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Abstract. - OBJECTIVE: To study the promi-
nent differences between endometriosis (EMT)
cells derived from ovary, oviduct and endometri-
um, and to provided new ideas about the patho-
genesis of endometriosis.

PATIENTS AND METHODS: From June 2010
to June 2015, 210 patients diagnosed with en-
dometriosis were enrolled in our study. Patients
were treated by laparoscopy or conventional
surgeries in our hospital. Ovarian chocolate
cyst and paired normal ovarian tissues, fimbri-
ated extremity of fallopian and uterine cavity en-
domembrane tissues were collected, prepared
and observed by microscope. PCR was used for
amplification of target genes (FMO3 and HOXAJ9)
and Western blot was used to evaluate FMO3
and HOXA9 expression levels.

RESULTS: In 95 cases, endometriosis cells were
derived from oviduct epithelial. In 110 cases, en-
dometriosis cells were derived from the endome-
trium, and in 5 cases it was derived from the ova-
ry itself. FMO3 gene transcription and protein ex-
pression were higher in oviduct cells while HOXA9
gene transcription and protein expression were
higher in endometrial cells. In 89 cases the endo-
metriosis cells were derived from oviduct epithe-
lial and in 113 cases endometriosis cells were de-
rived from the endometrium. Protein levels indi-
cated that endometriosis cells in 85 cases were
derived from oviduct epithelial and in 116 cases
were derived from the endometrium.

CONCLUSIONS: A large number of ovarian
endometriosis cells were derived from oviduct
epithelial.

Key Words Ovarian endometriosis, Oviduct epitheli-
al, PCR amplification, Western blot.

Introduction

Endometriosis (EMT) is a benign disease with
a high incidence in women at child-bearing age.
EMT can cause chronic pelvic pain and infertility.

In most cases, EMT affects ovary and peritone-
um, and as a result a plump shape cyst forms in
the ovary. The cyst is called ovarian endometrio-
sis cyst (aka ovarian chocolate cyst) which usually
contains old blood and is covered by endometrioid
epithelium. In 1860, Karl von Rokitansky' studied
the disease and observed retrograde menstruation
in nearly 90% of child-bearing women, and later
proposed “retrograde menstruation implantation
theory”. However, this theory explained endo-
metriosis in the abdominopelvic cavity does not
explain endometriosis outside of enterocelia®. Lat-
er on, Iwanoff® and Meyer* proposed “coelomic
metaplasia theory” which stipulated that endome-
triosis was derived from mesothelial cells through
metaplasia. This theory explained most cases of
endometriosis in ovary and enterocelia. However,
there was not adequate evidence supporting it at
cellular or molecular level’.

Prior studies showed that due to the fact that
mucous epithelium in fallopian tube can form endo-
metrioid tissue, fallopian tube may be an important
origin for endometriosis®. We studied the prominent
differences between endometriosis (EMT) cells de-
rived from ovary, oviduct and endometrium.

Patients and Methods

Experimental Materials

From June 2010 to June 2015, 210 patients di-
agnosed with endometriosis were enrolled in our
study. Patients were treated by laparoscopy or
conventional surgeries. Patients were aged from
24 to 39 (average=28.6+10.3 years). The course
of the disease ranged from 1 week to 2 years (av-
erage=5.3+1.2 months) and parity history ranged
from 0 to 2 times, and rAFS staging was between
grade III to IV. Menstrual cycles in 126 patients
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were in proliferative phase, and 84 patients were
in secretory phase.

Conditions of patients were confirmed by sur-
gical indications, and all surgeries were per-
formed with the approval of our Ethical Com-
mittee. Informed consents forms were signed by
patients and their families. Ovarian chocolate
cyst and paired normal ovarian tissue, fimbri-
ated extremity of fallopian and uterine cavity
side wall endomembrane tissues were collected.
Subsequently, all specimens were placed into pre-
cooled D-Hanks liquid curling and were trans-
ferred to the laboratory for further analyses.

Experimental Methods

Cells were studied closely under the micro-
scope. FMO3 and HOXA9 genes were amplified
using PCR and FMO3 and HOXA9 expression
levels were verified by western blot. Tissues were
sectioned, fixed, embedded, and frozen.

