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Abstract

Transient Receptor Potential Vanilloid | (TRPVI) and Transient Receptor Potential Ankyrin | (TRPAI) expressed mainly by
primary sensory neurons function as major nociceptive integrators. They are also present on the rat endometrium in an
oestrogen-regulated manner. TRPV 1 is upregulated in peritoneal and ovarian endometriosis patients, but there is no infor-
mation about TRPAI and their pathophysiological significances. In this study, patients undergoing laparoscopic surgery were
investigated: severe dysmenorrhoea due to rectosigmoid deep infiltrating endometriosis (n=15), uterine fibroid-induced
moderate dysmenorrhoea (n=7) and tubal infertility with no pain (n=26). TRPAIl and TRPVI mRNA and protein expres-
sions were determined by quantitative polymerase chain reaction and semi-quantitative immunohistochemistry from the
endometrium samples taken by curettage. Results were correlated with the clinical characteristics including pain intensity.
TRPAI and TRPVI receptors were expressed in the healthy human endometrium at mRNA and protein levels. Sparse,
scattered cytoplasmic TRPAI and TRPVI immunopositivities were found in the stroma and epithelial layers. We detected
upregulated mRNA levels in deep infiltrating endometriosis lesions, and TRPV| gene expression was also elevated in
autocontrol endometrium of deep infiltrating endometriosis patients. Histological scoring revealed significant TRPAI and
TRPVI difference between deep infiltrating endometriosis stroma and epithelium, and in deep infiltrating endometriosis
epithelium compared to control samples. Besides, we measured elevated stromal TRPV | immunopositivity in deep infiltrating
endometriosis. Stromal TRPAI and TRPVI immunoreactivities strongly correlated with dysmenorrhoea severity, as well
TRPVI expression on ectopic epithelial cells and macrophages with dyspareunia. Epithelial TRPAI and stromal TRPVI
immunopositivity also positively correlated with dyschezia severity. We provide the first evidence for the presence of
non-neuronal TRPAI receptor in the healthy human endometrium and confirm the expression of TRPVI channels. Their
upregulations in rectosigmoid deep infiltrating endometriosis lesions and correlations with pain intensity suggest potential
roles in pathophysiological mechanisms of the disease.
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Introduction

Chronic pelvic pain is a challenging clinical problem
exposing 10% of all gynaecological visits in developed
countries. Meanwhile, more than one third of women
undergoing surgery due to pelvic pain are diagnosed
with endometriosis. This disease often co-occurs with
other painful conditions like irritable bowel syndrome
(IBS), interstitial cystitis/painful bladder syndrome
(IC/PBS) and vulvodynia.'™

Endometriosis is a complex oestrogen-dependent
inflammatory condition defined as the presence of endo-
metrium-like tissue at ectopic sites, most commonly on
the peritoneum and ovaries. The disease affects around
10% of women in reproductive age generally emerging in
the context of severe pain and infertility.* It comprises
three main pathological entities, such as peritoneal endo-
metriosis (pEL), ovarian endometriosis (EM) and deep
infiltrating endometriosis (DIE) distinguished by etio-
logical, morphological and histochemical aspects.” DIE
is the most severe form of endometriosis with the inva-
sion of endometrial tissue into organs deeper than S mm.
The gastrointestinal tract is a common localization of
DIE with the rectum and sigmoid being involved in
90% of these cases. Large bowel DIE is associated
with a constellation of severe pain symptoms including
non-specific gynaecological complaints (dysmenorrhoea
(DM), dyspareunia) and organ-specific manifestations
(non-menstrual chronic pelvic pain (CPP), dyschezia,
dysuria) dramatically impairing the life quality.*>

The failure of etiologic treatment shifted the focus on
a symptom-guided individualized approach targeting less
aggressive surgical strategy and more effective pharma-
cological therapy.®’” Thus, chronic pain alleviation, fer-
tility sparing, quality of life and avoidance of
dysfunction have become the main goals in the ther-
apy.®® However, currently available tools do not meet
the requirements of this complex strategy. Combined
oral contraceptives are the first line therapy inducing a
hypo-estrogenic milieu resulting in lesion regression and
preventing ‘early’ postoperative recurrence.® However,
hormonal suppression is not an option for those who
plan pregnancy. Although disputed in its extent,
adequate surgery can result in pain relief by reducing
inflammation and restoring pelvic anatomy.® Novel
non-hormonal therapeutic agents with an effective anti-
inflammatory and analgesic profile could provide pro-
mising perspectives for this disease. Therefore, identifi-
cation of the molecular mechanisms and targets involved
in the pathophysiology of endometriosis and related pain
is very important.

Although the relationship between lesions and pain is
unclear, emerging evidence suggests the role of local
neuro-inflammatory interactions.*>*'® DIE nodules have
dense sensory innervations providing complex neuro-
trophic, inflammatory and nociceptive functions.'’!?

Interstitial macrophages, mast cells and adjacent neural
elements are also related to the severe pain, and their
mutual proximity draws attention to their inter-
actions.'>'* Besides immune cells, ectopic endometrial
cells are also capable of potentiating this milieu by secret-
ing pro-inflammatory mediators that are involved in sen-
sitization mechanisms leading to increased pain.'>'®

The eutopic endometrium of endometriosis patients is
also different from the normal tissue. Clinical observa-
tions suggested a role for the eutopic endometrium in
pain, since hysterectomized patients experienced better
outcomes.'” Ultrastructural and molecular differences
have been found in the eutopic endometrium.’

