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Abstract: (1) Background: A surgical operation on an inflamed bowel is, diachronically, a challenge
for the surgeon, especially for patients with inflammatory bowel disease. Adipose tissue-derived
mesenchymal stromal cells are already in use in clinical settings for their anti-inflammatory properties.
The rationale of the current study was to use AAMSCs in high-risk anastomoses to monitor if they
check for attenuate inflammation and prevent anastomotic leak. (2) Methods: a total of 4 groups of rats were

updates subjected to a surgical transection of the large intestine and primary anastomosis. In two groups,
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DSS 5% was administered for 7 days prior to the procedure, to induce acute intestinal inflammation.
After the anastomosis, 5 x 10° autologous AdMSCs or an acellular solution was injected locally.

Macroscopic evaluation, bursting pressure, hydroxyproline, and inflammatory cytokine expression
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were the parameters measured on the 8th post-operative day. (3) Results: Significantly less intra-
abdominal complications, higher bursting pressures, and a decrease in pro-inflammatory markers
Mesenchymal Stem Cells in Colonic were found in the groups that received AdMSCs. No difference in VEGF expression was observed
Anastomosis Healing in on the 8th post-operative day. (4) Conclusions: AdMSCs attenuate inflammation in cases of acutely
Inflammatory Bowel Disease: inflamed anastomosis.
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) Inflammatory bowel disease (IBD) is an immunological disease of the gastrointestinal
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tract which is caused by an uncontrollable immunological response of the body. There

are two distinct clinical types of IBD, Crohn’s disease (CD) and ulcerative colitis (UC), the
BY incidence of which is significantly high in Europe compared to the rest of the world [1].
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as well as the high inpatient costs due to prolonged hospitalization and perioperative
complications [3].

With regards to the phenotype of the disease, one third of patients with CD are
diagnosed with terminal ileitis; in another third of the patients, the disease is localized in
the colon only; and the final third of patients present with ileocolic disease. Approximately
10-20% of the patients present with perianal disease (abscesses, fistulae). Approximately
one third of patients with UC present with inflammation below the rectosigmoid junction;
another third present with a diseased colon up to the splenic flexure; and the final third of
patients present with extensive colitis [2].

The use of biological factors in the therapeutic arsenal of IBD has resulted in less
surgical operations, offering patients a better quality of life, with longer disease-free inter-
vals. Nevertheless, complications requiring surgical intervention can still occur, leading to
extended bowel resections and stomas [4]. The selection of the most appropriate operation
for each individual patient is tailored according to the characteristics of the individual
patient’s disease. In all disease phenotypes, the operations include limited or extended
resections with or without diverting stoma creation, and complex procedures to restore the
continuity of the gastrointestinal tract [5,6].

In the last few years, in addition to other therapeutic approaches that utilize biological
agents, mesenchymal stromal cells (MSC) have been utilized as an adjunct therapy. MSCs
are multipotent cells that are considered to have immunomodulatory and anti-inflammatory
properties. These cells can be harvested from bone marrow, placenta, or adipose tissue and
be used either systematically or locally [7].

Recent studies have aimed to investigate the metabolic and molecular pathways
through which the MSCs affect the inflammatory response; it is thought that MSCs affect
the inflammatory response by regulating the expression of certain inflammation-related
cytokines and reprogramming M1 macrophages [8-16]. Small molecules derived from
the MSCs, called exosomes, might affect intracellular communication by altering the
inflammatory response. This constitutes another experimental field which already shows
promising results in the pre-clinical studies [12,17-26].

Currently, the use of MSCs in extraluminal CD (fistulae, abscesses) shows good results
in clinical trials regarding their efficacy and safety. In addition, the literature shows that
adipose tissue-derived mesenchymal stromal cells (AdMSC) are the best choice for fistulae
therapy in CD [27-32]. Other MSC clinical trials target the recurrence of CD and UC
with the systematic administration of MSCs; this approach has promising results, as the
meta-analysis of Dave et al. shows [33].

Only a few studies have been designed to show the efficacy of MSCs in high-risk gas-
trointestinal anastomoses, but the experimental protocols used, and the variables measured,
are very diverse between the studies. Van de Putte et al. have shown that MSCs have the
ability to attenuate inflammation caused by preoperative radiotherapy, and ameliorate the
quality of the anastomosis [34]. Pascual et al. have shown increased medium bursting
pressure in a high-risk anastomosis with biological stromal cell embedded sutures [35]. A
few studies have shown reduced leak rates and increased medium bursting pressure with
MSCs in the ischemic anastomosis model [36-39]. Alvarenga et al. have shown, using an
experimental high-risk anastomosis model, that the use of AAMSCs resulted in reduced
local complication rates, the attenuation of the inflammation, and reduced tissue damage,
as well as the downregulation of pro-inflammatory cytokines [40].

The objective of the current study is to experimentally confirm that AAMSCs can
be applied on an acutely inflamed colonic anastomosis and decrease the risk of anasto-
motic complications and its derivatives (dehiscence, leak, abscess formation, peritonitis,
adhesions, and sepsis).
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2. Materials and Methods
2.1. Ethics Statement

All animal manipulations were in line with the current national laws for experimen-
tation (PD 56/2013). The license number for this experimental study is #810556(3269)
and granted by the prefecture of Central Macedonia. The ethical committee of Aristotle
University of Thessaloniki (license no. 07/2020/07.02.2020) co-signed the approval of the
current study. Compliance with ARRIVE guidelines was ensured during the approval
process [41].

2.2. Experimental Design

For the purpose of the experiment, young Wistar rats (Rattus norvegicus) were used,
and were 10-14 weeks old, with an average weight of 250-300 g. The rats were bred in the
Research and Experimental Centre of the Papageorgiou General Hospital of Thessaloniki
(license no. EL54BIOsup43), where they were hosted throughout the entire experimental
process. The rats were living in pairs in their cages, with access to standard chaw and water
ad libitum. Room temperature was stable at 22 °C and humidity was between 55% and
65%, while the cycle of light (12 h of light and 12 h of darkness) was maintained with an
automatic switch.

Twelve rats received dextran sodium sulfate (DSS) 5% with water ad libitum to induce
acute colitis [42]. The rest of the animals drank water without DSS.

After power analysis, 24 rats were used and were equally assigned randomly to the
following experimental groups. Group A (Op): laparotomy with colonic anastomosis only.
Group B (Op + AAMSCs): laparotomy with colonic anastomosis and local injection of
5 x 10° AdMSCs in 70 uL power buffer saline (PBS) [34,43,44]. Group C (Op + DSS + Sal):
DSS 5%, laparotomy with colonic anastomosis, and local injection of 70 puL power buffer
saline (PBS). Group D (Op + DSS + AdMSC): DSS 5%, laparotomy with colonic anastomosis,
and local injection of 5 x 10® AdMSCs in 70 uL PBS.

All the animals were sacrificed on the 8th post-operative day according to local
euthanasia protocols (CO; cage).

After euthanasia, all animals were subjected to laparotomy. The abdominal cavity
was then assessed, and a macroscopic complication score was calculated. After careful
dissection, a 2.5 cm specimen was retrieved, and bursting pressure was measured. Finally,
the specimen was split into two pieces, one for hydroxyproline measurement and the other
for real-time PCR to measure IL-6, TNF-a, and VEGF.

