Accepted Manuscript online: 2022-12-19 Article published online: 2023-02-02

& Thieme

Mechanisms of esophageal stricture after extensive endoscopic
resection: a transcriptomic analysis

©@O®SO

Authors

Maximilien Barret" 23, Ludivine Doridot? 3%, Morgane Le Gall®, Frédéric Beuvon®’, Sébastien Jacques?%, Anna

Pellat’-2, Arthur Belle’, Einas Abou Ali', Marion Dhooge', Sarah Leblanc’-8, Marine Camus'-°, Carole Nicco?3,

Romain Coriat’-23, Stanislas Chaussade'-2, Frédéric Batteux?3-4, Frédéric Prat'-2-3

Institutions

1 Department of Gastroenterology and Digestive
Oncology, Cochin Hospital, Assistance Publique -
Hopitaux de Paris, France

2 Université de Paris, France
INSERM U1016, Institut Cochin, Paris, France

4 Department of Immunology, Cochin Hospital,
Assistance Publique - Hopitaux de Paris, France

5 3P5 Proteom’IC facility, Université de Paris, Institut
Cochin, INSERM, CNRS, F-75014, France

6 Genom’ic CNRS UMR8104, Paris, France

7 Department of Pathology, Cochin Hospital, Assistance
Publique — Hopitaux de Paris, Paris, France

8 Department of Gastroenterology, Jean Mermoz Private
Hospital, Lyon, France

9 Department of Gastroenterology, St Antoine Hospital,
Assistance Publique - Hopitaux de Paris, France

submitted 24.5.2022
accepted after revision 16.12.2022
published online 19.12.2022

Bibliography

Endosc Int Open 2023; 11: E149-E156

DOI 10.1055/a-2000-8801

ISSN 2364-3722

© 2022. The Author(s).

This is an open access article published by Thieme under the terms of the Creative
Commons Attribution-NonDerivative-NonCommercial License, permitting copying
and reproduction so long as the original work is given appropriate credit. Contents

may not be used for commercial purposes, or adapted, remixed, transformed or
built upon. (https://creativecommons.org/licenses/by-nc-nd/4.0/)

Georg Thieme Verlag KG, RiidigerstraRe 14,
70469 Stuttgart, Germany

Corresponding author

Pr Maximilien Barret, Hopital Cochin, Service de Gastro-
entérologie et Oncologie Digestive, 27 Rue du Faubourg Saint
Jacques, 75014 Paris, France

Fax: +0033158413865
maximilien.barret@aphp.fr

ABSTRACT

Background and study aims Esophageal stricture is the
most frequent adverse event after endoscopic resection
for early esophageal neoplasia. Currently available treat-
ments for the prevention of esophageal stricture are poorly
effective and associated with major adverse events. Our
aim was to identify transcripts specifically overexpressed
or repressed in patients who have developed a post-endo-
scopic esophageal stricture, as potential targets for stric-
ture prevention.

Patients and methods We conducted a prospective sin-
gle-center study in a tertiary endoscopy center. Patients
scheduled for an endoscopic resection and considered at
risk of esophageal stricture were offered inclusion in the
study. The healthy mucosa and resection bed were biopsied
on Days 0, 14, and 90. A transcriptomic analysis by microar-
ray was performed, and the differences in transcriptomic
profile compared between patients with and without
esophageal strictures.

Results Eight patients, four with esophageal stricture and
four without, were analyzed. The mean + SD circumferential
extension of the mucosal defect was 85+11%. The tran-
scriptomic analysis in the resection bed at day 14 found an
activation of the interleukin (IL)-1 group (Z score=2.159, P
=0.0137), while interferon-gamma (INFy) and NUPR1 were
inhibited (Z score=-2.375, P=0.0022 and Z score=-2.333,
P=0.00131) in the stricture group. None of the activated or
inhibited transcripts were still significantly so in any of the
groups on Day 90.

Conclusions Our data suggest that IL-1 inhibition or INFy
supplementation could constitute promising targets for
post-endoscopic esophageal stricture prevention.

Barret Maximilien et al. Mechanisms of esophageal... Endosc Int Open 2023; 11: E149-E156 | © 2022. The Author(s).

