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The Expression and Peossible Roles of Chemokine CXCL 11
and Its Receptor CXCR3 in the Haman Endometrium

VYasushi Hirota, Yataka Osuga,' Kaori Koga, Osamm Yushino, Tefsuya Hirata,
Chieko Meorimoto, Mivuki Harada, Yuari Takemura, Emi Nose, Tetsn Yano,
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Osama Tsutsuni, and Yuji Taketoni

IFN-y seereted by a human embryo and trophoblast cells during implantation is suggested to play an important role in implan-
tation and preghancy. In the present study, we explored expression and pessible functions «f CXCLIL, o £XC chemokine strongly
induced by IFN-v. and its receptor CXCR3 in the human endometrinm. Secreted CXCLYE protein was not detected in eultured
endametrial stromal cells (ESC) but was detected in cultured endometrinl epithelial cells {EEC) TFNey stimulated the protein
tevels of CXCLT i o dose-dependent manner in EEC and ESC. CXCL11 scoreted from EEC witly 160 ng/ml TFN-y was 220-fold
of the control, and 100-fold as compared with that secreted from ESC with the same dose of TEN-v CXOR3 was expressed in EEC,
SC, and trapheblast cefls. Addition of IFN-y tn EEC incrensed the chemotactic activity of its cujture medinm o tropheblast cells
wid T cells, and the effect was suppressed by ininunonestralization with Abs of three CXUR3 ligands, imclnding anti-CXCL 11 A,
CXCLLL significantly ingreased Brdb] incorporation of ESC, which was inhibited by a p42/33 MAPK pathway inbibiter PD9305%.
in confeast, CXCL 11 significantly decreased BrdU incorporation snd increased the release of Iactate dehydrogennse and the
positive staining of annexin ¥ in BEC. These findings suggest that IFN-y promotes implantation by stimulating EEC to produgce
LXCLEL, which induces migration of trophohiast cells and T cells, proliferation of E5C, and apoptosis-of EEC.  The Journal of

Inununclogy, 2006, 177: 83138821,

strual cycle which is compared to ~6 or 7 days afier fertil-

ization. Huron implantation includes three stages which are
called apposition, adhesion, and invasion. The initial uastable con-
tact of the Blastoeyst to the uterine wall is apposition which ocours
most commonty in the fundal wall of the uterus. The next stage,
adhesion, §s characterized by increased physical inleraction be-
tween the blastoeyst and the aterine epithelium. Subscquently, the
third stage of implantation, invasion, begins and trophoblast ceils
infiltratc the uterine epithelium (1},

The endometrial epithelium is an important element where the
mojecular interactions between the embrye and the endometrium
are initfated (243, A specific molecular cross-iatk botwern embryvo
and endometrium has been reported during the human implaniation
process £5). Cytokdnes, such as IL-§, LIF, C8P-1, and 1L-8, and their
specific reoeptors, which are expressed in the endometrium and the
cmbryo, are suggested lo be iovolved therein {5-7).

IFN-y secreted by the preimplantation embryo and endometrial
feukocytes 1s suggested to play an important rele in the process of
Implantation in humans (§—18). T N-v produced from the human
embryo is highest when it develops to blastocyst and reaches o
point of upposilion ia the wterns {8). This finding tmphes that
{FN-y may have some roles in the initial stages of implantation.

I mplantation occurs on days 20-24 of a regulur 28-day men-
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IFN-y is known to strongly induce three CXC chemokines,
CXCLY {monokine induced by 1FN-), CXCLI0 (IEN-y-inducible
protein of 10 kDa), aod CXTLI] (IFN-y-inducible T cell « che-
moatteactant), In 4 range of cell types {11~14). These chemokines
cxert their effects through a shared receptor called CXCR3 (12 135

Revent studies demonstrated that these three chemokines were
expressed in both pregnant and nenpregnant endometrium (15—
18}, In cultured codometrial stromnal cells, IEN-y, IL-13, ThiF-a,
and LIPS stimidated CXCL10 production (16} and progesterone
induced secretions of CXCLY and CXCLID {17). Notably, # vecent
study showed that CXCLIC stimulales the migration zod altach-
ment of ovine trophoblast cells (19). In contrast, CXCLE1 in the
endomeirium has been poorly studied despite #s highest binding
affinily 1o CXCR3 among the three chemokines {12).

Based on these findings, we speculated that JEN-y coold regu-
fate implantation through CXCLAt predection in the endome-
iriune. In the prosent study, we first showed ITFN-pinduced pro-
duction of CXCL11 in endometrial cells. We then examined the
expression of CXCR3 in endometrial cells and trophoblast cells
und effects of CXCE11 on these cells, niming Lo assess The possible
roles of CXCL1T and CXCR3 in implantation.

Materials and Methods

Reagents and materiafs

Type § vollagenase, sutibiotivs, magnesiom selfate (Me8G ), and strep-
tokinuse were prrchased from Sigma-Aldrick. DMEM/Hunt's FI2 mediom
{DMEM/FIY), RPMI 1640 mediom, medimn 199, G25% uwvpsin, and
0.25% trypsindEDTA were obisined from Invitrogen Life Technologies.
Charcoad-stripped FBS wus obtdned from HyClone, A specilic mifnbitor of
ERE (MEK)-1, PDYBDSY, was ubtained from Calbiochem. Rabbil poly-
clonaf Abs to humas CXCLY were oMained from PeproTech, Rabbik poly-
clonaf Abs to human CXCLIG and human CXCLIT were oblained from
BioVision. Rabbit polyclonal Abs to human total pa2/34 MAPK and phos-
pho-pd2iid MAPK were ghtained from New Enghind Biofabs. Anti-rahbit
HRP secondusy Ab and Ficoll-Paque Phas {1077 génl) were oblained from
Amearsham Biosciences, Mouse monockonal anti-lutnun CXCR3 Ab. buman
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recombinant 36Ny, binnan recombinant CXCL 1L, and human recombinant
H.-2 were obiaised from RE&D Sysizms. Tsotype contrel manse InGl, sttype
sontrof robbit 156, and mouse mABS to buenan vimentin, Baman cylokesatin,
and human CIM5 were obtuined from DakoCytomation. Monse mAbs so hy-
man cytokecitin type 7 wem obtained from Immunclngicals Dinect. FITC-
comjugated mt-mouse loG (H+L) Ab was obwined from Beckman Coolter,
DiNase T was abtined from Takura,

Sources of tssues

Endometrial tissues were oblained frony 2 total of 60 patients (sged 40.5 &
4.9 vears, mean * 5D} underpoing hysterectomy for benipn gynecological
conditions such as wedre fikrold without endometrial pathologies, Al
though the relatively high agas of the subjects in the reproductive age range
and the pathologies of the myametritm may place some limitations on the
present stady, we used these samples due o the unavailability of endome-
trinl tissue of healthy young women. Al of them had regular menstrual
cycles and had not 1eceived hormone therapy for ot Jesst 6 mo hefore
surgery. The specimens were dated according o the patients’ menstmial
history and standard histological criteria by Noyas et al. (20). Placental
fissues. between 3 and 7 wk of gestation were ubtdined al elective termi-
nution of pregmancy. PRME were oblaiged from aormal volusteer donors.
The Instittiona] Review Board of the Universily of Tokyo approved this
study and writfen infiormed consent for use of the tissue was obtzised from
each wormun. The tissues coltected under storite vondilions were processed
for primary cell culfures.

Lsolation, purification, and culture of endomeiriat epithelial celis
{FEC)H? endematrial stromal cells {ESC), T cells, and
trophoblast cells

Isolation and culture of human BEEC and ESC was as described previously
{2123, Endometrial tissues were sminced and incubated in DMEM/FI2
contaimag 0.25% type T eollagenase and 13 U/mi DNase 1 for 60 min at
37°C, The resuliant dispersed endometriat cells were separated by filiration
through a 40-pm aylon cell strainer {BD Biosciences). Endomeirial epi-
thelial plands which remained imact were retained by the Strainer, whereas
dispersed ESC passed through the strajner intnr the Sltrate. ESC in the
fitrate were collected hy centrifugation snd resuspended in DMEMIFI2
confaining 10% FBS and antibictics. ESC were pinted ina H0-mm cultura
plate and kept a1 37°C in o humidified 5% CO/93% air atmosphere, At the
firsd pussage, the cofls were plated at a deasity of 2 X HP cellehwelt into
12-well culture plutes for the experiments of RT-PCR, Western blotling,
and ELISA, or at the density of 1 X 107 cellsfoell into 96-well culiure
plates for the experiments of cell moliferation assay. Cells enriched with
enfornetrial epithelial ghunds were colfeeted by backwashing the steainer
with DMEM/FI2, plaied fn 2 100-mm plate, snd incubsted at 37°C for 60
min to wlow contaminnied sinomal cells {o atiach to e plate wall, The
nensttached epitheiial glands forned 2 monolayer of EEC ufier attschment
with cullure plates. EEC of & density of ~2 X H* coftywell in §2-welt
culture plates wore used For the experiments of RT-PCR, Westers Blotting,
ELISA, and assuys of syloloxizity and apoptosis, and EEC at the density of
~1 X 0 cellstwell in 96-well cultuse plates were used for the experiments
of cell protiferation assay.

PEMC were separated by conteilugation of heparinized blood on Fizoll-
Punue Plus. Ag-specific CM-positive shurt-term T cell fines were gener-
uted from PBMC suspensions 25 proviousty described (23). Bricfly, PEMC
were shmulated in RPMI 1640 mediunt containing 5% sutologous serum
with streptokinase (100 Ufml) for § days. Onday 6, aclivated T cclls were
expanded in the pragence of humaa H.-2 (20 U/mis, amd on day i35, they
were used For migration assuy. The exgression of CXCR3 on the cells was
identified by fow cytometev,

Trophoblast cells were prepared and maintained as pravionsly deseribed
with some modifications (26-27). Briefly, the fissues were washed in PBS,
and the soft vilious material was ot sway from connective tissue and
vessels, The washed tissue was incubated in sterije PBS containing 1 mM
MpSQ, 0.125% frypsin, and 30 Wmi DNase 1 for 30 min a1 37°C with
mild stieriag, the suspension was fitered theough 2 160-pm nylon celt
strainer, and the cells were centrifuged at 200 X g for 5 min 1o obtain 4 celt
pellet, which was resuspendad in Medivm 199 with 107 FBS. The sus-
penslon was tayered onto Ficoll-Paque Plus and cengrifuped at 150 X g for
13 min. Trophoblast cells recovered From the interlace weee washed with
PBS und resuspended in Medium 199, The remaining leskocyles and syn-
cytiorrophoblasts were removed by plating the cells for 30 min. folfowed

? Avbirevintinns usedt in this paper: BEC, epdometrint epithafid coll BSC. endomerial
swromab cell; RY, roverse wranseription; Cy. threshold eyele; LDH, lactate dehvidro-
genase; Pl propidium iodide.