The Transient Receptor Potential Vanilloid 1
(TRPV1) and Transient Receptor Potential Ankyrin 1
(TRPAT) receptors are structurally related non-selective
cation channels predominantly localized on capsaicin-
sensitive peptidergic sensory neurons.”! The most well-
known exogenous activator of TRPV1 is capsaicin, while
those of TRPA1 are allyl-isothiocyanate and cinnamal-
dehyde, but physical stimuli are also able to activate both
receptors, such as heat (7> 43°C for TRPVI1) or cold
(T' < 17°C) and mechanical stretching also for TRPAI.
They are important molecular integrators of a broad
range of inflammatory stimuli (protons, bradykinin,
prostaglandins, lipoxygenase products, anandamide,
nitric oxide (NO), hydrogen peroxide, formaldehyde,
methylglyoxal, acrolein and reactive oxygen species
(ROS)) and play crucial roles in pain and inflammation.
Thus, TRPV1 and TRPA1 antagonists became attractive
candidates for the development of analgesic drugs.”>>*

The presence of TRPV1 and TRPATI on a range of
non-neuronal cell types has been described, such as the
skin, lung, kidney, pancreas, spleen, cornea, testis and
the human endometrium, but their physiological and
pathophysiological significance remains enigmatic.>> In
human keratinocytes, the activation of TRPVI and
TRPA1 promotes inflammation by prostanoid and cyto-
kine release. In contrast, in human mononuclear cells,
their stimulation induces anti-inflammatory effects.?
These findings lead to speculations about a potential
interaction between adjacent neuronal and non-neuronal
receptors, capable to trigger sensory receptor sensitiza-
tion and pain.?”?®

The expression of TRPVI at protein level has been
shown in the intact human endometrium at both neuronal
and non-neuronal sites.?®?° Although the non-neuronal
receptor expression was steady during the menstrual
cycle, neuronal TRPV1 expression presumably has an oes-
trogen-dependent regulation.*®*' In contrast, we have
recently confirmed the oestrogen-dependent upregulation
of both TRPV1 and TRPAI in the rat endometrium.®!
The consistent upregulation of TRPV1 in the peritoneal
and endometrial tissues of women with chronic pelvic
pain suggests its potential significance in various
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gynaecological pain symptoms.” Further research
revealed increased TRPVI1 expression at both neuronal
and non-neuronal sites in the pEL lesions and
EM. 23233 In the ectopic endometrium, the density of
TRPV1-expressing nerve fibres was higher and correlated
positively with the severity of CPP and DM. TRPAI
mRNA upregulation has been observed only in the
autologous unaffected peritoneal tissue of women with
endometriosis.*® Furthermore, incubation of ectopic
endometrial stromal cells with pro-inflammatory medi-
ators promoted TRPV]I mRNA upregulation and its
selective pharmacological stimulation elicited nitrogen
monoxide (NO) and interleukin-1p (IL-1B) release.”®
Neuronal TRPV1 expression in the eutopic endometrium
of women with endometriosis did not differ from that of
healthy controls.* In contrast, non-neuronal TRPV]
immunoreactivity was significantly higher in both ectopic
and autologous eutopic endometrium of women with ade-
nomyosis as compared to controls.?

Despite these data on TRPV1 expression in the
human endometrium and association with constant
severe pelvic pain, there are no data about its expression
in DIE. Furthermore, there is no information about
TRPAL expression in the human endometrium at all.

Therefore, our goal was to describe the expression of
TRPV1 and TRPAI receptor at mRNA and protein
levels in rectosigmoid DIE lesions in comparison with
the cutopic and intact human endometrium, as well
as to find potential correlations with the clinical
symptoms.

Methods
Study participants and tissue

Twenty-seven women, aged between 18 and 45 years,
underwent laparoscopic surgery due to chronic DM or
subfertility with no history of pain and were grouped
as follows: Group 1 (n=15), severe DM was found
in conjunction with rectosigmoid DIE. Group 2 served
as controls, patients with uterine fibroid-induced moder-
ate DM (n=7), and Group 3 created from patients with
tubal infertility with no pain (n = 6). Patients were oper-
ated in the Department of Obstetrics and Gynaecology,
University Hospital of Pécs, Hungary between 2013 and
2014. Exclusion criteria were as follows: pregnancy,’
menopause,” recent hormonal contraception or intra-
uterine device use (within three months),® coexistence
of endometriosis with uterine fibroids,* diffuse adeno-
myosis,” clinical evidence of chronic medical disease or
malignancy® and clinical or laboratory evidence of acute
inflammatory processes.” Autologous eutopic endomet-
rium (n=26), ectopic endometrium from rectosigmoid
DIE nodules (nm=15) and healthy rectosigmoid bowel
wall samples (n=15) from intact resection margins

