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Abstract
Thoracic endometriosis (TE) syndrome is a clinical condition known as an extrapelvic form of endometriosis with the presence of
functioning endometrial tissue involving lung parenchyma, pleura, chest wall, or diaphragm. In an effort to obtain an endometriosis
ex vivo model, we established the spontaneously growing TH-EM1 cell line from endometriotic implants in lung parenchyma from
a woman with TE. Maintained in long-term culture, the cells grew as large mesenchymal-like cells with a doubling time between 5
and 6 days. Treatment with medroxyprogesterone acetate (10�7 mol/L) inhibited the TH-EM1 cells growth and induced mor-
phological changes to an epithelial-like cells. Strong expression of the nuclear estrogen receptors, progesterone receptors, and
erytropoietin receptors were found in both the pulmonary implant and the TH-EM1 cells by immunohistochemical analysis.
Consistent immunoreactivity of TH-EM1 cells for CD9, CD13, CD73, CD90, CD105, and CD157 was revealed by flow cyto-
metry. Likewise, the embryonic markers, SRY-box 2 (SOX-2) and the Nanog molecules, were detected in 76% and 52% of the
cells, while fetal hemoglobin and a-globin were detected in 76% and 65% of TH-EM1 cells, respectively. By RHG banding, normal
metaphases were observed, while the microarray chromosomal analysis showed gains of DNA sequences located on the
segments 8p23.1, 11p15.5, and 12p11.23. The described in vitro cellular model can serve as a useful tool to study the pathogenesis
of endometriosis and to improve the knowledge of molecular mechanisms controlling the endometriotic cell dissemination
potential.
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Introduction

Endometriosis is a hormone-dependent disease characterized by

the presence of endometrial-like glands in ectopic localization,

affecting between 5% and 10% of women in childbearing age. A

variety of extra-pelvic endometriosis is the thoracic endometrio-

sis (TE) syndrome that can involve the airways, pleura, lung

parenchyma, and diaphragm.1-3 Clinically, TE comprises several

entities such as catamenial hemoptysis and catamenial pneu-

mothorax and shows the presence of lung and/or diaphragmatic

tissue lesions.4 Today, the prevalence of TE remains unknown

due to the lack of well-designed studies conducted on larger

cohorts of patients. The most extensive clinical survey included

110 patients with TE and showed that the highest incidence for

pelvic endometriosis ranges between 24 and 29 years, whereas

the peak occurrence for TE syndrome is approximately 5 years

later.5 One of the theories attempting to explain the pathogenesis

of TE syndrome is the concept of lymphatic or hematogenic

dissemination of pelvic endometriosis to lung or pleural loca-

tions.2,6,7 Likewise, the lymphatic spread theory has been pro-

posed to explain the occurrence of endometriosis in other distant

locations.8 The next theory suggests that catamenial pneu-

mothorax occurs after migration of implants from the pelvic

cavity through diaphragmatic defects by leakage of air occurring

when the endometriotic tissue breaks down during menstrua-

tion.1,9 Alternatively, committed stromal mesenchymal cells

issued from the endometrium or from the bone marrow may as
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well be transported via the lymphatic or vascular pathways to

generate lesions in different ectopic sites including lung par-

enchyma.10,11 A further possibility might be development of

TE lesions as an independent pathological process generated

from a confined abnormal clone of pluripotential cells able to

transform into endometrial tissue.12

In the present report, we describe the establishment of TH-

EM1 cell line derived from subpleural implants located on the

apical pole of the right lung and on the diaphragm in patient

with TE. The cell line grew spontaneously and exhibited par-

ticular proliferative, phenotypic, and molecular cytogenetic

features suggestive of a mesenchymal stromal cell-like lineage

involved in the pathogenesis of TE.

Patients and Methods

Patient and Endometriotic Tissue Culture

A 32-year-old patient was admitted at the Department of Thor-

acic Surgery (Institut Mutualiste Montsouris, Paris, France) for

complaint of episodes of right pulmonary pain and hemoptysis.

The clinical history indicated that 2 years ago, this patient was

treated with GnRH agonists for pelvic endometriosis. The

blood picture and the tuberculosis workup were negative, and

she had no history of smoking.