CXCLI1 AND CXCR3 IN THE HUMAN ENDOMETRIUM

by sspirntion of the supernatant endched with cytotrophoblnsts. The cells
were washed with PBS azd the mediurm was changed to Medium 199 with
19% FBY and placed in a type IV collugen-comed H-well plate {BD Bip-
siziences) and kept at 37°C in a humidified 39 CO95% air atmosphere,
After incabation for 2 or 3 duys, the oells were teypsinized snd used for the
xperiments.

Treamient of cell cultures

Whan EEC and ESC approached confluence, the complete madivm was
removed and repiaced with fresh madium and antibiotics, and the cells
were cultured for an additional 12-24 h. To evaluate the dose effects of
1FN-y, wells were replenished with serum-free medium with different con-
centrations of -y and the cells were incubated for 24 . To assess the
eifeet of IFN-y on the expression of CXCLT1 mRNA in EEC and ESC, the
cells were incubated with -y at different concentrations in serum-fige
meditm for 6 b, Affer e treatinents, the conditioned mediug were col-
lected, centrifuged, and stored af —80°C for subsequent analvsis,

lngmnoeytochemistry

In 48 b ol cultare, EBC, ESC, und trophoblash cofls wese fixed in cold
metharotfacetone (1233 af —20°C for 20 min and were washed twice in
PBS. The fixed cells were treated with 3% hydrogen peroxide for Smin ko
eliminaiz endogencus peroxiduse, Aftee blocking with 1.5% homse serum
for 20 min, the cells were incubated with mouse mAbs fo cylokeratin,
vimentin, cyiokermin-7, snd D45 for 30 min ot oon temperntire. Con-
ol cells wene incubated with nonimmune murine 1pG1, G concentration
of which wos adjusied 1o st of the primary Ab, The cells were then
incubated with hinfinyisted gont aoki-mouse 120, followed by incubation
with peroxidase-fnbeled streptavidin solution for 20 win 4t room tempes-
stre. The chromogeale reaction was canducted with dismiinobenzidine.
Al celis were counterstained with bematoxylin, The expeciments were
repeated four times.

Western blotting

Cultured cells were homogenized in the lysis bulfer containing S0 mM
Tris-HCL {ptl 6.8}, 2% SDS, 10% glyeerol, 50 mM DTT, and &.1% brom-
phenot bive and dituted w | myz of total protein/md. The protein concen-
tration it fe homopenized cells wus measured by 2 profein assay kit (Bio-
Had). Samples were resofved by 10% SDE-PAGE. Proteins were Dlotted
oate a nittocelulose membrane and incubated with rabbit polyclonul Abs
1o hwmnan CXCRY (17100070, humas CXCLIO (U0, buman ONCLLH
£123000), totat pd2/d4 MAPK (110000, and phosphospecific pd2idd
MAPK (17H000) us prisnary Abs and anfi-rubbit HRP Ab (1/1000) a5 1
secondury Ab, Bnmune complexes were visualized by nse of BCL Westemn
blotting system (Amershaan Bioscionces).

Measurement of CXCLIT in the supernataniy of cdiure medin

Concentrations of CXCL1T in conditioned culture medin were mensured
using is specific ELISA kit {Quantikine; R&D Systems} according to the
manufactitec’s protocol. Ahsorbance was read st 450 nm with the
DigiSean Microplaie Reader (ASYS Hitech). Cultured cokis were homuog-
enized 4od the toinl protein smount in the bomogenized cells was measumd
by a protein assay kit Data were standardized by tot] protein of cell
{ysates.

RNA extraction, reverse transcription (RT), and real-time
quantitative PCR of CXCLII, CXCR3, and its splived variont
CXCR3-B mRNA

RT and real-dme quantitative PCR were performed as we have reported
previpisly (2524, 28 =341 Total RNA was extacied froms BEC mnd ESC,
using the RNAeasy Mini kit {Qisgen). RT was performed using Rover Tra
Ace-ar (Fayobo): rexl-fime guantitative PCR and dabi analysis waree poe-
formed asing LighCycler (Roche Dingnostic), according to the manufac-
wiree's insiepctions. One microgram of total RNA was sovecse-ienseribed
in & 20+l total volume and oDNA was woplified wsing eligonicleatide
primers hased on haman CXCEL L, CXCR2, wnd the CXCR3.B sequence.

Recent studies indicnte that o mddition to the classic receptor
CXCRS-A, alternatively spliced varizot CXCR3-B is expressed in some
celt types £31). CXCR3 primers amplifed 2 common sequance b
CXCR3-A and CXCR3I-B, CXCR3-B primers ampiified a2 unigue sequence
2 CXCRA.B.

CXCLIE primers (sense, 3’ -TTAAACAAACATGAGTUTGAALGG-
3; antisense, 3"-CGTTOTCCTITATTTTCTTTCAGG-1') were choses i
wnplify 3 228-hp Tragment. CXCR3 pimers (sense, 5-TGCCAATA
CAACTTCCCACA-Y; antisease, 5-CGGAACTTGACCCCTACAAA-
3"y were chosen o amplify a 371-bp fragment. CXCR3-B primeaus Gense,
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FIGURE 1. sununocytochemical
siafning of primary cultured EEC,
ESC, snd wopheblust cells o early
pregauney. A-D. EEC were sieined
by anti-cyickeratin mAb (A}, ant-
vimentina mAb ), anti-CD43 mAb
(Cs, and isowype wiglGl (), EEC
were positively stained with cytokera-
tin, E~H. ESC were stained by ani-
cyiokemtin mAD (1), anti-vimeniio
mab {7, anti-CD45 mAp {63, and
isotype migGl (Hy. ESC weme posi-
tively stainad with vimentin. -, Tro-
plsblast cells were surined by ant-
cytokeatin-7 mAb {f). sati-¢imentin
mAb £, anti-CD45 mAb (&), and iso-
type gl (L) Troploblust colls
were positively stained with oytekers-
tin-7. All cells were counterstained
with hemutoxyiin. The result is repre-
sentative of four separate experiments.

SUTCACAAAAGAGTTCCTOUCA-Y; antisense, 3-AAGAGGAGGCT
OTAGAGCOC-3F were chosen W amplify 4 241 -bp fragmend. Expression
el CXCLE CXCRS, and CXRCR3-B inRNA was normalized to RNA foad-
inng for each suinple using CAPDH mRNA as un nternal standard. Human
GAPDH primers {Toyobe) were thosen to amphily  432-bp fragment. The
reaf-time PR condition of CRCLIT was 40 cycles at 95°C for 15 s, 84°C
for 10 s, 72°C for 16 5, followed by melling curve analysis, The PCR
vondition of CXCR3 was 40 eycles 28 95°C for 15 5, 64°C for W5, 72°C
for 15 s, followsd by melling curve analysis. The PCR coadition of
CXCRI-B was 4 oveles at 95°C for 15 5, 64°C for 10 5, 72°C for 10 5,
folfowed by melfing curve analysis, Standnrdization of the dats was goe-
foremied by sublzaciing the signal threshold cycles {C5) of the internal stan-
dard (GAPDH) from the Cp of CXCLIL, CXCR3, nnd CXCR3-B. To
quantify the expression of CXCR3-A, wo subtracted the amot of
CXCRI-B from that of CXCRI, Each PCR product was pugified with a
GLAEX 1T gel extraction kit (Qiagen) and thelr identities wese confirmed
using an ABF PRISM 310 genetic anajyzer {Applicd Binsystems),

Flow eytometric analysis

Flow cytomelde analysis was performed as we hirve reported previcusly
122). Adberent celts (EEC, ESC. and trophoblast celis) were detached by
using 0.25% irypsi'EDTA, The celis (2 = FO eollsisample) wera washed
twice with PBS containtng 2% FBS and stained with the mpuse anti-hunan
CXCRY mAb or isotype contred mouse IpG1 for 30 min on ice. Then, the
cells were washed twive and incubated with FITC-conjugated anti-smouse
fel3 Ab for 30 min on ice. Being washed twive, the cells were analyzed
using EPICS XL flow cytometer (Beckman-Coulter) snd EXPO 32 sofi-
ware {Beckman Conlier),

Immunohistochemisiry

Human eodometrial and phicente} tissues were fixed overnight jn 10%
nestral-baffered formalin und embedded in paralfin, and S-pm spctions
were prepieed, Seetions were tranted with 0,035 hydrogen pecoxide for 39
min to climinate endogenons peroxidass. Afler blocking with 1.5% BSA,
the sectinas were incubatied with snt-human CXCR3 mah (1400 for 30
win al room temperature. Control slides were incubated with isotyps con-
ol mause igGi, the conventration of which was adjusted to that of the
primary Ab, The sections were then incubated wath biotinylated gopt andi-
mousz igG, followed hy incubation with paeosidese-kbeled streptavidin
solution for 20 mie af room lemperature. The chiromogenio reaction was
copducted with diaminohenzidine, All sections were counterstained with
hematoxylin, Assessments of immunostaining were based on agreemant
among three independent observers wht were blind {0 the phases of the
menstrual cyole at which specimens were coilected.
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In vitro migration assay

Migration assay was performed in 24-well plates {Costar} corrying Teane-
wel permeable supponts with 3-um polycarbonate mambrane for T ceils
and with 8- pofycarbonate membrane for trophoblagt cells 28 previously
reported €32, 331 Supernustants of EEC were ¢ither stimulated o not by
IEN-y (W00 ngfml) for 24 b, were preincubated for |l with 19 pgiml
anti-CXCLOM0ET Ab oy isotype control mbbit [pG, and wers plated on e
lower chambers. Cells were plaled on the upper wells of Transwell mem-
branes conlaining 1 i of serum-free DMEM/FLZ. Atotal of 3 X 16°T
celts were incubated, for 2 b at 37°C and 5% CQ,, atmosphere, and 2 22 10°
wrophoblast cells were for 24 b, T cells and trophoblast cells ou the npper
surface of membranes wee completely remevied; migrated cells were fixed
with acelone/methanal, The number of T cells, resuspended in 10 mi PBS,
was deterzined using 2 Cosnlies Connter 21 (Beckman Coulter). Migration
indices of trophoblast cells wese delermined by counting the number of
rophoblust cells stuined with H&E in 10 rindomiy selecied nonaverlap-
ping fields of the welly nnder light microscope.