were matched with endometrial samples of women diag-
nosed with uterine fibroids (z=7), marked as negative
controls. Endometrium of patients with tubal infertility
but with no detectable gynaecological pathology at lap-
aroscopic inspection and no history of pain or endomet-
riosis were evaluated as control samples (7=06). Since
TRPVI receptor expression in human endometrium is
steady during the menstrual cycle, we predominantly
used proliferative phased endometrium as control at
molecular processing.”®* Endometrial sampling was
made by curettage immediately prior surgery in all
groups. The menstrual phase was calculated by the
days elapsed from the first day of the last period whereas
histologic dating of the endometrium was performed in
conformity with Noyes criteria.®>> Diagnosis of certainty
and the depth of DIE lesion infiltration into colon layers
were defined by histopathology with a simple scoring
system (1: serosa, 2: subserosa, 3: muscularis, 4: sub-
mucosa, 5: mucosa). The stage and severity of endomet-
riosis were determined using the revised American
Fertility Society (rAFS) Scoring system.*® Common
gastrointestinal and genitourinary tract symptoms such
as abdominal discomfort, persistent change in bowel
habits, anal mucus discharge, rectal bleeding, discomfort
at bladder filling, urinary urgency, haematuria (frequent
urination), resembling IBS or IC/PBS were evaluated
jointly in a qualitative manner. IBS and IC/PBS were
only considered when the other differential diagnostic
options were excluded.

We created a complex data matrix including endo-
metriosis-related pain history, demographic variables,
spectrum and severity of subjective pain sensation and
DIE Ilesion-related morphologic data. These variables
were determined by hospital record analysis, interview-
ing and pain scale assessment, numerical rating scale
where the given scores were mean as follows: 0: no
pain, 1-3: mild pain, 4-6: moderate pain, 7-10: severe
pain.’” Thus, we investigated the potential relation-
ships between the clinical symptoms and the molecular
findings.

RNA isolation and quantitative real-time polymerase
chain reaction

Total RNA was extracted using TRI Reagent (Molecular
Research Center, Inc., Cincinnati, OH, USA) and
Direct-Zol™ RNA isolation kit (Zymo Research,
Irvine, CA, USA) following the manufacturer’s instruc-
tions. RNA samples were treated with DNase I (Zymo
Research, Irvine, CA, USA), to remove contaminating
genomic DNA, and quantified with NanoDrop
ND-2000 spectrophotometer (NanoDrop Technologies.
Wilmington, Delaware USA). One microgram of total
RNA was reverse transcribed with Maxima™ First
Strand ¢cDNA Synthesis Kit for reverse transcription-
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quantitative polymerase chain reaction (Thermo
Scientific, Waltham, MA, USA). Reactions were per-
formed on a Stratagene Mx3000P QPCR System
(Agilent Technologies, Santa Clara, CA, USA) using
ribosomal protein L29 (RPL29) mRNA levels as
endogenous control. Each reaction contained 20ng of
cDNA, 1X Luminaris Color HiGreen Low ROX qPCR
Master Mix (Thermo Scientific, Waltham, MA, USA),
0.3 uM of each primers and 6.8 pul water. The following
primer pairs were used to amplify the target loci: RPL29
sense: 5-GGCGTTGTTGACCCTATTTCC-3' and anti-
sense: Y-TGTGTGTGGTGTGGTTCTTGG-3; TRPA1
sense: 5Y-ATGGACAGCTTGGTTACCTCCAC-3 and
antisense: 5- CAGCACTCTGCTGGTTTGTATG.

AA-3 TRPVI sense: S-CAGCTCAATTGCTGTGC
AGGTTA-3" and antisense: 5-TGCCAGTATGGATG
GAGTGGAA-3'. The amplification efficiencies were
the following: RPL29: 118.6%, TRPALl: 74.8%,
TRPVI1: 96.8% (Supplementary material, Figure 2).
PCR amplification was performed under the following
conditions: 95°C for 10 min, followed by 40 cycles of
95°C for 30 sec, 60°C for 30 sec and 72°C for 1 min. All
real-time PCR reactions were carried out in a tripli-
cate and included a melt curve analysis to ensure spe-
cificity of signal. Relative expression ratios were
calculated using the MxPro QPCR Software (Agilent
Technologies, Santa Clara, CA, USA) with the AACt
method using samples of patients with tubal infertility
as non-endometriosis controls.*® The sizes of the
products were routinely controlled by agarose gel
electrophoresis (2.5% agarose gel containing 0.01%
GelRed (Biotium, Harward, CA, USA)) at 70V for
40 min, using human TRPA1 and TRPV1 expressing
CHO cells as positive controls (Supplementary mater-
ial, Figure 3). RNA samples without reverse transcrip-
tion did not provide any amplification products with
the applied primers indicating that genomic DNA
contamination was not present. Vilber-Lourmat Bio-
Profil (version 97) gel documentation system with Bio-
Capt Software (version 12.6) was used for image
acquisition.

Immunohistochemistry and image analysis

Serial 4 um sections were made from 4% formaldehyde
fixed, paraffin embedded tissue sample blocks. Some
slides were stained with haematoxylin and eosin and
used for histopathological evaluation, others of the
same blocks were stained with primary rabbit polyclonal
antibody against the TRPAIl (ab68847, Abcam,
Cambridge, UK) and guinea pig polyclonal antibody
against the TRPV1 receptor (GP14100, Neuromics,
Edina, MN,) diluted to 1:300 and 1:100, respectively.
The antibody specificities for human tissue have been
previously validated by us on human colon biopsy