2.3. Adipose Tissue-Derived Mesenchymal Stromal Cells

Fat tissue was washed with normal saline after harvesting from the rats’ right inguinal
fold and cut into smaller pieces. Subsequently, it was processed with collagenase type I
(0.5 mg/mL) in 37 °C for an hour. After homogenization of the tissue, the mesenchymal
stem cell layer was isolated with centrifuge (2900 rpm, 20 min). Finally, the cell sediment
was diluted in power buffer saline (PBS) to achieve a cellular solution of 5 x 10° cells/mL..
The adipose-derived mesenchymal stromal cells were isolated according to the existing
standardized protocol of the Laboratory of Biochemistry of our department. The AdAMSCs
were positive for CD44 and CD90 markers [45]. The primers used are mentioned in
Appendix A Table A2.

2.4. Colitis Protocol

Dextran sodium sulfate (DSS) 5% 40 kPa was used for the induction of acute colitis in
rats (Dextran Sulfate 40 Sodium Salt; AppliChem GmbH, Darmstadt, Germany) [46]. The
chemical was added to the rats’ water, and access to it was allowed ad libitum. The rats
were observed clinically for 7 days. Loss of weight, diarrhea, bloody stool, general decline,
anal inflammation, erected hair, and signs of self-neglect (soiled tails) were indicative
of active colitis in the rats. The above findings were confirmed histologically in control
animals that received DSS, as shown in Figures A1-A3.
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2.5. Operative Procedure

The rats were anesthetized prior to the procedure, with an intraperitoneal administra-
tion of 50 mg/kg ketamine and 5 mg/kg xylazine. Hair removal was performed with a
hair clipper and the abdomen was prepared with povidone iodine solution.

A midline 3 cm laparotomy was performed, and the large bowel was identified on
the left of the abdominal cavity. A transection of the descending colon was performed,
just above the pubic symphysis, taking care to preserve the vascularization. Following
the transection, in group 1 an end-to-end primary anastomosis with a 5/0 polydioxanone
(PDS) suture was performed, with interrupted stitches with the use of a microscope. In
groups Band D, 5 x 106 AAMSCs in 70 uL PBS were injected in the bowel ends prior to
anastomosis; in group C, 70 uL PBS was injected. After the anastomosis was completed,
the bowel was returned to the abdominal cavity, and 10 mL of saline was used to wash the
abdominal cavity. The surgical wound was closed with a 3/0 polyglactine suture, as shown
in Figure A4.

After the operation, the rat was placed in an appropriately heated cage to recover and
was allowed to consume water and food freely.

Seven days after the initial operation, all animals were sacrificed with use of a CO,
cage according to local euthanasia protocols. A midline laparotomy was performed, and
the abdomen was assessed macroscopically. After that, a 2.5 cm segment of the bowel
containing the anastomosis was resected, and bursting strength was measured. Following
the measurement of bursting strength, the specimen was frozen with the use of liquid CO,
and was sent for biochemical measurements (hydroxyproline and real-time PCR).

2.6. Macroscopic Assessment

For the clinical assessment of the anastomosis, the anastomotic complication score was
used, as proposed by Bosmans et al. [47], for the standardization of the clinical description
of the experimental anastomosis outcomes (Table 1).

Table 1. Anastomotic complication score as endorsed by Bosmans et al. Reprinted from [47].

Anastomotic Complication Score

No adhesions or abnormalities

Adhesion to fat pad, clean anastomosis underneath

Adhesion to intestinal loop, abdominal wall or other organ

Anastomotic defect found underneath adhesion, no other abnormalities
Signs of possible contamination (e.g., small abscesses)

Clear anastomotic complication; free pus, obstruction, signs of peritonitis
Fecal peritonitis/Death due to peritonitis

NU = WN = O

2.7. Bursting Pressure

The bursting pressure of the specimen was measured ex-situ, with the device depicted
in Figure A5 of the Appendix A [48,49]. It consisted of a simple manometer, a tube
connected to a three-way canula, and a syringe containing dyed water connected to the
three-way. The specimen was fixed with a purse string to the tube and the free edge was
clamped.

The dyed water was then infused slowly inside the specimen and the procedure was
recorded with a camera to ensure an accurate recording. The pressure under which the
anastomosis burst constituted the bursting pressure and was logged.

2.8. Hydroxyproline

Part of the resected bowel was sent for hydroxyproline measurement. All specimens
were dried in cold air and homogenized before the procedure. A hydroxyproline concen-
tration was estimated with the use of a spectrophotometry with a wavelength of 550 nm,
after preparation with certain solutions (Table A1).
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2.9. Real Time-Polymerase Chain Reaction

For the measurement of inflammatory cytokines (IL-6, TNFa, VEGF), a NucleoSpin
RNA kit (Macherey-Nagel, Diiren, Germany) was used according to the manufacturer’s
instructions. For the quantitative measurement of the cytokines, a One-Step qRT PCR kit
(KAPABIOSYSTEMS, Wilmington, MA, USA) was used. The primers used can be found in
Table A2.

2.10. Statistical Analysis

The measured variables were checked for the normality of their distribution by the
Shapiro-Wilk test. Normally distributed continuous variables were expressed by the
arithmetic mean + standard deviation (mean =+ SD), while continuous variables with
a non-parametric distribution were expressed by the median and interquadrant range
(median, IQR). Qualitative variables, categorical or ordinal, were presented as numbers
and percentages per 100. The confidence interval was set at 95% which means that the
differences between the groups were considered statistically significant when p < 0.05. To
compare the independent variables in the two study groups, the Mann-Whitney U test
was used. Non-parametric tests were preferred due to the small sample size. The statistical
analysis of the results was performed using the statistical program Jamovi 1.6.18.0. All of
the descriptive statistics can be found in Appendix B.

3. Results
3.1. AdMSCs Macroscopically Attenuate Intra-Abdominal Complications

Macroscopic evaluations of the abdominal cavities showed less intra-abdominal ad-
hesions, colonic distention, and abscess formation. For groups A (operation only) and B
(operation and AdMSCs), minimal complications were found, mainly adhesions to fat or
other organs; group B, which received the AAMSCs, proved to have significantly less adhe-
sions than group A (p = 0.038). As for the groups with acute inflammation, groups C and
D, small abscesses, colonic dilatation, and other signs of intra-abdominal contamination
were found, but again they were significantly more likely in group C, which did not receive
AdMSCs. Group D had moderate complications compared to group C (p = 0.02); however,
more significant morbidity was found in Group D compared to group B (p = 0.008). These
results are illustrated in Figure 1 and Table A3.

. ]
| H
!

Op Op+AdMSC Op+DSS+Sal  Op+DSS+AdMSC
Groups

Score

Figure 1. Macroscopic evaluation. Comparisons: A vs. B: p =0.038, C vs. D: p =0.02, Bvs. D: p = 0.008.

3.2. Bursting Strength Is Significantly Higher in Groups with AAMSC
It seems that the groups that received AAMSCs (B and D) had a relatively higher
bursting strength than their counterparts. The mean bursting pressures are lower in groups

with inflammation, but the mean pressures are significantly higher in groups that received
AdMSCs compared to those that did not. Also, it appears that the AAMSCs applied to the
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anastomosis which was subjected to a surgical strike had a significantly higher bursting
pressure (p = 0.037) (Figure 2, Table A4).

