AN MNusvAnliA A+ A

Running Title: Establishment of endometrial cell line

Establishment and characterization of cédl lines from human endometrial epithelial and

mesenchymal cells from patientswith endometriosis

Ayako Muraoka, MD?", Satoko Osuka, MD, PhD*", Tohru Kiyono, MD, PhD¢, Miho Suzuki,
PhD®, Akira Yokoi, MD, PhD? Tomohiko Murase, M D, PhD?, Kimihiro Nishino, MD, PhD?,
Kaoru Niimi, MD, PhD? Tomoko Nakamura, MD, PhD? Maki Goto, MD, PhD? Hiroaki

K ajiyama, MD, PhD? Yutaka K ondo, MD, PhD®, and Fumitaka Kikkawa, MD, PhD?

®Department of Obstetrics and Gynecology, Nagoyavétsity Graduate School of Medicine, 65
Tsurumai-cho, Showa-ku, Nagoya 466-8550, Japan

® Division of Cancer Biology, Nagoya University Grade School of Medicine, 65 Tsurumai-cho,
Showa-ku, Nagoya 466-8550, Japan

¢ Project for Prevention of HPV-related Cancer, Bxglory Oncology Research & Clinical Trial
Center, National Cancer Center, Kashiwanoha 6#ashiwa City, Chiba Pref. 277-8577, Japan
*corresponding author: Satoko Osuka

Department of Obstetrics and Gynecology, Nagoyavéisity Graduate School of Medicine, 65
Tsurumai-cho, Showa-ku, Nagoya 466-8550, Japan

Telephone: +81-52-744-2261; Fax: +81-52-744-2268

e-mail: satokoosuka@med.nagoya-u.ac.jp

Capsule: Novel immortalization methods allow us to estabksfitable endometrial epithelial and

mesenchymal cell lines from patients with or withendometriosis.



AN MNusvAnliA A+ A

Abstract

Objective: To establish and characterize cell lines derivethfhuman endometrial epithelial cells
(ECs) and mesenchymal cells (MCs) from patienth aitd without endometriosis.

Design: In vitro experimental study

Setting: University and National Cancer Center Researclitinst

Patients: Two women with endometriosis and two women withendometriosis

I ntervention(s): Sampling of endometrial ECs and MCs

Main Outcome Measure(s): We established immortalized endometrial ECs andMuantitative
reverse transcription-polymerase chain reactionT{§RR), immunocytochemical analysis, and
RNA sequence profiling were performed to charazéermmortalized cells. A cell proliferation
assay, three-dimensional culture, and assays fondral responses were performed to characterize
the features of ECs.

Results: gRT-PCR, immunocytochemical analysis, and weditatiing revealed that ECs and MCs
maintained their original features. Moreover, imtabzed cells were found to retain
responsiveness to sex steroid hormones. ECs foanggathd-like structure in 3D culture, indicating
the maintenance of normal EC phenotypes. RNA saxuprofiling, principal component analysis,
and clustering analysis showed that the gene esipregatterns of immortalized cells were
different from those of cancer cells. Several diggapathways that were significantly enriched in
ECs and MCs with endometriosis were revealed.

Conclusion: We successfully obtained four paired immortalisediometrial ECs and MCs from
patients with and without endometriosis. Using ¢heells could help identify diagnostic and
therapeutic targets for endometriosis. The cekdirstablished in this study will thus serve as

powerful experimental tools in the study of endainets.
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Introduction

Endometriosis is characterized by the presenceh@fendometrium outside the uterine cavity,
causing chronic pelvic pain and infertility (1). Tate, several hypotheses, such as retrograde
menstruation, coelomic metaplasia, and Miulleriamnants, have been proposed as a cause of
endometriosis (2-6), for example, although most woraf reproductive age exhibit some degree of
retrograde menstruation, not every woman develamoreetriosis, suggesting that unknown
underlying mechanisms may be responsible for tiveldpment of endometriosis. To examine the
mechanisms that contribute to endometriosis, skgtudies have been performed to investigate
differentially expressed genes in epithelial cECs) and mesenchymal cells (MCs) of the
endometrium from patients with and without endorosis (7-9). On these previous studies, ECs
were collected by laser capture microdissectionniked RNA was extracted from each
whole-tissue specimen. Isolated ECs were usedtljiracd were not cultured prior to expression
profiling. An appropriate model of endometriosiattould culture in vitro and reflect their origina
characters is lacking, especially no paired printa@s and MCs from the same patients have not
been established so far. Because of the lack gkthaitable models of endometriosis, the precise
mechanism of this disease has not been sufficiamistigated.

