 18 Collagen Feature – 42 days Post NaCl 0.9% Intervention.

Figure 19 Collagen Feature – 42 days Post Hypoxic Secretome Intervention.

Figure 20 % Collagen Area with Masson Trichrome Staining in 24 hours Control Group (left) Treatment Group (right).
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elevated expression of VEGF protein leads to increased neovascularization and fibroblast formation in a fecal incon-
tinence rat model.40,41

VEGF, also known as VEGF-A, is the most potent regulator of angiogenesis, specifically targeting endothelial cells.37 

It’s part of a gene family that includes placenta growth factor (PlGF), VEGF-B, VEGF-C, and VEGF-D.42 In hypoxic 
conditions, the VEGF gene is activated due to increased accumulation of HIF-1α, an oxygen sensor, to stimulate 
angiogenesis and improve oxygen delivery. The HIF-1 complex binds to the VEGF gene promoter, recruiting additional 
transcriptional factors like P-CREB and P-STAT3 to start VEGF transcription.37,43 VEGF mRNA levels significantly rise 
within hours of hypoxia exposure in various cell cultures, returning to normal when oxygen levels are restored.37

Figure 21 % Collagen Area with Masson Trichrome Staining in 42 days Control Group (left) Treatment Group (right).

Figure 22 Hypoxia-Inducible Factor 1 (HIF-1) Pathway.
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The high expression of the VEGF induces an angiogenic phenotype in endothelial cells in the sphincter ani of the rat 
fecal incontinence model. The paracrine effects and autocrine mechanisms of hypoxic secretome modulation in the 
microenvironment play a role in the entire process of angiogenesis within the immune modulation balance system.44 The 
paracrine effects following hypoxic secretome administration lead to angiogenesis by mediating various growth factors, 
including increased expression of the VEGF protein. The role of VEGF protein expression leads to tissue regeneration 
and reduces cell death. Low tissue oxygen levels induce angiogenesis.26,45

VEGF increases angiogenesis and fibrosis through cooperation with TGF-β, thereby increasing ECM production by 
fibroblasts, thus directly affecting ECM synthesis.46,47 Fibroblasts function to help build connective tissue and the 
extracellular matrix. Connective tissue provides structural support and mechanical stability to the wound area, while the 
extracellular matrix acts as a scaffold for the growth and development of new cells. Furthermore, fibroblasts will produce 
collagen. The stem cell secretome promotes fibroblast activity, generating new tissue and ensuring that tissues have the 
strength and elasticity they need for good healing.48,49 Thus, the secretome plays a key role in promoting wound healing: 
it promotes fibroblast proliferation and migration via growth factors such as the VEGF angiogenic pathway, contributing 
to the formation of connective tissue and extracellular matrix with the strength and elasticity required for complete 
recovery.50,51

In this study, the MSCs used were sourced from umbilical cords. The oxygen concentration in MSCs in amniotic fluid 
and umbilical cords ranges from 1.5 to % 8%. This physiological oxygen concentration is lower than the 21% O2 found 
in normoxic conditions typically used in MSC culture in the laboratory. Studies involving hypoxia conditioning on MSCs 
have shown varied results, possibly due to differences in hypoxic conditions across studies, where oxygen concentration 
values range from 1% to 7%.52,53 Increasing the duration of hypoxia exposure at 2–5% oxygen concentrations can 
enhance proliferation rates. Hypoxia can also stabilize HIF by downregulating p16, leading to the induction of various 
signaling pathways within cells, including increased expression of the anti-apoptotic protein survivin, thereby promoting 
a better proliferation process.52

Under hypoxic conditions, VEGF expression in MSCs is upregulated, along with increased half-life and secretion of 
VEGF mRNA.54,55 VEGF expression is associated with hypoxia-inducible factor 1 (HIF1), which increases during 
hypoxic conditions, thus explaining the upregulation of VEGF expression under hypoxic conditions.52,56

Hypoxic conditions lead to stabilization and induction of HIF-1 within cells, influencing Notch and Wnt/β-catenin 
signaling and cell differentiation. This protein induces the metabolism, proliferation, and multipotency of MSCs. HIF-1 
degrades rapidly with the loss of hypoxic conditions due to oxygen-dependent protein degradation, with a half-life of less 
than one minute. This short half-life can affect the stability and expression of HIF-1 in MSCs during exposure to 
environmental O2 concentrations during medium changes.52,57

Applying sphincterotomy alongside secretome administration boosts the expression of the HIF-1α gene, which is 
crucial for regulating VEGF and facilitating neovascularization. This neovascularization process also involves 
a proliferation phase, where growth factors like FGF and TGF induce fibroblast activity, promoting migration and the 
formation of the extracellular matrix.58