400 A

300 A

Bursting strength

200 4

2
=

Op Op+AdMSC Op+DSS+Sal  Op+DSS+AdMSC
Groups

Figure 2. Bursting strength. Comparisons: A vs. B: p = 0.037, C vs. D: p = 0.03, B vs. D: p = 0.008.

3.3. Anastomoses with AAMSCs Had More Collagen Deposition

Enhanced anastomotic healing was found in anastomoses with AdMSCs, as indicated
by higher mean hydroxyproline concentrations. The highest mean hydroxyproline con-
centration was found in Group B, which was significantly higher compared to Group A
(p = 0.041). Inflammation reduced the collagen deposition in the anastomosis, and therefore
hindered healing, but the AAMSCs reverse this effect, as shown from the comparison of
groups C and D (p = 0.004) (Figure 3, Table A5).

2250

2000 A

1500 A

1250 A E

Op Op+AdMSC Op+DSS+Sal Op+DSS+AdMSC
Groups

Hydroxyproline
3
o

Figure 3. Hydroxyproline. Comparisons: A vs. B: p = 0.041, C vs. D: p = 0.004, B vs. D: p = 0.002.

3.4. Pro-Inflammatory Cytokine Expression Is Downregulated in Groups That Received AAMSC

The mRNAs of TNF-a and IL-6 were over-expressed in the groups that received DSS;
it seems that the AdMSCs helped to downregulate the expression of these genes in the
groups in which it was administered. Even in group B, the pro-inflammatory cytokines
were significantly reduced compared to the control (Group A). These results are illustrated
in Figures 4 and 5 and Tables A6 and A7.
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Op Op+AdMSC Op+DSS+Sal  Op+DSS+AdMSC
Groups

Figure 4. IL-6. Comparisons: A vs. B: p = 0.009, C vs. D: p = 0.065, B vs. D: p = 0.002.

TNF-a

Op Op+AdMSC Op+DSS+Sal  Op+DSS+AdMSC
Groups

Figure 5. TNF-a. Comparisons: A vs. B: p = 0.002, C vs. D: p = 0.026, B vs. D: p = 0.004.

3.5. No Difference in Neo-Vascularization of the Anastomosis

With regards to neo-vascularization, we failed to see any significant differences be-
tween the groups. Although the mean values of VEGF were slightly higher in groups that
received AAMSCs, there was no statistically significant difference between the respective
groups. There was also a lower mean VEGF in group D compared to group B; therefore, the
mean VEGF expression was lower in the group with acutely inflamed bowels, as shown in
Figure 6 and Table AS8.

G
o 751
>
5.0 1
2.5 4
Op Op+AdMSC Op+DSS+Sal  Op+DSS+AdMSC
Groups

Figure 6. VEGF. Comparisons: A vs. B: p=0.18, C vs. D: p = 0.065, B vs. D: p = 0.31.
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4. Discussion

This study demonstrates that AAMSCs can be administered to colorectal anastomoses
and attenuate inflammation. We showed that in the groups that received AAMSCs, burst-
ing pressure was higher, local pro-inflammatory markers were not overexpressed, and
anastomotic healing was enhanced, as shown by higher hydroxyproline levels.

The fact that inflammation impedes anastomotic healing is already a well-known fact
in surgical practice, and is once again proved in our study, given that morbidity was higher
in groups with acute inflammation. AdMSC administration reduced anastomotic-related
morbidity, as shown by the macroscopic evaluation score, and by the lower rate of abscess
formation, anastomotic dehiscence, and fecal peritonitis. There were no rat deaths in the
groups that received AAMSCs, and there were fewer adhesions than the groups that did not
receive AAMSCs. The low morbidity in groups that received AdMSCs has been found in
similar research projects [39,40,50]. Yoo et al. reported significantly lower rates of infectious
complications, strictures, and ulceration, but failed to show any significant difference in
anastomotic leaks and adhesions in their ischemic anastomosis model [38].

Bursting strength was measured to be the highest in the groups that received AdMSCs
in comparison to the groups that did not. Inflammation reduced the bursting strength of
the anastomosis despite the administration of AAMSCs in group D, but bursting pressures
were significantly higher compared to group C. Overall, the highest mean anastomotic
pressure (mean, 307) was found in group B without the inflammation, with administration
of AAMSCs [36-38]. In our study, the pressure measurements were measured ex-vivo so
that inevitable local adhesions did not interfere with the bursting pressure and so we could
gain a more objective appreciation of the anastomosis quality [35].

Hydroxyproline levels are a good marker of collagen accumulation in the anasto-
mosis, but, in our view, its use as a marker of the quality of the anastomosis is over-
simplified, because as far as we know, the anastomosis undergoes remodeling, which
is mediated by cytokines like TGF-f3, which induces the differentiation of fibroblasts to
myofibroblasts [40,51,52]. In the remodeling phase, immature type III collagen is substi-
tuted by the more mature type I, which makes the anastomosis more durable [53]. Since
our sampling takes place on the 8th post-operative day, we would argue that this period co-
incides with the proliferative phase of healing, during which we would expect an increased
deposition of collagen in the anastomosis, which was demonstrated. Collagen was found
to be higher in the groups that received AAMSCs [36-38].

Pro-inflammatory cytokines TNF-a and IL-6 were found to be significantly reduced in
the groups that received AdMSCs and were following the same pattern as pro-inflammatory
cytokines. We know that both these cytokines play an integral role in haemostasis/the
inflammatory phase of anastomotic healing and are produced by M1 macrophages [54-57].
One of the mechanisms of action of AAMSCs is believed to be polarization of the M1
macrophage phenotype to the M2 type, which is believed to attenuate inflammation [34].
The M2 phenotype pro-inflammatory cytokines are downregulated and the cytokines
involved in fibroblast proliferation and differentiation are increased. Gonzalez et al. ad-
ministered AdMSCs to rats with colitis and sepsis. They have shown that AAMSCs had an
anti-inflammatory effect by decreasing TNFa, IL6, and other proinflammatory cytokines,
as well as increasing the expression of IL-10, thus downregulating the Th1 mediated
inflammatory response, which is similar both in DSS colitis and Crohn’s disease [58].

Another important component of granulomatous tissue formation in anastomoses is
neo-vascularization, which plays a very important role in anastomosis viability. This is
induced by the increased secretion of the vascular endothelial factor (VEGF). In studies
with models of ischemic colitis, the VEGF was increased in groups that received bone
marrow derived MSCs (BmMCSs) [36,37,59]. Similar results have been produced by Van de
Putte et al. using their radiation-induced colitis protocol [34]. To our knowledge, our study
is the first to investigate VEGF expression using an experimental colitis model. It is shown
that VEGF expression tends to be increased in all groups compared to the control, but there
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is no significant difference between the groups. This could be a result of the sampling
timing occurring early in the healing process.

Although mesenchymal cells have already been used in clinical trials with good results,
we are still at a quite premature stage of understanding the complex mechanisms by which
they work, react with other cells, and regulate inflammation. It is still too early to interpret
these results in humans, as the standardization of experimental procedures, and more
in-vivo and in-vitro experiments are needed. Most of the protocols are designed on the
assumption of an ischemic rather than inflamed anastomosis; therefore, more experiments
are needed with this type of high-risk anastomosis. There is still no universal agreement
on the concentrations of cells that are sufficient to augment anastomotic healing; more
experiments on this subject need to be performed in the future.