E149



& Thieme

Introduction

Endoscopic resection, with endoscopic mucosal resection
(EMR) or endoscopic submucosal dissection (ESD), is the main-
stay of management of early esophageal neoplasia [1]. While
early adverse events (AEs) such as bleeding or perforations oc-
cur infrequently (<2 %), post-endoscopic esophageal strictures
remains a concern in 10% to 20 % of patients [2, 3]. Post-endo-
scopic esophageal strictures occur in up to 90 % of the patients
when the resected circumference exceeds 75% of the esopha-
geal lumen [4-6]; however, the pathophysiology of these stric-
tures is poorly understood. As a result, stricture prevention
strategies, based on mechanical interventions such as esopha-
geal stent or preemptive dilatations, wound covering agents or
cell sheets, stem cell therapy, or pharmacological interventions
such as antimitotic, anti-fibrotic or anti-inflammatory agents,
have not proven effective [7]. Topical steroid administration, ei-
ther oral budesonide slurry or submucosal triamcinolone injec-
tion has been proposed with variable efficacy, especially on cir-
cumferential mucosal defects [8-10]. The most promising can-
didate for stricture prevention, oral corticosteroids [10,11], has
never demonstrated its efficacy in a randomized study, but has
been associated with major adverse events [12,13].

Our aim was to perform a mechanistic study of the esopha-
geal wound healing process after extensive mucosal resection,
using a transcriptomic analysis of esophageal biopsies, in order
to identify overexpressed or underexpressed transcripts that
could constitute targets for post-endoscopic esophageal stric-
ture prevention.

Patients and methods
Patient selection

Consecutive patients with early esophageal neoplasia sched-
uled for endoscopic resection at high risk of esophageal stric-
ture (i.e. involving at least three-quarters of the esophageal cir-
cumference) were offered to take part in the study before per-
forming the resection. Patients were excluded if the endo-
scopic and transcriptomic assessment of the esophagus was
impossible (e.g. in case of an esophagectomy following a non-
curative endoscopic resection).

Endoscopic procedures and data collection

Endoscopic resections consisted in multiband mucosectomy or
ESD, and were conducted under general anesthesia with endo-
tracheal intubation and CO, insufflation by three expert endos-
copists. Antiplatelet agents other than aspirin and anticoagu-
lant therapy were discontinued before the procedure. High-de-
finition upper gastrointestinal endoscopes with narrow-band
imaging (GIF-H180] or GIF-HQ190, Olympus, Japan) or blue
light imaging (EG-L590ZW, Fujifilm, Japan) were used. Proce-
dures were carried out with a soft distal attachment cap.ESD
knives included 1.5-mm Dual knife (Olympus, Japan) and
straight or ball tip 1.5mm Flush knife (Fujifilm, Japan), using a
VIO 200 or 300D electrosurgery unit (Erbe Medizin, Germany)
with standard settings (Endocut | for incision, swift coagulation
for submucosal dissection and soft coagulation for vessel coag-
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ulation). The ESD procedure was carried out as previously de-
scribed [14], using an indigo-carmine-stained lifting solution
made of 5% fructose and 10% glycerol mixed with saline [15].
Hemostasis of submucosal vessels was achieved with the ESD
knife or a coagulation forceps (Coagrasper, Olympus, Japan).
After completing the resection, four mucosal biopsies were tak-
en in the healthy esophageal mucosa, 2 cm proximal to the re-
section bed. A liquid dye was allowed during the first 24 hours
following the resection, and double dose proton pump inhibi-
tors were administered to all patients during the month follow-
ing the resection. At day one, soft diet was resumed and the pa-
tient discharged from the hospital.

On Days 14 and 90, a clinical consultation and an esophago-
gastroduodenoscopy were performed to check for signs of an
early esophageal stricture, obtain mucosal biopsies in the heal-
thy esophageal mucosa, 2 cm proximal to the resection bed (n=
4 biopsies), and on the resection bed itself (n=4 biopsies). A
hydrostatic balloon dilatation was performed in case of an
esophageal stricture defined by the association of dysphagia
and inability to pass a 10 mm gastroscope through the esopha-
gus. Additional endoscopic balloon dilatations were performed
whenever necessary, every 2 to 4 weeks [16], until stricture re-
solution.