Cell proliferation assay

Cell prodiferation assay was performed a8 we have reporied praviously (21,
30, 34, 33). The effect of CXCL1 on the proliferation of ESC and EEC
was examined by messusing Brdl) incosporution tnto DNA by using the
Riotrak Cell Profiferation ELISA System {Amersham Biosciences) accord-
ing to the manuficiurer’s nstructions. BSC and EEC were seeded into
Faleen Yo-puitiwel] plates (8D Biosciences) at a density of 1 2 H* celis/
well in 100 i of the culture medivem, To assess the effect of CXCLLY on
vell profiferation, the celfs wore incubated with CXCL1E at ditferent con-
cettrations in serom-free medivm. To evaluste she effects of 2 MAPK
inbibitor, the cedls were preincubuted with MEK Inhibitor PDUS0S9 for 1 iy
hefore CNXCL1T treatment. After 24 L. 100 pl of Brdl sulutions were
added and incubated at 37°C for an additionyl 2 h. Alter removing the
culture medum, the cells were fixed and the DNA was denaluret by e
sddition of 200 pliwell fixalive, The peroXidase-labefed anti-Brdli bound
ta the BrdUl incorporated in newly syathesized cellufar DAL The imoume
comglexes were dotected by the subsequent substcate resction and the o
sultand color was read 3t $50 am in the DigiScan Miccophile Render,

Assessment of celf dealk:

Cytotoxizity of EEC was assassed by the measurement of lavtate dzbydeo-
genase (LD} activity mleased from the cylosol of darmaged cells into
supernatant using the Cytotoxicity Dieteetion kit (Roche Mulecalyr Bio-
chemmicals) actording to the manufactures’s instructions. Absorbance was
read at 492 nm with the DigiScan Micropiate Reader. Values were ex-
pressed rafative o measurement from control LDHL
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Tuble L JFN-y-stimaloted CXCLIT mRNS espression in EEC ot ESCY

IFN-y (ngdmby
8§ {meoptin) 1n 1% 1000

EEC 00628 = (020 021 =035 074 = 0440 098 = 0724

E3C Q00030 % (.6002Y 023 £ 0.21¢ .37 = 0.3 041 = 032

* The waues of CXCLEY mBNA represent mlaive mtizs compannd with GAPDH mRNA fevel, Yaloes are the meaa = SEM
f threw sepanse cxperimests nyiug diferent B and ESC prpurations. Legpriiten of the valoes was usod in sitistical anniyss.

*p o Q0001 each va conwol of EEC.
< ez LAY, each vi control of ESC,

Apoptosis of EEC was ussessed by dowhie stadning of annexin ¥ and
pragidium iodide (PD using an Annexin VP kit (Beckman Coubten) ac-
cordiag 1o the monufecturer's instructions. Anaexin V is o phosphatidyl-
seeine-binding protein used to detect phosphutidyisedine teansiocation from
the inper ko the outer plsma membrane leaffer which s assumed to be a
Fesinre of ppoptosis. Cell desth, including necrosis and Tute phase of apo-
ptosis. was detected by PI a macker for coll membrane permoability.
Brieflv, EEC were detached by using $.25% wvpsiEDTA, washed twice
with PBS, and pelleted in annexin V-binding buffer coaigining FITC-
conjugated annexin V. Pl was then ndded and samples were incubated
for 10 min an ice and wmalyzed by EPICS XL flow cylometer and EXPO
32 softwace.

Statistical analysis
Data were evabuated using ANOQVA with posthoo analysis (Fisher's pro-

teceed Teast significance) for multiple comparisons and the Swdant ¢ tes for
paired comparisons, A vilue of p <005 was accepied as significunt.
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FIGURE 2. 1FN-p-stimulated CXCLI1 protein production in FEC and
ERC. A, EEC and ESC were caltored {n serum-free medivm with different
doses of IEN-y for 24 h. Coll eximeis were preprced and sssayed Tor
CXCL11 by Western blatting, The resull is reprasentative of three separaty
experiments. B, EEC nnd ESC weee cultored in serum-froe medinom with
different doses of IFN-y for 24 h. The conditioned medium were collected
anid assaved for CACLY) concentrutions by ELISA. The values were aor-
mtfized with ot protein of cell extracts. Values are the mean & SEM of
e cambined Jdata of five separate experimants using different EEC ard
ESC preparations, #, p < 00001, between EEC and ESC with IFN-vy at
16, 100, 1000 apiod. #, p < 0.0 *=, p < 00001, both ve controf of
EEC; w»», g <« DGGGS, both vs conirol of ESC.

Results
Veriffeation of the purity of EEC, ESC, and tropheblast cells

We confirmed the purity of EEC, ESC, and trophoblast cells with
immpnocytochemistry. The purity of EEC preparations was
=058%, as judged by positive cellular stmning for oytokeratin and
negative eellular staining for vimentin and CD45 (Fig. 1, A-D).
The purity of ESC preparations was >98%, as judged hy positive
celular staining for ¥imentin and negative celbular staining for
eytokeratin snd CDHS (Fig. 1, £-H). The purity of trophoblast
cell preparations wans >90%, as judged hy positive cellular
staining for cytokeratin-7 and negative staining for vimentin
and CD45 (Fig, 1, L)

TEN-y-induced protein and mRNA expression of CXCLIY in
EEC and ESC

1EN-y stimulated the mRNA expeession and the cellular and seerated
protein levels of CXCL11 in o dose-dependent manner in BEC and
ESC (Table I and Fig, 21 CXCL11 protein levels both in the cells and
in the medium were remarkably higher in EEC than in ESC. The
seareted profein kevels of CXCL1) in the control were L4 = 0.26
pefeg protein in EEC, but undetectuble in ESC. TFN-y at 100 ng/mi
inereased secreted CXCLEL protein levels up to 308 = 35 pgiug
protein in EEC and 3.16 & 1.6% pg/ug protein in ESC.

IFN-y-induced protein expression of tiree CXCRY ligands
CXCLY, CXCLIG, and CXCL1 in EEC

As illugtrated in Fig. 3, [FN-y dose-dependently induced CXCLS,
CXCLI0, and CXCL1I in EEC.

Expression of CXCR3 in EEC, ESC, and traphablast cells

We examined the expression of CXCR3 in cultured EEC, ESC, and
rrophoblast cells. As a positive control. activated T cells show-
ing a Thl-polarized profile of cytokine production were used

Fri-y (g

a A W pon

OXOLG

CXCLN

FICURE 3. IEN-p-induced protein expression of ree CXCR3 ligands
CXCLY, CXCLG, and CXCLIE in EEC. EEC and ESC were vultured in
serum-free medium with different doses of IFN~y for 24 h. Cell extracts
were prepared and assayed for CXCLY, CXCLIG, and CXCLIE by West-
orn Blofting. All the chemokines were exprassed in dose-dependent man-
ners. The cesult is representative of three separdle experimenis.
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T celis

FIGURE 4. Expressivn of CXCRI
in human EEC, ESC, and trophoblast
cebls. A, Culteeed ESC, BEC, and tro-
phobiast  celis were collected and
stained with wat-CHCR3 Ab solid
fine} or isotype contrel mause TGl

TN BUNIDGT s I3

idotted linz). T cells were used to be
positive conpol cells for CXCRA
8-, Immunchistochemistry of
CXCR2 in human endometriom, En-
donmelriad  sections of proliferative
phase (814 and seceetory phuse
{E-G) wete Hununostained with anti-
hurann CXCR3 mowse Ab (8 and B} or
isolype mouse IgGl (C and ) and
stained with H&E (£ and G). Mupni-
fication, 2200, H.-J, Immupohisto-
chemistey of CXCRS in homan villi.
Sections of vili were fmmunostained
with anti-luanan CXCR3 mouse Ab
(H1 or soiype mwsse 1gGl () und
stained with H&E 3. Magnification,
XIUK: K, Expression of CXCR3-A
ami -8 mRMNA in EEC and ESC. Totat
RNA izoluted from EEC und ESC of
13 womeh was feverse trmseribad and
amplified by PCR using primers of
CXCR3 and CXCR3.B. CXCRR
primers amplify conandn sequence to
CXCR3-A and -B. The dat were ¢al-
cukated by subtracting the signal €, of
he infemal stundard (CAPDH) from
the Cy of CXCR3 and CXCR3-B. To
guantify the expression of CXCR3-A,
wg  subirscied the amount of
CXCR3.B from that of CXCR3. The
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Y
HE
‘-‘ ;y,# T
g 1w TN N W W e R R
log fuoreacence intensity e

valugs of CXCR3-A and -B mRNA o 0.015
represent telative ratios compared with z 01 ]
GAPDH mRNA level. Values e the £
mean = SHM of semiples from 13 z
women, 3, p < 00001, CXCR3A - & !
mRNA in BEC vs CXCR3-B mRNA 15~ |
in FEC. S
k] H
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i, :
o 00050
b :
o :
2
<
e :
= 0 e ————....... H
= CHCR3-A  CXCR3B  OXCR3-A  CXCRI-B
EEC ESC

136G, 373 As shown in Fig. 44, flow oyometry using an anti-
CXCR3 Ab demonstrated that all the four sypes of cells, e,
EEC, ESC, trophablast cells. and Thl cells, expressed CXCR32
an the cell surface.

As shown in Fig. 4, -G, the presence of CXCR3 in humus
endometrium was demonstrated in both probiferative and sceretory

phases. Both stromat and epithelial cells were stained. The infen-
sity of staining in EEC appeared to be stronger than that in E3C ia
the same section, regardiess of the phases of the menswual cycle,
The intensity of the staining seems relatively wenk during the pro-
Hiferative phase and was eshunced dudng the seoretory phase. The
presence of CXCR3 in human villt was shown in Fig. 4, H-J.
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FIGURE 5. Effects of conditioned medium of IFN-y-stimulated EEC on
the migration of T cells and trophoblast cells. Migeation assay was per-
femed o stedy whether the migration of T celis and trophobiast cells was
affectad by endometrial CXCLLE expression. Supernntants of EEC elther
stimudated or not by TFN-y (100 np/mi) for 24 h were preiacubuted for | h
with 10 pg/ml soud-CXCLY Ab, asti-CXCLI0 AD, anti-CXCL11 Ab, or
isatype conteol rabbit [pG, and plated oa the lower chambers. Cells were
phated on the upper wells of Transwell membranes containing 108 pl of
serum-free DMEM/FE2. § = 10" T colls (A) were incubated for 2 b, and
2 ¥ 0% trophoblust cels (83 were for 24 I Afler e incubution, T cells
urdd trophoblast cells on the apper surfece of mambranes were completely
emoved and migrated cells were fixed with acetone/methancl. Migration
midices were detennined by cosating the cell number. The values tepesent
refative tatios of the cell munher comgared with those in using ihe contrd
suparnagants of EEC with rabbit 1g0, A, Valus are the mean = SEM of the
combised dag from three independe experiments osing diffecent T cell
preparations. . p <7 0.05. contro] with rabbit 126 vs 1IFN- with rabbil 12G.
wx, g7 <0 L00L, esch v TFN-y with rabbit teG B, Valoes are the mean 2
SEM of the comBined dala from thire independent experiments using dif-
fzrent trophokliast call preparations. &, p < 0,05, control ples rabbit 1pG vs
TEN-y plus rabbit 120, »=, p <2 [LOS, each vs TFN-y plus rabbit 150,

Trophoblast cells were strongly siained. No staining was seen
when the primary Ab was replaced with nonimmune mouse 1gG1L.

Exprassion of CXCR3-A and CXCR3-B mRNAs in EEC ond ESC

We examined the mRMA expression of CXCR3-spliced variants
CXCR3-A and CXCR3-B in cultured EEC and ESC. In EEC, ex-
pression level of CXCR3I-B mRNA was 12 times as high as that of
CXCR3-A. whereas, in ESC. there was no significent difference
between expression levels of CXCR3-A and CXCOR3-B (Fig. 4K).