Our findings are in agreement with studies that have shown that administration on
site can help the properties of AAMSCs work in a paracrine way on the organ target. Van
de Putte et al. have shown that the local accumulation of MSCs was not significant at the
side of the anastomosis weeks after the administration of therapy; therefore, it is specu-
lated that the therapeutic properties in the indigenous cells are mediated by molecules
excreted by MSCs [34]. Pascual et al. used sutures coated with MSCs and showed that
the cells were homogenously distributed in the anastomoses and resulted in more durable
anastomoses with fewer local adhesions [35]. Adas et al. conducted similar studies by
administering MSC therapy both systemically and locally. They found that locally trans-
planted MSCs resulted in accelerated healing and attenuated inflammation for ischemic
bowel anastomoses, whereas there was no improvement in inflammation when MSCs
were administered systemically [36,37]. Alvarenga et al. and Castelo-Branco et al. have
similarly shown that the systemic administration of MSCs failed to reach the organ target
and attenuate inflammation, as compared to the intraperitoneal administration of MSCs.
In their latest work, they instilled MSCs locally, which resulted in the attenuation of the
inflammation by the downregulation of proinflammatory cytokines, the upregulation of
anti-inflammatory cytokines, and a decrease in the expression of metalloproteases [40,60].
Lee et al. have reported that intravenously injected MSCs were found to be trapped in
the lungs [61]. Also, Yu et al. have reported no therapeutic effect when they injected the
secretome of MSCs intravenously, as compared to applying the therapy locally with the
use of fibrin glue as a medium [62].

In terms of administration, we have found that directly administering MSCs on the
anastomosis site worked in producing these results. This is in agreement with studies that
have shown that the administration of AAMSCs on the site of the anastomosis can help
the properties of the AdAMSCs work in a paracrine way on the organ target [34-36,40,50].
Most of the related studies agree that by using a parenteral administration method, MSCs
hardly ever reach the organ target [34,62]. Further studies are needed to reveal whether
mesenchymal cell properties can be amplified by using a different medium of application.
Yu et al. have proposed a novel cell free therapy by using fibrin glue as a medium.
They have demonstrated that it is possible to deliver the healing properties of MSCs by
administering their secretome with fibrin glue, enabling the slow release of healing and
growth factors for up to 10 days in rats with ischemic anastomoses [62].

This study proves that AAMSC therapy is feasible and promising and could potentially
be translated into human studies in the future; however, there is still more work to be done,
as biological responses can vary between different species. There are still unanswered
questions regarding the minimal dosage of MSCs that will have the optimal effect in the
healing of anastomoses, as well as whether there are agents or mediums of application
that could enhance the therapeutic properties of MSCs. One of the potential drawbacks of
MSC therapy could be the hyperexcretion of growth factors that could theoretically lead to
carcinogenesis. After proving that MSCs are effective at attenuating inflammation, the next
step would be to prove their safety, before applying the treatment in human trials.

Key to the therapeutic properties of AAMSCs is the secretome by which they seem
to regulate inflammation as well as enhance the healing properties of the cells; this might
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indicate future experimental directions. As indicated by the studies of Park et al. and Yu
et al., using AAMSC secretome could be a way of using the properties of MSCs without
using the actual cells [62,63]. More studies with secretome could potentially lead us to
identify the molecule or the group of molecules produced by MSCs which have similar
anti-inflammatory and regenerative properties as the cell culture of MSCs.

Nevertheless, regardless of the future findings and possible implementations in daily
practice, MSC experiments help us to better understand and gain new insights into how
anastomotic healing works.

5. Conclusions

In this study, we investigated the potential of adipose tissue-derived mesenchymal
stromal cells (AdMSCs) for mitigating complications associated with high-risk anastomoses,
particularly in the presence of acute intestinal inflammation. The results obtained reveal
several significant outcomes. The administration of AAMSCs led to a notable reduction in
intra-abdominal complications, including adhesions to fat and other organs, and signifi-
cantly increased the bursting strength of anastomoses. Furthermore, AAMSCs promoted
enhanced collagen deposition, which is indicative of enhanced healing in the early stages of
the healing procedure, and downregulated the pro-inflammatory cytokines TNF-a and IL-6.
Although AAMSCs had a potential positive effect on neo-vascularization, this difference
was not statistically significant. These findings collectively support the clinical potential of
AdMSCs in improving surgical outcomes and reducing inflammation in procedures with
high-risk anastomoses, warranting further research and clinical investigation.
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Appendix A

Table A1l. Solutions used for Hydroxyproline measurements.

Solution

Citric acid buffer pH = 6.5
50% k-propanol
Chloramine-T, 0.056 M
NaOH 10.125 N
Ehrlich 1 M reagent
Acetic acid 0.5N
Collagen standard solution 1 mg/mL

NGO WD =3
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Table A2. Primers for RT-PCR.

Ascending Primer (5'-3)

Descending Primer (5'-3)

INE- TACTGAACTTCGG
a GGTGATCGGTCC
e CAAGAGACTT
CCAGCCAGTTG
CGCCTTGGCT
VEGF TGTCACATC
ACCACAGTC
GAPDH CATGCCATCAC

CAGCCTTGTCCCT
TGAAGAGAACC
TTGCCGAGTAGAC
CTCATAGTGACC
GTCGGAGAGC
AACGTCACTA
TCCACCACC
CTGTTGCTGTA

Figure Al. The first figure depicts the rat prior to DSS administration. The rest show their state after

induction of colitis. Weight loss, hair erection, decreased mobility, and signs of neglected self-hygiene

are noted.

m" I

Figure A2. Mucous diarrhea, edematous anal mucosa, and blood in the stool after DSS administration.
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Figure A3. Histological confirmation of DSS colitis. H&E colon sections. ((A): x100/scale bar 100 um,
(B): x400/scale bar 20 um, (C): x200/scale bar 50 pm, (D): x100/scale bar 100 pm). Figure A3
(A—C): Ulceration of the mucosa, inflammatory infiltration of mucosa, and submucosa from neu-
trophils. Obliteration of crypts and cryptic glands, as well as goblet cells. Loss of villous height.
(D): Enlarged submucosal lymph nodes.

Figure A4. Anastomosis creation under the microscope.
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Figure A5. Device for measuring anastomotic bursting strength.

Appendix B

Table A3. Macroscopic evaluation.

Groups Mean Median SD Min Max
AOp 2.33 2 0.516 2 3
B Op + AdMSC 1.50 1.5 0.548 1 2
C Op + DSS + Sal 4.50 4 0.837 4 6
D Op + DSS + AAMSC 3.17 3 0.753 2 4

Table A4. Bursting strength.

Groups Mean Median SD Min Max
AOp 243 240 28.0 210 280
B Op + AdMSC 307 295 58.9 240 410
C Op + DSS + Sal 165 165 18.7 140 190
D Op + DSS + AdMSC 215 225 33.9 170 260

Table A5. Hydroxyproline.