Demographic, clinical, and procedure data were recorded on
the day of the endoscopic resection, and at each follow-up
endoscopy on Days 14 and 90.All esophageal biopsies taken
on Days 0, 14, and 90 were immediately dispatched between
10 % formol for histological analysis and Trizol reagent for -80°
C storage and further RNA extraction and transcriptomic analy-
sis.

Histological and transcriptomic analysis

Mucosal biopsies were fixed in 10% formalin for 24 hours, em-
bedded in paraffin, and blocks were sliced at 4um and stained
with hematoxylin-eosin-saffron. Histological slides were asses-
sed by two pathologists with expertise in digestive pathology
(Pr B. Terris and Dr. F. Beuvon).

Total RNA from biopsies was extracted using Trizol (Invitro-
gen) according to the manufacturer’s instructions and Diethyl
Pyrocarbonate (DEPC). The quantity of RNA was measured
using a Nanodrop ND-1000 spectrophotometer (Nyxor Biotech,
Paris, France), and quality of the RNA was assessed using the
Agilent 2100 Bioanalyzer (and the Agilent RNA6000 nano chip
kit). All samples had an RNA Integrity number of more than 7
(between 7 and 9). After validating the quality of the RNA with
Bioanalyzer 2100, 5ng of total RNA was reverse transcribed in
accordance with the Ovation PicoSL WTA System (Nugen).
After controlling fragmentation using the Bioanalyzer 2100,
cDNA was then hybridized to the genechip Human genome
U133 Plus 2.0 array (Affymetryx) covering 47,000 transcripts
and variants, to identify differentially expressed genes between
the samples of cicatricial tissue in patients developing esopha-
geal stricture and those who did not. Microarray reaction was
obtained according to the manufacturer’s instructions. After
overnight hybridization, the chips were washed on the fluidic
station FS450 following specific protocols (Affymetrix) and
scanned using the GCS3000 7G. The scanned images were
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» Table1 Patient and lesion characteristics.

Sex ratio M/F

Mean £ SD age, years

Indication for endoscopic resection, EAC/ SCC
Prior endoscopic therapy, n (%)

Site of the resection in the esophagus, n (%)
= Middle third

= Lower third

Final histology, n (%)

= Tlam1

= Tlam2

= Tlam3

= T1b

Mean + SD mucosal defect after ER, (%)

Post-endoscopic No post-endoscopic Overall
esophageal stricture esophageal stricture

N=4 N=4

4/0 3/1 711
648 709 67+9
2/2 3/1 5/3
1(25%) 1(25%) 2/8(25%)
2(50%) 1(25%) 3(38%)
2(50%) 3(75%) 5 (62 %)
3(75%) = 3(38%)
1(25%) 1(25%) 2(25%)
= 2(50%) 2(25%)
= 1(25%) 1(13%)
95+6 750 85+11

EAC, early adenocarcinoma; N, number; SCC, squamous cell carcinoma; SD, standard deviation; ER, endoscopic resection.

then analyzed with Expression Console software (Affymetrix) to
obtain raw data and metrics for Quality Control.

Bioinformatics

The raw data were normalized using the Robust Multichip Algo-
rithm (RMA) in the Bioconductor R. All quality controls and sta-
tistics were then carried out using Partek GSsoftware. First, we
established hierarchical clustering (Pearson’s dissimilarity and
average linkage) and Principal Component Analysis to control
the data. To find differentially expressed genes, we used a clas-
sic variance analysis for each gene and made paired Tukey’s
post hoc tests between groups. We then used P<0.05 and fold
changes >1.2 or <-1.2, further computed into Z-scores, to fil-
ter and select differentially expressed genes. Data were ana-
lyzed through the use of IPA (QIAGEN Inc., https://wwwquia-
genbioinformatics.com/products/ingenuity-pathway-analysis).

Ethical aspects

An independent ethics committee (Comité de Protection des
Personnes lle de France 3, n° 2014-A01323-44) approved the
study. All patients provided written informed consent for their
participation to the study.