Stimulation of FFN-y on the migration nf T cells and trophoblast
calls through secretion of CXCRY ligands

To study chemotactic setivity of CXCR3 ligands secreted from
EEC including CNCLI1 on the migration of T cells and ropho-
blast cells, in vitra migration assay was perfermed. As illustrated

CXCL1T AND CXCR3 IN THE HUMAN ENDOMETRIUM
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FIGERE 6. CXCL11-iaduced ESC profiferaion sia pd2t43 MAPK ac-
Gvation, A, The effect of CXCL11 on the grolifemiion of ESC was cxum-
ined by measuring Brdt incorporation inte DNA by using the cell prolif-
eration BELISA. ESC were trezted with CXCLIE at different conventralions
for 24 h. The values represent relative mtios compared with those is un-
treated cells. Values are the mean = SEM of the combined data from five
independent experiments using differcot ESC preparations, +, p ~X 0.005;
#%, p < D.OOOS, both vs control. B, ESC were incubated with 160 npimi
CXCL for the indicated tmes (0-240 i), Coll exteacts were prepared
and assuyed far phosphorylated pd2/44 MAPK {phosgho-pd 344} or total
42744 MAPK (total-p42744) by Western blotting. The sesulf is represen-
talive of three separie expedments. C, Effects of MEK inhibilor PDDEO59
on CXCLI F-induced cell profiferation of ESC was examined by measuring
BrdU incorporation into DNA by using the call proliferation ELISA, ESC
were freated with or without PDOS0SY (25 uM). fur 1 h. and thes stima-
Iated with TXCL11 (100 ag/ml}. After 24 h incubation, BraU incorpora-
tion fto DRA in ESC was messured using he celf proferation ELISA.
The values represent refative eatios compared with those in notreated vells.
Vahues ar2 the mean = 5EM of the combined data from four independent
experiments using different ESC prepurgtions. = g < 8.0001, control vs
CXCLiL. =k, p < 0000 CXCLI) vs CXCOLLE with PD980ES,
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FIGURE 7. CXCL1l-nduced inhibition of profiferation and stimulution of apaptosis in EEC. A, The effect of CXCL11 on the prolifecation of EEC wis
examined by measuring Brdl} incorporation into DNA hy using the cell proliferation ELISA, EEC wewe treated with CXCL1T at different concentralions
for 24 h. The values represent relative ratios compared with those in untreated vells. Values are the mean = SEM of the combined duta feom four
independent expariments using different EEC prepurations. #, p < 0.05; »+%, p < (.0001, both vs control, B, The effiec of CXCLIT on el death of BEC
was determined by the measuement of LDH in CXCLI Lreated BEC supecnatant, EECQ were tremed with CXCILI1 a8 600 ng/ml or with IFN-y al Hi0
ng/ml for 24 k. The values reprasent relative ratios compared with thisse in untreated celis. Values are the mean = SEM of the combined daia from three
hdependent experiments ustag differemt EEC preparations. = g < 0,03; »=, g << 0.0001, both vs contrel, €, The eliect of CXCL op apoptosis of BEC
was determined by double staining of annexin V and PL EEC were treated with CXCLT1 ok 100 ngfmi of with 1EN-v at 100 ng/ml for 48 h. The cells were
stained with Annexin V' 5nd PL Apoptosis was analyzed by fiow cytomeny on 3 = 10° EEC. The result is representaiive of fiur separafe expaAments.
D, The percentuge of apoplotic BEC treated with CXCL11 and IFN-y was sigaificanily higher than fat of the control. Annexis V-positive cells were
regarded a3 apopiodic cells. Values are the mean = SEM of ths combined data from four independent expzriments using different EEC preparations. », p <

0.035, busk ¥s conlrol.

in Fig. 5, supernatants of IFN-y-stimulaied EEC up-regulated the
migration of T cells and rophoblast cells as compared with those
of nonstimutated EEC. Moreover, immunoneutralization with Abs
of three CXCRA ligands. CXCLS, CXCLIO, and CXCLLE, re-
duced the chemotactic activity of IFN-y-stimutated supernatants,

CXCLiI-induced proliferaiion of ESC via the p42/44 MAPK
pathway

Cell profiferative effects of CXCELIL on EEC were studied by
Brdt) incorporation assay. As shown in Fig, 64, BrdU incorpora-
tion inte DNA was sigoificantly increased by CXCLEE al 100-
1000 ng/ml. At the concentration of 100 ag/ml, the lovel of BrdlU
incorporation was 127% of the control,

it has been reported thar CXCR3 ligands induce activalion of
pAY44 MAPK and cell proliferation ie vascular pericytes, glomer-
ular mesangial cells, and that the mifogenic response is mediated
by p42/44 MAPK signaling {38). We therefore tested whether ac-
tivation of pd244 MAPK was required for ccll proliferation in-
duced by CXCLI11 in ESC. As depicted in Fig, 68, CXCL11 at 108
ngfmi stimulated a hiphasic phosphorylation of p42/44 MAPK in
ESC. The phosphorylation levels were reached maaimal at |5 and
20 min, fallowed by deerease o basat levels in 30-60 min and
reincrease over 90 min. A p42/44 MAPK pathway inhibitor {MEE
inhibitor} PD98059 significantly abrogated the CXCL 1 H-indueed
BrdU incorporation of ESC (Fig, 60

CXCL11 inhibited profiferation and stimulated apoptosis in EEC

In contrast to ESC, EEC showed significantly decreased Brdld in-
corporation into DNA by addition of CXCLIT at 161600 ng/m!
(Fig. 74). At the concentration of 100 ugfml, the level of BrdU
incorporation was down te 77% of the control,

Effects of CXCL11 on cell death of EEC were determined by
measwrement of LDH in the supernatants, As shows in Fig. 78, the
addition of CRCL11 increased the release of LOH from EEC sig-
pificantly. Additions of 100 ng/m} CXCEL11 and 100 ng/ml IPN-y
enhanced the fovels of LPH up w 115 and 150% of the control,
respectively.

Apoptetic effectz of CXCLIL an EEC were ovaluated by swin-
ing of annexin V. Fig 7C shows a representative data. Cells ex-
pressing annexin V {fower and upper right qpavirants combined)
were defined as apoptotic dells. The poecentage of apoptotic cells
in CXCL11- and IFN-v-stimuduted cells was higher than that in the
control cells. As shown in Fig. 7D, the combined data from four
independent experiments demonstrated thal apoptotic cells werz
significantly increased by CXTLI at {00 ng/ml.

Discussion

In the present stady, we demonstrated that IFN-y tnduced produs-
fion of the chemokine CXCL11 in EEC and thai the receptor of
CXCE, €XCR3, is expressed in EEC. ESC, and trophoblast cells.
CXCL1 secreted from BEEC stimulated migration of trophoblast ceils
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and T cells, In addition. CXCL11 stimuluted proliferation of BSC and
apoptosis of EEC,

The present finding that IFN-y induced the production of
CXCLIT in BEC in & markedly larger amount than in ESC implics
an endometrial responst 1o the adjacent embryo in apposition and
attachment, an initial phasc of implastation. ¥FN-y production
from the homan embryo is highest when i develops a blastocyst
and reaches a point of apposition in the aterus (8), suggesting that
TEM-y have regulatory roles al the beginning of implantation of the
emhbryo. The endometrial epithelium is an important clement
where the molecular interactions betwesn the embryo and the
endometrivm commence (2-4). Therefore, it s feanible that
embryo-derived IFN-y play important reles for implantstion
purily by provoking CXCL11 production in BEC.

CXCLI1 had a positive proliferative effect on BSC and a neg-
ative effect on EEC, while both celiz have CXCR3, a receptor of
CXCLIL. It has been reported that CXCR3I Yigands, CXCLY,
CXCLIO, and CTXCLLL up- or down-regidute cell profiferation in
a cell type-dependent wanner, For example, they stimulate prokif-
eration of human vasewdar pericytes, including glomerular mesan-
gial eclis (38, 39) and swooth muscle cells (407 whereas they
inhibit growth of vasculer endothelial cells. 11 is interesting o note
that the reverse response pattern demonstrated in ESC and EEC
mimics that observed in vasoular perdoytes and endothelial cells. In
a recent study, TXCR3-B, when activated by its ligands, indvess
apoplosis ad fohibits cell proliferation (31). In contrast, activated
CHRCR3-A induces cell proliferation (31). The present study dem-
onstrated that CXCR3-B was mainly expressed 3o EEC and both
CXCR3-A and -B were expressed in ESC, The opposite functions
of CXCL1! on eclt proliferation might be explained by the inter-
action of CXCL {1 with CXCR3 varianis.

The preseat study showed that CXCL11 induced a biphasic ac-
ftvation of p42/44 MAPK. Intersction betweea CXCR3 and its
ligands fcads to p42/M4 MAPK activation, whose pattern is cither
monophasic or biphasic 138). A biphasic activalion of pd2/idd
MAPK has been indivated to stionulate progression of the cell ¢y-
cles (41, 423 H is thos speculated that CXCLY1 promofes ESC
probiferation through a biphasic activaiion of pd2/44 MAPK.

Cell death induced by OXCL T may play a physiologics] role in
the process of implantation. Cell death, especially apoptosis, of
endometrial epithelial cells occurs in implantaiion sites not only in
mmice (43), ms (4), and hamsters (43), bui alse in humans (3, 461,
Embryo-induced apoptosis of epithelial colls is an important soech-
anism for invading the fuminal epithelivm and breaching the epi-
thelial barrier; the immedisfe consequence ¥ that the wophoveto-
derm come in direct contuct with the basement membrane and,
then, stromal invasion can proceed (33 The apoptotic mechanism
in endometrial epithelial cells s triggersd by a direet contact be-
tween blastocysts and epithelial cells (3}, In view of the present
finding that IFN-y and CXCLI{ induced apoptosis of EEC, we
specuiate that embryo-derived 1EN-y kills EEC for implantation
and that the apoptotic effect is partindly indebted 10 IFN-v-induced
CXCLIT in EEC.

A chemotactic activity of CXCRS ligands, including CXCLIL,
on the trophoblast may subserve spreading and invasion of ixo-
phoblast cells during the fmplantation period. Multiple factors such
as insulin-like growth factor 1, insofin-like growth factor-binding
profein-1, endothelin-}, and heparin-binding epidermal growih
factor have heen shown to promote migration of wophobiast cells
into the endometriuen (47}, 1o an ovine study, CXCL10 expressed
in the endometrivm was suggested (o stimulate the migration and
sttachment of trophoblast cells (19, The preseni study demon-
strated et CXCR3Z ligands, CXCLY, CXCL1Q, and CXCL11,
whick derived from EEC stimulated by IFN-y, increased migration

CXCL11 AND CXCR3 IN THE HUMAN ENDOMETRIUM

of trophoblast cells as well as T cells. CXCR3 expressed on the
trophoblast volts, which was demonstrated by immunohistochem-
istry and flow cylomeiry, may be involved in the chemotactic ef-
fect of CXCR3 ligunds. Taken together, CXCRS ligands including
CNCL11 vould be added to the Tist of chemotactic factors of tro-
phoblast cefls.

