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Etanercept-secretome for IBD treatment
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Abstract

BACKGROUND

Inflammatory bowel disease (IBD) is a chronic inflammatory condition of the
gastrointestinal tract, with TNF-a playing a key role in its pathogenesis. Etanercept, a
decoy receptor for TNF, is used to treat inflammatory conditions. The secretome
derived from adipose-derived stem cells (ASCs) has anti-inflammatory effects, making

it a promising therapeutic option for IBD.

AIM
This study investigated the anti-inflammatory effects of the secretome obtained from
ASCs synthesizing etanercept on colon cells and in a dextran sulfate sodium (DSS)-

induced IBD mouse model.

METHODS
ASCs were transfected with etanercept-encoding mini-circle plasmids to create
etanercept-producing cells. The secretory material from these cells was then tested for

anti-inflammatory effects both in vitro and in a DSS-induced IBD mouse model.




RESULTS

This study revealed promising results indicating that the group treated with the
secretome derived from etanercept-synthesizing ASCs (Etan-Secretome group) had
significantly lower expression levels of inflammatory mediators, such as IL-6, MCP-1,
and TNF-a, when compared to the control secretome. Moreover, the Etan-Secretome
group exhibited a marked therapeutic effect in terms of preserving the architecture of

intestinal tissue compared to the control secretome.

CONCLUSION

These results suggest that the secretome derived from ASCs that synthesize etanercept
has potential as a therapeutic agent for the treatment of IBD, potentially enhancing
treatment efficacy by merging the anti-inflammatory qualities of the ASC secretome
with etanercept's targeted approach to better address the multifaceted pathophysiology
of IBD.
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Core Tip: This study explores a promising therapeutic strategy for treating
inflammatory bowel disease (IBD) by harnessing the potential of a secretome derived
from adipose-derived stem cells (ASCs) engineered to produce etanercept, a TNF-
blocking drug. The findings demonstrate that the Etan-Secretome offers enhanced anti-
inflammatory effects compared to traditional etanercept treatment. This superior

therapeutic potential of the Etan-Secretome in IBD is attributed to its unique




combination of etanercept synthesis and the intrinsic anti-inflammatory and
immunomodulatory properties of ASC secretome, making it a promising candidate for

advanced IBD therapy.

INTRODUCTION

Recent advances in cell biology and regenerative medicine have positioned the
cell-derived secretome and extracellular vesicles at the forefront of therapeutic
interventions, especially concerning inflammatory and infectious diseases. Stem cell-
derived secretomes inherently possess anti-inflammatory and immunomodulatory
properties, which offer promise in conditions like rheumatoid arthritis ['l, autoimmune
diseases 2], skin allergies P4l, and various infectious diseases 5¢l. However, the
characteristics of the secretome are not fixed but are instead influenced by the
environmental and genetic conditioning of the donor cells 7l. This dynamic nature

phasizes the need for tailored secretomes, optimized for individual disease contexts.
Inflammatory bowel disease (IBD) is a chronic gastrointestinal disorder encompassing
Crohn's disease and ulcerative colitis, both marked by persistent inflammation, tissue
damage, and immune system dysfunction [89. A pivotal player in the inflammatory
cascade of IBD is the pro-inflammatory cytokine, tumor necrosis factor-a (TNF-a) 10111,
However, while TNF inhibitors, such as etanercept, have revolutionized the treatment
landscape for several autoimmune conditions, their efficacy in IBD remains
controversial 1213 This is due to the hypothesis that, while TNF-a is a major
contributor, it represents only one of several factors involved in the pathogenesis of IBD
18911121 This understanding highlights the potential for integrative therapeutic strategies
that combine etanercept with other anti-inflammatory agents, offering a more
comprehensive therapeutic strategy for IBD. We herein propose constructing
etanercept-synthesizing adipse-drived stem cells (ASCs) and using the resulting
secretome as a therapeutic agent for the potential therapeutics of IBD. By engineering

ASCs to synthesize etanercept, we aim to generate a secretome that includes not only




etanercept but also other bioactive molecules with various anti-inflammatory functions,

potentially resulting in a synergistic effect on the anti-inflammatory response.

