Supplementary parts A

A. Development of animal models of gastrocutaneousfisulae

General housing conditions

This study was conducted at the Biosurgical Research Laboratory of the Alain Carpentier Foundation in Paris. Animals were housed in a dedicated facility, under regulated temperature and ventilation conditions, respecting natural light-dark cycles. Fifty-six 12-week-old female Wistar rats and forty-one 3-month-old female Large White pigs were used in total for this study. 

Development of a rat model of gastrocutaneous fistulae 
Sixteen female Wistar rats (n = 8 rats for the technical development of the model and n = 8 rats for its subsequent validation) with a mean weight of 484.4 g (range: 274.0 – 810.0 g) were used for this part of the study. 

Sleeve gastrectomy and gastrocutaneous fistula creation
Anaesthesia was induced with 4% isoflurane (Baxter, Maurepas, France), and maintained with 1-1.5% isoflurane. Buprenorphine (0.05 mg/kg) was injected subcutaneously for analgaesia 20 minutes prior to surgery, and the animals were placed in supine position with their lower limbs spread apart. The abdomen was shaved and the skin was disinfected with povidone-iodine. A 20 mm median supra-umbilical laparotomy exposing the liver was performed. After identification of the cardia, the pylorus and oesogastric junction were individualized and separated from the left crus of the diaphragm (Supplementary figure 1A). The gastrocolic and gastrosplenic ligaments were dissected and sectioned, with elective ligation of the short gastric arteries. A sleeve gastrectomy was performed using a vertical stapler (Endo GIA™, 45 mm, purple cartridge, Covidien) between the greater curvature at a 5-millimeter distance from the pylorus and the upper part of the rumen (equivalent of the fundus for rats) and the excluded part of the stomach was removed, as shown in Figures 1B and 1C. 
The distal part of the residual rumen was then pulled through the posterior and anterior fasciae of the rectus abdominis and the subcutaneous space to a 3×3 mm biconcave incision on the left flank of the rat via a staggered passage (Supplementary Figures 1D-1E), thus creating a 5-millimeter long tract, which was secured to the skin through four stitches (Vicryl 6/0). 

Post-operative care
Access to 50 mL of liquid diet per day was provided on post-operative days (POD) 1 and 2. Water was reintroduced on POD 2, and the animals received a standard solid diet from POD 3 onwards (C 1314, Altromin, Genestil). Isotonic glucose (5 mL) and penicillin G (0.5 µL/g; 20,000 IU/mL) were injected intramuscularly on POD 1. Buprenorphine (0.05 mg/kg/day) was administered subcutaneously from POD 1 to POD 3 as needed. Rats were kept in individual cages until POD 7, then returned to two animals per cage.

Follow-up
Animals were monitored daily for signs of dehydration and weighed once weekly over a period of 6 weeks. The primary outcome was fistula patency at POD45. Rats were euthanized on POD 45 by intracardiac injection of thiopental. The gastrocutaneous fistula tract and its periphery were collected for histological evaluation.


Results of the development rat model of gastrocutaneous fistulae

Gastrocutaneous fistulae following sleeve gastrectomy were surgically induced in a total of 16 rats, including 8 rats for the technical development of the model, and 8 for its subsequent validation. Mean operative time was 27.5 minutes (range 20 – 41 minutes). Two animals were euthanized at POD 38 as per the predetermined humane intervention points due to uncontrolled extracellular dehydration leading to a total body weight loss of over 30% of the initial weight. They were not excluded from subsequent analyses. No other severe adverse events were observed. Mean total body weight loss at the end of follow-up reached 16.42% (range 0.65 – 45.15%). Clinical examination at the end of follow-up evidenced patent fistulae with active output in all cases (Supplementary Figure 1F).

Development of a pig model of gastrocutaneous fistula
14 female Large White pigs (n = 8 pigs for the technical development of the model and n = 6 pigs for its subsequent validation) with a mean weight of 46.1 kg (range: 42.0 – 54.0 kg) were used for this part of the study. All animals received a liquid diet on the day prior to surgery and were fasted overnight before the operation.