Descriptive statistics and comparisons between the
groups

Continuous data were expressed as median values and inter-
quartile range (IQR) and compared with an unpaired t-test. Ca-
tegorical data were expressed as percentages and compared
with a Fisher’s exact test. P<0.05 was considered to indicate
statistical significance.
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Results
Patients

Between October 2014 and August 2016, 15 patients with a
planned esophageal endoscopic resection at high risk of stric-
ture agreed to take partin the study. Six patients were excluded
because of absence of endoscopic follow-up: in five patients
because of poor histoprognostic factors resulting in an esopha-
gectomy or a chemoradiotherapy, and one because of a con-
comitant diagnostic metastatic rectal carcinoma, declined
endoscopic follow-up. In a last patient, RNA was found to be de-
graded on Day 14 and 90 biopsy samples (RNA Integrity num-
ber of 2.6 and 1.4, respectively). Finally, eight patients, four
with esophageal stricture and four without, were analyzed. Pa-
tients’ characteristics are presented in » Table 1.

One patient in each group had undergone prior endoscopic
therapy, one with EMR and radiofrequency ablation, and the
second with EMR and photodynamic therapy, both for dysplas-
tic Barrett’s esophagus. The resection type was ESD in seven of
eight cases, and the only EMR was performed in a patient with
dysplastic nodular high-grade dysplasia on Barrett’s esophagus
resected over 90% of the esophageal circumference, resulting
in a post-endoscopic stricture.

Long-term follow-up

The mean + SD follow-up was 52+29 months. All post-endo-
scopic strictures were successfully managed by a median
(range) of one (1-4) endoscopic balloon dilatation. In the
post-endoscopic stricture group, one patient with squamous
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cell neoplasia and one patient with Barrett’s neoplasia re-
mained in complete remission of dysplasia and intestinal meta-
plasia, one patient had residual non-dysplastic intestinal meta-
plasia that was not eradicated owing to the risk of stricture re-
currence, and one patient with squamous cell neoplasia under-
went an esophagectomy for recurrent squamous cell carcino-
ma. In the non-stricture group, one patient underwent four
radiofrequency ablation procedures with successful eradication
of intestinal metaplasia, one patient had residual non-dysplas-
tic intestinal metaplasia and declined endoscopic eradication
therapy, and the two other patients remained in complete re-
mission of intestinal metaplasia and dysplasia.

Histological analysis

The histological analysis of the resection specimens showed
T1a lesions without poor histoprognostic factors and complete
resection in all patients of the stricture group, and in two pa-
tients of the non-stricture group; another patient of this group
had a T1am3 adenocarcinoma with moderate differentiation
and lymphovascular involvement, and the last one had a deep
submucosal infiltrating (1900 um) T1b squamous cell carcino-
ma. Of these two patients, one declined further treatment,
and one was unfit for surgery. While histological analysis of
the normal appearing esophageal mucosa proximal to the re-
section was always normal on Days 0, 14, and 90, the biopsies
of the scarred area revealed nonspecific granulation tissue with
neovascularization, polymorph inflammatory cells, edema, and
absence of epithelial cells in both groups. On Day 90, the endo-
scopic biopsies were normal in one patient of the stricture
group, and showed moderate fibrosis of the lamina propria
associated with moderate lympho-plasmocytic infiltration in
the two other patients of this group.Meanwhile, no fibrotic
changes were evidenced in the non-stricture group, two biop-
sies being strictly normal, and two revealing dysplastic Barrett’s
esophagus (low-grade dysplasia). The histological results are
presented in the » Table 2.

Transcriptomic analysis

The comparison of the levels of transcript expression in the re-
section bed at day 14 between the stricture and the non-stric-
ture groups revealed statistically significant differences. The
transcripts with Z scores >1 or <-1 (indicating activation or in-
hibition, respectively) and P<0.05 (indicating enriched path-
ways) are presented in the »Table3 and » Table 4. Mainly, in-
terleukin-1 (IL-1) was activated (Z score=2.159, P=0.0137),
while interferon-gamma (INFy) and NUPR1 were inhibited (Z
score=-2.375, P=0.0022 and Z score=-2.333, P=0.00131) in
the stricture group.

On Day 14, none of the activated transcripts were still signif-
icantly differentially expressed between the stricture and the
non-stricture group in the resection bed on Day 90. No tran-
script was significantly activated at day 90. The significantly in-
hibited transcripts on Day 90 are presented in » Table 5. How-
ever, NUPRT and vascular endothelial growth factor were inhib-
ited in the stricture group at day 90 (Z score=-1.342, P=
0.0301 and Z score=-1.067, P=0.0178, respectively). In addi-
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tion, Oncostatin M was moderately inhibited in the stricture
group at day 90 (Z score=-1.069, P=0.00806).