MATERIALS AND METHODS

Cell culture

Human adipose-derived stem cells (ASCs) were acquired from Hurim BioCell Co.,
Seoul, Republic of Korea (IRB number 700069-201407-BR-002-01). These ASCs were
cultured in DMEM/Low glucose (GibcoBRL, Carlsbad, CA), supplemented with
penicillin-streptomycin (GibcoBRL), and incubated at 37°C in a humidified atmosphere
containing 5% CO2. CCD-18co colon normal cells, sourced from the American Type
Culture Collection (ATCC; Manassas, VA), were maintained under similar conditions.
These cells were cultured in DMEM/high glucose (GibcoBRL) enriched with 10% FBS
(Hyclone, Logan, UT) and 1% penicillin/streptomycin (GibcoBRL), also at 37°C in a
humidified 5% COz atmosphere.

Generation of Etanercept-synthesizing ASCs

ZYCY10P3S2T competent cells, transformed with parental plasmids, were incubated
overnight at 37°C in Terrific Broth supplemented with 50 pg/mL kanamycin. A selected
single colony was further cultured in Luria broth containing kanamycin for 8 h,
followed by a combined incubation in Luria broth with 0.02% arabinose at 30°C for 5 h.
The minicircle DNA was then extracted using the DNA-midi GT plasmid DNA
purification kit (Intron Biotechnology, Seongnam, Republic of Korea). For transfection,
ASCs were treated with these minicircle vectors employing Lipofectamine 2000 reagent
(Invitrogen, Carlsbad, CA), adhering to the provided manufacturer’s protocol.
Specifically, 5 x 10° ASCs were transfected with mcTNFR2 to facilitate the production of

the etanercept-secretome.

Attainment of secretome




ASCs were cultured in 100 mm cell dishes (Corning Glass Works, Corning, NY). Upon
reaching 70-80% confluence, 1.0 x 106 ASCs were incubated in 7 mL of serum-free low-
glucose DMEM for 24 h. To obtain a 0.2mL volume of secretome from 1.0 x 10¢ ASCs,
the conditioned media were concentrated 25-fold using ultrafiltration units with a 3-

kDa molecular weight cutoff (Amicon Ultra-PL 3; Millipore, Bedford, MA).

Real-time PCR

Total RNA was extracted from CCD-18co cells and mouse liver tissues using TRIzol
reagent (Invitrogen, Carlsbad, CA). 1 pg of RNA was reverse transcribed using a
TOYOBO RT-premix kit according to the manufacturer's instructions. For the real-time
quantitative PCR, SYBR Green was used along with the following primers: mouse TNF-
a forward 5'- ACG GCA TGG ATC TCA AAG AC -3 and reverse 5- GTG GGT GAG
GAG CAC GTA GT -3; mouse IL-6 forward 5- AGA AGG AGT GGC TAA GGA CCA
A -3" and reverse 5'- GGC ATA ACG CACTAG GTT TGC -3"; mouse MCP-1 forward 5'
-AAC TGC ATC TGC CCT AAG GTC T -3" mouse MCP-1 reverse5' -TGC TTG AGG
TGG TTG TGG AA -3" mouse GAPDH forward 5-CGA CIT CAA CAG CAA CTIC
CCA CTC TTC C-3' and reverse 5-TGG GTG GTC CAG GGT TTC TTA CTC CTT-3"
Human TNF-a forward 5'- GGA AGA CCC CTC CCA GAT AG -3' and reverse 5'- AAC
CTC CTC TCT GCC ATC AA-3'; human IL-6 forward 5'- TTT TCT GCC AGT GCC TCT
TT -3' and reverse 5- CAC ACA GAC AGC CAC TCA CC-3; human myeloid cell
leukemia-1 (Mcl-1) forward 5-GGG CAG GAT TGT GAC TCT CAT T-3 and reverse 5'-
GAT GCA GCT TTC TTG GTT TAT GG-3’; Human GAPDH forward 5'- GCA CCG TC
AAG GCT GAG AAC - 3" and reverse 5'- TGG TGA AGA CGC CAG TGG A -3.
Reactions were performed using the Applied Biosystems StepOnePlus Real-Time PCR
System (Thermo, Carlsbad, CA).

Western blot analysis
CCD-18co normal colon cells and mouse tissues were lysed using the EzZRIPA Lysis kit

(ATTO Corporation, Tokyo, Japan), with protein concentrations quantified using




Bradford reagent (Bio-Rad, Hercules, CA). Western blotting was performed to detect
proteins, employing primary antibodies at a 1:1000 dilution from Cell Signaling
Technology (Beverly, MA), and HRP-conjugated secondary antibodies at a 1:2000
dilution from Vector Laboratories (Burlingame, CA). The detection of specific immune
complexes was facilitated using the Western Blotting Plus Chemiluminescence Reagent
(Millipore, Bedford, MA). The primary antibodies targeted MCP-1, TNF-a, IL-1f3, IL-6,
and P-actin, and the HRP-conjugated secondary antibodies were sourced from Cell

Signaling Technology (Beverly, MA).