PCR reactions: Primers used for PCR reac-
tions had the following sequences:

FMO3: F5-AATTCGGGCTGTGATATTGC-3’
RS - TTGAGGAAGGTTCCAAATCG-3’

HOXA9:F5’-CCCATTGTGATTGTGGAA GAT-
3’ R5 - ACAGCCTAGTTATACAGAAGAC-3’

Primers were synthesized by Shanghai Sangon
Biotech Co., Ltd., and PCR was performed using
the standard reaction conditions. The standard
curve was constructed, and after the reaction was
finished, amplification curve, dissolving curve,
and quantity of gene expression were studied.
Results were presented by the ratio between the
target gene and the reference gene GAPDH and the
ratio stood for the relative expression of the target
gene in samples. The influences of experimental
errors incurred during the process of reverse tran-
scription and PCR amplification were eliminated.
We made 3 to 5 complex holes in each sample and
repeated each experiment for 3 times.

For Western blot we used the following re-
agents: FMO3 and HOX A9 monoclonal antibody
(Abcam Company, Cambridge, Cambridgeshire,
England, UK), CD10 monoclonal antibody (Sig-
ma-Aldrich Company, St. Louis, MA, USA),
Vimentin monoclonal antibody (Sigma-Aldrich
Company, St. Louis, MA, USA) and anti-GAPDH
(Abcam Company, Cambridge, Cambridgeshire,
England, UK).

To prepare protein lysis buffer, we used 5x load-
ing buffer, 30 % acrylamide solution, 1.5 mol/L
Tris (pH 8.8), 1 mol/L Tris (pH 6.8), 1 0% SDS, 10
% ammonium persulfate (APS), 10x electropho-
retic buffer solution, 10x transfer buffer, 10x TBS
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solution, TEST solution, confining liquid (5% skim
milk powder), developing solution, fixative solution,
diethyl pyrocarbonate (DEPC) solution and PBS.

For tissue protein extraction and concentration
determination we washed fresh tissue samples in
cryopreservation using phosphate buffered saline
(PBS) solution for 3 times. Tissues were then
crushed and homogenized followed by addition
of protein extraction solution. Radio-immuno-
precipitation assay (RIPA) and protease inhibitor
phenylmethylsulfonyl fluoride (PMSF) (100: 1)
were also used. After blending, samples were
placed in a horizontal table concentrator and were
concentrated for 20 to 30 min and then tissues
were further crushed with sonifier. Supernatant
were collected and used for protein quantifica-
tion. Bicinchoninic acid (BCA) Protein Assay Kit
was used for protein quantification. SDS-PAGE
was used for protein separation and then Western
blot was conducted to measure the level of protein
expression. We used Image J software to interpret
Western blot results.

Observation Index

We compared the prominent microscopic dif-
ferences amongst endometriosis cells derived
from oviduct epithelial, endometrium and the
ovary itself. We also compared the differences in
FMO3 and HOXA9 gene and protein expression
levels.

Statistical Analysis

Statistical software package SPSS 19.0
(IBM, Armonk, NY, USA) was used for statis-
tical analyses. Measurement data were present-
ed by meanststandard deviation and variance
analysis was used for comparisons between
groups. Enumeration data were presented by
percentage (%) and the X? test was conducted
for comparisons between the groups. p < 0.05
was considered statistically significant.

Results

Analysis on the Characteristics of Cell
Origins under microscope

There were two types of epithelium of oviduct:
one with cilium and the other without cilium.
They are characterized with monolayer, irregular
polygon, and positive cell keratin. Positive cell
numbers were over 90%, ciliated cells arranged
in plexiform densely and had ciliary beat. En-
dometrial cells had a tadpole or polygon shape,
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Figure 1. Transcription levels of FMO3 and HOX A9 genes
observed in oviduct and endometrial cells.
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while stromal cells had a spindle shape and the
nucleus was oval. In 95 cases, endometriosis
cells were derived from oviduct epithelial. In
110 cases, endometriosis cells were derived from
endometrium, and in 5 cases it was derived from
the ovary itself.