Groups Mean Median SD Min Max
AOp 1694 1692 103 1568 1813
B Op + AdMSC 1964 1967 186 1751 2210
C Op + DSS + Sal 1208 1212 120 1074 1383
D Op + DSS + AdMSC 1555 1609 155 1313 1715

Table Ae6. IL-6.

Groups Mean Median SD Min Max
AOp 7.60 7.63 0.831 6.55 8.77
B Op + AdMSC 6.20 6.34 0.626 5.36 7.08
C Op + DSS + Sal 9.61 9.59 0.925 8.59 10.73

D Op + DSS + AAMSC 8.33 8.45 0.919 711 9.30
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Table A7. TNF-a.

Groups Mean Median SD Min Max
AOp 4.56 4.56 0.126 4.36 471
B Op + AdMSC 3.49 3.45 0.485 3.03 423
C Op + DSS + Sal 5.59 5.60 0.381 513 6.03
D Op + DSS + AdMSC 477 4.63 0.584 421 5.67

Table A8. VEGE

Groups Mean Median SD Min Max
AOp 5.45 5.63 1.67 3.30 7.72
B Op + AdMSC 8.28 8.76 3.91 222 12.52
C Op + DSS + Sal 8.94 8.89 2.62 5.30 12.79
D Op + DSS + AdMSC 6.10 6.14 2.03 3.84 9.54

References

1.  Ananthakrishnan, A.N. Epidemiology and Risk Factors for IBD. Nat. Rev. Gastroenterol. Hepatol. 2015, 12, 205. [CrossRef]
[PubMed]

2. Burisch, J.; Munkholm, P. The Epidemiology of Inflammatory Bowel Disease. Scand. ]. Gastroenterol. 2015, 50, 942-951. [CrossRef]
[PubMed]

3. Kamat, N.; Ganesh Pai, C.; Surulivel Rajan, M.; Kamath, A. Cost of Illness in Inflammatory Bowel Disease. Dig. Dis. Sci. 2017, 62,
2318-2326. [CrossRef]

4. Malik, TA. Inflammatory Bowel Disease. Surg. Clin. N. Am. 2015, 95, 1105-1122. [CrossRef] [PubMed]

5. Tekkis, PP; Purkayastha, S.; Lanitis, S.; Athanasiou, T.; Heriot, A.G.; Orchard, T.R.; Nicholls, RJ.; Darzi, A.W. A Comparison of
Segmental vs Subtotal/Total Colectomy for Colonic Crohn’s Disease: A Meta-Analysis. Color. Dis. 2006, 8, 82-90. [CrossRef]

6. Gallo, G.; Kotze, P.G.; Spinelli, A. Surgery in Ulcerative Colitis: When? How? Best Pract. Res. Clin. Gastroenterol. 2018, 32-33,
71-78. [CrossRef]

7.  Forbes, G.M. Mesenchymal Stromal Cell Therapy in Crohn’s Disease. Dig. Dis. 2017, 35, 115-122. [CrossRef]

8. Yuan, Y;;Ni, S;; Zhuge, A.; Li, L.; Li, B. Adipose-Derived Mesenchymal Stem Cells Reprogram M1 Macrophage Metabolism via
PHD2/HIF-1a Pathway in Colitis Mice. Front. Immunol. 2022, 13, 859806. [CrossRef]

9. Ko, J.Z-H,; Johnson, S.; Dave, M. Efficacy and Safety of Mesenchymal Stem/Stromal Cell Therapy for Inflammatory Bowel
Diseases: An Up-to-Date Systematic Review. Biomolecules 2021, 11, 82. [CrossRef]

10. Hu, Q.; Lyon, CJ.; Fletcher, ].K.; Tang, W.; Wan, M.; Hu, T.Y. Extracellular Vesicle Activities Regulating Macrophage- and
Tissue-Mediated Injury and Repair Responses. Acta Pharm. Sin. B 2021, 11, 1493-1512. [CrossRef]

11. Gomez-Ferrer, M.; Amaro-Prellezo, E.; Dorronsoro, A.; Sanchez-Sanchez, R.; Vicente, A.; Cosin-Roger, J.; Barrachina, M.D.;
Baquero, M.C.; Valencia, J.; Sepulveda, P. HIF-Overexpression and Pro-Inflammatory Priming in Human Mesenchymal Stromal
Cells Improves the Healing Properties of Extracellular Vesicles in Experimental Crohn’s Disease. Int. ]. Mol. Sci. 2021, 22, 11269.
[CrossRef]

12.  Arabpour, M.; Saghazadeh, A.; Rezaei, N. Anti-Inflammatory and M2 Macrophage Polarization-Promoting Effect of Mesenchymal
Stem Cell-Derived Exosomes. Int. Immunopharmacol. 2021, 97, 107823. [CrossRef]

13.  Song, W.-J; Li, Q.; Ryu, M.-O.; Ahn, J.-O.; Bhang, D.H.; Jung, Y.C.; Youn, H.-Y. TSG-6 Released from Intraperitoneally Injected
Canine Adipose Tissue-Derived Mesenchymal Stem Cells Ameliorate Inflammatory Bowel Disease by Inducing M2 Macrophage
Switch in Mice. Stem Cell Res. Ther. 2018, 9, 91. [CrossRef] [PubMed]

14. Park, HJ.; Kim, J.; Saima, ET.; Rhee, K.-J.; Hwang, S.; Kim, M.Y.; Baik, S.K.; Eom, YYW.; Kim, H.-S. Adipose-Derived Stem
Cells Ameliorate Colitis by Suppression of Inflammasome Formation and Regulation of M1-Macrophage Population through
Prostaglandin E2. Biochem. Biophys. Res. Commun. 2018, 498, 988-995. [CrossRef]

15. Luz-Crawford, P; Djouad, E; Toupet, K.; Bony, C.; Franquesa, M.; Hoogduijn, M.].; Jorgensen, C.; Noél, D. Mesenchymal Stem
Cell-Derived Interleukin 1 Receptor Antagonist Promotes Macrophage Polarization and Inhibits B Cell Differentiation. Stem Cells
2016, 34, 483-492. [CrossRef]

16. Abumaree, M.H.; Al Jumah, M.A ; Kalionis, B.; Jawdat, D.; Al Khaldi, A.; Abomaray, FEM.; Fatani, A.S.; Chamley, L.W.; Knawy,
B.A. Human Placental Mesenchymal Stem Cells (pMSCs) Play a Role as Immune Suppressive Cells by Shifting Macrophage
Differentiation from Inflammatory M1 to Anti-Inflammatory M2 Macrophages. Stem Cell Rev. Rep. 2013, 9, 620-641. [CrossRef]

17. Wang, S.; Lei, B.; Zhang, E.; Gong, P.; Gu, J.; He, L.; Han, L.; Yuan, Z. Targeted Therapy for Inflammatory Diseases with