Immunohistochemical analysis

Formalin-fixed and paraffin-embedded tissue sections underwent deparaffinization and
rehydration through an ethanol series. This was followed by epitope retrieval using
established protocols. For immunohistochemical staining, antibodies targeting TNF-q,
PECAM-1, F4/80, and MCP-1 were utilized, all of which were procured from Cell
Signaling Technology. The stained samples were then examined under a laser-scanning

microscope (Eclipse TE300; Nikon, Tokyo, Japan) to assess antibody expression.

Animal experiment

Five-week-old male BALB/c mice, sourced from Orient Bio (Seongnam, Republic of
Korea), were used in this animal experiment, conducted in compliance with the
Institute for Laboratory Animal Research guidelines at the Catholic University of Korea
(IRB No: CUMC- 2022-0020-01). To establish an acute experimental IBD model, BALB/c
mice were given 1% dextran sulfate sodium (DSS) or saline in their drinking water for
three weeks. Control mice (n = 8) and 1% DSS-treated mice (n = 30) were administered
injections of 0.1 mL normal saline (n = 10), 0.1 mL control secretome (1 = 10), and 0.1
mL etanercept-secretome (n = 10), respectively. In the secretome groups, a 0.1 mL
volume of the secretome, equivalent to the amount obtained from 5 x 105 ASCs, was
intravenously administered. These injections were given twice weekly for two weeks.

Following the treatment period, the mice were euthanized, and their colons were




immediately harvested for length measurement, Western blot analysis, and histological

examination.

ELISA

Blood samples collected from each mouse were centrifuged for 15 minutes at 750 g to
obtain serum. The levels of mouse IL-6, Monocyte Chemoattractant Protein-1 (MCP-1),
and TNF-a in the serum were then quantified using ELISA kits (Biolegend, San Diego,

CA), following the manufacturer's instructions.

Statistical analysis

Data analysis was performed using SPSS 11.0 software (SPSS Inc., Chicago, IL), with
results presented as mean + standard deviation (SD). The Kruskal-Wallis test was
utilized for statistical comparisons among groups, and a probability value of P < 0.05

were considered statistically significant.

RESULTS
Generation of Etanercept-Secretome and assessment of its in vitro anti-inflammatory
effects

The mini-circle plasmid encoding etanercept was derived from the parental
plasmid through treatment with arabinose (Figure 1A). Secretome samples were
collected from an ASC cell line subjected to either etanercept gene insert-containing
minicircle transfection or left untransfected. The secretome obtained from the
untransfected cell line was designated as Control Secretome (Ct-Sec), while that from
the etanercept-transfected cell line was termed Etanercept-Secretome (Et-Sec). Both
samples were concentrated 25-fold. Etanercept is a protein-based drug with two
domains, comprising a tumor necrosis factor alpha (TNF-a) receptor domain and an
immunoglobulin G1 (IgG1) Fc domain, enabling it to bind and neutralize TNF-q, a

critical inflammatory cytokine (Figure 1B).




To assess the impact of these secretome samples on inflammatory markers, the
CCD-18Co colon normal cell line was treated with 1 ng/mL of lipopolysaccharide (LPS)
and either Ct-Sec or Et-Sec. After 24 and 48 h, cells were harvested, and mRNA was
extracted to quantify the expression levels of inflammatory markers TNF-a and IL-6.
The findings indicated that, irrespective of LPS treatment, the mRNA expression levels
of TNF-a and IL-6 were significantly lower in the Et-Sec group compared to the other
groups, including the Ct (no treatment), Ct-Sec, and Et-Sec groups (Ps < 0.05) (Figure
1C).