As the number of passages of primary endometrild isdimited in standard culture conditions,st i
necessary to establish immortalized endometrialinek as a suitable in vitro model. It is known
that the senescence of primary endometrial cetiaused by the activation of retinoblastoma (RB)
and telomere shortening. We developed an advanedium and used telomerase reverse
transcriptase (TERT) to activate telomerase, mutgeiin-dependent kinase (CDK4), and cyclin D1
to inactivate the pRB pathway, respectively.

Using these four established paired ECs and MQGs the same patients, we characterized these
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cells in detail. Our established cell lines are pdul experimental tools for investigating

endometriosis.

Materialsand M ethods

Clinical Samplesand Cell Dispersion

Human endometrial samples were obtained from fdterdnt patients, and their backgrounds are
described in Supplementary Table 1. All patient$ fegular menstrual periods and did not receive
any hormonal treatment for at least 3 months befangery. This study was approved by the
Institutional Review Board of the Nagoya Universiyraduate School of Medicine (no.
2017-0503); informed consent was obtained from gmttent before sampling. The endometrium
was obtained with a curette, and the tissue waseadirinto small pieces in HBSS (14175-079,
Gibco) with 30 mM EDTA (pH 6.4) and shaken for 30nnat 37°C. Individual glands were
collected under a microscope, and the remainisgéis were shaken for another 30 min at 37°C in
Dulbecco’s modified Eagle’s medium (DMEM) / F12 med containing 200 U/mL collagenase

(Gibco Invitrogen) and then strained through auieell-strainer nylon mesh.

Vector Construction and Lentiviral Infection

Lentiviral vectors expressing TERT, cyclin D1, amditant CDK4 (CDK4R24C: an inhibitor-
resistant form of CDK4) were constructed by recarmabon with a lentiviral vector,
CSII-TRE-Tight-RfA or CSlI(loxP)-TRE-Tight-RfA (10)CSII-TRE-Tight-RfA was generated by
replacing the elongation factor promoter in CSIHERA with the tetracycline-responsive promoter
from pTRE-Tight (Clontech) as described previough). CSIl (loxP)-TRE-Tight-RfA was

generated by inserting a loxP site in the repetiigquence of TR of the vector using PCR with
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forward primer, 5CataacttcgtataatgtatgctatacgaagttatCTGTACTGGGTAITIGTTAG-3, and
reverse primer, 'BAATTCTGCAGCTCTCGGGCCATGTGAT-3 followed by the In-Fusion
reaction (TAKARA). CSII-CMV-tetOff-Adv was generateby recombination of CSII-CMV-RfA
and pENTR221-tetOff Adv, which was generated bynglgination of the tetOff segment amplified
from pTet-Off Advanced with the forward primer,
5-GGGGACAAGTTTGTACAAAAAAGCAGGCTgccaccATGTCTAGACTGGABAG-3'  and
reverse primer,
5-GGGGACCACTTTGTACAAGAAAGCTGGGttaCCCGGGGAGCATGTCAA:3 with
pDONR221 by using the Gateway system (ThermoFiSkamtific).

The EpCAM promoter (-1071-+86) amplified from pEpRsmid (11) with the forward primer,
5'-gcctcgagATCTGCACGGAAATCGATTA-3 and reverse primer,
5'-ggaattcAGCGCGAGGCCTGGGGCAC;3and digested with Xhol and EcoRI was inserted
between the Xhol and EcoRI sites of pTet-Off Adwahc (TAKARA) to generate
pPEpCAMp-Tet-OFF Adv. The EpCAM promoter and tet®figment were then amplified with the
forward primer, 5recombined with pDONR221, and then recombined Wigil-RfA to generate
CSII-EpCAMp-tetOff. CSII-RfA was generated from C&F-RfA by digestion with Agel

followed by self-ligation. The production of recomént lentiviruses was as detailed earlier (10).