Analysis of Origin

FMO3 gene was highly transcribed in oviduct
cells while the transcription from HOXA9 gene
was more prominent in endometrial cells. In
89 cases endometriosis cells were derived from
oviduct epithelial and in 113 cases endometriosis
cells were derived from endometrium (Figure
1). We observed higher levels of FMO3 protein
expression in oviduct cells while HOX A9 protein
expression was higher in endometrial cells. Pro-
tein expression levels indicated that in 85 cases
endometriosis cells were derived from oviduct
epithelial and in 116 cases endometriosis cells
were derived from endometrium (Figure 2).

Discussion

There are five major theories explaining the or-
igins of cells in endometriosis: 1) menstrual blood
reverse-flow dissemination and implantation the-
ory, ii) coelomic epithelium metaplasia theory,
iii) embryonic remnants theory, iv) induction
theory and v) stem cell theory.

Menstrual blood reverse-flow dissemination
and implantation theory was firstly put forward
by Sampson’ in 1927. He was known as “father
of ectopic endometrium”. Sampson believed that

“endometrial cells” in ectopic lesions were dis-
seminated from the menstrual blood containing
endometrial debris when the menstrual blood
flowed reversely through oviduct into pelvic cav-
ity. The oviduct is the duct connecting the uterine
cavity to pelvic cavity. The endometrial debris that
enters into pelvic cavity through the contranatant
menstrual blood via oviduct may settle down in
the abdominopelvic cavity and develop different
types of endometriosis®’. Transfer of endometrial
debris through veins or lymphatic vessels toward
remote sites can be considered as an extension of
endometrial implantation theory'’. Almost 90%
of women in their child-bearing age experience
different degrees of menstrual blood reverse flow,
however only 5 % to 10 % of these women devel-
op endometriosis !". This theory cannot explain
the endometriosis occurred outside abdominal
cavity, including the lung, skin, lymph nodes and
mammary gland. This theory also fails to explain
the endometriosis in the young girls who have not
yet had menarche'>"*. Presently, menstrual blood
reverse-flow dissemination and implantation the-
ories are widely accepted; however, the field is
still wide open for new theories or hypothesis.
Oviduct has long been identified as a muscular
channel for menstrual blood that contains endome-
trial debris reversely flowed into abdominal cavity,
picking up and transporting ovum, promoting egg-
sperm binding and implanting in uterine cavity. It
has been shown that oviduct may be involved in
the formation of ovarian endometriosis'*. Endome-
triosis might be derived from the endometrium’s
direct extending into the proximal end of oviduct
or from metaplasia. This idea became the histolog-
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Figure 2. Protein expression levels of FMO3 and HOXA9
genes observed in oviduct and endometrial cells.
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ical basis of pelvic endometriosis'*'*>. The oviduct
epithelium can easily fall off and active oviduct
epithelial cells can implant into ovarium and tform
oviduct ectopic endometrium or ovarian epithelial
inclusion body'®". Recent studies on the origins
of low-grade serous carcinoma cells in ovary have
shown that most ovarian epithelial inclusion bod-
ies were actually derived from the oviduct mucous
epithelium, and these ovarian epithelial inclusion
bodies were likely to move into ovarian endome-
triosis via metaplasia process'®.

Conclusions

Our results showed that 40.48 % to 45.24 %
of endometriosis cells were derived from oviduct
epithelium. This was confirmed by FMO3 and
HOXA9 mRNA and protein expression levels.

Differences among the three methods were not
statistically significant (p > 0.05). Although the
differences in specificity and sensitivity of gene
transcription and protein expression in oviduct
epithelial and endometrial cells required further
verification, our results still can be considered
noteworthy to confirm that a relatively large num-
ber of ovarian endometriosis cells are derived
from oviduct epithelial, thus providing a new
reference for further molecular studies.

Conflicts of interest
The authors declare no conflicts of interest.

References

1) Von Rokitansky FK. Ueber Uterusdrusen Neaubil-
dung in Uterus-und Ovarial Sarcoma. Zeitschrift
Gesellschaft Aerzte in Wien 1860; 4: 745 -750.

2) Turcut A, OzLER A, Goruk NY, Tunc SY, EviivaocLu O,
GuL T. Copper, ceruloplasmin and oxidative stress
in patients with advanced-stage endometriosis.
Eur Rev Med Pharmacol Sci 2013; 17: 1472-1478.

