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lewels of AFTLL are paradomnically increased in shelstal musde of
type 2 diabetic and obese subjects, compared to lean controls;
moreover, itz expreszion iz reduced in obess subjects weith
weizht loss. Alzo, in ths present work we did not find the wpreg-
ulated expression of AFFL] that was expectsd because of the
high fevels of AdipoR1 in the obeze group, regulatory mecha-
nizm identified in sheletal muscle of the rat model [50]. Thaze
data suggest that buman endometriem of obese znd obesa-PCOS

group presents an alteration of the signaling patiraay begpond
adiponectin receptors. Thess alterations could increase Ensulin
resistanoe and affect the snergy homeostasis in sndometrial celis.
In conclusion, the data of the present icvestigation suggest that
the bypperinsuliniom and nppeaadogendism onditions besides
ohasity present in women with PCOS could have an impact in
endometrial function, provoking a disturbance in the adiponsc-
tin signaling pathway, which is corroborated in the in witro
moded, and this could affect endometrial function and poten-
tially the implantation process.
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was significanthy diminizhed with the combined effect of insulin
phus testosterone (45 %, p<0.01), axd oo changes were observed
in the prezsence of insulin or testosterons alone (33 % diminished,
p>0UD5) Again, with the combéned action of testosterones and
insuling, AdipoR] and AdipoR? protein bevels were diminished in
5t-Tlb cell ne cultures (45 and 46%, respectively ve. bazal),
although no significant effect was obfained with testosterone or
ensulin alore: the same resulfts were obtainesd for APPLL. There-
fore, thess in witro results indicate that the action of adiponsctin
could be disturbad by high concentrations of testosterons and
insulin as in the POOS sitwation, and are in agresment to those
obtained in sndometrial tissuss, specifically, in the endometria
from obese-PCOS women. Finally, testosterone or inculin alons
did oot elicit an important cell response as the combined bor-
monal affect

Discussion

v

Pobyoystic Dvarian Syndromes (FC0S) is a kighly prenaient disor-
der during the female reproductive age whers hyperandrogen-
ism and inculin resistance may coexist Furthermore, 2 high
perceatage of women bearing FODS are obese, and obesity i
linked to insulin resistance at least in a subgroup of patients,
where insulin resistance iz worsened by excessive adiposs mass.
Recanthy, it has been described that the adiposs tissus gensratss
separal polypeptidess [adipocytolines) that may control food
intake or regulate inoulin sencithvity [2B]. Regarding adipokines,
different studiss have demonstrated the relationship between
adiponectin and femals reproduction [29,30]. In the same way,
in humans a relationship between obesity, FCO5, and Jow beveds
of plasma adiponsctin has been described [31-33]. In addition,
diminished plasma lesels of adiponectin are observed in poe-
eclampsia and in lean, obese, and pregoant women with FO0S
[34,35].

Besides the ovarian dysfunction in PCOS, the appropriate func-
ticn of the endometrivm is also afected in these patisnts 2z ewi-
denced in zeveral inwestigations [B-12,36,37), althowsgh no
raports are available concerning the adiponectin patheay mol-
ecules neither in buman endometrivm o in the POOS condi-
ticn. One report has established that the receptors for
adiponectin, Adipoll]l and AdipoR2, are exprased in the haman
esndometrial cell compartments, spitheliz and stroma, theosgh-
ot the menstrual cpde, particulary during the cecretory phase
[16]. In addition, swidequcss show that adipoerectin can be con-
sidered 25 20 insulin sensitizer in many tissues whess 2 relation-
ship has been described between the inswlin and adiponsctin
signaling pathways [14]. Recemntly, our growp has reported alter-
ations in the levels of molecules invobved in the insulin patheay
in endometri from POOS patients, with different pattern of Al
phosphorylation, abnormal espression of IRS5-1 and GIUT4
[8,12,36]. Potentially, these results could relate the adiponsctin
system and the insulin pathway in endometria.