Immortalization of Endometrial ECsand MCs

Primary cells from the glands were plated on a idaticoated 6-well plate with the B medium
(12) supplemented with 10 nM fi-&stradiol, 2 mM N-acetyl cysteine, and 200 uM @sicoacid
2-phosphate 3Na, but lacking nicotinamide. Firdt,passage 1, cells were infected with the

recombinant lentiviruses at a multiplicity of infem of 5. Individual lines were infected with a
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combination of lentiviruses listed in Supplementdigble 2. Second, to obtain EC population,
contaminated non-ECs were removed. Briefly, EpCAdg#ve cells were enriched with CD326
microbeads (Myltenyl Biotec) and/or fibroblasts wedepleted by anti-fibroblast microbeads
(Myltenyl Biotec) according to the manufacturerstructions. Lastly, to preferentially propagate
EC, we used B medium.

Next, MC lines were established by infecting CSNNGCDK4R24C, CSII-PGK-Cyclin D1, and
CSII-CMV-TERT and maintained in DMEM / F12 mediurapplemented with 10% (v/v) fetal
bovine serum (FBS). After seeding separated oglstransfected immortalized genes and purified
MC populations using anti-fibroblast microbeads (@dyyl Biotec) per the manufacturer’s

instructions.

Quantitative Rever se Transcription-Polymer ase Chain Reaction

Total RNA was isolated from ECs and MCs using tiNe&sy Mini Kit (Qiagen) according to the
manufacturer’s protocol. cDNA was generated fromglof RNA using Prime Script RT Master
Mix (Takara, Kusatsu, Japan). The primers useaiaplification are listed in Supplementary Table
3. TagMan gPCR (Roche Diagnostics, Basel, Switadjlaand SYBR Green gPCR (TOYOBO,
Osaka, Japan) were performed in triplicate for témget genes. Gene expression levels were

normalized to GAPDH expression levels.

I mmunocytochemistry
ECs and MCs were cultured on chamber glass and fiigh 2% paraformaldehyde for 10 min.
After incubating with 0.1% Triton X-100 on ice f@rmin, the cells were blocked for 15 min using

2% gelatin. These samples were washed with PBSAglyand incubated with primary antibody
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against CK8/18 (1:50 MM-1007-01; Immunobiosciendg)cadherin (1:50 sc-8426; Santa Cruz
Biotechnology, Santa Cruz, CA), vimentin (1:50 268; Santa Cruz Biotechnology, Santa Cruz,
CA), or fibronectin (1:200 ab2413; abcam), or witintrol serum for 1 hour at room temperature.
Following washes with PBS, cells were incubatedhwiRAPI and Alexa Fluor 488-labeled
anti-mouse secondary antibody (1:500 A-11029; Tleffisher) for CK8/18, E-cadherin, and
vimentin and with Alexa Fluor 546-labeled anti-rétsecondary antibody (1:500 A-11010; Thermo
Fisher) for fibronectin for 45 min at room temperat The expression of each protein was detected
using fluorescence microscopy (Leica DFC 9000 GiiYlem the same condition. Fluorescence
intensity of five fields were randomly selected aralculated the mean level of intensity using

Image J.

MTT Assay
Cells were seeded at 1 x*1€ells/well in 96-well plates. To compare the aglbwth with or
without doxycycline, we performed the MTT assayngsihe Cell Counting Kit-8 (CK04 Dojindo,

Japan) according to the manufacturer’s protocod. ddncentration of doxycycline was 1 mg/mL.