Several chemokines expressed in the felal and maternal sanexes
during the carly pregnaney wre thought 1o regulate coliular move-
ment and positioning of leakocytes, which infiltrated inw the sub-
cpithelial stromal regions of the uterus, CXCLY and CXCLI0 are
suspecied to modulate the distribution of levkocyies in the eodo-
metrium, contributing to the establishment of immunologicad en-
vironments suitable for implaniation and subsequent development
{173 Chemotactic aclivily of three CXCR3 ligands on T czils may
also fune the imunupe envirenments of the endometrivm for
implantation,

i suminary, we have shown that TEN-y induced expression of
CHCLIY in the endometrial epithelial cells and that CXCR3, the
receptor of CXCLEE, is cxpressed on the endometrial cells and
trophoblast cclis. The demonstrated pleiotropic functions of
CXCLAY on trophoblast cells and endometrial cells are suggesied
to regulate the implantation process of the embryo.
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BACKGROLND: Te analyse risk factors that isfluence the recurrence of endometrioma after Inparoscopic excision.
METHODS: A total of 224 patients who had a minimum of 2 vears of post-operative folfew-up after laparescepic ovar-
ion endometrioma excision were stufied retrospectively, Recurrenee was defined as the presence of endometriomn
more than 2 cm in size, detected by oltrasonography within 2 vears of surgery. Fowrfeen variables {age, presence of
infertility, pain, uterine myoma, adenomyesis, previous medical treatment of endometriosis, previons surgery for ovarian
endometrioss, single or muliiple cysts, the size of the largest cyst at laparoscopy, wuilateral or bilateral involvement,
co-existence of deep endometriosis, revised American Society for Reproductive Medicine {ASRM) score, post-operative
medical treatment and post-operative pregnancy) were evaluated to assess their independent effects on the recorrence
nsing logistic vegression analysis. RESULTS: The overall rate of recurrence was 30.4% (68/224}. Significant factors
that were independently associated with higher reenrrence were previons medieal freatment of endometriosis [odds
ratio (OR} = 2.324, 95 % confidence interval {95 % CI) = 1.233-4.383, P = 0.0092) and larger diameter of the largest eyst
{OR =1.182, 95% CI = 1.004-1.391, P = 6.0442), Post.operative pregnancy was associated with lower recorrence (OR =
0.292, 955 CI = 0.028-0.317, P = 0.0181). CONCLUSIONS: Previons medical treatment of endometriosis or large cyst
size was a significant factor that was associated with higher recurrence of the disease. Post-operative preguancy is a
favourable proguostic faetor.

Key words: endometriosisfiaparoscopyfovary/recummence/risk factors

Introduction {(Busacca €2 ¢f.. 1999}, When plansing a laparoscopy, gynaecologists

Ovarian endorietrioma is a common disease lesion among women
with endornetriosis. Regardless of ity symptoms, surgery is most
frequently chosen far its treatment because medical freatment
alone is inadequate (Jones and Sutton, 2000, In addition, a likeli-
hood of malignant change in this disease is not negligible (Nishida
et af., 20000, and Ewopean Soctety of Human Reproduction and
Embryology (ESHRE} puidelines recommend that histelogy
shonld be obtained to exclude malisnancy in cases of endomeiri-
oma of more than 3 cm in diameter Keanedy er ol., 2065},

Because this disorder is commouly dingnosed in women of

reproductive age {(Gindice and Kao, 2004), laparoscopic exci-
sion of endometrioma, instead of cophorectomy, is applied for
most cases. When It is done in infertile woman, laparoscopic
excision 1s afso known 10 Improve fertility (Beretta ef of,, 1998).

One of the most Sustating aspects. of treating endometrioma
with laparoscopic excision is disease recurrence after surgery

should be aware of sach mdividoal’s expecred likalihood of
recurrence as well as her symptoms and desire for current or
future fenility. By having information about factors that may
be related o arecurzence of ovarian endometrioma, gysaecolo-
gists will be able ro distinguish patients at risk, optimize the
timiag of laparascopy and plan pre- and post-operative man-
agemnent properly. However, lide study has been done © ana-
lyse various variants that may have impacts on a recumence i
endometrioma after laparoseopic excision,

To date, recurrence of ovarian endometrioma after laparos-
copy has alwayvs been disenssed foonsing on a single factor,
such as the effect of post-nperative (Muzi ef of., 2000} or pre-
operative (Muzii ¢f ¢l., 19967 medication, the method of lapars-
scopic weatment (Saleh and Trdandi, 19993 and the anatomical
location {Ghezzi et al., 2001). There is only one muliivariate
analysis that amalysed six variables on the recumence of
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endometrioma by Busacea ef al. (1999%. To analyse risk factors
that might influence the recurrence of endometrioma after
Iaparoscopic excision, we retrospectively evaluated 4 varia-
bles 1o assess their independent effects on the recirrence.

Miaterials and methods

Subjects

A toial of 224 pauents who had a minimwn of 2 years of post-operative
follow-np after faparoscopic ovarian endometriomn excision performed
at University of Tokyo Hospital between 1985 and 2002 were studisd
relrospertively. Patient characteristics are sunimarized in Table L
Institutional Review Board approval was not requested bacanse fapar
oscopic excision of endemettioma is the standard treatment used in
our departnient, All the procedures followed wets in secordance with
the revized Daclaration of Helsinki, and patients gave informed con-
sent before surgery.

We did not rontinely administes pre- or post-operative medical ther-
apy, however, some of the patents were given medical thermpy
according to their specific needs, e.g. ralief of pain. One hundred and
two patients had underpone medical treatment previously. Among
ther, §5 had continued their medication unti the oparation, The average
duration of pre-opetative medical therapy was 9.7 months, Post-oparative
medical therapy was given in 32 cases. The average duration of post-
cperative medical therapy was 9.5 monthe. More detailed information
abowut the medication is snmmarized in Table L

Surgery

Laparoscopic excision of ovarian endometroma was performed as
follows. After inspection of the pelvis, the ovary was freed from any

1anle . Charsciiristies of patients

Faciors Number of cases (%}
Age {years} 332254
Infertility T6{33.9)
Pain 131 (38.5)
Presence of uterine myoma 1I8¢68.1}
Presence of adenvayosis W 0%
Previous medical treatment of endometriosis 102 {43.5)
FPrevious suegery of ovariag endometrioma {134
Multiple cysts S8 418
Lacpest cyst diameter (om} §rzi®r
Bitateral involvement 23379
Co-existence of deep endometriosis G281
Revised ASRM score 81+322
Past-operative medical trepiment I2{14.2
Post-operativa pregnancy 39174

ASRM, American Society for Reproductive Madicine
*Mean £ SD.

‘Table 1t Number of patients who underwent medical wealmem before
and after the operaten

Treatmen! Mumber of patients who underwent medical
treatmeni
Before operation Affer operation
GaRH agoumist 87 15
Danazol 21 5
Orat contraceptives ) 13
2172

adbesions. A sharp cortical incision was made, and 3 cleavage plane
was identified. The capsule of the cyst was stripped away from the
normal ovanan tssue completely, using bilateral raction and sharp
dissection. Other eadometriotic paritoneal implaaty wege excised
with seissors or coagulated with bipolae  elsctmocoagulation
completely, whereas a part of deep endomerriosis might be left
untreated. Haemostasts waz accnsately achieved with bipolar
electroroagulation.

The recurrence of ovatian endometrionya was defined as the pres-
eace of eysts with a typical aspact dawected by transvaginal ulma-
sonopraphy {Exacoustes of ol 2003} piore than 2 cm in diameter
within 2 vears of surgery. When the cyst was indistinguishable from a
transient corpus lnteum eyst or an intracvarian haematonma, the dingnoss
of recurrancs was made only when the vyst had not disappeared after
several succasstve menstrual eyeles. Fourteen variables fage, presence
of inferdlity, pain, wedve myoma, adsnomyosis, previous medical
reatment of endometriosis, previous surgery for ovarian endometio-
sis, smigle or multiple cyats, the size of the largest oyst (see abstract) at
laparoscopy. vnilateral or bilateral snvolvament, co-existence of desp
endomelnoss, revised american spoiety for reproductive medivine
{ASRM) score, post-operative medical treatment smd post-operatve
pregnancy} were evaluated to assess their effects onthe racmrence of
ovanan endometrionia. The pain was defined as tequidng analgesia az
Izast once a month for dysmenorrhiea or clwonie pelric patn. Univari-
ate analysis of the possible rsk factors for vecurmence followed by 2
forward step-wise vadable selection and logistic regression analysis
were performed 16 eliminate confounding factors. A P value of less
than 0.03 was considerad siatistically significant.

Results

The overall sate of wevmence was 30.4% (6872243, Table IH
presents P values, odds ratio (OR) and 95% confidence interval
{95% CI) of vnivariate and logistic regression analysis.

Using uvaivariate analysis, age, presence of infentility, pain,
wering myoma, adenomyosis, previons surgery for ovadan
endometrioma, single or multiple oysts, onilateral or bilareral
involvement, co-existence of deep endometricsis and post-opera-
tive medical weatment did not significantty influence recurrence.
Previous medical treatment of endometriosis. larger diameter of
the largext cyst and higher revised ASRM score appeared 1o be
asseciated with Mipher recurrence, whereas post-operative preg-
nancy was associated with lower disease recnreence,

According to a forward step-wise vasiable selection, five
variables {pravious medical weatment of endometriosis, the
size of the larpest oyst at laparoscopy, co-existence of deep
endornetriosis, revised ASRM score and post-operative preg-
nancy) were selected for logistic regression analysis. Signifi-
cant factors that were independently associated with higher
recurrence were previous medical treatment of endometriosis
[rate of recurzence was 25.5% (297112) versus 38.2% (39%/102)
i untreated versus treated patients, respectively, OR = 2,324,
95% CI = 1.2324.383, P = 0.0092] and larger diameter of the
fargest cyst (OR = L.182, 55% Cl = 1.004-1.351, P = 0.0442).
Neither co-existence of deep endometriosis nor higher revised
ASRM score was significantly associated with recmrrence.
Post-operative pregnancy was significantly associated with
lower rectmence frare of recurrence was 34.1% {63/185) ver
sus 12.8% (5/35) in no pregnancy versus pregnancy group,
respectively, OR =0.202, 95% QI =Q.028-0,317, P = 0.0181],
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‘Faple L. Univariate and logistic regression analysis of factors felated to the recurrence of pvarian endometrioma

Faclons Cuivariste analysis  Logistic regression analysis
F valves Pualoes  Oddsratio
{35% confydenee interval)

Age {yeass) N&

Infetility NS

Bain NS

Presence of Oterine niyora NS

Presence of adeacmynsis Ng

Previous medical weabment of endometrinsis <05 01 323 (1232 4.385%;
Previous surgery of ovarian endometrioma NS

Multiple cysts N3

Laggest cvst dimueter (o) 05 <005 L1821 0041 30
Bilaters] involvement NS

Co-existence of deep endometriosis NS NS 0456 (0.158-1.052)
Rewvised stote NS NS 1010 (1 0001 0213
Post-operative medical tealment NS

Post-operative pregnancy <005 (05 0282 (0028-0.317)

ASRM, American Society for Reproductive Medicine

Discussion

Many previous siudies discussed the recurrence of ovarian
endometrioma after laparoscopic excision, i view of reqnitements
of reoperation {Busacea ¢f ol., 1999; Saleh and Tulandi, 1999,
Abbott ef ¢l., 2003} or pain recwrence (Busacea of al., 199%;
Abbott ¢f al., 2003). In this stady, we focused on the mecha-
unism of ovarian endometrioma recurrence per se and used a
definition of the recurrence as the presence of cysts more than
2 cm in diameter by ultrasonography, which might be rather
ohjective and cover minimum lesions. Under this definition,
we gbserved a recurrence rate of 30.4%.