Finally, we did not observe any statistically significant differ-
ence between the stricture and non-stricture group Days 0, 14
or 90 in terms of transcript expression in normal esophageal
mucosa above the endoscopic resection bed.

Discussion

The expanding indications of esophageal ESD result in larger re-
section specimens and an increased frequency of post-endo-
scopic esophageal strictures [17,18]. There is no currently re-
commended preventive treatment for these strictures, and
their management relies on iterative endoscopic dilatation.
These strictures result from inflammatory and fibrogenetic
processes taking place in the first month following the mucosal
resection [7], and which seem to be extinct seem after two to
three months. We identified IL-1 and estrogen receptor 1
(ESR1) to be significantly upregulated at day 14 in the resection
wound of patients who developed an esophageal stricture,
compared to those who did not. Conversely, IFNy, Nuclear Pro-
tein T (NUPR1), GLI2, and CD40L were significantly downregu-
lated in patients with post-endoscopic esophageal stricture.
Importantly, these modifications were only expressed in the re-
section bed and during the early phase of the wound healing
process.

The pathophysiology of esophageal stricture formation is
poorly understood. The combined effects of decreased extra-
cellular matrix degradation by metalloproteinases, increased
synthesis of collagen and fibronectin, and wound contraction
by myofibroblasts are thought to be the key mechanisms at
stake. This inflammatory and fibrogenic cascade is obviously
triggered by the epithelial damage [7]. However, the origin of
the myelofibroblasts is still debated [19], and these cells could
originate from epithelial cells undergoing epithelial to me-
senchymal transition, or from a differentiation of local fibro-
blasts or muscle cells.

IL-1 is a proinflammatory cytokine, produced by monocytes
and macrophages, involved in innate immunity mechanisms. Il-
1 B, in particular, has been shown in vitro to drive epithelial to
mesenchymal transition (toward myofibroblasts) of esophageal
epithelial cells and contribute to esophageal inflammation and
fibrogenesis [20]. 1I-1B is also overexpressed at the early stages
of laryngeal stricture formation after mucosal injury [21] and
radiation induced esophageal stricture [22] in animal models.
Considering the availability and excellent tolerability of IL-1 in-
hibitors and IL-1 receptor antagonists inhibitors [23], IL-1 path-
way blockade could constitute a promising target to prevent
post-endoscopic esophageal stricture. ESR1or ESRa and more
generally the estrogen-signaling pathway have not been speci-
fically studied in esophageal or digestive fibrosis. In animal
models of dermal fibrosis however, estrogens rather seem to
exhibit antifibrotic properties, estrogen inhibition by tamoxifen
leading to increased dermal fibrosis [24]. Similarly, a recent da-
tabase analysis found ESR1 to play a role in the pathogenesis of
the chronic diabetic wound by limiting the survival of the resi-
dent fibroblasts [25]. Therefore, ESR1T might not be an optimal
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> Table 2 Histological analysis of esophageal biopsies.