3) Iwanorr NS. Drusiges cysthaltiges Uterusfi-
bromyom compliziert durch Sarcom und Carci-
nom. Monatsch/Geburtsh Gynakol 1898; 7: 295-
300.

4) Mever R. Ueber den stand der Frage der Ade-
nomyositis und Adenomyome in algemeinen und
insbesondere uber Adenomyositis serosoepithe-
lialis und Adenomyometritis sarcomatosa. Zen-
tralbl Gynakol 1919; 36: 745-750.

5) NokeL JC, CHarron C, FavT I, ANAF V. Lynph node
involvement and lymphovascular invasion in deep

2772

10)

11)

12)

13)

14)

15)

16)

17)

18)

infiltrating rectosigjiioid endometriosis. Fertil Ster-
il 2008; 89: 1069-1072.

Kao LC, GERMEYER A, TuLAc S, LoBo S, YANG JP, Tar-
LorR RN, Osteen K, Lessey BA, Giubice LC. Ex-
pression profiling of endometrium from women
with endometriosis reveals candidate genes for
disease-based implantation failure and infertility.
Endocrinology 2003; 144: 2870-2881.

Sampson JA. Peritoneal endometriosis due to the
mestrual dissemination of endometrial tissue into
the peritoneal cavity. Am J Obstes Gynecol 1927;
14: 422-469.

Wu Y, Kasbacsy-BAaLLa A, STRAWN E, BASIR Z, HALVER-
SON G, JaiLwaLA P, WANG Y, WaNG X, GHosH S, Guo
SW. Transcriptional characterizations of differenc-
es between eutopic and ectopic endometrium.
Endocrinology 2006; 147: 232-246.

NAIR AS, NAR HB, Lucibi RS, KIRCHNER AJ, SCHENKEN
RS, TekvAL RR, Witz CA. Modeling the earfy en-
dometriotic lesion: mesothelium-endometrial cell
co-culture increases endometrial invasion and
alters mesothelial and endometrial gene tran-
scription. Fertil Steri 2008; 90: 1487-1495.

Ciement PB. The pathology of endometriosis: a
survey of the many faces of a common dis-
ease emphasizing diagnostic pitfalls and unusual
and newly appreciated aspects. Adv Anat Pathol
2007; 14: 241-260.

Li J, ABusHAHIN N, PanG S, XiANG L, CHAMBERS
SK, Fapare O, KonGg B, ZHeng W. Tubal origin of
ovarian low-grade serous carcinoma. Mod Pathol
2011; 24: 1488-1499.

DietL J, WiscHHuseN J, Hauster SF. The post-re-
productive Falbpian tube: better removed? Hum
Reprod 2011; 26: 2918-2924.

He QZ, Luo XZ, ZHou Q, WanG K, Li SX, Li Y, ZHu
HT, Duan T. Expression of nestin in ovarian se-
rous cancer and its clinicopathologic significance.
Eur Rev Med Pharmacol Sci 2013; 17: 2896-2901.

RoH MH, KinpeLBerGer D, Crum CP. Serous tubal in-
traepithelial carcinoma and the dominant ovarian
mass: clues to serous tumor origin? Am J Surg
Pathol 2009; 33: 376-383.

CHAkrABARTI |, GHosH N. Post-salpingectomy endo-
metriosis: An under-recognized entity. J Midlife
Health 2010; 1: 91-92.

CHENE G, PeNAULT-LLORCA F, LE Bouepec G, MISHELLANY
F, DaurLAaT MM, Jarreux P, AusLeT-CuveLErR B, PouLy
JL, DecHerotTe P, DaupLaT J. Ovarkn epithelial dys-
plasia after ovulation induction: time and dose
effects. Hum Reprod 2009; 24: 132-138.

King SM, Hituiarp TS, Wu LY, JAFre RC, FAZLEABAS
AT, Burpette JE. The inpact of ovulation on Mopian
tube epithelial cells: evaluating three hypotheses
connecting ovulation and serous ovarian cancer.
Endocr Relat Cancer 2011; 18: 627-642.

ZHENG W, LI N, WANG J, Urukus EC, ULukus M, ARrici
A, Liang SX. Initial endometriosis showing direct
morphologic evidence of metaplasia in the patho-
genesis of ovarian endometriosis. Int J Gynecol
Pathol 2005; 24: 164-172.