The patient’s age, presence of infertility and pain did aot
significantly inflnence the recurrence, The presence of neither
wierine myorma nor adenomyosis was sigpificant. As for the
characteristics of endometrioma, single or multiple cysts and
unilateral or bilateral ovarian involvement were nof significant,
whereas patients with larger endometrioma had higher proba-
bilify of recurrence, which agrees with the finding of earlier
stadies (Busacca ¢f af., 1999:; Saleh and Tulandi, 1999).
Because most ovaray endometrioma are associated with extra
ovariat endometriosis (Radwine, 1999), we evaluated revised
ASRM score and co-existence of deep endometriosis. Revised
ASEM score did not independenfly correlate the recurrence.
Co-existence of deep endometriosis did not influence the
recurrence either.

A new observation demonstrated in this study was that pre-
vious medical treatment of endometriosis was a significant factor
that was associated with higher recurrence, whereas previous
surgery of ovardan endometriona was not. The less-favourable
prognosis for women who have already had medical treatment
may be explained by nwo possible reasons. The firsf is that the
medication may mask endemetriotic lesions and allow them to
escape from removal ar operations. Because more than half of
the women whe were calegorized into previous medical treatnent
group had continned their medication unil the time of npera-
tion, it may be possible that the medication might yield latent
esions that remain and recur after the operation, Dur findings
mayv also support the suudy of Muzii ¢ of {1996), which
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suggests that pre-operative GuRH agonist wearment does not
seeq to offer any advantage in terms of surgical performance
based on various parameters including recurence rares.

The second possible reason for negative iinpact of medical
treatment on endomemioma recurrence is that hormonal sup-
pressive therapy may aler some genomic characreristics of
endometniotic lesions. As for maliznant transformation of
esndometriosis, it is proposed that hormonal ablative freatiments
may cause negative seleciion, suppress the normal, enkaryotic
cells more than aneuploid cells bearing chrompsonnd aberrations
and imerease the rate of dyskarveric cells in the endometriotic
implants {Blamenfeld, 2004), We suppose that the ‘negative
selection’ may also contribute 1o the recurrence of disease, mak-
ing the lesion mere active, progressive and prooe 1o recurrence.

Patient with post-operative preguancy had a much lower rate
of recurrence, which indicates that subsequent prepnancy may
have a poetective effect on endometrioma recurrence, On the
confrary, laparoescopic excision of endometrioma is known 10
improve fertility, when it is done in infertile women (Berena
et al.. 1998}, Taken together, gymascologists should optimize
the uming of laparoscopy according 1o the patient’s desize for
current and future pregnancy.

Our study was in line with previous observations that post-
operative medical weatment did not significantly infinence dis-
ease recurrence {Bianchi et &/, 1999; Muzi et af., 20600; Busacea
et al., 2001). Three-month GnBH analogue {Busacca ¢t «l.
2001) or danazol (Bianchi ef af., 1999) therapy affer laparos-
copy was demonstrated to provide no significant advantage in
preveniing disease recurrence. Post-operative administration of
low-dose cyclic oral contraceptives for § months had also no
significant effect on the long-tenn recurrence rate of endome-
rioma (Muzii ef of,, 2000). However, the teatment period of
these studies. and also ours, was less thar 1 year, and there is
no mformation about the effect of longer period of treatment. It
is therefore possible thar imedical treatments longer thag | year
may have an effeer 1o prevem endometrioma recurrence, Fr-
ther sudies, e.g. randomized controlled wials, are needed to
determine the effectiveness of these therapies.
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In summary, this study demonstirated significant factors that
were independemly associated with a higher or Jower recurrence
of endometrioma afer laparoscopic excision,
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Adiponectin, a pleiotropie cytokine, exerts ifg effects via the
specific receptors AdipoR1 and AdipoR2. Whereas cireulating
adiponectin concentrations decreasge in wonen with endome-
triosig and endometrial cancer, possible effects of adiponectin
and the presence of the receptors in the endometrinm bhave
not been deiermined. In this study, we examined the expres-
sion of adiponectin receptors Adipolll and AdipoR2 in the
human endometrium and assessed effects of adiponectin in
endometrinl cells, Expression of AdipoR1 and AdipoRt2 in en-
dometrinl tissues was evaluated by real-fime guantitalive
PCR, fnt siha hybridization, and Western blotting. The effects
of adiponeciin on phosphorylation of AMP-asectivated protlein
kinnse, a regulator of energy homeostasis, in cultured endo-
medrial stromal celis (ESCs) and epithelial cells fBECs) were
studied by Western bloiting. The effeets of adiponeciin on
L1 panduced seeretion of IL-6, 1L-8, and monoeyte chemo-

aftraciant protein 1 from cultured ESCs were determined us-
ing specific ELISAs, The expression of AdipoR] and AdipoR2
was detected in the endometirivm. The expression of both
genes was increased in fhe midlutenl phase, the period of
emwbryo implantation. In gitu hybridization revealed thatbotlh
Adipollt and AdipaR2 sppeared to be equally expressed inthe
epithelinl celleand in the stromal cells, Adiponectin incrensed
phosphoryiation of AMP-activaied protein hinasein ESCs and
EECs. Adiponectin deereased IL-183-induced secretion of 11-6,
1L-8, and monocyie chemonttractant profein 1 from ESCs.
These findings suggestthat adiponectin egerts energy-homeo-
static snd antimflammatory effecls in the endometrinm, and
these effects might be relevant to pathological and physivlog.
ienl endometrivm-related events such as implaniation and
endometriosis. (Endverinelogy 147 3203-3210, 2006}

DIPOMNECTIN IS A hormone that structuzally belongs
to the complernent g family (1). It is highly expressed
in differentiated adipocytes and circulates at high levels in
the bloodstream (2-5). Adiponectin levels both in adipose
tissue and in circulation are reduced in obesity (2, 3). An
increasing body of evidence indicates that adiponectin plays
an important role in regulating energy metabolism and in-
sulin sensitivity (3, 6). In addition to its antidishetic effects,
adipenectin has been shown to have plefotropic activities
such as antiinflammatory, andangiogenic, and antiathero-
sclerotic effects (7-9).

Two adiponectin receptors {AdipoR1 and AdipoR2) have
recently been identified (10). The receptors contain seven-
transmembrane domains but are siructurally and function-
ally distinct from G protein-coupled receptors. Activation of
these receptors phosphorylates AMP-activated protein ki-
nase (AMPK), a regulator of energy homeostasis of the ceil,
and stimudates fatty acid oxidation and glucose uptake. In
mice, AdipoR1 is abundantly expressed in the skeletal nuis-
cle, whereas AdipoR2 is predominant in the liver (10} In

First Published Ondine April 6, 2086

Abbreviations: AICAR, 5-Aminubnidazole-dcarboxanide-1-g-p-ri-
boturanoside; AMPE, AMP-activated protein kinase; DIG, digoxigenin;
EEC, endormetrial epithelial cell; E5C, endometrial sirornal call: FBS, fatal
bovine serum; GAPTIH, glyceraldehyded-phosphate dehydrogenase;
MCP, monocyte chemeattractant protein; 55C, standard saline citrate,
Endocrinalogy is published monthly by The Endocrine Society thitp:¥
wivw.endo-seciety.org), the foremost professional society serving the
endocrine community.

humans, although the expression of the receptors has been
repotted in a few tssues and cells {13-15), the expression in
reproductive organs has been poorly understood.

A growing body of evidence indicates that many adipo-
kines, including adiponectin, have biological implications for
female fertility {16). Interestingly, we and others have re-
cently demonstrated that serum adiponectin levels are de-
creased in women with endometriosis (17} and endomefrial
cancer {18, 19). Given the diverse effects of adiponectin, these
findings imply that adiponectin exerts some effects on the
endometrivm.

With these backgrounds, we surmised that the adiponectin
receptors are expressed in the human endometrium and that
adiponectin has possible effects therein. To address this the-
sis, we studied the presence of the adiponectin receptors in
endometrial tssues, and adiponectin-induced activation of
the receptors was examined by measuring AMPK phosphor-
ylation of endometrial cells. In addition, effects of adiponec-
tin on 1L-18-induced secretion of IL-6, IL-8, and monocyte
chemoattractant protein (MCP)-1 from the endometrial cells
was determined, considering that these proinflammatory cy-
tokines are impostant in pathology and physiology of the
endometrivm (2022}

Materials and Methods
Reagents and materials
Type 1 collagenase and antibiotics {a mixiure of penicillin, strepio-

mycin, and amphotericin B} were purchased from Sigma Cherical Co.
{St. Louis, M), DMEM/Ham's FI12 (F-12) medfuem was from Life Tech-
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nologies, Ine. (Grand Island, NY). Human recombinant adiponectin was
obtained from R&D Systerns {Minnwapelis, MN} and generated in our
laboratory {8} B-Aminchnidazeled-carboxamide-1-f-p-ribofuranoside
{AICAR} was vbtained from Torontn Research Chemdcals (Toronto, Can-
ada}. Anthuman rabhbit antibodies of AMPK-x {no. 2532) and phospho-
AMPK-er {no. 2535} were from Cell Signaling (Beverly, MA), Rabbit
antibodies for AdipoRl (ADIPORIZ-A) and AdipoR2 {ADIPOR2Z.A}
were purchased from Alpha Diagnostic International {San Antonio, TX).
Antirabbit horseradish peroxidase secondary antibody was from Am-
wrsham Blosciences (Little Chaliont, UK. Recombinant IL-1f was pur-
chased from Genzyme/Techne (Minneapolis, MN}. Charcoalstripped
fetal bovine serum (FBS} was from HyClone (Logan, UT). Deoxyribo-
ruclease 1 was from Invitrogen (Cardsbad, CA).

Collection of samples

Endometrial Sssues were obtained from women underguing hyster-
ectomy for benign gynecological conditions. In tofal, 77 women aged
32-45 yr ware recruited tp the present study, Al women had regular
menstrizal cycles, and none had received hormonal treatment for ableast
& months before surgery. The tissues collected under sterile conditions
werg processed for primary cell cultures. The phases of the menstrual
cycles ware determined and classified as early, mid, and late prolifer-
ative and secretory phases according to the Iast and next menstrual
periad, basal bedy temperattre, ultrasound findings on the endome-
trium and ovarian follicles, and standard histological criteria by Noves
af al. {23} Subcutaneous fat tissues of the abdomen were obtained from
three women during hysterectomy. The tissues for mRNA extraction
and Waestern blotanalysis were snap frozen in liquid nitrogen and storad
at 80 C. The dssues for in situ hybridization were Hxed overnight in
1% formalin neutral buffer solution, subsequently dehydrated with a
saries of ethanol washes, and embedded in paraffin. The tssues for cail
cidture experiment were provided for additional preparation.