On admission, the chest radiography showed right-sided pneu-

mothorax with significant pleural effusion. The magnetic reso-

nance imaging confirmed the presence of small nodules located

on the apical pole of the right lung. A surgical thoracotomy was

performed where multiple hemorrhagic small nodular implants

were observed on the pleural surface spreading into the apical

pole of the right lung parenchyma. Additional, soft red-brown-

colored lesion was observed on the thoracic tendinous diaphrag-

matic surface surrounded by hemorrhagic spots and islands of

vascular networks. The apical pulmonary lesion (4.5 � 1 � 0.5

cm3 in diameter) was excised, and in parallel, biopsies of the

pleural nodules were performed. A second red-colored diaphrag-

matic lesion (4.5� 3� 0.5 cm3) located at the tendinous part of

the right diaphragm was also resected, followed by intercostal

pleural drainage that achieved a good postsurgical procedure

recovery. Forth-generation progestogen therapy was given with

good clinical response. Medication was discontinued 4 months

later, and after 24 months of follow-up, the patient remained

clinically normal and had no episodes of hemoptysis.

Tissue and Cell Culture

A small tissue fragment (1 � 0.5 cm2) was dissected from the

large pulmonary tissue fragment and given to us to generate

the cell culture. The remaining fragment and the lesion from

the tendinous part of the right diaphragm were fixed in buffered

formalin and processed for routine histopathology. Serial tissue

sections (4 mm) were performed for establishment the histo-

pathological diagnosis and immunohistochemical parameters.

The institutional ethics committee approved this investigation,

and patient consent was obtained before tissue collection.

Cell culture was performed following the standard tissue cul-

ture procedures. Briefly, the tissue fragment was mechanically

dissociated, incubated in 0.2% (2 mg/mL) of Collagenase II

(Sigma-Aldrich Chimie, Saint Quentin Fallavier, France) dur-

ing 2 hours at 37�C, and the cell suspension was sieved through
a sieve of 0.3 mmol/L. The cell suspension containing small

cellular aggregates was then allowed to attach to the culture

flask and incubated in Dulbecco modified Eagle medium sup-

plemented with 10% of fetal calf serum (FCS), L-glutamine,

and antibiotics (Invitrogen-Thermo Fisher, Cergy-Pontoise,

France). After several days of growing, stromal-like cells

admixedwith large epithelial cells, adherentmacrophages, and

fibroblast-like cells were observed on phase-contrast micro-

scopy. After 1 or 2 passages in the utilized culture medium,

the epithelial and macrophage cells died and were overgrown

by mesenchymal cells. After 5 to 6 weeks of culture, adherent

cell populations including polygonal and spindle-shaped

fibroblast-like cells started to proliferate more rapidly, and

since then, the cell line named TH-EM1 was serially passaged

at a density of 2 � 105 cells/mL for more than 45 passages.

Measurement of Cell Proliferation

The cell proliferation assay was performed by plating the cells

in triplicates at a concentration of 1000 cells per cm2 in a 25-

cm2 culture flasks. Exponentially growing cells were plated in

flasks containing 5 mL of culture medium at a concentration of

1 � 105 cells/mL. The cells were cultured for 7 days and at 24-

hour intervals enzymatically detached and resuspended in 5 mL

of medium. In a separate experiment, TH-EM1 cells were

treated with medroxyprogesterone acetate (MPA) alone at a

concentration of 10�7 mol/L, (Sigma Aldrich) to compare the

cell growth kinetics after stimulation. The cell number in tri-

plicate (0.5-mL aliquots of each sample) was determined using

a Coulter Multisizer II (Beckman Coulter, France). The cell

population doubling time (PDT) was determined at the time

of exponential growth (log phase), which was between 48 and

96 hours after initial plating, using the formula: PDT ¼ (ln(2)

� t)/ln(Nt/No), where t is time interval (48 hours), Nt is number

of cells at 96 hours, and No is number of cells at 48 hours.

