BIOMEDICAL
}; Journal of Scientific & Technical Research

ISSN: 2574 -1241 DOI: 10.26717/BJSTR.2019.16.002804

A New Hypothesis for Endometriosis: To Change the
Classification and Consider A New Concept of its Origin

] Bouquet de Joliniere*!, A Major?, JM Ayoubi?, R Frydman? and A Feki!

ERE

1Department of Gynecology and Obstetrics, Cantonal Hospital of Fribourg, Switzerland

“Department of Gynecology and Obstetrics, Foch Hospital, France
3Department of Anatomopathology, Switzerland

*Corresponding author: ] Bouquet de Joliniere, Department of Gynecology and Obstetrics, HFR, Cantonal Hospital of Fribourg,
Switzerland

ARTICLE INFO ABSTRACT

Received: E2 March 11,2019

Keywords: Endometriosis; AFS Classification; Phenotype; Genotype; Breast Cancer
Published: B2 March 19, 2019

Abbreviations: AFS: American Fertility Society; IVF: Vitro Fertilization Program; ESHRE:
European Society of Human Reproductive Medicine; PCD: Premature Centromere
Citation: ] Bouquet de Joliniere, A Ma- Disjunctions; LOH: Loss of Heterozygosity; FISH: Fluorescence in Situ Hybridization;

jor, JM Ayoubi, R Frydman, A Feki. A ROS: Reactive Oxygen Species; CGH: Comparative Genomic Hybridization
New Hypothesis for Endometriosis: To

Change the Classification and Consider
A New Concept of its Origin. Biomed
] Sci & Tech Res 16(1)-2019. BJSTR.
MS.ID.002804.

Introduction
Endometriosis is a curious pathology that has been the attribution of points is arbitrary. In fact, the size of the lesions is

source of many international publications. Its etiology remains not synonymous with the difficulty to treat them surgically. Their

. . . location, if deep, is larger than the size of ovarian endometriomas.
mysterious but seems to have multiple causes. It is a complex

. . . In addition, small anatomical but evaluative lesions will have more
disease whose lesions are very heterogeneous on the part of their

location (deep endometriosis, superficial, ovarian cyst), extent, impact than big fibrous and stable lesions (Figure 1).
associated symptoms, evolution or aggressiveness of the disease,
and response to treatments [1]. This Disease Can Be Compared to
a Malignant Proliferation as a breast cancer for instance because
there are sexual receptors, differentiation grade, tumoral markers,
metastasis. Furthermore, it evolves in pushes, remains autonomous,
and is responsible for superficial and deep lesions that explain its
two challenges: pain and infertility. It has always been classified by
the size of its anatomical lesions-Acosta classification [2], revised by
the American fertility society (AFS) [3], and the American society of
reproductive medicine (ASRM) classification with a description of
the disease at different stages: minimal (score of 1 to 5), mild [4-
13], moderate [13-32], and severe (>40) [18]. If this classification
provides a complete repertoire of implants (anatomic) [11], the

Figure 1: Small inflammatory lesions of endometriosis.
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Thus, attempts to explain their inflammatory side effect have
been proposed [11,33]. The French classification nodule, ovaries,
adhesions, tube and inflammation (FOATI) [11] has had the merit
of taking the phenomenon into account. In our opinion, we must
go much further and propose an amendment in this classification,
taking into account the evolution of the lesions and their deep
molecular biology because in reality, the lesions are not at the
same stage. We have begun to demonstrate [9] an embryological
origin, chromosomal instability, as well as genomic and proteomic
abnormalities [34-36]. These problemsarerelated to pharmacologic
testing during a wild hormone therapy that does not take into
account the phenotype of lesions. Indeed, it is possible using a
common model, breast cancer. An endometriosis profile isnecessary
to know its phenotype, such as hormone receptors, proliferation
of rank, Mib-1or (Ki 67%), growth factors, and oncogenic factors
[35-37]. The peritoneal fluid is one of the factors of endometriosis
diffusion in the ovaries [7,37], deep forms under and peritoneal. In
order to address the need of improving endometriosis diagnosis
and management, we have developed Endo Gram®, a prognostic
test based on a signature of 14 biomarkers and validated in a first