samples by preadsorption with the immunizing pep-
tides.” After routine deparrafinization and rehydration
procedures, antigen retrieval was performed by heating
the slides at 98°C in ethylenediaminetetraacetic acid
buffer (pH 9.0) for 30 min and left to cool naturally at
room temperature. Overnight incubation of sections with
the primary antibody performed at 4°C temperature.
After appropriate washing, slides were further incubated
with the EnVision system anti-rabbit secondary antibody
conjugated with horseradish peroxidase
(DakoCytomation, Carpinteria, CA, USA) or
VECTASTAIN® ABC-Peroxidase Kit- Guinea Pig IgG
(PK-4007, BioMarker Ltd., Budapest, Hungary) for
30 min at room temperature. Bound antibody complexes
were stained for 3-5min or until appropriate for micro-
scopic examination with 3.3-diaminobenzidine tetra-
chloride containing 0.01% hydrogen peroxide. The
processing was ended by counterstaining with haema-
toxylin dye. Standardization was made using routinely
performed positive and negative controls for each stain-
ing parameter. Negative control slides were reached incu-
bating normal endometrium with tris-buffered saline
instead of primary antibody. Staining of human myen-
teric ganglia slides served as positive control. Slides were
scanned using an automatic digital slide scanner
(Pannoramic Midi II, 3DHistech, Hungary) yielding
high-quality digital images of the entire samples. Anti-
TRPA1 and anti-TRPV1 staining intensity of individual
cells was quantified from 0 to 3 (0: no staining, 1: weak
staining, 2: moderate staining, 3: strong staining). By
adding the scores of 50 analysed cells, the histology
score (H-score) was calculated ranging from 0 to 150,
as established in the literature.** The glandular epithe-
lium and the endometriosis stroma were evaluated sep-
arately, thus, 100 cells were analysed for each slide. For
each staining parameter, double-inspection was made
with a two-week interval by two independent patholo-
gists who were blinded to the patients’ clinicopathologi-
cal data.

Ethical approval

All patients signed a written informed consent prior their
inclusion into the study. The research project was
approved by the institutional ethics committee of
University of Pécs Medical School, Hungary with a
registration number of 5816.

Statistical analysis

The distribution of the data in each group was deter-
mined by the Kolmogorov-Smirnov normality test.
Statistical analysis of two unmatched groups was
performed by the student’s #-test (ps,) for unpaired com-
parison in case of normal distribution and the
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nonparametric Mann-Whitney U-test (pypw) if the data
were not normally distributed. Correlation between the
severity of clinical symptoms and TRPA1l, TRPVI
immunopositivity in DIE samples was detected by the
Pearson (DM, dyschezia) or Spearman (dysuria, dyspar-
eunia, IBS, IC) rank correlation coefficients, in cases of
normal and non-normal distributions, respectively. P
value of less than 0.05 was considered statistically signifi-
cant. All calculations were made with a licensed copy of
GraphPad Prism 6.0 Software (http://www.graphpad.
com/scientific-software/prism/).

Results
General information

The general information about the patients is summar-
ized in Table 1.

All three groups were similar in terms of the demo-
graphic parameters; however, the duration of the
menstruation cycles differed significantly in Group 1
(5.0£0.9 days) and Group 2 (5.4+ 1.3 days) compared
to controls in Group 3 (4.0 1.0 days). In addition, a
significantly higher gravidity/parity index was recorded
in Group 2 (0.04 both). The clinicopathologic back-
ground and detailed pain spectrum of women with
DIE are described in Table 2. We processed 15 cases
presenting all three (i.e., pEL, EM, DIE) main patho-
logic entities of endometriosis; superficial lesions
resembled moderate to severe disease according to the
rAFS Scoring system. Occasional findings of coexisting
DIE lesions besides rectosigmoid presentation were
made (number of DIE lesions/woman: 1.540.6).
Nodules were mostly localized in the muscular layer,
submucosal or mucosal involvement was exceptional
(1 case, 6.7% of bowel nodules). Longitudinal nodule

Table I. Demographics and pain parameters of the study participants.

Group | Group 2 Group 3
Characteristic (n=15) (n=6) (n=6) P
Age at tissue harvesting (years) 335+42 36.7+6.2 3l14+£67
BMI 214433 21.8+25 260+7.3
Age at menarche (years) 129+1.0 13.0£1.3 13.61+0.8
Duration of menstrual cycle (days) 293+1.38 284+24 29.6 28
Duration of menses (days) 50+09 54+13 40=£1.0 *pmw = 0.0485
#ps.=0.0377
Menstrual phase
Proliferative (I—-14 days) 7 (46.7%) 6 (85.7%) 4 (57.0%)
Secretory (15-28 days) 4 (26.7%) I (14.3%) 2 (29.0%)
Data not available 4 (26.7%) 0 (0.0%) I (14.0%)
Gravidity
0 9 (60.0%) 2 (28.6%) 6 (86.0%)
I 6 (40.0%) I (14.3%) I (14.0%) #pmw = 0.0373
=2 0 (0.0%) 4 (57.1%) 0 (0.0%)
Parity
0 Il (73.3%) 2 (28.6%) 6 (86.0%)
I 4 (26.7%) I (14.3%) I (14.0%) #pmw = 0.0373
=2 0 (0.00%) 4 (57.14%) 0 (0.0%)
Severity of dysmenorrhoea at tissue harvesting (NRS) 87+1.2 43+0.8 0.0 MW < 0.0001
#H#Htpmw — 0.0006
Severity of dyschezia at tissue harvesting (NRS) 62437 0.0 0.0
Severity of dysuria at tissue harvesting (NRS) 4.0+4.6 0.0 0.0
Severity of dyspareunia at tissue harvesting (NRS) 24428 0.0 0.0