Three-dimensional Culture and mmunohistochemistry

The three-dimensional culture was performed as rist previously (13). Briefly, 1 x 20
cells/well were seeded on 100 Matrigel (356234 Corning Matrigel Matrix basemenémbrane,
Life Science) mixed with 100L DMEM/F12 in a 24-well plate and incubated at 37f@& 5% CQ
atmosphere. After 7 days, to confirm the format@inglandular-like structures, colonies were
compacted using iPGell (PG20-1 GenoStaff), and &inHixed paraffin-embedded sections were

prepared. After de-paraffinization and blocking rirethanol and 0.3% J@,, specimens were



AN MNusvAnliA A+ A

incubated with the primary antibody against CK8(18&0 MM-1007-01; Immunobioscience) or
CD10 (1:50 sc-7632; Santa Cruz Biotechnology, Sabtez, CA) overnight at 4°C. After
subsequent incubation with HRP-conjugated secondatipody, specimens were subjected to

DAB (DAB, Dako) and hematoxylin staining.

Western Blot Analysis

Western blotting was conducted as described prelidd4). Whole-cell protein extracts were used
for analysis, and immunoblotting was conducted escdbed previously (15). Antibodies against
cyclin D1 (clone G124-326; BD Biosciences), CDK4o(e 97; BD Biosciences), E-cadherin
(clone 36; BD Biosciences), estrogen receptor (8128 Santa Cruz), progesterone receptor
(A00098; DAKO) and GAPDH (AM4300; Ambion) were usexbs probes, and horseradish
peroxidase-conjugated anti-mouse or anti-rabbitck@an Immunoresearch Laboratories)
immunoglobulins were used as secondary antibodiée LAS3000 CCD-Imaging System
(Fujifilm Co. Ltd., Tokyo, Japan) was used to def@oteins visualized using the Lumi-light plus
western blotting substrate (Roche, Basel, SwitmdjlaQuantification is presented as pixel intensity

of each protein normalized to loading control (GAPsing Image J.

Assessment of Hormonal Response

To assess the hormonal response, 5 *cgls/well were seeded in a 6-well plate and iratet
with phenol red-free medium (DMEM high glucose Sigraldrich) supplemented with 10%
GIBCO Charcoal-stripped FBS (12676-011 Invitroganyl L-glutamine (G7513 Sigma Aldrich).
The cells were then treated with each sex steroithbine for different time periods. We used’10

M to 10’ M 17B estradiol (E2) (3301-1GMCN Merck) or 1M to 10° M progesterone (P4)
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(P8783-1G Sigma Aldrich) for each experiment arehtbounted the number of cells.

RNA Sequencing and Data Deposition

Total RNA was isolated from ECs and MCs using tide&sy Mini Kit (Qiagen). RNA integrity
was confirmed using a NanoDrop spectrophotometdr Agilent Bioanalyzer 2100. Sequencing
was performed on a Hiseq2000 instrument (lllumiie®. mapped the reads to a reference genome
(Human, NCBI GRCh38) using Hisat2 (version 2.11§)(with the default settings. The relative
gene expression levels were estimated by fragnpartgilobase of transcript per million mapped
reads (FPKM) using Stringtie (version 1.3.5) (1Mhvithe default settings. We used Genespring
(version 14.9, Agilent) for the expression analysSibese data were deposited in the DDBJ

BioProject database under accession number E-GEAD-3

Statistical Analysis

Statistically significant were determined usingn4sided Student’s t-test. All experiments were
performed in triplicate. P <0.05 was consideredisttaally significant. Differentially expressed

genes obtained from RNA sequence profiling werelyaed using Genespring (version 14.9,

Agilent). Genes with a fold change (FC) >2.0 welenitified as differentially regulated.

10



AN MNusvAnliA A+ A

Results

Characterization of ECsand MCs

Human endometrial samples were obtained from fatiepts (Fig 1A). ECs showed a small round
shape and proliferated to form cobblestone-shapkxhies, whereas MCs were spindle-shaped and
easily distinguishable from ECs. (Fig 1C). To detieie the origin of these immortalized cells, we
performed gPCR and immunocytochemistry for EC an@ Markers. ECs were positive for
cytokeratin 8 and E-cadherin, but negative for vitite and fibronectin. In contrast, MCs were
strongly positive for mesenchymal markers and negdbor EC markers (Fig 1B and 1C). To
confirm that EC kept the original expression oftleghial markers, we validated the mRNA
expression compared to primary EC (before transigcand immortalized EC (after transfection)
(Supplementary Fig 1A). ECs demonstrated higheresgion levels of EC marker genes than
normal fibroblast cell line (WI38), and the expiiesslevels of the EC marker were almost similar
between primary EC and immortalized EC. These tesudicated that we succeeded in

establishing four pairs of immortalized endometE@ls and MCs.