MSCs also secrete paracrine cytokines that regulate the wound microenvironment, including collagen formation. 
Collagen is a fundamental extracellular matrix (ECM) component and plays a key role in wound healing. The type and 
amount of collagen synthesized determines the quality and characteristics of scar tissue. Controlling the accumulation of 
types I and III collagen in wounds is important to prevent the formation of stiff, inelastic scar tissue.59,60

In granulation tissue, fibroblasts become activated, acquire expression of α-SM-actin, and become myofibroblasts. 
These myofibroblasts synthesize and deposit ECM components. Stimulation of myofibroblasts by TGF-β1 itself is 
influenced by mechanical forces within injured or fibrotic tissue. TGF-β1 binds to ECM proteins and binding proteins, 
providing a reservoir of latent TGF-β1 that can be activated during the healing and scarring processes.61

TGF-β signaling begins with the binding of TGF-β to its receptors. Then, TGF-β receptor II will phosphorylate TGF- 
β receptor I and allow it to phosphorylate SMAD2 and SMAD 3 proteins. These proteins form a complex associated with 
SMAD 4 and translocate to the nucleus. The Smad complex interacts with Smad binding elements in the nucleus, causing 
gene expression to increase. TGF-β signaling affects many genes, including collagen I and III, α-SMA, fibronectin, 
TIMPs, and periostin (Figure 23).62,63
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This study indicates that secretome may play a role in influencing collagen accumulation by promoting the synthesis of 
type III collagen during the early phase of healing and the stronger type of collagen at later stages.59,60 Angiogenesis is 
reduced, and granulation tissue is reorganized into mature scar tissue. Initially, collagen III dominates the granulation tissue 
but is gradually replaced by collagen I. This process involves the simultaneous formation of collagen I and degradation of 
collagen III, followed by remodeling of the ECM.64 Even after re-epithelialization is complete, myofibroblasts in the 
granulation tissue continue to produce matrix metalloproteinases (MMPs) and tissue inhibitors of metalloproteinases 
(TIMPs). MMPs destroy certain components of the ECM, whereas TIMPs begin to inhibit MMPs when the ECM is altered, 
limiting further damage. Chronic wounds and abnormal changes in the ECM may result from an imbalance in the expression 
of TIMPs and MMPs. In contrast, fibrous scar tissue may develop if myofibroblasts do not undergo apoptosis.61,65

Conclusions and Recommendations
The use of hypoxic secretome presents a promising therapeutic option for anal sphincter injuries post-sphincterotomy 
through the HIF-1α-VEGF-Fibroblast signaling pathways. This approach enhances tissue repair and regeneration by 
modulating key factors involved in wound healing. The application of hypoxic secretome could significantly improve 
healing outcomes offering a novel alternative to conventional treatments in clinical practice.

Figure 23 Collagen Synthesis TGF-β mediated.
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from others’ work. Every illustration, diagram, or visualization was independently designed by the author for this 
research and did not infringe upon any third-party copyright or intellectual property. We confirm that no visual material 
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Abbreviation
FI, fecal incontinence; HIF-1α, Hypoxia-inducible factor 1-alpha; VEGF, Vascular endothelial growth factor; PSARP, 
Posterosagittal Anorectoplasty; MSCs, mesenchymal stem cells; CM, conditioned medium; bFGF, basic Fibroblast 
Growth Factor; P-CREB, Cyclic AMP response element-binding protein; P-STAT3, Phosphorylated transducer and 
activator of transcription-3; mRNA, messenger RiboNucleid Acid; IACUC, Institutional Animal Care approved this 
experiment and Use Committees; SM-hUCMSC, secretome of human umbilical cord mesenchymal stem cells; ELISA, 
enzyme-linked immunosorbent assay; q-RT-PCR, Quantitative real-time reverse-transcription PCR; cDNA, complemen-
tary DNA; dT, single-stranded sequence of deoxythymine; PCR, polymerase chain reaction; RT-PCR, Reverse 
Transcription polymerase chain reaction; SMAD-2, Suppressor of Mothers against Decapentaplegic-2; ACTB, HUGO 
Gene Nomenclature Committee abbreviation; HE, hematoxylin-eosin; SPSS, Statistical Package for Social Sciences; 
PHD, Prolyl Hydroxylase Domain-Containing; FIH-1, Factor Inhibiting Hypoxia-1; ROS, Reactive Oxygen Species; 
PI-3K/Akt, phosphatidylinositol-2 Kinase; VCAM-1, Vascular cell adhesion protein 1; PDGF, Platelet-Derived Growth 
Factor; EGF, Epidermal Growth Factor; FGF, Fibroblasts Growth Factor; TGF-α, Transforming Growth Factor-α; TGF-β, 
Transforming Growth Factor-β; PGE2, prostaglandin E2; Ang-1, angiotensin-1; IL-8, Interleukin-8; TNF-α, Tumor 
Necrosis Factor-α; VSMC, Vascular Smooth Muscle Cells; IL-6, Interleukin-6; PlGF, placenta growth factor.
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