Az mentioned, in the present investigation it was found that
serum adiponectin levels were lower in obese PCOS patients
compared to lean and obece women without PCOS, in addition
to altered parameters of insulin resstance (HOMA and 151 Com-
posite] and highes FAL valises in the obese PFOOS group. These
rasislts are in agreement with previous seports, which estab-
lished that BMI, IR, and FAI malks 2 highly significant contriba-
tion to adipomectin lewsls in PCOS [38]. Tha Gok betweesn FAL IR
and adiponsctin leeels may sxist for several reacons. Prospective
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studies have shown a relationship between [R and decreased
adiponectin levels with wedght gain and increased waist ceroum-
ferance [38]. Furthermore, since androgens promote central adi-
posity and visceral adipose deposition, differsnces in adipoze
tiszue distribution may influsnce the secretion of the diffessnt
adipocytokines and pro-inflammatory probeins, such as THF-a
and IL-6, which are wpregulated in POOS patientsz [40]; theze
cytokines may downregulate the expreszion of adiponectin
Additionally, in the pressnt study the saxpreszion of adiponectin
and itz recsptors (AdipoR] and AdipoR2?) and the adaptor pro-
tein APPL] was avalusted in human endometriem fromn lean,
ohese and obese hpperinsulinemic POOS women for the first
tima. The analgsis of adiponectin content assesoed by Westarn
bt shows lower protein levels in obese-FCO5 sndometria com-
pared with the other 2 growsps. This is consistent with our obser-
wvatinn in the in witro moded (T-HESC and 5t-T 1b cell Bnes), wherns
suprRphysiclogical concentration of testosterone and inswlin,
provolkes a diminution in sdiponsctin protein expression. The
mechaxizm by which these hormones o disturb adiponectin
levelz in the buman endomebrism is presently wenlenown,
although in the PCOS condition the proinflammatory state
besides obasity and insulin resistance may induce endoplasmic
reticulum (ER) stress [41]

Furthermore, the analysiz of AdipoRl illustratez the protein
exprasxion in human endometrium, being higher in the obeze
Eroip compared to the lean and obese-FODS groups. The maolsc-
ular mechamizm that ioeolves the incresss of AdipoR1 in the
endomestrizm of the obese group iz wnclesar. Interestinghy, this
response is not observed in endometria from obese-FCOS
patients probably due to their conditions of hyperinsulinizm
and hpperandrogenism. A number of studies in mice and human
bawve shown a positive cormelation between hyperinsulinemda
and downregulation of AdipoR]l/R2 in different cellular types
likee sheieial muscle, liver, and adipose tissue [42,43]. Heverthe-
oz, the relationship betwesn hypeaodogenism | yperinsulin-
izm and the cogpression of AdipoRljAdipoR2 in human
endometrism has not been addreszed before. Importantly, in
oisr in witro moded, the rezponss of endometrial cells to the
action of insulin plus testosterone is dimintion of adiponectin,
AdipoR] and AdipoB? protein lewsls, suggesting that in the
buman endometrinm, adiponectin znd its receptors can be hor-
monally regulated Moreowver, the disturbance in the expresion
of the adiponsctin system and its receptors in thic tissus could
affect the sndometricl changes for implantation. As previously
described, adiponectin and its receptors are increased during
the implantation peciod, that is during the midluteal phase; and
it is pelewant that AdipoR1 and AdipoR2 mENA and protein, am
both redisced in patients with implantation faihers [44,45].
Even more, reporis have indicated that adiponectin and its
receptors induce acthation of AMFPK in epithelial and stromal
cedls, suggesting that adiponectin may regulate snecgy balanoe
in thess cellular types imolved in the process of endometrial
receptivity and implantation [12, 16]. Therefore, in the presant
study the content of the adaptor protein AFFL] was evaluated in
endometrizl tisus of lsan, obess and obese-PCOS women. The
rasults show, for the fest time, & decrsase in APFPLI lesals in
human sndomstrivm from obess and obese-PCOS patients
These msults are in agreement with previous investigations that
report @ decrease of AFFLT levels in conditions of nypperglpoemia
and obesity [46] and with thoze from rodent models with dizbe-
tex and obesity [47,4E]. However, our observation ic in disagres-
meant with the work of Holmes st 2l [49], which indicats that the
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Fig-3 Iimmungcytochemical evaluation of adiponectin, AdipoRl, AdipoR2, and APPLT in the endometrial stromal cell ling THESC. Left paneis: Miorographs
showing posithes staiming of adiponectin, Adipof), AdipoR2, and APPLT In T-HESC cultures under testosterone (T], insulln (1), or bestosterone plus insulln
(Tl} treatment. insert conesponds fo negashke control {first antibody s omitted). Scale bar=50pm. Right panst: Semi=guantitative anabyss of possie
staining by the 100 tood in cell ling T-HESC cultures In the absenos (Basal) or presence of T, 1, or T+1 {10008 sach). Resdts are sapressed a5 Moans o SEM of
ALk =3 in duplicarte, * prealue <0.05 v, basal. (Color Sgure avallable online oniy).

poltl, and AFFL] relative to endometria obtained from obese
and/or lean patsents.