Role of Immortalization Genesin the Growth of ECs (Tet-off System)

To search the function of transfected genes, ECwe veaamined for protein expression and
proliferation activity in the presence and abseateloxycycline to confirm that cell growth is
dependent on the three transfected genes, mutakd C&yclin D1, and TERT. After incubation
with doxycycline for 24 h, the expression levelsraftant CDK4 and cyclin D1 decreased (Fig 2A)
and the proliferation was inhibited (Fig 2B), sugfiygg that proliferation of ECs depended on these

transgenes.

11
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Three-dimensional Culture

Three-dimensional (3D) culture was performed to ficon the ability of EC1 and MC1 to
reconstruct the morphological characteristics efdtiginal tissues, such as the gland-like strectur
of ECs or mesh-like formation of MCs. EC1, EC3, MCind Ishikawa cells (endometrial
adenocarcinoma cell line) were seeded onto Majrigetl after 7 days, EC1 and EC3 formed
gland-like structures, whereas MC1 and Ishikawadidl not form gland-like structures (Fig 2C).
The gland-like formations were positive for cytakiém but negative for CD10, indicating that these
cells were not of mesenchymal origin (Fig 2D). ThE€1 and EC3 maintained their ability to
reconstruct gland-like structures, different froemcer cell lines. These results indicated that EC1

and EC3 did not acquire an oncogenic phenotype.

Expression of Hormone Receptor s and Responsivenessto Sex steroid Hormones

ECs were confirmed to express more estrogen receptmnd progesterone receptors than MCs
using western blotting (Fig 3A). We also examinkd tesponsiveness of each immortalized cell
line to sex steroid hormones (Fig 3B). Treatmernthwli73 estradiol significantly promoted the
growth of EC1 and EC3 on day 9. In contrast, praggese treatment significantly inhibited the
growth of EC1 and EC3. This indicated that ECsimneth their ability to respond to sex steroid

hormones.

RNA Sequencing Analysis
For further insight, we examined the global gengression profile of our immortalized cell lines.
First, to characterize the gene expression patiermmortalized cells compared to that of normal

or cancer cells, we profiled the transcriptome adhetype of cell by principal component analysis

12
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and clustering analysis. We used available pubditagkts as normal fibroblasts (GSE 99949),
endometrial cancer (GSE 10619), and uterine sarc(@B8E 64763). Analysis of the results
revealed that immortalized cells exhibited diffdrgane expression signatures compared to those of
cancer cells (Fig 4A, B). Indeed, ECs and MCs wsaparated into the different clusters, which
justify the identification of ECs and MCs.

Next, we performed pathway analysis for differdhtiaxpressed genes to annotate the function of
genes from ECs and MCs with endometriosis. Of 57@&ries, 830 genes were upregulated, and
1064 genes were downregulated in ECs with endoosidri compared to those without
endometriosis (FC > 2, P < 0.05). Further, 395 genere upregulated, and 324 genes were
downregulated in MCs with endometriosis comparethtse without endometriosis (FC > 2, P <
0.05). The top 30 upregulated or downregulated gane listed in Supplementary Table 4 to 7. We
then used these significant differentially expresgene sets for pathway analysis. Of the 1024
pathways, 49 signaling pathways were significaetlyiched in ECs with endometriosis, and nine
pathways were significantly enriched in MCs withdemetriosis (Fig 4C, all pathways were
enriched P < 0.01). Among the pathways in MCs, nin@metrial relaxation and contraction
pathway, focal adhesion, and matrix metalloprom@n@MPs) were enriched. These pathways
have already been reported previously and are knimwbe associated with the endometriosis
pathophysiology (18-23). In contrast, among théwways of the ECs, different pathways were
enriched compared to those in MCs, except for thekted to focal adhesion and MMPs. Several
pathways, including the Wnt signaling pathway, TgBignaling pathway, and MAPK signaling
pathway, which have been already reported as ertdosis-related pathways in MC research

(7,27,28,33-37), were also found to be enrichdeiGs with endometriosis.