Note: DIE: deep infiltrating endometriosis; DM: dysmenorrhoea; BMI: body mass index, NRS: numeric rating scale.
All patients were operated in the Department of Obstetrics and Gynaecology, Medical School, Clinical Centre, University of Pécs, Hungary. The samples
were taken by curettage immediately prior to surgery in all groups. Group |: patients with rectosigmoid DIE suffering of DM, Group 2: patients with DM but
without endometriosis, Group 3: healthy controls (patients with tubal infertility with no pain). Statistical analysis was performed using Kolmogorov-Smirnov
normality test followed by student’s t-test (pSt) (#P < 0.05, ###P < 0.001 Group 2 vs. Group 3) in case of normal distribution, or Mann-Whitney U test
(pmw) (FP < 0.05, #¥P < 0.0001 Group | vs. Group 3) if the data were not normally distributed. Data are presented as means =+ SD.
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Table 2. Summary of the occurrence and severity disease-related clinical and histopathological parameters of the
patients with rectosigmoid deep infiltrating endometriosis involved in this study.

Total % of all investigated
Characteristic number Mean + SD patients
Previous surgery for endometriosis 15 1.73£0.70 100*
DIE lesions 22 1.46 +£0.56
Longitudinal diameter of the rectosigmoid DIE nodule, cm 1.66 +£0.38
<l | 6.66
1-3 15 93.33
>3 0 0
Infiltration of the nodules in the colonic wall
Muscular layer 12 80
Submucosal layer 2 13.33
Mucosal layer | 6.66
DIE lesions removed
Rectosigmoid nodule 15 68.18
Vesicouterine excavation lesion® 2 9.09
USL lesion 4 18.18
Other® | 4.54
Total 22 100
Associated endometriomas 19 1.26 +0.45 100
Associated superficial peritoneal endometriosis 15 1.00 £0.00 100
Main indication for surgery
Dysmenorrhoea 10 66.66
Dyschezia 4 26.66
Dysuria | 6.66
Associated painful symptoms
Dysmenorrhoea 15 100
Dyschezia 12 80.00
Deep dyspareunia 7 50.00
Dysuria 6 40.00
IBS 10 53.33
IC/PBS 5 46.66
Migraine 7 46.66
Age at onset of severe dysmenorrhoea (years) 27.27 +£2.43
Duration of severe dysmenorrhoea (years) 540+ 1.95
Duration of continuous COC usage (years) 830+ 1.84
Mean rAFS score 56.20£13.90
rAFS stage
11l 35.00+ 1.41 13.33
\% 13 59.46+11.78 86.66

Note: DIE: deep infiltrating endometriosis; USL: uterosacral ligament; IBS: irritable bowel syndrome; IC/PBS: interstitial cystitis or
painful bladder syndrome; COC: combined oral contraception therapy; rAFS: retrospective American Fertility Society.

All patients (100%) underwent at least one surgery for endometriosis; however, 73% of them had two surgeries.

®Two subserosal vesical DIE lesions were removed by vesical shaving.

“Intraoperative discovery of an intestinal DIE nodule in one patient.

size varied between 0.8 and 2.5 cm. The total number of
previous surgeries for endometriosis in the DIE group
was 26, since all the patients underwent at least one sur-
gery for endometriosis, but 73% of them had two sur-
geries (1.7 +0.7 surgery per patient).

In the vast majority of cases, severe DM served as
main operative indication (66.7%). Other painful com-
plaints were dyschezia, deep dyspareunia and dysuria;
53.3% of patients suffered from symptoms resembling
IBS, while 46.7% of them had IC/PBS.
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Patients benefited from a multidisciplinary manage-
ment and a macroscopically complete surgery was per-
formed in all cases. Rectosigmoid segment resection was
the main surgical procedure performed. Fertility sparing
approach was achieved in all cases.

We found no correlation between the severity of
symptoms and the extent of endometriosis in terms of
the mean rAFS score, size and depth of the DIE
lesions. In addition, the duration of severe pain symp-
toms was not related to the intensity of pain, size and
depth of the DIE nodules. Longitudinal nodule size
proved to be independent of the depth of Iesion
(Table 2).

TRPAI and TRPVI mRNA is increased in the ectopic
endometrium of DIE patients

Both TRPA1 and TRPVI were detected at the mRNA
level in the normal endometrium, reaching the threshold
cycle between 28 and 36 cycles (Supplementary material,
Figure 1). This clearly shows their local, not sensory
neuronal expressions. Quantitative real-time polymerase
chain reaction revealed differences in ectopic (rectosig-
moid DIE nodule) and autologous eutopic endometrial
samples (auto control endometrium) compared to
normal endometrium (control). As shown in Figure 1,
there was a remarkable 4.0-5.0 fold elevation of
TRPA1 mRNA expression in the ectopic endometrium
of rectosigmoid DIE lesions (Figure 1(a)). We detected
significantly elevated (1.5-2.0 fold) TRPVI1 receptor
mRNA level in both ectopic and autologous eutopic
endometrium (P =0.0038) of women with endometriosis
(Figure 1(b)). However, the relative TRPA1 and TRPV1
expressions did not differ in the endometrium of women
with sole DM or intact sigmoid bowel wall of DIE
patients.