Mesenchymal Stem Cells and Their Derived Exosomes: From Basic to Clinics. Int. . Nanomed. 2022, 17, 1757-1781. [CrossRef]
[PubMed]


https://doi.org/10.1038/nrgastro.2015.34
https://www.ncbi.nlm.nih.gov/pubmed/25732745
https://doi.org/10.3109/00365521.2015.1014407
https://www.ncbi.nlm.nih.gov/pubmed/25687629
https://doi.org/10.1007/s10620-017-4690-z
https://doi.org/10.1016/j.suc.2015.07.006
https://www.ncbi.nlm.nih.gov/pubmed/26596917
https://doi.org/10.1111/j.1463-1318.2005.00903.x
https://doi.org/10.1016/j.bpg.2018.05.017
https://doi.org/10.1159/000449091
https://doi.org/10.3389/fimmu.2022.859806
https://doi.org/10.3390/biom11010082
https://doi.org/10.1016/j.apsb.2020.12.014
https://doi.org/10.3390/ijms222011269
https://doi.org/10.1016/j.intimp.2021.107823
https://doi.org/10.1186/s13287-018-0841-1
https://www.ncbi.nlm.nih.gov/pubmed/29625582
https://doi.org/10.1016/j.bbrc.2018.03.096
https://doi.org/10.1002/stem.2254
https://doi.org/10.1007/s12015-013-9455-2
https://doi.org/10.2147/IJN.S355366
https://www.ncbi.nlm.nih.gov/pubmed/35469174

J. Clin. Med. 2023, 12, 6336 150f 16

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Wang, D.; Xue, H.; Tan, J.; Liu, P; Qiao, C.; Pang, C.; Zhang, L. Bone Marrow Mesenchymal Stem Cells-Derived Exosomes
Containing miR-539-5p Inhibit Pyroptosis through NLRP3/Caspase-1 Signalling to Alleviate Inflammatory Bowel Disease.
Inflamm. Res. 2022, 71, 833-846. [CrossRef] [PubMed]

Yu, X.; Odenthal, M.; Fries, ] W.U. Exosomes as miRNA Carriers: Formation-Function-Future. Int. J. Mol. Sci. 2016, 17, 2028.
[CrossRef]

Yang, S.; Liang, X.; Song, J.; Li, C.; Liu, A.; Luo, Y.; Ma, H.; Tan, Y.; Zhang, X. A Novel Therapeutic Approach for Inflammatory
Bowel Disease by Exosomes Derived from Human Umbilical Cord Mesenchymal Stem Cells to Repair Intestinal Barrier via
TSG-6. Stem Cell Res. Ther. 2021, 12, 315. [CrossRef]

Shen, Z.; Huang, W.; Liu, J.; Tian, J.; Wang, S.; Rui, K. Effects of Mesenchymal Stem Cell-Derived Exosomes on Autoimmune
Diseases. Front. Immunol. 2021, 12, 749192. [CrossRef] [PubMed]

Liu, H,; Liang, Z.; Wang, F.; Zhou, C.; Zheng, X.; Hu, T,; He, X,; Wu, X; Lan, P. Exosomes from Mesenchymal Stromal Cells
Reduce Murine Colonic Inflammation via a Macrophage-Dependent Mechanism. JCI Insight 2019, 4, €131273. [CrossRef]

Wang, G.; Yuan, J.; Cai, X.; Xu, Z.; Wang, J.; Ocansey, D.K.W,; Yan, Y.; Qian, H.; Zhang, X.; Xu, W.; et al. HucMSC-exosomes
Carrying miR-326 Inhibit Neddylation to Relieve Inflammatory Bowel Disease in Mice. Clin. Transl. Med. 2020, 10, e113.
[CrossRef]

Sun, Z.; Shi, K.; Yang, S.; Liu, J.; Zhou, Q.; Wang, G.; Song, J.; Li, Z.; Zhang, Z.; Yuan, W. Effect of Exosomal miRNA on Cancer
Biology and Clinical Applications. Mol. Cancer 2018, 17, 147. [CrossRef] [PubMed]

Heidari, M.; Pouya, S.; Baghaei, K.; Aghdaei, H.A.; Namaki, S.; Zali, M.R.; Hashemi, S.M. The Immunomodulatory Effects of
Adipose-derived Mesenchymal Stem Cells and Mesenchymal Stem Cells-conditioned Medium in Chronic Colitis. J. Cell. Physiol.
2018, 233, 8754-8766. [CrossRef] [PubMed]

Cai, X.; Zhang, Z.; Yuan, J.; Ocansey, D.K.W.; Tu, Q.; Zhang, X.; Qian, H.; Xu, W.; Qiu, W.; Mao, F. hucMSC-Derived Exosomes
Attenuate Colitis by Regulating Macrophage Pyroptosis via the miR-378a-5p/NLRP3 Axis. Stem Cell Res. Ther. 2021, 12, 416.
[CrossRef]

Cao, Y;; Ding, Z.; Han, C.; Shi, H.; Cui, L.; Lin, R. Efficacy of Mesenchymal Stromal Cells for Fistula Treatment of Crohn’s Disease:
A Systematic Review and Meta-Analysis. Dig. Dis. Sci. 2017, 62, 851-860. [CrossRef]

Garcia-Olmo, D.; Garcia-Arranz, M.; Herreros, D. Expanded Adipose-Derived Stem Cells for the Treatment of Complex Perianal
Fistula Including Crohn’s Disease. Expert Opin. Biol. Ther. 2008, 8, 1417-1423. [CrossRef]

Ciccocioppo, R; Gallia, A.; Sgarella, A.; Kruzliak, P.; Gobbi, P.G.; Corazza, G.R. Long-Term Follow-Up of Crohn Disease Fistulas
After Local Injections of Bone Marrow-Derived Mesenchymal Stem Cells. Mayo Clin. Proc. 2015, 90, 747-755. [CrossRef]
Molendijk, I.; Bonsing, B.A.; Roelofs, H.; Peeters, K.C.M.].; Wasser, M.N.].M.; Dijkstra, G.; van der Woude, C.]J.; Duijvestein,
M.; Veenendaal, R.A.; Zwaginga, ].-J.; et al. Allogeneic Bone Marrow-Derived Mesenchymal Stromal Cells Promote Healing of
Refractory Perianal Fistulas in Patients With Crohn’s Disease. Gastroenterology 2015, 149, 918-927.e6. [CrossRef]

Duijvestein, M.; Vos, A.C.W.; Roelofs, H.; Wildenberg, M.E.; Wendrich, B.B.; Verspaget, H.-W.; Kooy-Winkelaar, E.M.C.; Koning,
F.; Zwaginga, ].].; Fidder, H.H.; et al. Autologous Bone Marrow-Derived Mesenchymal Stromal Cell Treatment for Refractory
Luminal Crohn’s Disease: Results of a Phase I Study. Gut 2010, 59, 1662-1669. [CrossRef] [PubMed]

Garcia-Olmo, D.; Garcia-Arranz, M.; Herreros, D.; Pascual, I.; Peiro, C.; Rodriguez-Montes, J.A. A Phase I Clinical Trial of
the Treatment of Crohn'’s Fistula by Adipose Mesenchymal Stem Cell Transplantation. Dis. Colon Rectum 2005, 48, 1416-1423.
[CrossRef]

Dave, M.; Mehta, K,; Luther, J.; Baruah, A.; Dietz, A.B.; Faubion, W.A. Mesenchymal Stem Cell Therapy for Inflammatory Bowel
Disease: A Systematic Review and Meta-Analysis. Inflamm. Bowel Dis. 2015, 21, 2696-2707. [CrossRef]