prospective study.
For each patient, it allows to determine:

a) therisk of recurrence of the disease at two years in order
to identify the patients with a high risk of recurrence from the
first diagnostic surgery, and to adapt their follow-up to better

detect the recurrence of the disease;

b) the presence or absence of the receptors targeted by the
hormone treatments used at the present time-this information
on hormonal sensitivity will serve as a decision-making aid for
the surgeon to prescribe the most appropriate and effective
therapeutic strategy; and

c) the best fertility strategy if desire for pregnancy. For the
last one, depending on the age of the patient and the profile of
her lesion as defined by the Endo Gram® test, the surgeon will
be able to optimize the patient’s fertility strategy and reduce
the number of failed In Vitro Fecundation (Figure 2).

Typical extensive small lesions in Douglas poach

Figure 2: Typical ectensiv small lesions in Douglas poach.

Thus, some minimal anatomical forms are very aggressive with
infertility, medication ineffectiveness, and persistence/recurrence
despite surgery [37], where large ovarian cysts accessible to lapa-
roscopic surgery do not reoffend. This makes the surgical diagnosis
of the disease and its management difficult, as well as still too de-
pendent on the experience and dexterity of the surgeon. To meet
this clearly identified need, the Endo Gram® program has the aim
of identifying specific markers of this heterogeneity and giving a
unique and personal photograph of the stage of endometriosis for
each patient, through an innovative analysis of the biopsies taken
during diagnostic surgery. This information can then be used by
the surgeon to adjust the therapeutic approach in particular. This
article reveals all the characteristics of the disease for each patient.
This article allows defining a therapeutic attitude whose primary
goal is not to let the time of the in vitro fertilization program (IVF)
pass in young patients, and to respect the recommendations of the
European Society of human reproductive medicine (ESHRE) [38]
on a single, non-aggressive surgery that respects the ovaries and
their follicular count. It should also be noted that this proliferative
side explains that pregnancy and menopause do not cure the dis-
ease but can only improve it. New molecules can be used according
to this profile.

Hypothesis, a Warburg Effect?

The origin of the disease remains obscure. However, a possible
embryological origin has been demonstrated by a preliminary
study [9]. The need to define proliferation markers is related to
previous studies of the causes of proliferation [5,7,36]. The lesions
have genetic abnormalities that are found statistically in almost all
lesions: damage found by chromosomal instability of the nucleus
DNA and on the p and q arms of chromosomes 1p, 7p, and 22q
[7] (Figure 3). Furthermore, the chromosomal instability is an
alteration of the chromosome constitution occurring in various
pathological conditions, such as the fundamental property of
neoplastic cells, precancerous lesions, chronic inflammatory
conditions, infectious diseases, and diseases induced by viruses
(herpes, Human Papilloma Virus, Epstein Barr Virus).

Representative CGH result showing loss of DNA sequences
on chromosomes 1, 7 and 22 in an endometriotic lesion.
Individual exemples of flucrescence ratio profiles{right) and
digital images (left).

ertility and Sterility

Figure 3: Genomic abnormalities in most of endometriosis
implants.
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The genomic instability appears in two different types:

i)  chromosomal alterations in non-neoplastic precursor
lesions and mutation of the P53 gene, and

ii) errors in DNA replication detected by microsatellite
instability (deficiency in DNA mismatch repair mechanism).

For endometriosis, we have observed such instability with
chromosome number changes [5], chromosomal deletions [7],
translocations and point mutations in particular genes, nuclear
DNA content, telomerase function, errors in DNA replication [36-
37], presence of endo mitosis, premature centromere disjunctions
(PCD), and micronuclei.