TRPAI and TRPVI immunoreactivity is upregulated in
the ectopic endometrium of DIE patients

Scattered cytoplasmic TRPA1 and TRPVI receptor
immunostaining was detected in stromal and epithelial
cells of the normal endometrium (Figure 2(c) and
Figure 3(c)). TRPVI labelling was sparser compared to
TRPAI1. Remarkable intracellular TRPA1 and TRPVI
positivity was identified in both tissue compartments of
the DIE samples (Figure 2(d) to (f) and Figure 3(d) to
(f)). Similarly to the normal endometrium, here the glan-
dular epithelial layer was stained more vigorously. In
some ectopic endometrial sections, macrophages and
endothelial cells were intensely positive for both recep-
tors, while myenteric intramural ganglia and plasmo-
cytes of the colonic stroma showed more intensive
immunoreactivity for TRPA1 than for TRPVI.
Significantly increased epithelial TRPA1 protein
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Figure |. Relative gene expressions of TRPAI (a) and TRPVI (b)
receptors. Columns represent the relative gene expression ratios
normalised to RPL29 reference gene with qRT-PCR in the healthy
control endometrium (n=6), compared to autologous eutopic
endometrium as autocontrol (n = 6), intact autologous rectosig-
moid wall (n=15), rectosigmoid DIE nodule (n=15) and dysme-
norrhoeic endometrium (n =7) of women without endometriosis.
Data are presented as mean + SEM. (**P < 0.005, ***P < 0.001,
Mann-Whitney U test).

TRPAI: transient receptor potential ankyrin |; TRPVI: transient
receptor potential vanilloid |; RPL29: ribosomal protein L29; qRT-
PCR: quantitative real-time polymerase chain reaction; CTRL:
healthy control endometrium; Auto CTRL: autologous eutopic
endometrium; DIE: deep infiltrating endometriosis.

expression was found in the DIE samples compared to
the control group. Moreover, 50% increase was detected
in DIE epithelium compared to DIE stroma (Figure
4(a)). The TRPVI1 protein expression was significantly
higher both in the epithelium and stroma of the DIE
patients compared to the control samples and also
showed  significantly increased immunopositivity
(>50%) in the DIE epithelium (Figure 4(b)).

Correlation of TRPAI and TRPV| immunopositivity in
the ectopic endometrium of DIE patients with the
clinical severity

There was strong positive correlation between DM sever-
ity and stromal TRPAl (r,=0.85) and TRPVI
(r,=0.96) immunoreactivities, the severity of dyspar-
eunia and TRPV1 expression on ectopic epithelial cells
(rs=0.88) and macrophages (r,=0.89). Epithelial
TRPAl (r,=0.82) and stromal TRPV1 (r,=0.88)
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Figure 2. Immunohistochemical staining of the TRPAI receptor in healthy eutopic endometrium and in rectosigmoid DIE nodule. (a)
Negative control using tris-buffered saline instead of the primary antibody in normal endometrial tissue. (b) Rectal myenteric ganglia,
serving as positive control for TRPA| expression. (c) Healthy eutopic endometrial tissue. (d) Rectosigmoid DIE nodule. (e) Rectosigmoid
DIE nodule, glandular component. (f) Rectosigmoid DIE nodule, stromal component. (d) and (f) Sections shown on panels were taken from
the same DIE patient who experienced severe, endometriosis-associated pain. Background staining was performed with haematoxylin and
eosin to reveal the tissue structure. Black arrow heads denote TRPAI receptor labelling. Magnification is X400, except panel (d) where it is

X100. Scale bars: 50 um, except panel (d) where it is 200 um.

TRPALI: transient receptor potential ankyrin |; DIE: deep infiltrating endometriosis.

immunopositivity significantly correlated with the sever-
ity of dyschezia. We did not detect any correlation
between DIE-associated painful symptoms and endothe-
lial TRPA1 and TRPV1 immunopositivity (Table 3).

Discussion

We provide here the first evidence on the presence of
TRPA1 receptor at mRNA and protein levels in the
human endometrium and its upregulation, alongside
with the TRPVI receptor in DIE nodules of the rectum
and sigmoid colon. More interestingly, TRPA1 and
TRPVI1 expressions show correlations with the severity
of many DIE-related pain symptoms, including DM,
dyspareunia and dyschezia.

Local inflammation and sensory neuronal sprouting
play a key role in the pathogenesis of endometriosis-
related pain, which is mediated by a broad range of
pro-inflammatory molecules.

These stimulate TRPV1/TRPAI activity both on sen-
sory nerve terminals and non-neuronal structures, which
in turn further trigger the pain.

Despite ubiquitous TRPA1 and TRPVI mRNA
expressions in all the investigated tissues, significant
receptor upregulation is limited to the DIE samples.

Similarly, we observed elevated TRPV1 mRNA in the
eutopic endometrium of endometriosis patients as com-
pared to the endometrium of healthy women. These
observations are in agreement with recent findings show-
ing elevated TRPV1 mRNA expression in endometriosis
lesions.8:3%-33

We believe that the increased TRPA1 and TRPV1
immunoreactivity in the stromal and most epithelial
cells of the rectosigmoid DIE samples, as well as the
positive correlation between their expression and the
severity of painful symptoms suggests a TRPAI1/
TRPVI-driven sensory function for these non-neuronal
cells.