Immunohistochemistry

Serial sections of the pulmonary and diaphragmatic implant tis-

sues were deparaffinized, dehydrated in ethanols, and heated at

65�C for antigen retrieval before treatment with the specific

antibodies (Table 1). For most of the antibodies, the standard

indirect immunoperoxidase method was employed. Immunocy-

tochemical analysis of TH-EM1 cell line was performed on cells

detached from the tissue culture flaks and prepared as cytospins

on slides; to note, this cytospinning procedure results in round

cell morphology, different from that of endometrial mesenchy-

mal cells prepared in situ. Thereafter, the cells were washed,

fixed in cold acetone, rinsed in phosphate-buffered saline (PBS),

and incubated with specific primary antibodies. The immunos-

taining reaction was evaluated with a panel of monoclonal
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antibodies (mAbs) or polyclonal antibodies at appropriate dilu-

tion listed in Table 1 by counting at least 200 cells. The anti-

bodies were revealed using rabbit anti-mouse or rabbit anti-goat

immunoglobulin G (IgG) peroxidase-conjugated antibodies

(LSAB2 system; Dako, Glostrup, Denmark) according to the

manufacturer’s instructions. The control slides for both tissue

sections and cells were incubated with normal mouse serum to

replace the specific antibodies. For the immunohistochemical

staining evaluation, the number of immunostained cells was

counted and averaged in 5 different fields with 40� objective.

Immunoreactivity was evaluated semiquantitatively as follows:

strong staining (presence of more than 65% of stained cells),

moderate staining (more than 30% of stained cells), weak stain-

ing (10% of labeled cells), and negative staining (not signifi-

cantly greater than that of the control slides). For cultured cells,

at least 2 slides treated with the same antibody were scanned

from one end to the other of the cytospin spot until 500 cells

were reached, and the percentage was calculated. All evaluations

were performed by consensus by the 2 authors.

Flow Cytometry

Untreated proliferating TH-EM1 cells (2 � 105 cells) were har-

vested and washed with 1 � PBS Ca2þ/Mg2þ buffer containing

2% FCS. Then, cells were directly stained with the appropriate

antibody using PBS (1�) buffer supplemented with 2% FCS

for detection of cell membrane antigens. For determination of

intracytoplasmic or nuclear antigens, the cells were fixed in 4%
paraformaldehyde and permeabilized with 1% saponin during

15 minutes at 4�C. The unlabeled primary antibodies were

revealed by incubation with goat anti-mouse IgG-PE (Jackson

ImmunoResearch, Bar Harbor, ME) secondary antibody at 4�

for 15 minutes. The mABs directly labeled by phycoerythrin

were anti-fetal hemoglobin (Fet-Hb) and CD31 (Becton Dick-

inson, France), anti-CD157, and CD105 from e-Biosciences-

Thermo Fisher. The mABs used and labeled by fluorescein

isothiocyanate were CD9, CD10, CD44, CD13, HLA-DR

(Becton Dickinson), and anti-CD73 from e-Biosciences. The

allophycocyanin (APC)-labeled mABs anti-CD90 and anti-

CD117 were obtained from Becton Dickinson. As control,

the cells were stained using unrelated antibody labeled with

the appropriate fluorescent dye (Becton Dickinson). The

analysis of embryonal marker expression was performed

after incubation of the TH-EM1 cells with unlabeled anti-

SOX-2 and anti-Nanog primary antibodies (e-Biosciences)

that were revealed by the appropriate PE-labeled secondary

antibody (e-Biosciences). The Oct/3/4 molecule was

revealed using the directly labeled (phycoerythrin (PE) -

Oct/3/4 antibody, e-Biosciences). The stained cells were

analyzed on a fluorescence-activated cell sorter, FACS Cali-

bur flow cytometer (Becton Dickinson Co, Mountain View,

California), and data analysis was performed with Flowjo

software version 10-2.

Conventional Cytogenetics and Microarray
Chromosome Analysis

The TH-EM1 cell metaphases from both early (fourth passage)

and the 15th and 43rd passages were R-banded karyotype

(RGH) banded according to standard procedures. Between 20

and 30 metaphases were counted, and 15 of them were photo-

graphed and analyzed.

For microarray chromosome analysis, DNA was isolated

from the fourth passage of TH-EM1 cells and profiled for copy

number using an oligonucleotide DNA microarray platform

(Sure Print G3 Human CGH microarray 8 � 60 K; Agilent

Table 1. Immunohistochemistry/cytochemistry of the Original Thoracic Endometriotic Lesion and TH-EM1 Cell Line.