Van de Putte, D.; Demarquay, C.; Van Daele, E.; Moussa, L.; Vanhove, C.; Benderitter, M.; Ceelen, W.; Pattyn, P.; Mathieu, N.
Adipose-Derived Mesenchymal Stromal Cells Improve the Healing of Colonic Anastomoses Following High Dose of Irradiation
Through Anti-Inflammatory and Angiogenic Processes. Cell Transplant. 2017, 26, 1919-1930. [CrossRef] [PubMed]

Pascual, I.; Fernandez de Miguel, G.; Garcia Arranz, M.; Garcia-Olmo, D. Biosutures Improve Healing of Experimental Weak
Colonic Anastomoses. Int. . Color. Dis. 2010, 25, 1447-1451. [CrossRef] [PubMed]

Adas, G.; Kemik, O.; Eryasar, B.; Okcu, A.; Adas, M.; Arikan, S.; Erman, G.; Kemik, A.S.; Kamali, G.; Dogan, Y.; et al. Treatment
of Ischemic Colonic Anastomoses with Systemic Transplanted Bone Marrow Derived Mesenchymal Stem Cells. Eur. Rev. Med.
Pharmacol. Sci. 2013, 17, 2275-2285.

Adas, G.; Arikan, S.; Karatepe, O.; Kemik, O.; Ayhan, S.; Karaoz, E.; Kamali, G.; Eryasar, B.; Ustek, D. Mesenchymal Stem
Cells Improve the Healing of Ischemic Colonic Anastomoses (Experimental Study). Langenbeck’s Arch. Surg. 2011, 396, 115-126.
[CrossRef]

Yoo, J.H.; Shin, ]. H.; An, M.S,; Ha, TK.; Kim, K.H.; Bae, K.B.; Kim, T.H.; Choi, C.S.; Hong, K.H.; Kim, J.; et al. Adipose-Tissue-
Derived Stem Cells Enhance the Healing of Ischemic Colonic Anastomoses: An Experimental Study in Rats. . Korean Soc.
Coloproctol. 2012, 28, 132. [CrossRef]

Morgan, A.; Zheng, A.; Linden, KM.; Zhang, P; Brown, S.A.; Carpenter, ].P.; Spitz, ER.; Kwiatt, M.E. Locally Transplanted
Adipose Stem Cells Reduce Anastomotic Leaks in Ischemic Colorectal Anastomoses: A Rat Model. Dis. Colon Rectum 2020, 63,
955-964. [CrossRef]


https://doi.org/10.1007/s00011-022-01577-z
https://www.ncbi.nlm.nih.gov/pubmed/35637388
https://doi.org/10.3390/ijms17122028
https://doi.org/10.1186/s13287-021-02404-8
https://doi.org/10.3389/fimmu.2021.749192
https://www.ncbi.nlm.nih.gov/pubmed/34646275
https://doi.org/10.1172/jci.insight.131273
https://doi.org/10.1002/ctm2.113
https://doi.org/10.1186/s12943-018-0897-7
https://www.ncbi.nlm.nih.gov/pubmed/30309355
https://doi.org/10.1002/jcp.26765
https://www.ncbi.nlm.nih.gov/pubmed/29797577
https://doi.org/10.1186/s13287-021-02492-6
https://doi.org/10.1007/s10620-017-4453-x
https://doi.org/10.1517/14712598.8.9.1417
https://doi.org/10.1016/j.mayocp.2015.03.023
https://doi.org/10.1053/j.gastro.2015.06.014
https://doi.org/10.1136/gut.2010.215152
https://www.ncbi.nlm.nih.gov/pubmed/20921206
https://doi.org/10.1007/s10350-005-0052-6
https://doi.org/10.1097/MIB.0000000000000543
https://doi.org/10.1177/0963689717721515
https://www.ncbi.nlm.nih.gov/pubmed/29390877
https://doi.org/10.1007/s00384-010-0952-3
https://www.ncbi.nlm.nih.gov/pubmed/20544210
https://doi.org/10.1007/s00423-010-0717-z
https://doi.org/10.3393/jksc.2012.28.3.132
https://doi.org/10.1097/DCR.0000000000001667

J. Clin. Med. 2023, 12, 6336 16 of 16

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

Alvarenga, V.; da Silva, P.T.; Bonfa, N.D.; Pégo, B.; Nanini, H.; Bernardazzi, C.; Madi, K.; Baetas da Cruz, W.; Castelo-Branco, M.T.;
de Souza, H.S.P; et al. Protective Effect of Adipose Tissue-Derived Mesenchymal Stromal Cells in an Experimental Model of
High-Risk Colonic Anastomosis. Surgery 2019, 166, 914-925. [CrossRef]

The ARRIVE Guidelines 2.0. Available online: https:/ /arriveguidelines.org/arrive-guidelines (accessed on 23 July 2022).
Perse, M,; Cerar, A. Dextran Sodium Sulphate Colitis Mouse Model: Traps and Tricks. . Biomed. Biotechnol. 2012, 2012, 718617.
[CrossRef] [PubMed]

Perry, T.; Laffin, M.; Fedorak, R.N.; Thiesen, A.; Dicken, B.; Madsen, K.L. Ileocolic Resection Is Associated with Increased
Susceptibility to Injury in a Murine Model of Colitis. PLoS ONE 2017, 12, e0184660. [CrossRef] [PubMed]

Perry, T.; Borowiec, A.; Dicken, B.; Fedorak, R.; Madsen, K. Murine Ileocolic Bowel Resection with Primary Anastomosis. J. Vis.
Exp. 2014, 92, €52106. [CrossRef]

Karagergou, E.; Dionyssopoulos, A.; Karayannopoulou, M.; Psalla, D.; Theodoridis, A.; Demiri, E.; Koliakos, G. Adipose-Derived
Stromal Vascular Fraction Aids Epithelialisation and Angiogenesis in an Animal Model. ]. Wound Care 2018, 27, 637-644.
[CrossRef] [PubMed]

Eichele, D.D.; Kharbanda, K.K. Dextran Sodium Sulfate Colitis Murine Model: An Indispensable Tool for Advancing Our
Understanding of Inflammatory Bowel Diseases Pathogenesis. World |. Gastroenterol. 2017, 23, 6016-6029. [CrossRef]

Bosmans, ].W.A.M.; Moossdorff, M.; Al-Taher, M.; van Beek, L.; Derikx, ].P.M.; Bouvy, N.D. International Consensus Statement
Regarding the Use of Animal Models for Research on Anastomoses in the Lower Gastrointestinal Tract. Int. J. Color. Dis. 2016, 31,
1021-1030. [CrossRef]

Pramateftakis, M.G.; Kanellos, D.; Mantzoros, I.; Despoudi, K.; Raptis, D.; Angelopoulos, S.; Koliakos, G.; Zaraboukas, T.;
Lazaridis, C. Intraperitoneally Administered Irinotecan with 5-Fluorouracil Impair Wound Healing of Colonic Anastomoses in a
Rat Model: An Experimental Study. Tech. Coloproctol. 2011, 15, 121-125. [CrossRef]

Cihan, A.; Armutcu, F; Ugan, B.H.; Acun, Z.; Numanoglu, VK.; Giirel, A.; Ulukent, S.C. Comparison of the Measurement
Methods of Bursting Pressure of Intestinal Anastomoses. Hepatogastroenterology 2003, 50 (Suppl. S2), cexxxii—cexxxiv.