Growing evidence supports the role of the TRPVI-
expressing nerves in endometriosis-related pain. It has
been suggested that non-neuronal TRPVI receptors in
pEL might interfere with the inflammatory peritoneal
environment and nociception in women with CPP.*
Despite a higher non-neuronal TRPV1 immunoreactiv-
ity in pEL samples of women with stronger pain symp-
toms, direct correlation between receptor expression and
pain intensity was not found.™ Liu et al.”® detected func-
tional TRPVI1 receptors on cultured human ectopic
endometrial stromal cells derived from EM cyst wall,
which responded to prostaglandin-E, (PGE,) and
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Figure 3. Immunohistochemical staining of TRPVI receptor in healthy eutopic endometrium and in rectosigmoid DIE nodules. (a)
Negative control using tris-buffered saline instead of the primary antibody in normal endometrial tissue. (b) Rectal myenteric ganglia,
serving as positive control for TRPAI expression. (c) Healthy eutopic endometrial tissue. (d) Rectosigmoid DIE nodule. (e) Rectosigmoid
DIE nodule, glandular component. (f) Rectosigmoid DIE nodule, stromal component. (d) and (f) Sections shown on panels were taken from
the same DIE patient who experienced severe, endometriosis associated pain. Background staining was performed with hematoxylin and
eosin to reveal the tissue structure. Black arrow heads denote TRPV receptor labelling. Magnification is X400, except panel (d) where it is

X100. Scale bars: 50 um, except panel (d) where it is 200 um.

TRPVI: transient receptor potential vanilloid |; DIE: deep infiltrating endometriosis.

tumor necrosis factor alpha (TNFa) exposure by
increased TRPVI mRNA transcription. Furthermore,
non-neuronal TRPVI receptors had a lower stimulation
threshold and their selective pharmacological activation
provoked increased NO and IL-1B release.”® Therefore,
it is also possible in vivo that TRPV1 activation on ecto-
pic endometrial cells by a variety of inflammatory stimuli
results in TNFa and IL-1PB release in DIE samples.
Besides inducing the pro-inflammatory cytokine cascade,
TNFa and IL-1f are able to sensitize both neuronal and
non-neuronal TRPV1 receptors®®*! triggering a vicious
circle. TRPV1 on ectopic endometrial cells can be acti-
vated by mild stimuli to initiate Ca®"-dependent signal-
ling pathways, pro-inflammatory cytokine release,
cyclooxygenase-2 (COX-2), nerve growth factor (NGF)
and ROS production.’*** > COX-2 catalyses the con-
version of arachidonic acid into PGE,, PGF,a and
PGI, which are also potent TRPVI sensitizers.** High
COX-2 levels were found in both ectopic and eutopic
endometrium of women with endometriosis and are
associated with hyperalgesia and DM.**** This may
explain the effectiveness of several non-steroid anti-
inflammatory drugs in the alleviation of endometriosis-
related pain. Furthermore, elevated COX-2 and subse-
quent PGE, production might induce TRPVI mRNA

upregulation in the eutopic endometrium of women
with DIE.

NGF is a key molecule in neuronal sprouting, but its
role in endometriosis-related pain has not been fully
established.*” In DIE nodules, the close spatial relation-
ship between the endometriosis foci and locally densified
sensory nerve endings might facilitate the TNFa and
NGF binding to their neuronal receptors and subsequent
stimulation of the neuronal TRPV1 receptors.*® The
cross-sensitization of the sensory TRPA1 and TRPVI
receptors through non-neuronal TRPA1/TRPV1 activa-
tion promotes peripheral sensitization and nociceptive
pain.'%?34¢ Sustained peripheral sensitization elicits per-
manent changes in the central nervous system explaining
individual variances in pain perception and the presence
of pain independently of endometriosis.>*’ Furthermore,
TRPV1-positive nerves induce neurogenic inflammation
by the release of neuropeptides with inflammatory and
nociceptive functions, such as substance P and calcitonin
gene-related peptide.*® A similar sensory role for non-
neuronal TRPVI1 receptors has been described in the
urothelium, gustatory epithelium and auditory hair
cells as well.¥=!

In the present study, the non-neuronal TRPAI
expression was more pronounced than TRPV1 in both
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Figure 4. Histology scores of TRPAI (a) and TRPVI (b) recep-
tors in healthy control endometrium (n = 6) and rectosigmoid DIE
nodule (n = 6) epithelium and stroma. Box plots with the whiskers
represent the medians = 25-75 percentiles of the histology score
values (*P < 0.05, ¥*P < 0.001, one-way ANOVA, Bonferroni’s
multiple comparison test).

TRPALI: transient receptor potential ankyrin I; TRPVI: transient

the endometriosis tissue and healthy control endomet-
rium. Despite a great deal of recent attention, there is
little evidence about TRPAI in painful gynaecological
conditions. Except the unaffected peritoneum adjacent
to pEL lesions, TRPA1 mRNA was similar in the ectopic
endometrium of pEL and the peritoneal tissue of healthy
controls.*® Elevated TRPA1 protein expression increased
in tissues with increased mechanical stress.”> Therefore,
distortions of bowel anatomy through adhesions might
contribute to the local upregulation of TRPAI1 in DIE
samples. ROS, such as NO, inflammatory and hypoxic
conditions found in DIE nodules are also able to activate
and/or upregulate TRPA1.2>°% NO has a role in angio-
genesis, inflammation and nociception, its levels are ele-
vated in endometriosis,>>>* and its reduction alleviated
CPP.>* Inflammatory stimulation of TRPV1 receptors
on endothelia and human ectopic endometrial stromal
cells from EM samples trigger NO release which in
turn might act on proximal TRPA1 receptors in a para-
crine/autocrine way.?®>> ROS facilitates TRPA1 upregu-
lation and subsequent interleukin 8 production of
epithelial cells.”® Thus, as a ROS-sensor, non-neuronal
TRPAI1 receptors might operate synergistically with the
non-neuronal TRPV1 to create a strong in situ nocicep-
tive milieu.