Pa- Post-endo- Endoscopic Proximal Wound healing Proximal Endoscopic Proximal
tient scopic resection squamous zone (D14) squamous resection scar squamous
esophageal specimen (DO0) epithelium epithelium (D90) epithelium
stricture (D0) (D14) (D90)
1 Yes Tlam1 adeno- Normal Fibrinous exsudate, Normal squa- Normal squamous Normal squa-
carcinoma squamous granulation tissue mous muco- mucosa mous mucosa
mucosa with predominantly sa
polynuclear leuko-
cytes
2 Yes Tlam2 squa- Normal Fibrinous exsudate, Normal squa- Normal squamous Normal squa-
mous cell carci- squamous granulation tissue mous muco- mucosa mous mucosa
noma mucosa with predominantly sa
polynuclear leuko-
cytes
3 Yes Tlam1 adeno- Normal Fibrinous exsudate, Normal squa- Columnar cardial Normal squa-
carcinoma squamous granulation tissue mous muco- mucosa without mous mucosa
mucosa with predominantly sa intestinal metapla-
polynuclear leuko- sia or dysplasia, fi-
cytes brosis of the lamina
propria
4 Yes Tlam1 squa- Normal Fibrinous exsudate, Normal squa- Squamous mucosa Normal squa-
mous cell carci- squamous granulation tissue mous muco- with slight dys- mous mucosa
noma mucosa with predominantly sa trophic changes
polynuclear leuko- and congestion of
cytes the papillae
5 No T1am2 adeno- Normal Fibrinous exsudate, Normal squa- Barrett’s esopha- Normal squa-
carcinoma squamous granulation tissue mous muco- gus with low-grade Mous Mucosa
mucosa with predominantly sa dysplasia
polynuclear leuko-
cytes
6 No T1am3 adeno- Normal Fibrinous exsudate, Normal squa- Normal squamous Normal squa-
carcinoma squamous granulation tissue mous muco- mucosa mous mucosa
mucosa with predominantly sa
polynuclear leuko-
cytes
7 No T1b squamous Normal Fibrinous exsudate, Normal squa- Normal squamous Normal squa-
cell carcinoma squamous granulation tissue mous muco- mucosa mous mucosa
mucosa with predominantly sa
polynuclear leuko-
cytes
8 No T1am3 adeno- Normal Fibrinous exsudate, Normal squa- Normal squamous Normal squa-
carcinoma squamous granulation tissue mous muco- mucosa MOous Mucosa
mucosa with predominantly sa

polynuclear leuko-
cytes

target to prevent esophageal stricture, and its upregulation in
the stricture group could reflect a compensatory mechanism
to limit stricture development. IFNy is a soluble cytokine with
immunomodulatory activity, reducing fibroblast activation
and differentiation, resulting in an antifibrotic activity in animal
and in vitro models of lung, kidney, and liver fibrosis [26-28]. In
addition, IFNy reduced the rate of arterial stenosis after intimal
lesions in the rat [29]. Finally, IFNy reduced the rate of esopha-
geal stricture and collagen production after caustic burns in the
esophagus in an animal model [30]. Considering our results,
IFNy administration during the early phase of the wound heal-

ing process could be a feasible and valid option to limit the
rate of esophageal stricture. Nuclear Protein 1 (NUPR1) is a
stress-inducible protein, involved in many fibrogenic processes
in the kidney, heart, and pancreas [31]. To the best of our
knowledge, NUPR1 has not been studied in the esophagus or
in stricture mechanisms of the digestive tract. Its downregula-
tion in the esophagus of patients with post-endoscopic esoph-
ageal strictures is unexpected. GLI 2 is a zinc finger transcrip-
tion factor that is activated in the canonical, SMAD3-mediated,
transforming growth factor-p pathway. As such, GLI2 belongs
to profibrogenic proteins [32], and its downregulation in the

Barret Maximilien et al. Mechanisms of esophageal... Endosc Int Open 2023; 11: E149-E156 | © 2022. The Author(s). E153
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» Table3 Significantly activated transcripts on Day 14 in the stricture
and non-stricture groups.

Transcript Activation Z-score P value
Interleukin 1 (IL-1) 2.159 0.0137
Estrogen Receptor 1 (ESR 1) 1.554 0.0443
TP53 1.277 0.00416
Vascular endothelial growth 0.987 0.000496
factor (VEGF)

TP63 0.832 0.0292

> Table4 Significantly inhibited transcripts on Day 14 in the stricture
and non-stricture groups.

Transcript Activation Z-score P value
Interferon-gamma (IFNy) -2.375 0.0022
Nuclear Protein 1 (NUPRT) -2.333 0.00131
GLI2 -1.922 0.000174
CD154 (CD40L) -1.457 0.0109
Interleukin 5 (1I-5) -1.4 0.000536
CG -1.342 0.000222
Hypoxia-induced factor 1 A -1.311 0.00595
(HIF1A)

Transforming growth factor -1.09 0.0000181
B1(TGFB 1)

Epidermal growth factor -1.073 0.0116
receptor (EGFR)

Retinoblastoma protein (RB 1) -1 0.000605

> Table5 Significantly inhibited transcripts on Day 90 in the stricture
and non-stricture groups.