Subsequently, Western blot analysis of inflammatory markers MCP-1, TNF-a,
IL-1B, and IL-6 was conducted on the CCD-18Co colon normal cell line, both in the
absence and presence of 1 ng/mL LPS treatment, while exposing the cells to either Ct-
Sec or Et-Sec samples (Figure 1D). After treatment with En-Sec, there was a significant
reduction (Ps < 0.05) in the expression levels of the inflammatory cytokines MCP-1,
TNF-a, and IL-6, when compared to the Ct-Sec group. In addition, the expression levels
of IL-1f3 in both the Ct-Sec and En-Sec groups remained relatively similar. Overall, these
findings suggest that the Et-Sec group possesses a more substantial anti-inflammatory
effect in the context of LPS-induced inflammation in the CCD-18Co colon normal cell

line, as compared to the Ct-Sec group.

Assessing the anti-inflammatory effects of Etanercept-Secretome on gross specimens in
vivo

Dextran sulfate sodium (DSS)-induced IBD mouse model was generated by
administering DSS (2.5 g/250 mL) in the drinking water, resulting in intestinal
epithelial damage and inflammation. Subsequently, 100 pL of normal saline, Ct-Sec (1 x
10¢ cells) or Et-Sec (1 x 10° cells) were administered via the tail vein four times a week
(total 400 100 pL) into the DSS-induced IBD mouse (n = 10 per group), respectively
(Figure 2A). In the DSS-induced IBD mouse model, a shortened colon or small intestine
length indicates inflammation and tissue damage, while an increase in bowel length

suggests a healthier gut. After six weeks, the mice were euthanized, and their bowel




length was measured to evaluate the severity of inflammation and tissue damage. In the
DSS intake groups (NS, Ct-Sec, and Et-Sec), bowel length shortening was observed
compared to the control group (Figure 2B). Among the DSS intake groups, the
Secretome-treated groups (Ct-Sec and Et-Sec) exhibited a significantly more
pronounced bowel length elongation compared to the NS group (Ps < 0.05). When
comparing the Ct-Sec group with the Et-Sec group, Et-Sec showed a significantly
greater bowel length elongation (P < 0.05). These results suggest that Et-Sec
demonstrates an enhanced anti-inflammatory effect in an in vivo mouse model of IBD

compared to Ct-Sec.

Examining the in vivo anti-inflammatory effects of Etanercept-Secretome

Following euthanasia, intestinal tissue was collected from the mice, and Real-
time PCR was performed to assess the mRNA expression of inflammatory mediators,
including IL-6, TNF-a, and MCP-1 (Figure 3A). In the DSS intake groups (NS, Ct-Sec,
and Et-Sec), the mRNA expression of these inflammatory mediators significantly
increased (Ps < 0,05). Among the DSS intake groups, the Secretome-treated groups (Ct-
Sec and Et-Sec) showed a significant reduction in mRNA expression compared to the
NS group (Ps < 0.05). Within the Secretome-treated groups, Et-Sec exhibited a more
pronounced decrease in mRNA expression of IL-6, TNF-a, and MCP-1 compared to Ct-
Sec (P <0.05).

Subsequently, Western blot analysis was conducted to compare the expression
of inflammatory proteins, including IL-1B, TNF-a, IL-6, and MCP-6 in the intestinal
tissues of each group (Figure 3B). DSS intake resulted in a significant increase in the
expression of the proteins compared to the control group (Ps < 0.05). Among the DSS
intake groups, the Secretome-treated groups (Ct-Sec and Et-Sec) exhibited a significant
reduction of the inflammatory markers compared to the NS group (Ps < 0.05). Within
the Secretome-treated groups, Et-Sec showed a more substantial reduction in the

expression of IL-1p, TNF-a, IL-6, and MCP-6 compared to Ct-Sec (Ps < 0.05).




Next, blood samples were collected from each group and the levels of serum
inflammatory markers, including IL-6, TNF-a, and MCP-1, were measured using an
ELISA (Figure 3C). In the case of IL-6 serum levels, there was a substantial increase
following DSS intake, which was significantly reduced in the secretome-treated groups
(Ctrl-Sec and Et-Sec) (P < 0.05), with Et-Sec demonstrating a more pronounced
reduction (P < 0.05). For TNF-a serum levels, the secretome-treated groups showed a
decrease, although it was not statistically significant. In the case of MCP-1 serum levels,
among the secretome-treated groups, the Et-Sec group exhibited a significant reduction

in serum concentration compared to the NS group (P < 0.05).