13
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Discussion

In this study, we established four paired immoztdi ECs and MCs from patients with and without
endometriosis to provide a resource that helpsatalie mechanism of onset of endometriosis. Our
approach consists of three advantages in the estat@int process. First, although primary ECs
cannot be sustained for several days under stanmditdre condition, a sufficient quantity of
endometrial ECs is required for immortalization g@sses. Therefore, we used an original
conditional medium, which allowed us to acquirefisignt ECs with a minimum number of
passages. The modified medium included severaltyréaetors, such as Wnt; the BMP inhibitor,
noggin; and the Wnt agonist, R-spondin, which atispensable for EC proliferation. Particularly,
activation of the Wnt pathway confers effectivewgtio of ECs. A previous study reported that small
intestinal ECs require Wnt factors in culture bessaaf the low concentration of Wnt ligands in the
epithelial culture medium (12,30). In mouse smailtestinal epithelial organoid culture, the
asymmetric architecture of organoids collapsestduge loss of the local gradient of Wnt factors
(31). These factors are known to be necessarnfestinal EC proliferation; thus, we applied these
growth factors to our endometrial ECs.

Second, highly purified ECs are essential for tedishment of immortalized cells, since MCs
contaminating an EC population often overwhelm Ht&s after several passages because of the
difference in their proliferation rates. We used ami-EpCAM (CD326) antibody-conjugated
magnetic bead-based method to purify the ECs. EpdaMn epithelium-specific but highly
abundant epithelial surface marker, even in theemdrium (32—36). Previous animal studies have
shown that EpCAM plays an important role in theustral and functional development of the
uterine endometrium, as well as in adult uterimecfion. EpCAM is capable to controlling cell fate

by altering directional cell proliferation and difentiation (37-42). EpCAM affects cell signaling

14



AN MNusvAnliA A+ A

and can activate Wnt signaling by stabilizing traembrane receptors (43). From this point of
view, EpCAM is an essential epithelial marker ire tandometrium, and using this marker is
suitable for the acquisition of functional ECs. dlgh the purification process, we successfully
enriched EpCAM-positive cells. From our experiméniaa, ECs maintained the expression level
of epithelial markers, EpCAM, E-cadherin, and cgi@lin for 20 passages (data not shown). In
this regard, modified culture conditions and pusfion of ECs are useful for the establishment of
suitable immortalized ECs and maintenance of EQufea. The combination of these methods
allowed us to constantly immortalize normal endafakECs.

Third, transfection of genes for immortalizationnsgiimes causes problems, such as the
elimination of the original features of the primasglls, and they may gain altered phenotypes
(14,15,44,45). We changed the transgenes for inatimation from human papillomavirus 16
(HPV16) E6/E7 to mutant CDK4, cyclin D1, and TERWe further used an EpCAM
promotor-derived expression vector to activateghpsmortalizing transgenes, specifically in EC2
and EC4 (11). Although HPV16 E6/E7 can efficientynortalize primary normal cells, E6 targets
p53 for degradation, and E6 and E7 oncoproteinspgaddently induce numerical and structural
chromosome instability (44). Thus, the immortalizedls tend to lose their original characteristics
over a short period of time and gain altered phgrest. The combination of mutant CDK4, cyclin
D1, and TERT has successfully immortalized many dunas well as non-human, primary ECs
with minimal induction of chromosomal instabilit4@—60). CDK4 and cyclin D1 have a direct
effect on the inactivation of pRB. Furthermore,imactivation of the Rb tends to activate p53
through p14ARF, chromosomal stability could further maintained through passages (44). The
original characteristics of our immortalized cetieuld be validated using the tet-off system.

Doxycycline treatment to shut down the transgemesidged strong growth inhibition, indicating

15
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that their original character before transformatonld be addressed using this tet-off system.