In a previous publication [7], the authors showed a loss of
heterozygosity (LOH). These studies have been conducted using
DNA from histologically homogeneous endometriotic tissues.
Forty lesions were studied, wherein the authors found that
inactivation of tumor suppressor gene(s) may play a role in the
development of endometriosis. Fluorescence in situ hybridization
(Fish) analysis has revealed more clonal aberrations than
conventional cytogenetic analysis in a number of altered tissues
[27]. However, the comparative genomic hybridization (CGH) is
the best test as a molecular cytogenetic method able to discover
and map genomic regions for chromosomal gains and/or losses
in a single experiment [26]. Regions showing an increased copy
number (gain or amplification) may harbor dominant oncogenes,
whereas regions with a decreased copy number (loss) may contain
tumor suppressor genes [7]. Therefore, it is the loss of either
essential genes or even entire chromosomes that explains the high
invasive potential of the endometriotic cells. Genomic alterations
(rearrangements) initiated by telomere dysfunction, for instance,
can be a primary event that facilitates endometriosis initiation
and spread [36]. In another publication [39], the authors showed
that an aerobic glycolysis marker expression is increased in
endometriosis lesions compared to eutopic endometrium and in
the peritoneum of women with endometriosis compared to women
without endometriosis.

Another Hypothesis

In the beginning, there are ectopic endometrial cells derived
from cells having embryologic origin [9] that missed migration to
the urogenital sinus. These cells will therefore stay in an ectopic
location. The other well-known cause is the retrograde flow of cells
in the peritoneal cavity during menstruation. In 80-90% of women,
retrograde menstruation is observed [32], but compared to these
numbers, only 10% ofthe female population presentendometrioses.
Endometrioses may be induced by mesenchymal cells, stem cells,
or endometrial tissue [5,30]. All these cells will initiate a reaction of
the immune system. This reaction will be different depending on its
origin and be influenced by the genetics of the cells. Once puberty
starts with the release of sexual hormones, ectopic endometrial

cells are stimulated and even if they are in a vascular unfavourable

place, they start to propagate. This event initiates several processes
in a cascade manner. First, production of reactive oxygen species
(ROS) is stimulated by an increased metabolic turnover of cells
and activation of factors for angiogenesis, attracting stem cells for
neovascularization through cell signaling by ROS.

Second, oxidative stress is provoked by several factors including
stimulation by sexual hormones in concert with propagation of
cells (increased energy production in mitochondria), immune
reaction of the peritoneum (an immunologic reactive organ), and
degradation of hemoglobin and toxic effect of iron by the Fenton
reaction. ROS production itself serves as stimulus by cell signaling
for more propagation and immune reaction with a positive feedback
mechanism potentiating it. Third, an important misbalance between
ROS and the anti-oxidative defence mechanism of the cell becomes
toxic and induces chromosome instability. If the shock is significant,
DNA damage can occur followed by necrobiosis. Finally, all these
processes can change the cell metabolism and induce aerobic
glycolysis [30]. This switch, termed Warburg effect, is to satisfy
the needs for structural molecules like lipids, proteins, and nucleic
acids, and at the same time, to diminish oxidative phosphorylation
to protect the cell from the damaging effect of ROS by decreasing
the production of too much ROS. In certain circumstances,
inflammation, acidosis, and continuous DNA damage by ROS
can even drive endometrioses to malignant transformation [29],
depending on four factors: origin of cells, reaction of the immune
system, location of ectopic endometrial cells, and ingestion of
hormones and toxic molecules.

All these factors interact with each other and are driving into
a new balance, which will be different depending on the staging of
endometriosis and the endogram. Endometriosis causes important
inflammation by the interaction with the environment, thereby
increasing ROS production [41-43]. In turn, ROS induces DNA
damage, while endometriosis produces cytokines. Unfortunately,
there is no efficient and causal treatment for endometriosis. This
makes the surgical diagnosis of the disease and its management
difficult, as well as still too dependent on the experience and
dexterity of the surgeon. To meet this clearly identified need,
Encoding has developed the EndoGram® program with the aim
of identifying specific markers of this heterogeneity and giving a
unique personal photograph of the stage of endometriosis for each
patient, through an innovative analysis of the biopsies taken during
diagnostic surgery.
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