Antibody Used Specificity and/or Cell Type Source TE Lesion Staining TE-EM1, %a

Vimentin (cl.V9) Mesenchymal cells Dako-Agilent Moderate 95%
Cytokeratin (AE1/AE3) Epithelial cells Dako-Agilent Weak/moderate 2%-3%
Ki67 Proliferating cells Dako-Agilent Weak 4%-5%
WT1 Wilms tumor protein 1 Dako-Agilent Moderate 65%
CD9 Leukocyte, platelets, monocytes, neurons,

glial cells, epithelial cells
Dako-Agilent ND 50%

CD10 Common acute leukemia antigen Dako-Agilent Strong ?78%
CD31 Endothelial cells Dako-Agilent Weak 0%
PR Progesterone receptor Dako-Agilent Strong ?87%
ER Estrogen receptor Dako-Agilent Strong ?65%
HLA-DR B cells, monocytes, macrophages, dendritic cells Dako-Agilent Weak 0%
PAX8 Ovarian epithelial cells Abcam Moderate in stromal clusters 54%
Fet-Hb Fetal hemoglobin Santa Cruz Weak 67%
EpoR Bone marrow cells, stromal cells Thermo-Fisher Moderate 78%
SOX-2 Transcription factor, embryonic stem cells Abcam Weak 76%
Nanog Transcription factor, embryonic stem cells Santa Cruz Weak 49%
Oct3/4 Transcription factor, embryonic stem cells Santa Cruz ND 12%

Abbreviations: EpoR, erytropoietin receptor; ER, estrogen receptor; Fet-Hb, fetal hemoglobin; ND, not done; PR, progesterone receptor; SOX-2, SRY-box 2; TE,
Thoracic endometriosis.
aaPercentage of immunoreactive TH-EM1 cells.
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Technologies, California). For cohybridization against the

tested DNA, an in-house reference DNA was used isolated

from multiple normal individuals. The DNAs were digested,

labeled, and hybridized according to manufacturer’s protocol

(Agilent Technologies). Data were analyzed using the algo-

rithm ADM-2 (Agilent). Genomic amplifications and deletions

were considered when at least 5 oligoprobes presented values

of log2 above or below 0.25, respectively.

Results

Histopathology of the Lung Endometriotic Implant

Hematoxylin and eosin–stained paraffin section of the

implanted tissue in the right lung showed presence of rare

morphologically altered glandular structures lined by cuboidal

cells, surrounded by round-shaped, stromal-like cells and small

hemorrhagic areas (Figure 1A). Stained sections from the pul-

monary implant and from the diaphragmatic nodular tissue

showed several isolated clusters composed of elongated stro-

mal cells with round and ovoid nuclei were readily observed

(Figure 1B). Neither cellular atypia nor necrosis was seen. Foci

of mesothelial hyperplasia were also noted at the periphery of

the analyzed lung fragment (not shown).

Growth Characteristics of TH-EM1 Cell Line

On phase-contrast microscopy, the primary culture appeared

as adherent cell aggregates growing as an admixture of

spindle-shaped polygonal cells. The admixed cells prolifer-

ated mostly as a monolayer, often forming areas of multi-

layered growth. From the early passages (second to fourth),

the cells appeared rather polygonal and irregularly shaped

with ovoid nuclei, abundant cytoplasm, and showed cytoplas-

mic extensions. Between the passages 5 and 6, the cells under-

went morphological changes appearing mainly as large

spindle-type cells that begun to grow more rapidly and there-

after could be serially cultured at a dilution of 1:2 every week.

From that time period, this new cell line designated TH-EM1

has been stably maintained for more than 45 passages in vitro,

and the PDT of 5 to 6 days had not varied over 2 years in

culture (Figure 2A). The proliferative potential of the

TH-EM1 cells in presence of 10% FCS remained unchanged

during the passages, whereas treatment with MPA (10�7)

inhibited the TH-EM1 cell proliferation and induced appear-

ance of large epithelioid-like cells (Figure 2B). The evaluated

doubling time, from the time course experiments, was 5 to 6

days approximately with a mean PDT of 96 hours in the

exponential growth phase (Figure 2C).

Immunohistochemical Findings

The immunohistochemical profile of the original implant in lung

in comparison to the TH-EM1 cells is shown in Figure 3

and Table 1. The staining for the epithelial marker using anti-

pan cytokeratin antibodies showed cytoplasmic immunolabeling

restricted to the gland lining epithelial cells (Figure 3A).