Three different protocols were tested for the sleeve gastrectomy:
1. Preservation of the fundic pouch (n = 3 pigs, Figure 2A): the stapling was terminated at the level of the greater curvature, beneath the fundic pouch, thus preserving the fundic pouch as a reserve for alimentation and facilitating the subsequent creation of gastrocutaneous fistulae.
2. Total resection of the fundic pouch (n = 2 pigs, Figure 2B): the stapling was terminated at the level of the cardia near the oesogastric junction, thus resecting the fundic pouch entirely and reproducing the procedure of sleeve gastrectomy as it is performed in humans.
3. Partial resection of the fundic pouch (n = 3 pigs, Figure 2C): the stapling was terminated at the level of the fundus, 4 to 6 cm from the oesogastric junction, thus preserving part of the fundic pouch and inducing a light stenosis at the level of the lesser curvature.
Post-operative care
All animals were kept in individual cages, and received a liquid diet on the day after to surgery. Pigs received an analgesic therapy at a dose of 0.05mg/kg (buprenorphine) subcutaneously before surgery and postoperatively at POD1.
Follow-up
Animals were monitored daily for signs of dehydratation and weighed once weekly over a period of 4 weeks. The primary outcome was fistula patency at the end of the follow-up. Secondary outcomes included the endoscopic aspect of the internal fistula orifice and visualisation of the fistula tract by external fistulography, both assessed on POD 14 and POD 28. Pigs were euthanized on POD 28 by intra-venous injection of Dolethal®. Zühlke score was assessed to describe the presence of adhesions (1), then the gastrocutaneous fistula tract and its periphery were collected for histological evaluation.
In a second part of the study, we aimed to evaluate the potential of ADSC-derived EVs embedded in a thermoresponsive poloxamer 407 hydrogel for the treatment of gastrocutaneous fistulae in the context of sleeve gastrectomy.

Results to development of a pig model of gastrocutaneous fistulae

Technical development of the model
Three different protocols were tested for the creation of a swine model of gastrocutaneous fistulae following sleeve gastrectomy. Fistulae created with preservation of the fundic pouch failed to sustain patency up until the end of the follow-up (n = 3) (Supplementary Figure 2 A). Complete fundic pouch resection (n = 2) (Supplementary figure 2 B) resulted in severe dysphagia and dehydration, which were lethal in the first post-operative week in both cases. After partial fundic resection (n = 3) (Supplementary Figure 2 C), a sustained patency was observed up until the end of the follow-up period in all cases, without mortality or severe adverse events. Mean total body weight loss was 1.4±1.1%.

Surgical process of sleeve gastrectomy and gastrocutaneous fistula creation in final population.

Ketamine (20 mg/kg) and azaperone (2 mg/kg) were administered intramuscularly, before the procedure as premedication. General anaesthesia was induced by intravenous injection of propofol (4 mg/kg) and maintained by 2% isoflurane (Forene, Abbott, France) after oro-tracheal intubation. Buprenorphine (0.05 mg/kg) was injected subcutaneously prior to surgery.
The pigs were placed in supine position with the lower limbs spread apart. The abdomen was shaved, and standard aseptic procedures were applied throughout the surgery. Laparotomy was performed and gastric dissection (Supplementary Figure 3A). A 36-French bougie tube was inserted and placed at the level of the pylorus for calibration (Supplementary Figure 3B). Sleeve gastrectomy was performed by firing 3 to 4 vertical staplers (Endo GIA™, 80 mm, green cartridge, Covidien) along the calibration tube, starting at 3 to 4 cm from the pylorus (Supplementary Figures 2C and 2D). Partial resection of the fundic pouch: the stapling was terminated at the level of the fundus, 4 to 6 cm from the oesogastric junction, thus preserving part of the fundic pouch and inducing a light stenosis at the level of the lesser curvature. A manual suture was performed along the staple line (Figure 2E) and the stomach was opened at the upper end of the staple line to introduce a 24-French Pezzer catheter and a T-tube catheter in parallel. The catheters were then guided to the skin and fixed using (Vicryl 2/0) (Supplementary Figures 2F and 2G). The excluded stomach removed after surgery is shown in (Supplementary Figure 2H). Staples were removed under general anaesthesia on POD 14.

Validation of the model
Gastrocutaneous fistulae following sleeve gastrectomy with partial fundic resection were created in 6 additional pigs for model validation (Supplementary Figure 2 C). Mean distance between the end of the staple line and the oesogastric junction was 5.1 cm (range 4.5 – 6 cm). The procedure lasted 71 minutes in average. No serious adverse events were observed. At POD 28, mean total body weight loss reached 2.8±1.8% of the initial weight and clinical assessment of the external fistula opening revealed patent orifices in all cases. Similarly, patent internal orifices were observed in all cases by upper gastro-intestinal endoscopy at POD 28, and radiological evaluation through fistulography confirmed the presence of patent fistula tracts. 