Histological evaluation of the in vivo anti-inflammatory effects of Etanercept-Secretome
Histological and immunohistochemical analyses were performed on intestinal
tissue samples obtained from each group. Hematoxylin and eosin (H&E) staining
revealed that the intestinal tissue, which exhibited disorganization following DSS
administration, showed a marked recovery of tissue architecture in the Et-Sec group,
indicating a potential therapeutic effect of the Et-Sec on IBD (Figure 4A left). In the
comparison of histological scores reflecting inflammation in H&E stains, it was
observed that the Et-Sec group exhibited significantly lower scores compared to all the
DSS-treated groups (P < 0.05) (Figure 4A right).
Additionally, investigations and comparisons of inflammatory markers, namely TNF-q,
PECAM-1, F4/80, and MCP-1, were conducted within each group using
immunohistochemical stains (Figure 4B). DSS intake significantly increased these
inflammatory markers, while secretome treatments (Ctrl-Sec and Et-Sec) significantly
reduced the elevated inflammatory markers (P < 0.05). Furthermore, in all cases, Et-Sec
treatment led to a more significant reduction in inflammatory markers compared to
Ctrl-Sec treatment (P < 0.05). Taken together, these findings provide evidence that the
Et-Sec exerts a beneficial effect on IBD inflammation, highlighting its potential

therapeutic utility in the treatment of IBD.




DISCUSSION

This study focused on the potential anti-inflammatory effects of the secretome

obtained from ASCs synthesizing etanercept on IBD using both CCD-18Co colon
normal cell line with LPS-induced toxicity and DSS-induced IBD mouse model. In the in
vitro using CCD-18Co colon normal cells with LPS-induced toxicity, it showed
significant reductions in TNF-a and IL-6 mRNA expression levels, along with decreased
inflammatory cytokines MCP-1, TNF-a, IL-1p, and IL-6 through Western blot analysis.
These findings indicated potent anti-inflammatory properties. In the DSS-induced IBD
mouse model, intraveous administration of Et-Sec led to noticeable bowel length
elongation, signifying reduced inflammation and tissue damage. Real-time PCR and
Western blot analysis on intestinal tissues further supported these results, showing
decreased mRNA expression and protein levels of inflammatory mediators.
Serum inflammatory markers were assessed via ELISA, revealing that the Et-Sec group
had the lowest levels and histological evaluations confirmed the markedly reduced
inflammation in the Et-Sec group. In summary, this study provides robust evidence for
the potent anti-inflammatory effects of Et-Sec, both in vitro and in vivo, suggesting its
promising candidacy for treating IBD.

TNF-a plays substantial role in the pathogenesis of IBD, such as Crohn's disease
and ulcerative colitis 011, In IBD, the intestinal mucosa is exposed to a variety of
stimuli, such as luminal antigens and commensal bacteria, that trigger an aberrant
immune response (9. This results in the recruitment of immune cells, including
macrophages, dendritic cells, and T cells, to the gut tissue, and the subsequent release of
pro-inflammatory cytokines, such as TNF-a, IL-1p, IL-6 and IL-12 891114 Among these
cytokines, TNF-a serves as a central regulator, triggering the production of pro-
inflammatory cytokines, chemokines, and adhesion molecules, as well as facilitating the
recruitment and activation of immune cells, including neutrophils and monocytes [10.11].
This further perpetuates the inflammatory response, resulting in tissue damage,
ulceration, and fibrosis, which can ultimately lead to intestinal strictures and bowel

obstruction. In addition to its direct effects on immune cells, TNF-a also plays a role in




disrupting the intestinal barrier function, which can result in increased permeability
and translocation of bacteria and antigens across the epithelial barrier [89.111. This further
amplifies the inflammatory response and can contribute to the development of systemic
inflammation and extra-intestinal manifestations of IBD 82111,

Etanercept, a potent TNF-a inhibitor, has been shown to be effective in treating
certain inflammatory conditions, such as rheumatoid arthritis and psoriasis [1516].
However, its effectiveness in treating IBD has been variable and less consistent [1213],
One possible explanation for this is that TNF-a is just one of many pro-inflammatory
cytokines that contribute to the pathogenesis of IBD, and targeting TNF-a alone may
not be sufficient to fully suppress the inflammatory response [5%11.12]. In addition, IBD is
a complex and heterogeneous disease with diverse underlying mechanisms and
multiple cell types involved in the inflammatory process, which may require a more
multi-targeted and individualized approach for effective treatment °l. Another
potential reason is that etanercept may have limited efficacy in the gut due to its
relatively large molecular size, which may limit its penetration into the intestinal tissue
[17.18], Tn contrast, smaller molecules or biological drugs that are more gut-selective, such
as vedolizumab or ustekinumab, may have a greater therapeutic effect in IBD [1920].
Overall, while etanercept may provide some benefit in the treatment of IBD, its
effectiveness may be limited due to the complex and multifactorial nature of the
disease, and the potential challenges in achieving adequate drug distribution to the gut
tissue.