Abundant-specific expression of CD10 antigen was observed

in the gland surrounding stromal cells, while the gland lining

epithelial cells were not stained (Figure 3B). Comparatively,

nuclear expression of estrogen receptors and progesterone pro-

tein receptors was detected in both the gland lining epithelial

cells and in cells from the surrounding stroma, where a lower

staining was observed on epithelial cells (Figure 3C and D).

Additionally, the endometriotic tissue showed immunoreactivity

for Wilms tumor protein, WT1, in the nuclei of gland lining

epithelial cells (Figure 3E). PAX8 proteins were moderately

expressed in the stromal clusters (Figure 3F; Table 1). Of note,

only 4% to 5% of the cell nuclei from the stromal component

were immunoreactive, with the Ki-67 antibody indicating pro-

liferative activity, while the gland lining cuboidal cells were not

stained (Table 1). The immunohistochemical analysis of sections

Figure 1.Histopathological aspect of sections from the ectopic endo-
metriotic tissue in right lung stained by hematoxylin and eosin (H&E).
Tissue area showing altered endometriotic gland surrounded by a
stromal layer (A). Tissue section area of the lung implant (H&E) show-
ing an isolated cluster composed of elongated stromal-like with ovoid
nuclei, containing sparse inflammatory cells (B). Scale bar: 100 mm.
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prepared from the diaphragmatic lesion showed comparable

phenotypic profile (not shown).

The detailed immunocytochemical traits of TH-EM1 cell

line are shown in Figure 4A to F and Table 1. While the cells

exhibited intense membrane and cytoplasmic staining for the

vimentin protein (Figure 4A), weak cytoplasmic immunolabel-

ing for cytokeratin antibody was found in low percentage of the

larger size TH-EM1 cells (Figure 4B; Table 1). Remarkably,

intense immunoreactivity for the erythropoietin receptor was

detected at the membrane in more than 70% of the cells (Figure

4C), while Fet-Hb was revealed in the cytoplasm of more than

60% of the cells (Figure 4D; Table 1). Consistent nuclear

immunostaining for SOX-2 protein was present in 76% of the

cells (Figure 4E; Table 1), Nanog in 49%, and Oct3/4 in

approximately 12% of the cells (Table 1). The nuclear expres-

sion of PAX8 was observed in 54% of the TH-EM1 cells (Fig-

ure 4F; Table 1). The cells were weakly or not immunostained

with anti-CD31, CD79, and anti-HLA-DR antibodies (Table 1).

Flow Cytometry

The flow cytometry analysis revealed that the unsorted adher-

ent TH-EM1 cells from different passages were strongly immu-

noreactive for the mesenchymal stromal cell markers CD9,

CD13, CD73, and CD90 (Figure 5A). In addition, the cells

were consistently positive for CD105 (endoglin) expressed in

74% and CD157 (BST1) protein expressed in 70% of the TH-

EM1 cells (Figure 5A; Table 1). Also, the analysis revealed

consistent expression of the hematopoietic markers, that is, the

a-globin molecule found in 65% of the cells and Fet-Hb found

in 76% of the cells (Figure 5B; Table 1). Among the embryonic

markers, the SOX-2 molecules were detected in 70% of the

cells, while the Nanog molecules were detected in 52% of them

(Figure 5B; Table 1). The Oct-3/4 embryonic marker mole-

cules were detected in 15% of the cells (not shown).

Cytogenetic and Microarray Chromosomal Findings

The RGH obtained from dividing TH-EM1 cells examined at

different in vitro passages (4th, 15th, and 43rd) demonstrated

predominantly normal cellular metaphases (Figure 6A). Micro-

array chromosomal analysis performed with TH-EM1 cellular

DNA isolated from the early passage (fourth) did not reveal

histograms indicating significant unbalanced structural varia-

tions or aneuploidy. On the contrary, presence of distinctive

gains of DNA sequences located at 8p23.1, 11p15.5, and

12p11.23 chromosomal segments were detected (Figure 6B).