Discussion about animal model and physiopathology of fistulae development after sleeve gastrectomy
Several rodent models of post-surgical enterocutaneous (2–8) fistulae have already been described, along with rat models of gastrocolic fistulae (9), internal intestinal fistulae with peritonitis (10) or internal duodenal fistulae (11). In the field of gastric surgery, two models of post-surgical gastrocutaneous fistulae have already been developed, however none were set in the specific context of sleeve gastrectomy. For the first one (12), gastrotomy was performed in Wistar rats and the stomach was then attached to the front abdominal wall. The second (13) described waiting two hours after gastrotomy in rabbits for the formation of leakage then using a drain sutured to the skin and abdominal muscles to create fistula tracts. 

Sleeve gastrectomy poses specific mechanical constraints, such as an increased pressure in the sleeved stomach, which have been hypothesized to contribute to staple line failure (14). Leaks develop specifically at the top of the staple line near the oesogastric junction in the vast majority of the cases (15). An ex vivo study of the mechanical behaviour of sleeved stomachs in pigs described a correlation between the mean burst pressure of the staple line and the volume of the stomach, with failure occurring at the zone which underwent the highest displacement (at the upper part of the stapling in 73% of the cases) (16). Simulations of the stress exerted on the luminal wall of sleeved stomachs using Finite Element Modelling showed that upon swallowing the stress would concentrate at the level of the staple line, near the oesogastric junction; and would be diminished in the advent of a leak (17). Another factor that could contribute to staple line leak development (and subsequent evolution into full gastrocutaneous fistulae) is ischemia. Vascularisation of the esogastric junction mainly depends on branches from the left gastric artery, the left inferior phrenic artery and short gastric arteries, which will be sectioned during sleeve gastrectomy (18,19). Recent studies assessing gastric blood supply by computed tomography have suggested a decreased gastric vascularisation in obese patients compared to non-obese patients (20) and a potential correlation between interruption of the vascularisation of the oesogastric junction by the staple line and development of leak post-sleeve gastrectomy (19).

Whilst hindering the clinical representativeness of our models, this iatrogenic creation of fistulae appeared necessary both for practicality and for compliance with the ethical principles of the 3 “Rs” (replacement, reduction, refinement) regarding the use of animals in research. Indeed, existing in vivo sleeve gastrectomy models reported low rates of gastric leaks; and fistulae developing from the chronicization of a leak might not all be comparable (for instance, development of gastropleural fistulae instead of gastrocutaneous fistulae; presence of complex fistulae with multiple openings or sinus tracts; etc).



Supplementary parts B

A. ADSC culture
Cells were cultured in Minimum Essential Medium - alpha modification (MEMα, Sigma) supplemented with 5% human platelet lysate (kindly supplied by the Unité des Médicaments de Thérapie Innovante at the Centre de Transfusion Sanguine des Armées, Clamart, France) and 2 IU/mL heparin. After an initial amplification step in 2D in T150 cm2 flasks (Eppendorf) until confluence, ADSCs were cultivated in 1L spinner flask bioreactors for EV production following a protocol inspired from (21).

B. EV production and characterization
Bioreactors containing microcarriers at a concentration of 7.5 g.L-1 in supplemented MEMα were incubated for 3 hours at 37°C, then ADSCs were seeded at a 5:1 cell-to-microrrier ratio and submitted to cycles of 3 minutes of agitation (Eddy length 120 µm) interspersed with 45 minutes of rest for 18 hours for cell adhesion. After cell adhesion, continuous stirring (Eddy length 120 µm) was applied. 50% of the medium was changed every 2 days, until the cells reached 75% confluence on the microcarriers (about 5 days).
EV suspensions were characterized by Nanoparticle Tracking Analysis (NTA, NS300, Malvern) with a 405 nm laser. For each sample, 5 videos of 60 seconds were recorded with a camera level set at 16 (SCMOS Camera). Data were analysed with the NTA 3.3 – Sample Assistant Dev Build 3.3.203 software (Malvern). EV Brownian motion was tracked on a frame-to-frame basis, thereafter calculating particle concentration and using the Stokes-Einstein equations to determine particle size. EV size distribution was characterized by its mean, mode and standard distribution. A total of 13 turbulence-triggered ADSC EV productions meeting cell viability requirements for batch release were necessary to harvest enough EVs for this in vivo study. Particle concentration and size distribution were assessed by NTA (Supplementary Table 2; Supplementary Figure 4); both in conditioned medium immediately before turbulence-triggered production, after 2 hours of turbulence-triggered production, after 4 hours of turbulence-triggered production and following EV isolation by ultracentrifugation. Approximately 2 .55×1013 particles were harvested in total after isolation, with a mean yield of 1.96×1012±1.21×1012 particles per spinner flask (range 2.65×1011 – 4.32×1012).