Transcript Activation Z-score P value
Nuclear Protein 1 (NUPRT) -1.342 0.0301
Oncostatin M -1.069 0.00806
Vascular endothelial growth -1.067 0.0178

factor (VEGF)

esophageal biopsies of patients with strictures is unexpected.
Again, it might constitute a compensatory mechanism to limit
stricture development. CD40L (CD154), the natural ligand of
CDA40, is located at the surface of B and T cells, as well as mac-
rophages, dendritic cells, endothelial cells, fibroblasts, and epi-
thelial cell. Its activation results in the triggering of the PI3K,
NF-kB, and p38/ERK cascades, resulting in inflammatory and fi-
brogenic activity [33,34]. Here again, the downregulation of
CD40L is surprising, but could be associated to the underex-
pression of IFNy.

Our study is the first to study the mechanistic aspects of
post-endoscopic esophageal stricture formation in man, identi-
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fying potential targets for a pharmacological prevention of
esophageal stricture. Importantly, we identified specific factors
to the fibrogenesis in the human esophagus that are not pre-
dictable from works on pathological wound healing in other or-
gans. Despite a large number of patients that were ultimately
excluded from the analysis, the two study groups were well ba-
lanced in terms of patient number and interventions. As ex-
pected however, the stricture group had endoscopic resections
involving larger proportions of the esophageal circumference,
with more squamous cell neoplasia, located in the middle third
of the esophagus. Contrary to previous reports [35], the inva-
sion depth of the resected neoplasia had no impact on the oc-
currence of post-endoscopic stricture.

The main limitations of our work include the absence of vali-
dation of our microarray findings by RT-PCR and the small sam-
ple size (considering the costs involved in the transcriptomic a-
nalysis). However, the multiplicity of the control groups (nor-
mal squamous mucosa proximal to the resection vs wound
healing mucosa, wound healing mucosa on Day 14 vs. Day 90,
and stricture vs. non-stricture groups) increases the robustness
of our findings. Our data can only point out an association be-
tween IL-1 activation or IFNy and NUPR1 inhibition and post-
endoscopic stricture formation, and no causal relationship can
be concluded from our work. Therefore, we can only conclude
that IL-1 inhibition (using readily available drugs such as ana-
kinra) or INFy are targets for post-endoscopic esophageal stric-
ture prevention. We believe that these hypotheses should be
tested in animal models of post- endoscopic esophageal stric-
ture, such as the porcine model [36], before considering a
phase | study in Man.

Because we used Human Genome U133 Plus 2.0 array chips
(Affymetryx), we actually repeated the statistic testing for each
transcript of the chip (n=47 000). However, unlike RNA se-
quencing, for micro-arrays, as for proteomic analysis, we gen-
erally do not consider adjusted p-values, as we often process
few samples, which implies low statistical power. Applying a P
value adjustment would further increase the risk of erroneously
excluding true positive results.

The inclusion of patients with squamous cell and Barrett’s
neoplasia, requested by the relatively small number of patient
eligible for inclusion, is questionable. Indeed, the distal esoph-
agus is wider, possibly more flexible, and exposed to a different
chemical stress (gastric reflux) than the proximal esophagus.
Therefore, the risk of esophageal stricture could be different in
the proximal or distal esophagus. However, the risk of stricture
following circumferential endoscopic resection in the lower
esophagus reached 88% in a prospective multicenter study of
stepwise complete endoscopic resection of early Barrett’s neo-
plasia [5], and 100% in a smaller series involving ESD in a single
treatment session for Barrett’s neoplasia [6]. In addition, our
team recently reported that for a given circumferential mucosal
defect, the stricture rate was similar between squamous cell
carcinoma and Barrett’s neoplasia [16]. Although we cannot ex-
clude that different molecular mechanisms lead to post-endo-
scopic esophageal stricture are different in the proximal and
distal esophagus, we did observe similar stricture rates at both
sites.

Barret Maximilien et al. Mechanisms of esophageal... Endosc Int Open 2023; 11: E149-E156 | © 2022. The Author(s).



Conclusions

In conclusion, we identified IL-1 and INFy as key players in the
constitution of post-endoscopic esophageal stricture. This sug-
gests that the administration of IL-1 inhibitors or INFy during

the

early phases of the wound healing process following an

endoscopic resection at high risk of esophageal strictures
should be considered in preclinical models.
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