Discussion

Previous culture experience of endometriosis-derived cells has

been performed and often resulted in short-term cultures that
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Figure 2. Phase-contrast microscopy and growth curve of TH-EM1 cells. Spindle-shaped TH-EM1 cells cultured in medium with 10% of fetal calf
serum (FCS; A). Cultured TH-EM1 cells treated with medroxyprogesterone acetate (MPA, 10�7 mol/L), showing appearance of large epitheloid-
like cells (B). The cells in logarithmic growth phase seeded at 2 � 105/mL in medium with 10% FCS and cells treated with 10�7 mol/L MPA. The
cell number of untreated (black squares) and MPA-treated cells (white squares) prepared in triplicate. Growth inhibition of the TH-EM1 cells in a
time course experiment (white squares; C). Each point represents the means+ standard error (SE) of triplicate cultures evaluated in 2 separate
experiments.
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however allowed studies of cell morphology, aromatase activ-

ity, lipid metabolism, cytokine production, and endometriotic

cell differentiation capacities.13,14 Although subsequent pas-

sages were sometimes achieved, such studies have strength-

ened the notion that both epithelial and stromal endometriotic

cells have a limited life span in vitro. In this report, we describe

the proliferative, phenotypic, and cytogenetic characteristics of

a novel spontaneously growing TH-EM1 cell line derived from

an ectopic endometriotic implant developed in lung tissue.

Phenotypically, the TH-EM1 cells strongly express several

mesenchymal stromal markers including CD9, CD13, CD73,

CD90, CD105, and CD157. Conversely, they were not immu-

noreactive for CD31, CD79, and HLA-DR antigens. The

mesenchymal cell type was further confirmed by the intense

staining for vimentin and CD10 antigens and by the weak

labeling of epithelial marker molecules. This is in agreement

with a number of studies that have reported consistent expres-

sion of the CD73, CD90, C105, and CD157 molecules in

mesenchymal stromal lineages established from the endome-

trium and the bone marrow tissues.10,15 Specifically, both the

CD105 or endoglin and CD157 play an essential role in the

development of endometriosis, where the expression of CD105

is related to the active angiogenesis,16 while CD157 is involved

in the regulation of cell adhesion and migration processes.17

Remarkably, our immunocytochemical and flow cytometry

analyses confirmed coexpression of the hematopoietic and

embryonic markers in TH-EM1 cells that were also found in

human mesenchymal stem cells derived from bone marrow,

Figure 3. Representative immunostaining of a serial tissue sections of the endometriotic tissue in lung parenchyma with anticytokeratin (A);
anti-CD10 (B); anti-estrogen receptor (ER; C); anti-progesterone receptor (PR; D); anti-WT1 (E); and anti PAX8 antibodies. Note: The
expression of PAX 8 molecules exclusively in cells from stromal clusters (*) (F). Scale bar: 100 mm.
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adipose tissue, heart, and dermis.18 Of note, the expression of

the erythropoietin receptors, a-globin, and Fet-Hb markers sug-

gests a stromal lineage expressing similar phenotypic markers

to those observed in bone marrow mesenchymal stromal

cells.19 In this regard, it has been demonstrated that in human

bone marrow recipients, donor-derived bone marrow cells have

the capacity to differentiate into uterine endometrium.20 The

expression of the erythropoietin receptor and its ligand was

earlier reported in both normal endometrium and endometriotic

tissues, suggesting an autocrine growth control of endometrio-

tic tissue.21,22

Concerning SOX-2, Nanog, and Oct3/4 embryonic markers,

their expression has been specifically recognized in normal

endometrium, endometriosis, and endometrial cancer tissues.23

In this respect, it was suggested that aberrant expression of

SOX-2 is connected to a stem cell origin of endometriosis,

whereas the expression of all progenitor markers would indi-

cate that the endometrial tissue as a source of pluripotent stem

cells.24 Likewise, the expression of SOX-2, Nanog, and Oct3/4

has been observed in mesenchymal stromal cells from fetal

lung having the capacity to differentiate into cells from the 3

germ cell layers.25 In this regard, our preliminary results

showed that treatment of TH-EM1 cells with adipogenic

medium induced their differentiation into adipocytic cells as

confirmed by the morphological changes and by Oil-red-O

staining of cytoplasmic lipid droplets (not shown).