Our RNA sequencing analysis revealed that the g&peession patterns of ECs and MCs from the
endometriosis patients were already different fi&é@s and MCs from non-endometriosis patients.
In our pathway analysis, several signaling pathwing were enriched in ECs and MCs from
patients with endometriosis were equivalent to ey reported endometriosis-related pathways,
which were revealed by using ectopic fibroblastenfrendometriosis lesions (9,24-26,29). Because
retrograde menstruation is thought to be one of thajor causes of endometriosis,
endometriosis-like cells in the eutopic endometrinmay contribute to the establishment of
endometriosis. Further studies on endometrial aeilsbe informative to reveal the etiology of
endometriosis.

Our study has the limitation that we obtained theéoenetrial samples from different menstrual cycles.
might have affected the gene expression analysiheofimmortalized cells when we evaluated gene
expression analysis. Further studies on this tapcaequired. From our qRT-PCR results, EC1 and EC2
showed higher mRNA expression levels of E-cadhdran EC3 and EC4. These results might be
influenced by the hormonal status of each of this,deecause the epithelial mesenchymal transison
increased during secretory phase (61). Still, difficult to completely recapture the endometrosnly

by this cell line system.

Conclusions
We established four paired immortalized ECs and M@sn patients with and without
endometriosis. Our culture system and immortalimatnethod are useful for providing benefits

and contributing as experimental tools for furtsierdies on endometriosis.

16
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Figure Legends

Figl

Cell-type-specific markers and mor phology of ECsand MCs

(A) The scheme and table of each established endamBEC and MC line. (B) Quantitative
RT-PCR for the determination of mMRNA levels of E@rker genes (cytokeratin 8 and E-cadherin)
and MC marker genes (vimentin and fibronectin).uéal were normalized to GAPDH expression.
Data are means + SD. (C) Morphology and immunodwatical staining of each marker protein.
Magnification, x100. Scale bars, 2Q0n. Bar charts are quantifications of the fluoreseen

intensity in five different random fields of eactlic Data are means + SD.

Fig2

Analysis of immortalization using the Dox-off system.

(A) Immunoblotting to detect CDK4 and cyclin D1 ECs and MCs. GAPDH was used as the
loading control. Dox (+) cell extracts were premhedter incubation with doxycycline for 24 h.
Dox indicates doxycycline. Bar charts are quardifiins of the relative intensity of each band
normalized to GAPDHThe expression level of cyclin D1 or CDK4 of ECssveignificantly decreased
under doxycycline treatment.

Data are means = SD. **, P < 0.01 by the two-siSadlent’s t-test.

(B) Proliferation of EC1 and EC3 with or without™deycline treatment. Data are means + SD.
Three-dimensional culture of immortalized cells and an endometrial carcinoma cell line
(Ishikawa cell).

(C) Photomicrographs of EC1, EC3, MC1, and Ishikawedls. The dotted line indicates the
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gland-like structure. Magnification, x100. Scale)&00um
(D) Immunohistochemical staining of EC1 and EC3igdal magnification x200 and high-power

field x400. Scale bars; 2Q0n and 10Qum.

Fig3

Expression of sex steroid hormone receptor s and responsiveness to hormonal treatment

(A) Immunoblotting of estrogen receptar(ERx) and progesterone receptor (PR-A and PR-B) in
ECs and MCs. GAPDH, loading control. Bar charts guantifications of the relative intensity of
each band normalized to GAPDH. Data are means *=*&DP < 0.01, n.s. stands for ‘not
significant’ by the two-sided Student’s t-test.

(B) Proliferation of EC1 and EC3 treated with E2Rat. Data are means £+ SD. *, P < 0.05 **, P <

0.01 by the two-sided Student’s t-test.

Fig4

Gene expression and functional analysis of ECs and M Cs using RNA sequencing.

(A) Principal component analysis of endometrial samples. Gene expression data were published
on Gene Expression Omnibus. The one dot plot ineliclhe gene expression data for one patient.
(B) Clustering analysis of endometrial cells. Treatmap shows the gene expression levels. Red
indicates low expression level, and blue indichigh expression level.

(C) Pathway analysis of differentially expressedeageets of ECs and MCs with endometriosis (FC
> 2, P < 0.05). The X-axis shows the enrichmentes¢dogl10, P value). The Y-axis shows the

name of the signaling pathway. The top significastiriched pathways are indicated (P < 0.01).
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