Stromal TRPA1 and TRPVI1 immunoreactivities
strongly correlated with DM severity, as well TRPV1
expression on ectopic epithelial cells and macrophages

receptor potential vanilloid |; DIE: deep infiltrating endometriosis. with dyspareunia. Epithelial TRPAl and stromal
Table 3. Correlation between TRPAI, TRPVI immunopositivity and DIE-associated painful symptoms.
Stroma Epithelium Macrophage Endothelium

r P r P r P r P
(@)
Dysmenorrhoea® 0.85 0.03 0.77 ns 0.44 ns 0.47 ns
Dyschezia™ 0.72 ns 0.82 0.04 0.54 ns 041 ns
Dysuria 0.3 ns 0.42 ns —0.67 ns —0.21 ns
Dyspareunia 0.56 ns 0.42 ns 0.22 ns —0.1 ns
IBS 0.8 ns 0.43 ns 0.71 ns 0.33 ns
Interstitial cystitis —0.1 ns 0.45 ns —0.71 ns —0.33 ns
(b)
Dysmenorrhoea® 0.96 0.002 0.56 ns 0.56 ns 0.49 ns
Dyschezia™ 0.88 0.02 0.71 ns 0.6l ns 0.41 ns
Dysuria —0.19 ns —0.3 ns 043 ns —0.083 ns
Dyspareunia 0.64 ns 0.88 0.03 0.89 0.03 0.03 ns
IBS 0.82 ns 0.8 ns 0.21 ns 0.21 ns
Interstitial cystitis 0 ns —0.1 ns 0.53 ns —0.21 ns

Note: TRPAI: transient receptor potential ankyrin |; TRPVI: transient receptor potential vanilloid |; DIE: deep infiltrating endometriosis; IBS: irritable

bowel syndrome; NRS: numeric rating scale; ns: non significant.

Relationship between TRPAI (a) and TRPVI (b) immunopositivity quantified by histological score and DIE-associated painful conditions evaluated using NRS
in DIE patients. Statistical analysis was performed using Kolmogorov-Smirnov normality test followed by parametric Person (# in the case of dysmenorrhoea
and dyschezia) or nonparametric Spearman rank correlation. Statistically significant values (P < 0.05; P < 0.005) are in bold.
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TRPVI1 immunopositivity also positively correlated with
dyschezia severity. Accumulating evidence supports a
potential causal relationship between endometriosis and
these functional pain symptoms, viscero-visceral sensi-
tization and neurogenic inflammation might be a plaus-
ible explanation for these frequently coexisting
conditions.*”*”*® The uterus shares the same visceral
innervation with the rectum and urinary bladder and a
neural cross-talk among these organs is required for their
physiological activities.”®® In fact, animal studies
revealed that a subpopulation of TRPVI/TRPAIl
expressing sensory neurons in the dorsal root ganglia
collect nociceptive input from adjacent organs including
mutual uterine-rectal, uterine-vesical and rectal-vesical
neurons.®"*%> Alterations in these intricate neural path-
ways might evoke overlapping pain symptoms (DM, dys-
chezia, dyspareunia, etc.) through spinal convergence
and viscero-visceral sensitization.”®® In agreement
with this finding, intrauterine capsaicin instillation trig-
gered lower urinary tract sensitization, and mustard oil
sensitized the distal colon in rat.®*** Neuronal TRPV1
increase in the rectum of patients with rectal hypersensi-
tivity showed positive correlation with the symptoms.
We hypothesize that DIE is an initial irritating event
which sensitizes TRPAI1/TRPVI-expressing colonic
afferents to mechanical and chemical stimuli and induces
local neuropeptide release (substance P, calcitonin gene-
related peptide) resulting in neurogenic inflammation
and persistent endometriosis-related pain. In our patient
population, the self-reported alleviation of IBS after the
rectosigmoid segment resection for DIE also supports
this theory.

The major limitation of the present work is its mostly
descriptive nature and relatively small sample size that
we tried to balance with an extensive data collection and
accurate statistical analysis. However, due to the import-
ance of this topic, dramatically increasing interest in this
area and novelty of our findings, these exploratory inves-
tigations have also got a great scientific value. The use of
adequate control samples (intact endometrium, autolo-
gous eutopic endometrium) minimizes research bias.

Little is known about the presence, distribution and
function of other TRP channels in different endometrial
cells, but they are likely to be important molecules in
intracellular signal transduction between epithelial and
stromal cells of the uterus.®> The expression of TRPC3
and TRPM7 is stable during the menstrual cycle. In the
beginning of the luteal phase, TRPM4 and TRPM6 ecle-
vate which is followed by TRPV2, TRPC4 and TRPC6
increase.®® These results suggest that specific up- and
down-regulation of several TRP channels may play a
role in physiological endometrial receptivity.

In summary, this is the first evidence for TRPAI
expression in the healthy human endometrium and its
upregulation — alongside with that of TRPVI - in

rectosigmoid DIE nodules. Their expression increase
positively correlates with the severity of different related
pain symptoms suggesting their roles in the pathophysio-
logical mechanisms.
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