Figure 4. Representative immunostaining of TH-EM1 cells prepared as cytospin smears and treated with anti-vimentin (A); anti-pan cytokeratin
(B); anti-erythropoietin receptor (EpoR; C); anti-fetal hemoglobin (Fet-Hb; D); anti-SOX2 (E); and anti-PAX 8 antibodies (F).
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In general, it is believed that pelvic endometriosis is a pre-

cursor lesion linked to the development of TE.2,7 However, it

has been reported that concomitant thoracic and pelvic endo-

metriosis is present in less than 18% in a cohort of 110 patients

with TE that clinically contradicts the common migration

possibility of endometriotic tissue.2 Accordingly, these stud-

ies suggested that absence of pelvic endometriosis in cases

with TE strengthens the hypothesis that extrapelvic endome-

triosis may start as an independent pathological process.2,4,12

Moreover, it has been reported that only 25% of the cases

with TE contain both the differentiated endometrial-like

glands and endometriotic stromal tissue.26 Hence, it was sup-

posed that the differentiation of stromal cells of pelvic origin

is inhibited in the thoracic cavity environment since only

sparse endometrial-like glands are observed.27 Another dis-

crepancy with the migration theory might be, for example,

the development of endometriotic tissue in the urinary system

in men treated with estrogens for prostate cancer, suggesting

existence of pluripotential cells in situ able to change into

endometrial tissue.28,29 In fact, de novo differentiation of

nonendometrial mesenchymal stem cells might be a concei-

vable explanation for the development of misplaced endome-

triosis in skin, cerebellum, and lung.30-32 Regarding the

histogenetic origin of the TE cell line in our case, both the

phenotypic profile and the fact that the patient was previously

treated for pelvic endometriosis were conceivable that the cells

developed from a clone interrelated to an endometrium-derived

mesenchymal stroma cell category. For comparison, the

revealed CD9, CD13, CD73, CD90, and CD105 cell markers

in TH-EM1 cell line were also observed in both immortalized

endometrial stromal cells and endometrial mesenchymal stem

cells established from lesions and eutopic endometrium.10,33,34

However, the coexpression of hematopoietic and embryonic

markers observed in TH-EM1 cells are not yet described in

endometriosis-related stromal cell line.

However, although the phenotype of TH-EM1 cell lineage

suggests a clone related to a multipotent mesenchymal stroma

from endometrial origin, the uncommon expression of hema-

topoietic markers remind a cell clone phenotypically related to

bone marrow stem cells likewise implicated in TE pathogen-

esis.35,36 Nonetheless, because of the great morphological and

cytochemical variability in mesenchymal stromal cells derived

from the endometrium, placenta, skin, bone, or adipose tis-

sue,37-39 it is at present difficult to firmly ascertain the accurate

origin of the TH-EM1 cell lineage.

Finally, specific gains of DNA sequences were revealed on

the chromosomal segments 8p23.1, 11p15.5, and 12p11.23 by

the microarray analysis. Although copy number variations of

the genes located at the amplified segments have been

described in the database of genomic variants of general pop-

ulation,40 further studies are necessary to define whether some

of these amplifications are specifically involved in the patho-

genesis of TE syndrome.

In conclusion, the TE-derived TH-EM1 cell line, stably

retaining features of immature stromal derived cell type,

appears useful for multidisciplinary studies such as cell marker

profiling, decidualization process, and biological behavior after

stimulation. The consistent coexpression of embryonic and

hematopoietic markers is a novel finding that may contribute

to better define the phenotype, differentiation capacities, and

the functional properties of stromal cells constitutive of mis-

placed endometriotic tissues. Finally, the molecular marker

profile and the genomic distinctiveness of the TH-EM1 cell

Figure 5. Flow cytometry analysis. Representative flow cytometry
profiles were obtained after incubation of TH-EM1 cells with different
fluorescence-labeled antibodies. Level of expression of mesenchymal
stromal cell markers: CD9, CD13, CD73, CD90, CD105 and C157
(A), hematopoietic markers a-globin, Fet-Hb, and the embryonic mar-
kers SOX-2 and Nanog (B). Data are presented as fluorescence-
activated cell sorting graphs (mean fluorescence intensity [MFI]),
where the dark curve shows fluorescence intensity of the marker
antibody, while white curve area expresses background fluorescence
intensity of control antibody.
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line might delineate novel molecular pathways in TE syndrome

development and progression in women.
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