In response to the valuable insights provided by the reviewer, we have
incorporated the following paragraph into the revised manuscript; The therapeutic
efficacy of Etanercept in IBD has been a subject of debate, with evidence suggesting its
potential to induce IBD in the treatment of other autoimmune conditions such as
psoriasis 2122, However, it is important to differentiate between the effects of
Etanercept alone and ASC-derived Et-Sec. ASCs are renowned for their anti-
inflammatory and immunomodulatory properties, further enhanced by their secretion

of a wide array of bioactive molecules, including cytokines, growth factors, and




extracellular vesicles. These molecules play a crucial role in regulating immune
responses and facilitating tissue regeneration. Et-Sec represents the secretome of ASCs,
specifically engineered to produce etanercept, with its principal component being the
augmented ASC secretome, not etanercep, hypothesizing a synergistic effect that could
more effectively tackle the intricate pathophysiology of IBD than Etanercept alone
(Figure 5). While etanercept targets TNFa directly, the ASC secretome can modulate
multiple inflammatory pathways and cellular interactions. This approach not only
targets TNFa directly but also modulates multiple inflammatory pathways and cellular
interactions, offering a comprehensive modulation of the inflammatory environment
characteristic of IBD. Furthermore, the role of the ASC secretome in tissue repair and
regeneration may provide additional therapeutic benefits in IBD treatment, particularly
in managing chronic inflammation-induced tissue damage and promoting the healing

and restoration of intestinal mucosa integrity.

CONCLUSION

This study extensively investigated the anti-inflammatory potential of Et-Sec, secretome
obtained from ASCs synthesizing etanercept, in the corﬁxt of IBD. In both in vitro and
in vivo models of IBD, notable reductions in multiple inflammatory markers, such as
TNF-a, MCP-1, IL-1P, and IL-6, were consistently observed within the Et-Sec group as
compared to the Ct-Sec group. Additionally, intravenous Et-Sec administration in the
IBD mouse model led to noticeable bowel length elongation, indicating reduced
inflammation and tissue damage. These findings collectively underscore the robust anti-
inflammatory effects of Et-Sec, positioning it as a promising candidate for IBD

treatment.

ARTICLE HIGHLIGHTS

Research background
Inflammatory bowel disease (IBD) is a chronic inflammatory condition of the

gastrointestinal tract, significantly influenced by TNF-a. Etanercept, a TNF decoy




receptor, along with the anti-inflammatory secretome from adipose-derived stem cells

(ASCs), offers a novel approach for IBD therapy.

Research motivation
This study aims to address the limitations of current IBD treatments by exploring the
combined anti-inflammatory effects of ASC-derived secretome and etanercept,

potentially offering a more comprehensive and effective treatment strategy for IBD.

Research objectives
To investigate the anti-inflammatory efficacy of the secretome from etanercept-
synthesizing ASCs in colon cells and a dextran sulfate sodium (DSS)-induced IBD

mouse model, assessing its potential as a novel therapeutic agent for IBD treatment.

Research methods
ASCs were transfected with etanercept-encoding plasmids, producing a specialized
secretome. This Etanercept-Secretome was evaluated for anti-inflammatory effects both

in vitro in colon cells and in vive in a DSS-induced IBD mouse model.

Research results

Etanercept-Secretome group, treated with the secretome from etanercept-synthesizing
ASCs, showed a substantial reduction in the expression of inflammatory mediators,
including IL-6, MCP-1, and TNF-a, relative to the control secretome group.
Furthermore, the Etanercept-Secretome group displayed a significant therapeutic
benefit by better preserving the structure of intestinal tissues, highlighting its potential

in treating inflammatory bowel disease.

Research conclusions




The study concludes that the Etanercept-Secretome from ASCs significantly reduces
inflammatory markers and mitigates tissue damage in IBD, demonstrating its potential

as an effective therapeutic agent for IBD treatment.

Research perspectives
Future research should focus on further validating the efficacy of Etanercept-Secretome
in diverse IBD models and exploring its potential as a comprehensive treatment

strategy for various forms of IBD.
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