Supplementary parts C: Secondary outcomes

2.1 Clinical assessment of the external inflammation fistula opening
Clinical assessment of inflammation of the external fistula orifice was performed by a skilled gastroenterologist. Peripheral skin inflammation was scored in rat and pig model from 0 to 3 as such: 0: normal skin; 1: inflammation on less than 90° of the external orifice circumference, without ulceration; 2: either inflammation on more than 90° of the circumference or presence of cutaneous ulceration(s); 3: inflammatory skin on the whole circumference with cutaneous ulceration(s) (Supplementary table 1). 

2.2 Radiological outcomes
External fistulography
External fistulography was performed under general anaesthesia by injection of 5 mL of an iodinated contrast agent (Xenetix 250®, Guerbet, France) under fluoroscopic monitoring.

Positron emission tomography/computed tomography (PET/CT)
2 to 5 rats (2, 3, 5, 5, and 4 respectively in the control, gel, EV, EVG and ADSC groups) were randomly selected from each group for nuclear imaging evaluation of inflammation by FDG-PET/CT on POD 44 after overnight fasting with free access to water. The animals were anesthetized (2±0.5 % isoflurane in dioxygen), weighed and glycemia was measured in blood drawn from the caudal ventral artery using an Accu-Chek® Aviva Nano A (Accu-Chek, France). A 29G needle catheter (Fischer Scientific, France) connected to a 5cm polyethylene tubing (TygonMicrobore Tubing, 0.010" x 0.030"OD; Fisher Scientific, France) was inserted in the caudal vein for radiotracer injection. 25.0 ±1.5 MBq of 2'-deoxy-2'-[18F]fluoro-D-glucose (FDG; Advanced Applied Applications, France) in 0.3 mL saline was injected via the catheter. The respiratory rate was followed to adjust anaesthesia and body temperature was maintained at 34±2 °C throughout the exam. CT was acquired in a PET-CT scanner (nanoScan PET-CT; Mediso Medical Imaging Systems, Hungary) using the following acquisition parameters: semi-circular mode, 50kV tension, 720 projections full scan, 300ms per projection, binning 1:4. CT projections were reconstructed by filtered retro-projection (filter: Cosine; Cutoff: 100%) using the software Nucline 3.00.010.0000 (Mediso Medical Imaging Systems, Hungary). 70 min post tracer injection, PET data were collected for 10 min in list mode, using a 5ns time window binning, a 400-600keV energy window and a 1:5 coincidence mode. Data were compiled using the Tera-Tomo reconstruction engine (3D-OSEM based manufactured customized algorithm) with expectation maximization iterations, as well as scatter and attenuation corrections. Volumes-of-interest (VOI) were delineated on the fistula tract (pathway) between the stomach and the skin using the PMOD software package (PMOD Technologies Ltd, Zürich, Switzerland). FDG accumulation was quantified as Standard Uptake Value (SUV, ratio of the radioactivity concentration in VOI on the whole-body concentration of the injected radioactivity). 
The standardized uptake value was analysed. SUV-max is determined as the highest value of FDG uptake of the pixel in the VOI or fistula pathway. The hot average is defined as the mean of the 5 highest values in the VOI. The total lesion glycolysis is the product of the SUV mean by the volume of the VOI.

2.3 Endoscopic assessment of the internal fistula opening
Upper gastro-intestinal endoscopy (Gastroscope EG-590WR, Fujifilm, Tokyo, Japan) was performed under general anaesthesia by an experimented gastroenterologist to investigate internal fistula orifice closure, with a systematic attempt at catheterization, and its inflammation, scored as described in Supplementary Table 1.