Sukho, P.; Boersema, G.S.A.; Kops, N.; Lange, ].E; Kirpensteijn, J.; Hesselink, ].W.; Bastiaansen-Jenniskens, Y.M.; Verseijden, F.
Transplantation of Adipose Tissue-Derived Stem Cell Sheet to Reduce Leakage After Partial Colectomy in A Rat Model. J. Vis.
Exp. 2018, 138, €57213. [CrossRef]

Lourenssen, S.R.; Blennerhassett, M.G. M2 Macrophages and Phenotypic Modulation of Intestinal Smooth Muscle Cells Charac-
terize Inflammatory Stricture Formation in Rats. Am. J. Pathol. 2020, 190, 1843-1858. [CrossRef]

Dulffield, J.S.; Lupher, M.; Thannickal, V.J.; Wynn, T.A. Host Responses in Tissue Repair and Fibrosis. Annu. Rev. Pathol. Mech. Dis.
2013, 8, 241-276. [CrossRef] [PubMed]

Wang, P-H.; Huang, B.-S.; Horng, H.-C.; Yeh, C.-C.; Chen, Y.-]. Wound Healing. J. Chin. Med. Assoc. 2018, 81, 94-101. [CrossRef]
[PubMed]

Mantovani, A.; Biswas, S.K.; Galdiero, M.R.; Sica, A.; Locati, M. Macrophage Plasticity and Polarization in Tissue Repair and
Remodelling. . Pathol. 2013, 229, 176-185. [CrossRef]

Mantovani, A.; Sica, A.; Locati, M. Macrophage Polarization Comes of Age. Immunity 2005, 23, 344-346. [CrossRef] [PubMed]
Davies, L.C.; Jenkins, S.J.; Allen, J.E.; Taylor, P.R. Tissue-Resident Macrophages. Nat. Immunol. 2013, 14, 986-995. [CrossRef]
Hidalgo-Garcia, L.; Galvez, ]J.; Rodriguez-Cabezas, M.E.; Anderson, P.O. Can a Conversation Between Mesenchymal Stromal
Cells and Macrophages Solve the Crisis in the Inflamed Intestine? Front. Pharmacol. 2018, 9, 179. [CrossRef]

Gonzalez-Rey, E.; Anderson, P.; Gonzalez, M.A_; Rico, L.; Buscher, D.; Delgado, M. Human Adult Stem Cells Derived from
Adipose Tissue Protect against Experimental Colitis and Sepsis. Gut 2009, 58, 929-939. [CrossRef]

Tadauchi, A.; Narita, Y.; Kagami, H.; Niwa, Y.; Ueda, M.; Goto, H. Novel Cell-Based Therapeutic Strategy for Ischemic Colitis
with Use of Bone Marrow-Derived Mononuclear Cells in Rats. Dis. Colon Rectum 2009, 52, 1443-1451. [CrossRef]
Castelo-Branco, M.T.L.; Soares, I.D.P.; Lopes, D.V.; Buongusto, F.; Martinusso, C.A.; do Rosario, A.; Souza, S.A.L.; Gutfilen, B,;
Fonseca, L.M.B; Elia, C.; et al. Intraperitoneal but Not Intravenous Cryopreserved Mesenchymal Stromal Cells Home to the
Inflamed Colon and Ameliorate Experimental Colitis. PLoS ONE 2012, 7, €33360. [CrossRef]

Lee, R.H.; Pulin, A.A.; Seo, M.].; Kota, D.J.; Ylostalo, J.; Larson, B.L.; Semprun-Prieto, L.; Delafontaine, P.; Prockop, D.]. Intravenous
hMSCs Improve Myocardial Infarction in Mice Because Cells Embolized in Lung Are Activated to Secrete the Anti-Inflammatory
Protein TSG-6. Cell Stem Cell 2009, 5, 54-63. [CrossRef]

Yu, W.; Zhou, H.; Feng, X.; Liang, X.; Wei, D.; Xia, T.; Yang, B.; Yan, L.; Zhao, X.; Liu, H. Mesenchymal Stem Cell Secretome-Loaded
Fibrin Glue Improves the Healing of Intestinal Anastomosis. Front. Bioeng. Biotechnol. 2023, 11, 1103709. [CrossRef] [PubMed]
Park, S.-R.; Kim, J.-W,; Jun, H.-S.; Roh, ].Y.; Lee, H.-Y.; Hong, L.-S. Stem Cell Secretome and Its Effect on Cellular Mechanisms
Relevant to Wound Healing. Mol. Ther. 2018, 26, 606-617. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1016/j.surg.2019.07.023
https://arriveguidelines.org/arrive-guidelines
https://doi.org/10.1155/2012/718617
https://www.ncbi.nlm.nih.gov/pubmed/22665990
https://doi.org/10.1371/journal.pone.0184660
https://www.ncbi.nlm.nih.gov/pubmed/28922370
https://doi.org/10.3791/52106
https://doi.org/10.12968/jowc.2018.27.10.637
https://www.ncbi.nlm.nih.gov/pubmed/30332355
https://doi.org/10.3748/wjg.v23.i33.6016
https://doi.org/10.1007/s00384-016-2550-5
https://doi.org/10.1007/s10151-011-0755-8
https://doi.org/10.3791/57213
https://doi.org/10.1016/j.ajpath.2020.05.015
https://doi.org/10.1146/annurev-pathol-020712-163930
https://www.ncbi.nlm.nih.gov/pubmed/23092186
https://doi.org/10.1016/j.jcma.2017.11.002
https://www.ncbi.nlm.nih.gov/pubmed/29169897
https://doi.org/10.1002/path.4133
https://doi.org/10.1016/j.immuni.2005.10.001
https://www.ncbi.nlm.nih.gov/pubmed/16226499
https://doi.org/10.1038/ni.2705
https://doi.org/10.3389/fphar.2018.00179
https://doi.org/10.1136/gut.2008.168534
https://doi.org/10.1007/DCR.0b013e3181a79549
https://doi.org/10.1371/journal.pone.0033360
https://doi.org/10.1016/j.stem.2009.05.003
https://doi.org/10.3389/fbioe.2023.1103709
https://www.ncbi.nlm.nih.gov/pubmed/37064233
https://doi.org/10.1016/j.ymthe.2017.09.023
https://www.ncbi.nlm.nih.gov/pubmed/29066165

	Introduction 
	Materials and Methods 
	Ethics Statement 
	Experimental Design 
	Adipose Tissue-Derived Mesenchymal Stromal Cells 
	Colitis Protocol 
	Operative Procedure 
	Macroscopic Assessment 
	Bursting Pressure 
	Hydroxyproline 
	Real Time-Polymerase Chain Reaction 
	Statistical Analysis 

	Results 
	AdMSCs Macroscopically Attenuate Intra-Abdominal Complications 
	Bursting Strength Is Significantly Higher in Groups with AdMSC 
	Anastomoses with AdMSCs Had More Collagen Deposition 
	Pro-Inflammatory Cytokine Expression Is Downregulated in Groups That Received AdMSC 
	No Difference in Neo-Vascularization of the Anastomosis 

	Discussion 
	Conclusions 
	Appendix A
	Appendix B
	References