The exparimental praocedures were approved by the institutional
review hoard of the University of Tokye, and signed informed consent
for use of the sample was obtainad from each woman,

Isolation and culture of human endometriol stromal and
epithelial cells

The iaolation and cultere of human endometrial stromal cells (E5Cs)
and epithelial calls (FECs) were processed as desenbed previously {20,
21, 24). Prosh endometrial bopsy specimens collected in a sterile me-
dinm were Tinsad 1o remove blood cells. The tissues were minced into
small pieces and incubated in DMEM/F-12, containing 0.25% type |
collagenase and 15 U/ml deoxyribonuclease §, for 60 min at 37 €. The
msuttant dispersed endomeirial cells were separated by fltration
through a 48}-um nylon cell strainer {Becton Dickinson and Co,, Frankiin
Lakes, NJ). The endometrial epithelial glands that remained intact were
retained by the strainer, whereas the dispersed 185Cs passed through the
strainer into the fitrate.

ESCs in the filtrate were collected by centrifugation and resuspended
in phenol-red-free MM/ F-12 containing 0% charcoal-stripped FBS,
1/ md pandcillin, 0.1 me/ml streptomyein, and 0.25 mg /mi amphe-
tericin B. The ESCs wera seaded in 2 100-mm culture plate and kept at
37 Cin a humidified 3% C0,/95% air atmaosphere, At fhe first passage,
the cells were plated into six- ar 48-well culture plates (Becton Dickin-
son} at a density of 2 ¥ 10° celis/mi. The cells reached confluencs in 2
or 3 d and then were used for the experiments,

EECs were collected by backwashing the strainer with DMEM/F2 con-
taining 1% charcoabstripped FBS, seedied in a 10 aun plate, and incubated
at 37 C fur 60 min to alfow contaminited BSCs to attach to the plate wall. The

T, 1. Expression of adiponectin, Adipelll, and AdipoR2
mENA in the endometrium, as detectad by standard RY.
PCR. Total RINA waa exiracted from endomeirial Hissues,
cultured EECs, and ESCsin the proliforative phaze and the
secrafory phaze. Suboutaneous ful tissues were uzed for
positive controls. For nepative controls, BNA without BT

way uged, bane T, endometrial tissuey; lune B, EEGCs, lune AdipaR]
8, ESCz; lane F, se far tissues; lane M, DNA molecular AdipoRiz

waight standards. The data shown are representafive of
three different samples io eack phase.

adiponectin §
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nenattached EECs were recovered and cudtured in the culture medium ot a
density of 2 % 107 cells per well into a 12-well adture plate. The cells that
reached confluence in 3 or 4 d were used for the experiinents.

The parity of both the stromal and epithelal cell preparations was
more than 95%, as judged by positive cellular staining for vimentin and
eytokeratin, respectively.

Treatient of the cells

When the BSCs and FECs wers approaching confluence, the complete
media were removed and replaced with fresh media and antibiotcs, and
the celfs were cultured in serum-free media for an additional 12 h. To
examina whaether AdipoR1 and AdipoR? functioned in ESCs and FECs,
the zells were incubated with adiponectin for (-6 minor 1 s AICAR,
an experimental tool to activate AMPK, for 1 h. To evaluate the effects
of adiponectin on the H-1g-induced praduction of IL-6, IL-8, and MCP-1
in ESCs, the vells were incubated with or without 50 g /mi adiponectin
in serum-free media for 24 b and then stimulated with 5 ng/mt IL-18
in serum-free media for 34 b, according to our previous study (22},

RNA extraction, BT, standard PCR, and real-time
quaniitetive PCR of adiponectin, AdipoRI, and AdipoR2

TForal RNA was extracted individually from the endometrial tissue,
ESCs, and BECs using an Rieasy minikit {QIAGEN, Hilden, Germany).
One microgram of total RNA was roverse transcribed in a 20-pd volume
using ReverTra Acew {FOYOBO, Oszka, Japan). Standard PCR was
performed wsing ReverFra Dash (TOYOBO) according o the manufac-
turr's instructions, Human glyceraldehyde-3-phosphate dohydroge-
nasg (GAPDH) primers {TOYODO) were used to ensure the quality and
amaounts of RINA. For negative controls, RNA without RT was used.
Adiponectin primers (sense, 3"-AACATCCCCATTCGCTTTACY; an-
tisense, B -ATTACGCTCTCCTTCCCCAT-A) were chosen to amplify a
258-bp Eragment. AdipoRT primers {sense, 5-AAACTGGCAACATCT-
GGACCS; antisense, Y -GCTGTGOGCAGUAGTAGAAGSY) were
chosen to amplify a 300-bp fragment. AdipoR? primers {sense, 5'-
ACAGGCAACATITGGACACA-3 andsense, 5-CCAAGGAACAAA-
ACETCCCA-3"Y were choson o amplify a 267-bp fragment. Both Adi-
poR1 and Adipol? primers span introns. PCR conditions for amptifi-
cations of adiponectin, AdipoR1, and AdipaR2 wers 30 cycles at 98 C for
10 see, 60 C for 2 sec, and 74 C for 15 sec. PCR products were analyzed
by agarose gel electrophoresis with ethidium bromide,

To assess adiponectin, AdipoR1, and AdipoR2 mBNA expressivs, real-
Hie guantitative PCR and data analysis were parformed wing LightCycler
Rovhe Diagnostic GmbH, Mannheim, Genmany}, according o the sman-
vfactarer’s instructions. Expression of adiponectin, AdipoR1, and AdipoR2
mRNA was nommalized to RNA loading for each semple using GAPDH
mRNA, fur which expression was substantially constant during the men-
strutal eyele, as an internal standard. The primers foradiponectin, AdipoRi,
AdipoRZ, and GAPDH were the same pe thuse used for standard PCR RCR
ronditions were as follows: for adiponectin, 40 cycles at 85 C for 15 sec, 65
CAor & sec, and 72 Cfor 12 sec; for AdipoR1, 35 oycles at 95 Cfor 15 sac,
65 for Bsec, and 72 Cfor 12 sec; for AdipoR2, 35 cycles at 95 Cfor 15 sec,
65 € for 8 sec, and 72 C for 11 sec. Al these POR conditions were followaord
by melting curve analysis,

Each PCR product was purified with a QIAEX 11 gel extraction kit
{QIAGEM), and their identities were confirmed using an ABI PRISM 318
zenetic analvzer {Applied Biosystems, Foster City, CA)

In situ hybridisation

To prepare the digexigenin (DIG)-labeled RNA probes for adiponec-
tin, AdipoR1, and AdipoR2, the 288, 380-, and 267-bp fragments of the

posins® Profiferative phase Secretory phase eean®
M F ¥ s T E 5 g M
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human adiponectin, AdipoR1, and AdipoR2 <DMNA, ebtained by RT-
PCR with the primers described above, were subcloned into the appro-
priate restriction sites of the PCR B-TOPO vector (Invitrogen). After
linearization of plasmid with an appropriate enzyme, the linearized
vectors were used as fernplates for the synthests of DIGdabeled RNA
probes using 506 or T7 RENA polymerase,

In situ h¥bﬁdi2aMn was perfotimed using ant ISHR Starting kit{Nip-
pon Gene, Toyama, Japan} according 1o the manafacturer's instructions.
The paraffin-embedded specimens were sliced at a S-pm thickness,
These sections were mounted on poly-t-lysine-treated slides, deparaf
finized, and rehydraied. They wera further digested with 5 mg/ml
proteinase K for 10 min at reont temperature, treated with 0.17% acetic
anhydrate, and then sabjected o treatment with prehybridization. so-
Iution containing 50% formamide and 22 standard saline citrate (85C)
{1 85C consists of 0.15 m NaCl and 0.015 v sodiam citrate) for 30 min
at 42 C. The probe was diluted 1o a concentration of 0.5 pg/ml in
hybridization buffer. Hybridization was carried out by applying the
diluted probe (150 &l to each side section. Each secton was ncubated
in & humidified chamber overnight at 42 C.

Slides were washed three times in washing solution (5% formamide
angd 2% 85C) for 78 min sach at 42 C, treated with ribonuclease for 3¢ min
at 37 C, andd washed thrae times in 0.1 55C for 20 min each at 42 C, After
belng blocked with bHlocking solution, the sections wete incubated with an
anH-DG, alkaline phosphate-conjugated antibody (1:500; Roche) for 6 min
at room temperature, and washed three times In washing buffer. Colar
devalopment was carrled out by ovedaying them with 4-nitroblue tetra~
zotium chdoeide and 5-broma4-chioro-3-indolyl-phosphate {(NBT-ECH;
Roche), and they were incubated in 2 Inunidified chamber in the dark for
12 b at room temperature. Al sectivns were evaluated under Bght indcre-
scope. Sense probe hybridization was used as a control for background level,

Western blot analysis

Cultured cells and endometrial tissues were homogenized in the
lysis buFfer containing 50 ma Tris-HCE (pH 6.8}, 2% sodium dodegyl
solfate, 16% glycerol, 50w dithiothreitel, and 0.1% bromophenel
blue, The lysates were farther diluted with Iysis buffer to give a final
concentration of T mg total protein/ml Samples of 20 pg protein per
lane were resolved by 10% (for total AMPK-o and phospho-AMPK-a}
and 14% {for AdipoRi and AdipoR2) SUS-PAGE. Proteins were trans-
fersed onto a nitrocellulose membrane and sncubated with antirabbit
antibodies to AdipoRl 6 ug/mi) and AdipoR2 (5 ug/mil), tofal
AMPK-x {1:1000), or phospho.specific AMPK-a {$:1000) as primary
antibodies and antirabbit horseradish peroxidase as a secondary an-
tibody (1:1000). Immane comploxes were visualized by use of the ECL
Woestern blotting system {Amersham Biosciences).

Measurement of I1L-8, IL.-8, and MCP-1

Concentrations of IL-6, 1L-8, and MCF-I were measured using a
specific ELISA kit (Quantikine; R&D Systems) according to the manu-
facturer’s protocel as described previously {22, 25). The sensitivities of
the assays wore 3,12, 15.6, and 31.2 pg/mi for 15, 11-8, and MCP-1,
mspectvoly, The intraassay and interassay coefficients of variation were
loss than 5% o these assays.

Statistical analysis

Data were checked for normal disteribution using Bartlett test and
evalnated using ANCOVA with pest hec analysis (Fisher’s protected least
significance} for mubiple comparisons, P < 805 was accepted a5 sta-
istleally significant.