2.4 Histology
After fixation in formol for 24 hours, specimens were cut into two fragments perpendicularly to the center of the fistula. Both fragments were then embedded in paraffin and fully sectioned in 4µm slices using a microtome and tissue sections were then mounted on glass slides. Haematoxylin Eosin, Periodic acid-Schiff, and Sirius Red staining were performed, and the following parameters were assessed by an experienced pathologist blinded to treatment allocation: presence of a fistula tract and its maximal diameter; presence, localization and maximum thickness of fibrosis around the fistula tract. Inflammation was also evaluated through the semi-quantitative analysis of the inflammatory infiltrate (Supplementary Table 3). The immunohistochemistry protocol involved deparaffinization with xylene (2 × 5 min), rehydration through graded alcohols (100%, 95%, 70%) to water, and antigen retrieval using EDTA pH 9 buffer at 95°C for 20 minutes in a pressure cooker. Slides were then blocked for 1 hour with Smart Block (Cliniscience 113 500). Staining was performed on the Leica Bond RX system using anti-DC31 antibody (ab281583) diluted 1:50 (0.26 µg/mL) and the Leica Bond Polymer Refine Detection Kit (DS9800), followed by hematoxylin counterstaining. Finally, slides were mounted with Pertex. The density of CD31 and smooth muscle actin were then assessed from 0 (none) to 3 (important) by an experienced pathologist blinded to treatment allocation. 
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Supplementary Tables

	Peripheral skin inflammation score
	Endoscopic inflammation score

	
	Rat model
	Pig model
	
	

	Peripheral erythema
	Lessthan 2 mm
	Less than 5 mm
	0
	Ulceration
	No ulceration
	0

	
	Between 2 and 3 mm
	Between 5 and 10 mm
	1
	
	Superficial ulceration
	1

	
	Above 3 mm
	Above 10 mm
	2
	
	Deep ulceration and/or necrosis
	2

	Ulceration
	No ulceration
	0
	Bleeding
	No bleeding
	0

	
	Superficial ulceration
	1
	
	Presence of bleeding
	1

	
	Deep ulceration and/or necrosis
	2
	Aspect of the mucosa
	Normal mucosa
	0

	Final score (from 0 to 4) : sum of the 2 parameters
	
	Eythematous mucosa
	1

	
	
	
	
	
	Hemorrhagic seeping
	2

	
	
	
	
	Final score (from 0 to 5) : sum of the 3 parameters


Supplementary Table 1. Scores of inflammation. The peripheral skin inflammation was assessed clinically at the level of the external orifice and the endoscopic inflammation score was assessed at the level of the internal orifice.




Supplementary Table 2. ADSC EV mean, modal and median size assessed by NTA. Results are presented as mean ± SD of all 13 productions.
	
	Turbulence-triggered production
	After ultracentrifugation

	
	T0
	T2
	T4
	

	Mean size (nm)
	150.91  (21.99)
	164.71 (18.92)
	159.36 (26.20)
	179.70 (26.53)

	Modal size (nm)
	103.8 (15.45)
	104.7 (9.30)
	103.73 (11.56)
	113.13 (12.17)

	Median size (nm)
	156.68 (4.08)
	153.89 (14.06)
	150.1 (14.87)
	167.00 (2.13)




Supplementary Table 3. Histological scoring. The total histological score was calculated as the sum of all 3 parameters. 
	Parameter
	0
	1
	2
	3
	Total

	Epithelial damage
	None
	Hyperproliferative
	< 50% crypt loss
	> 50% crypt loss, and/or ulceration
	0-3

	Mucosal inflammation
	None
	Mild
	Moderate
	Severe
	0-3

	Submucosal inflammation
	None
	Mild
	Moderate
	Severe
	0-3



Supplementary Table  4. FDG-PET-CT assessment of inflammation in the control, gel, EV, EVG and ADSC groups in the rat model at postoperative day 44. EV: treatment with extracellular vesicles. EVG: treatment with extracellular vesicles + gel. ADSC: treatment with adipose-derived stromal cells. Results are expressed as mean ± standard error of the mean.
	
	Groups of treatment
	p-value

	
	Control
(n = 2)
	Gel
(n  = 3)
	EV
(n = 5)
	EVG
(n = 5)
	ADSC
(n = 4)
	

	SUVmax
	7.815
+/- 0.44
	9.103
+/- 7.89
	3.966
+/- 2.05
	2.440
+/- 0.56
	4.718
+/- 1.15
	0.153

	
Hot average
	7.591
+/- 0.45
	8.526
+/- 7.45
	3.782
+/- 1.98
	2.368
+/- 0.52
	4.426
+/- 1.15
	0.152

	Total Lesion Glycolysis (TLG)
	0.202
+/- 0.08
	0.136
+/- 0.09
	0.068
+/- 0.052
	0.099
+/- 0.038
	0.122
+/- 0.10
	0.478






Supplementary Table 5. Comparison of gastrocutaneous fistula healing in the control, gel and EVG groups in the pig model according to clinical, endoscopic and radiologic outcomes at postoperative day 28. 

	
	All
	Control
	Gel
	EVG
	p

	
	(n=24)
	(n=8)
	(n=8)
	(n=8)
	All
	C vs G
	C vs EVG
	G vs EVG

	Fistula output; n (%)
	14 (58.3)
	7 (87.5)
	6 (75.0)
	1 (12.5)
	0.005
	1
	0.010
	0.041

	External fistula orifice closed; n (%)
	10 (41.6)
	1 (12.5)
	2 (25.0)
	7 (87.5)
	0.005
	1
	0.010
	0.041

	Peripheral skin inflammation score; mean (SD)
	1.13 (1.03)
	2.0 (1.19)
	1.0 (0.53)
	0.38 (0.51)
	0.002
	0.0406
	0.007
	1

	Internal fistula orifice closed; n (%)
	6 (25.0)
	0 (0.0)
	1 (12.5)
	5 (62.5)
	0.009
	1
	0.026
	0.119

	Endoscopic inflammation score; mean (SD)
	2.0 (1.75)
	3.5 (1.77)
	2 (1.07)
	0.50 (0.75)
	<0.001
	0.0256
	0.0073
	0.012

	Fistula tract closed upon radiological assessment; n (%)
	9 (37.5)
	1 (12.5)
	2 (25.0)
	6 (75.0)
	0.024
	1
	0.041
	0.132

	Fistula volume estimated by radiological assessment (mm3); mean (SD)
	46.32
(77.66)
	90.01
(91.56)
	48.29
(82.84)
	0.66
(1.62)
	0.0053
	0.1936
	0.002
	0.018

	Zühlke score; mean (SD)
	2.0 (1.10)
	2.75 (1.28)
	1.88 (0.83)
	1.38 (0.74)
	0.087
	0.3147
	0.1189
	1


EVG: treatment with extracellular vesicles + gel. n: number of cases. SD: standard deviation. All: comparison between all 3 groups. C vs G: control group versus gel group. C vs EVG: control group versus EVG group. G vs EVG: control group versus EVG group. For categorical variables, comparisons between more than 2 groups were done with the Chi-square test; and pair-wise comparisons were performed with Fisher’s exact test for 2 by 2 contingency tables or the Chi-square test otherwise. For unpaired continuous variables, comparisons between more than two groups were done with the Kruskal-Wallis test; and pair-wise comparisons were performed with the Mann-Whitney test. p < 0.05 was considered significant.



Supplementary Figures 


[image: Une image contenant Chair, sang

Description générée automatiquement]Supplementary Figure 1. Procedure of sleeve gastrectomy and gastro-cutaneous fistula induction in a rat model. A. General disposition and landmarks for sleeve gastrectomy. Pa: pancreas. Py: pylorus. L: liver. OGJ: oesogastric junction. GC: great curvature of the stomach. R: rumen. The discontinuous line represents the sectional plane for sleeve gastrectomy, beginning 5 mm from the pylorus. B. Section of the stomach and application of a vertical stapler. C. Definitive aspect after vertical sleeve gastrectomy. D.  Creation of the fistula following a staggered passage through the abdominal muscles and subcutaneous tissues. E. Creation of the external fistula orifice. F. Definitive aspect of the fistula at post-operative day 45.
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Description générée automatiquement]Supplementary Figure 2. Three experimental protocols for gastrocutaneous fistula induction following sleeve gastrectomy in a pig model. A. The fundic pouch was preserved with the stapling ending at the greater curvature just below the fundic pouch. B. The fundic pouch was resected with the stapling ending at the cardia near the oesogastric junction. C. The fundic pouch was partially resected and a light stenosis was induced at the level of the lesser curvature; with the stapling ending at the fundus, 4 to 6 cm from the oesogastric junction.
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Description générée automatiquement]Supplementary Figure 3. Procedure of sleeve gastrectomy and gastrocutaneous fistula induction in a pig model. A. Gastric dissection. B and C. Gastric calibration with a 36-French bougie tube advanced to the level of the pylorus and sleeve gastrectomy beginning 3 to 4 cm from the pylorus. D. Firing of 3-4 vertical staplers along the calibration tube. E. Final aspect of the sleeve gastrectomy after manual suture over the staple line. F and G. Creation of gastrocutaneous fistula through the insertion of 2 catheters between the stomach at the top of the staple line and the skin. H. Excluded stomach removed after surgery.