Results

Expression of adipanectin, AdipoR1, and AdippR2 mRNA
in endometrial fissues, EECs, and ESCs

The expression of adiponectin, AdipoR1, and AdipoR2
mRNA in endometrial issues, BECs, and ESCs were detected
by standard RT-PCR analysis {(Fig. 1}. A signal of the same
size was detected in control sc fat tissues.
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¥, 2. Expression of adiponedtin (A), AdipeR1 (B), and Adipoll2 (&)
mRNA in the endometrivm throughoust the menstrual eycle, Endome-
trial {issuns were obtained from 28 woemen {early proliferative amd mid-
seeretory phase, n = 4; mid and Ine proliferative and early and late
wecratory phase, n= 55, Toltal RNA isclated from the endomuetrisl tissues
was reverse {ranseribed and amplified by real-thme PCR using primers
for adiponectin, AdipeR1, or AdipoR%, The data were calenlsted by sub-
tracting the signal threshold cvcles (Cypd of the internal standard
(GAPDH) from the Crp of adiponactin, AdipoB1, or AdipoRY. Values are
the mean = S A, %, P < 0.01 vs. labe proliferative and early ued late
secretory phase; B, *, P < (.01 vy, early, mid, and late prolifurative, and
eurly secretory phase; C, *, P < (.05 ve. afl other groups.

Expression of adiponeciin, AdipoR1, ond AdippR2 mENA
in the endometrium throughout the menstrual cyele
Real-fime quantitative PCR analysis showed adipenectin,
AdipoR1, and AdipoR2 mRNA were expressed in endome-
trial tissues throughout the menstrual cycle {(Fig. 2). The
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expression levels of adiponectin mRNA were significantly
higher in the early proliferative phase comyprared with those
in the late proliferative phase and the early and late secretory
phases (Fig. 2A), The expression levels of AdipoR1 mRNA
were significantly higher in the mid-secretory phase com-
pared with the early, mid, and late proliferative phases and
the early secretory phase (Fig. 2B}. The expression levels of
AdipoR2 mENA were significantly higher in the mid-secre-
tory phase compared with all other phases (Fig. 2C).

In vive expression of adigonrectin, AdipoR1, and AdipoR2
mRNA in the endometriun

In situ hybridization demonstrated that AdipoR1 and
AdipoR2 were all expressed in glandular and luminal epi-

Fig. 3. In sifu hybridization for AdipoR1 (A) and
AdipoR2 (B1in the human endometrivm through-
oui the menstrual svele. Endometrial tissues ob-
tained from 24 women [eaxly (EP), mid (MP3, and
tate proliforative (1P} phase, n = 3; varly (ES)and
iate seeretory (15) phase, n = 4; mid-secratory
{ME) phase, n = 7| were analyzed. Fhe endome- B
trial sections wears hybridized with DIG-Iabeled

antizense (AS) or sense (S) riboprobes. The pic-

fures shown are representafives in each phase

{AS) and MP (8), Magnification, X100, AS

AS

Tskemura et 2l » Adipeneetin Receptors in the Endometrium

thelial cells and stromal cells in all phases of the menstrual
cycle {Fig. 3). Expression levels of AdipoR1 and AdipoR2
mRNA in the mid-secretory phase seemed to be higher than
those in the other phases. The expression levels of each mol-
ecule appeared slightly higher in glandular and luminal ep-
ithelial cells than stromal cells. Adiponectin mRNA was also
detected in glandular and luminal epithelial cells and stro-
mal cells (Fig. 4}. No specific hybridization products were
observed when using the sense riboprobes.

Expression of AdipoR1 and AdipoR2 proteing in
endomelrial iissues, EECs, and ESCs

Using Western blotting, the expression of AdipoR]1 and
AdipoR2 proteins were detected as a bond at 424 and 35.4

AdipoR2
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Adiponectin
secretory

HE

i, 4. B gitn hybridization for adiponectin in the human endome-
frium. Endometrinl sectiops were stained with hematoxylin and gozin
{HE} or hybridized with UIG-labeled antizense {AS) or sensze {8) ri-
boprobes. The zections are of profiforative and secretory phases of the
menatrunl evele. Magnification, 100,

kDa, respectively, in endometrial tissues, EECs, and ESCs

{Fig. 5).

Adiponectin-induced AMPK phosphorylution in ESCs
and EECs

As shown in Fig. 64, phosphoryvlation of AMPK was in-
duced by adiponectin in ESCs in a dose-dependent manner,
The phosphorylation of AMPK was apparent at 5 min and
most prominent at 10 min (Fig. 6B). The phosphorylation
levels were lower with 50 pg / ml adiponectin than with 1mM
AICAR, a pesitive control (Fig. 6C). Phosphorvlation of
AMPK was also induced by 50 pgz/od adiponectin in EECs
(Fig. 6D,

Effeets of adiponeetin on IL-1B-indured IL-8, IL-8, and
MCP-1 production in ESCs

Time-course experiments were conducted to determine
the effect of adiponectin on the production of L6, 11-§ and
MCP-1 in ESCs (Fig. 73 The concentrations of -6, IL-§, and

3

AdipoR1 —

AGipoRE —> i

Pz, 5. Expression of AdipoR1 and AdipoRE proleing in endometricl
tissues, BECys, und ESCa. Expression of AdipoR1 and AdipeR2 pro-
tains were exomined by Western blotting in endometrial tissues,
EECs, and ESCs. Theresult is reprezentative of siy (AdipeR Ll or nine
(AdipoR2) separsie experiments using semples from different
women. Lane T, endometrial tissues; lnne E, BECk; Inne 8, ESCs.

Endocrinstopy, July 2006, 14707:9263-3210 3207

MCP-1 in all samples were above the lower Hmits of the
assays. Preincubation with adiponectin significantly de-
ereased IL-1g-induced IL-6, IL-8, and MUP-1 production in
ESCs with fime, up t0 24 h in culture, compared with the
controls. Significant decreases were seen at 3 h for 1L-8 and
12 b for IL-6 and MCP-L

Discussion

The present study demonstrated the expression of
AdipoR1 and AdipoR2 in the human endometrivum for the
first time. RT-PCR analysis of the endometrial tissues re-
vealed that the gene expression of both AdipoR1 and Adi-
poR2 was significantly increased in the mid-secretory phase
of the menstrual cycle. Histologically, the expression of both
genes was equally abserved in B5Cs and in EECs. In cultured
ESCs, adiponectin stimulated AMPK phosphorylation and
suppressed [L-1p-induced IL-6, IL-8, and MCP-1 secretion.
Adiponectin also induced AMPK phosphorylation in EECs.

The regulation of adiponectin receptors may be complex
and varies depending on the cells and tissues. To date, sev-

A
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e, 8. Phosphoryiation of AMPK by adiponectin in K50z and EECs.
Adiponectin-induced phosphorylation of AMPK was examined by
Western blot analysis. Cell lvsates of ESCs {A-C) and EECs (I3}
troated with the indicated doses of adiponectin for 18 min or for the
indicated times with 50 ug/ml sdiponectin underwent Western blot-
ting using the specific antibodies for phospho.AMPK and tolel AMPE.
ACAR was used as a positive conteol {C). The results are represen-
tative of at least four separate sxperiments using sumples from dif-
forent women.
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i, 7. Effects of adiponectin on the production of 11-6 (A3, IL-8 {B),
and MCP-1 {C) induced by TL-18 in BSUs, ESCs were incubatod with
or without adiponectin (58 pg/mil) for £4 h and then sthnulated with
iL-1g {5 ng/ml) for the indicated fime. Al the end of the incubation
period, the conditioned medis were collected and assaved for concen-
frations of 11-8, I1-8, and MCP-1 by ELISA. Values are the mean =
sEM of guadruplicate cultures. *, P < 0.005 vs. control; #%, P < 0.0001
ve. control. The results are representative of at least three separate
experiments using samples from different woman.,

eral honmones and drugs, such as insulin, GH, fenofibric
acid, and troglitazone, have been shown o up- or down-
regulate the exprassion of AdipoR1 and AdipoR2 {12,26-29).
in the present study, both AdipaR1 and AdipoR2 expression
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in the endometrium was increased in the midluteal phase,
The midluteal phase is a period when the endometrium is
receptive for the embryo and thus is called the implantation
period. A myriad of genes are specifically expressed in the
endometrium during the implantation period {30-32). Taken
together, the increase of Adipolll.and AdipoR2 may be a part
of endometrial change for implantation, and it is intuitively
speculated that the increase is affected by ovarian hormones
and various cytokines that alter characteristics of the endo-
metrium during the period.

AMPK is & fuel sensor to tegulate cellular energy balance,
and it also mediates effects of adipokines in modulating food
intake, body welght, and glucose and lipid homeostasis {33}
Adiponectin stiinulates phosphorylation and activation of
AMPK in the skeletal muscle, and the activated AMPK sub-
sequently induces fatty-acid oxidation and glucose uptake.
Adiponectin algn simulates AMPK in the Bver and promotes
fatty-ackd oxidation and suppresses gluconeogenesis (10). In
view of these findings, the present finding that adiponectin
induced phosphorylation of AMPK in BS5Cs and EECs sug-
gests that adiponectin may regulate energy supply in ESCs
and EECs for an endometrial function such as reception of
the embryo.

In the present study, a considerably high concentration {50
p/ml} of adiponectin induced apparently small levels of
phosphorylation of AMPK. There remains the possibility that
the responses observed were cross-ligand activations.

Adiponectin has been indicated to have antiinflammatory
properties. Although adiponectin inhibits phagocytic activ-
ity and LEPS-induced production of TNF-w and 116 in mac-
rophages (9, 34), it increases the production of the antdin-'
flammatory mediators IL-10 and IL-IRA in monocyte,
macrophage, and dendritic cells (34, 35}, Antiinflammatory
function of adiponectin is also suggested by its inhibiting
LPS-induced 1L-6 production in adipocytes {36). The present
finding that adiponectin sup pressed H-18-induced secretion
of IL-8, IL-8, and MCP-1 in ESCs suggests antiinflammatory
roles of adiponectin in the endometrium,

Whereas the process of implantation entails inflammation-
like evenis (37-d0), exaggerated inflammatory responses
may perturb the integrity of endemetrial functon and lead
to pathological conditions, including abortion and compli-
cated pregnancies, such as preeclampsia and underdevelop-
ment of the fetus. To render the endometrium faverable for
implantation and ensuing fetal development, inflammatory
responses of endometrial cells are suggested to be spatio-
temporally fine tuned {22). In this context, the increased
expression of AdipoR1 and AdipoR2 in the mid-secretory
phase may subserve implantation, augmenting the adi-
ponectin action of suppressing the production of inflamma-
tory cytokines. However, adiponectin does not seem indis-
pensable for pregnancy, because adiponectin-deficient mice
were shown to be fertile (41}

The antiinflammatory effectof adiponectin in ESCs may be
relevant to the pathogenesis of endometriosis. We have re-
cently shown that sersmn and perltoneal fluid adiponectin
levels are decreased in women with endlometriosis {17, 42).
inflammation associated with endometriosis is suggested to
promote the development of the disease. In particular,
iL-1p-induced production of IL-6, IL-8, and MCP-1 in E5Cs
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