Supplementary Figure 4. Representative ADSC EV size distribution after ultracentrifugation assessed by NTA. Results are presented as the average concentration in function of the size measured as determined by the Finite Track Length Adjustement method over 5 videos of 60 seconds for one representative EV production.
[image: Une image contenant texte, capture d’écran, diagramme, Tracé

Description générée automatiquement]














Supplementary Figure 5 (see below). Histological assessment of local inflammation, vascularization and fibrosis at post-operative day 45 in the rat model. Local infiltration by lymphocytes (A.), monocytes (B.), plasmocytes (C.), macrophages (D.), neutrophils (E.), eosinophils (F.), the extent of fibrosis (G.), local infiltration by fibroblasts (H.), and vascularisation (I.) were quoted semi-quantitatively from 0 (none) to 3 (severe) on Haematoxylin Eosin, Periodic acid-Schiff, and Sirius Red staining. Data were analyzed with the Chi-square test followed by Fisher’s exact test.
** p ≤ 0.01. EV: extracellular vesicles. EVG: extracellular vesicles embedded in gel. ADSC: adipose-derived stromal cells.


























Supplementary Figure 6. Histological scoring in rats at post-operative day 45. A. Epithelial damage. B. Mucosal inflammation. C. Submucosal inflammation. D. Overall histological scoring. Data were analyzed with the Chi-square test.
EV: extracellular vesicles. EVG: extracellular vesicles embedded in gel. ADSC: adipose-derived stromal cells.





Supplementary Figure 7. Immunohistochemical analysis in the rat model at post-operative day 45. A. The density of CD31 was evaluated semi-quantitatively from 0 (none) to 3 (important) as a marker of vascularisation. B. The density of smooth muscle actin was similarly assessed as a marker of myofibroblasts. Data were analyzed with the Chi-square test. EV : extracellular vesicles. EVG : extracellular vesicles embedded in gel. ADSC : adipose-derived stromal cells.






Supplementary Figure 8. Comparison of the maximal fistula diameter in the control, gel and EVG groups in the pig model according to histological evaluation at postoperative day 28. Results correspond to the average of two independent replicates per rat, and are shown for each group as mean ± standard deviation with individual values. Data were analyzed with the Kruskal-Wallis test (p = 0.0045), followed by Mann-Whitney’s test for two-by-two comparisons. ns : not significant. * : p ≤ 0.05. ** : p ≤ 0.01. EVG : extracellular vesicles embedded in gel. 

Supplementary Figure 9 (see below).  Histological assessment of local inflammation, vascularization and fibrosis at post-operative day 28 in the pig model. Local infiltration by lymphocytes (A.), monocytes (B.), plasmocytes (C.), macrophages (D.), neutrophils (E.), eosinophils (F.), the extent of fibrosis (G.), local infiltration by fibroblasts (H.), and vascularisation (I.) were quoted semi-quantitatively from 0 (none) to 3 (severe) on Haematoxylin Eosin, Periodic acid-Schiff, and Sirius Red staining. Data were analyzed with the Chi-square test followed by Fisher’s exact test. ** p ≤ 0.01. ns : not significant. EVG: extracellular vesicles embedded in gel. 



Supplementary Figure 10. Histological scoring in pigs at post-operative day 28. A. Epithelial damage. B. Mucosal inflammation. C. Submucosal inflammation. D. Overall histological scoring. Data were analyzed with the Chi-square test followed by Fisher’s exact test.

ns : not significant. * : p ≤ 0.05. ** : p ≤ 0.01. EVG: extracellular vesicles embedded
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