Messenger RMA levels of AdipoR1, AdipoR2, and APPLY
in endometrial tisswes by gquantitative PCR

To azzess whether the obesity andjor the PODS condition couwld
affact the transcriptional process for adiponsctin receptors and
AFFL] in buman sndometria, real-times PCR anabysis was per-
formed. The recults for AdipoR]l mEMNA show an increase,
afthough not significantly differsnot, in endometria from obese
women compared to the lean group and to the obese-PCOS
endomeatria (67 and 52 %, respectively], coincident with the high
protein leved for Adipofl]l fouend in those sndometria. The Adi-
poRl mENA level was similar between the 3 studied groups
(Lexn: 0.95x0.1; Obese: L16x0.05; Obese-PO0G: 170940,
MediazSEM) Whea AFFL] mENA was assayed no differences
were found between the 3 studied groups of endometria (Lean:
004 +0.009; Obese: 0004 +0.003; Obese-PO0S: 0LU07E £00003 ALT,
Madiz+SEM)

Adiponectin, AdipoR1, AdipoR2, and APPL1 protein
levels in endometrial cell lines under hormone stimuli
To address the guastion of whether high blosd lewels of andro-
gens andfor insulin found in the grosp of obese-FO0S could alter
the protein content of adiponectin, its recepiors and AFFLY, anin

Carcia V et al. Adipcrectin Sigralieg in FO0S Endometria .. Honm Metab Rey

vitro cell model was used. Stroma endometrial cell Bnes [T-HESC
and 5t-Tlh) were cultired in the presence or not of suprapbngzi-
ological concentrations of testostesome andor ineulin, memick-
ing partizlly the PCOS condition, whers adiponectin, AdipoR1,
AdipoBl?, and AFFL] lewels were analyzed by immunocytochem-
istry using the [DD tocl {2 Fig. 3). The rasults show that the stud-
isd proteins are detected in the 2 sndometrial cell Bnes under
the different culture conditicns [~ Fig. 3a, b for T-HESC). The
semi-quantitative anakysis with the 10D tool shows that the
addition of testostenone phes insulin to T-HESC cuftures elicits a
significant decreass in the protein levels of adiponsctin com-
parad to basal (668, p<0U05), while no significant differences
wers obtainsd after the addition of tastosterons or insufin alomne.
When evaluating AdipoR]l protein lewels under the combined
actzon of testosterone and insulin, o significant decrease was
found in T-HESC (p+=0.01}, and a similar responss was obtained
for AdipoR2 protein levels. The addition of testosterone o cul-
tures alicited 2 nonsignificant decrease in AdipoR] protein con-
tent (39%), whersas SdipoRZ lewels wers cimilar to baszl. For
AFFL], a significant decreaze of protein lewsls was obtained
when T-HESC were incubated in the presence of tastostesone
plus insulin [42%, p<0.05); also, the sddition of insulin alone
prowoked a similar dacreaze in AFFL] protein content [4E%,
p=0.05})

On the other hand, 5¢-Tlb cell line responded simdlarly than
T-HESC to hormione stimali. In fact, adiponactin protsin contsnt
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Fig.2 ‘Western blot analysls of peobein lovels of

Lean (Heana POOS {kDa) Adiponectin, AdipoR]. AdipoR2, and APPLT in en=
domedria abtained fram Lean, Obese, and Obese-
POCE; n=4 for each group. a Representathee gel of
Adipoascnn 36 equal amourts of protein (%0gg) loaded in sach
lare. b Band Intensities wene quantSed by scan-
2 5 = ning densiometry and normalized to intensities
Adspa o observed for beta-actin as Imbernal corvtrod, results
expressad as Means b SEW ALL * povalue-<0005. ©
AdipaR? . £ Table shoewing Moans b SEM AL of sach probein
¥ in the 3 shadied groups. * p-salue <0.0% Lean v
Dbase-PO0S for Adiponectim Obess v, Lean for
AFPLI £ AdipoR; Lsan v, other groups for AFFLY.
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Protein levels of Adiponectin, AdipoR1, AdipoRZ, and
APPL1 in human endometria by Western blot

To further assess the protein content of adiponsctin, AdipoR1,
AdipoR2, and AFFLI, Western blot anahysis wers performed by
comparing protedn content betwesn lean, obsss, and obeca-
PCOS sndometria [ Fig. 2a). A reduction of adiponectin protein
fevels in endometriz from obess-PCOS growp was determined
compared with the lean growp (648, p<0LUD5). When analyzing
the protein content of type 1 receptor of adiponectin in the 3

different endometria, a significant increase was determdned in
tizzue from the obese growp relative to the lean growp (69%,
p<0.05) and to obese-PCOS [62%) (™ Fg. 2b, ¢l whereas all
studisd sndometria exhibited similar protesn lewsls for AdipoRt2.
Moreover, 2 significant higher protein content of AFFL] was
chtained in sndometria from lean women compared to those
from obess and obese-PCOS growps (76, p <0.05), whils oo dif-
ferances wess observed in protein levels betwesn the obese
groups (O Rg. 2b, o). Therefore, the andometria obtzinsd from
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Table 1 Chemical and endoine characheststics of shadied groups.

Paramatars Lean Obese Obuse-FODS
Age (yearsy 26,6056 279052 et F ]
B {legfm) 224027 34.7wd8% 32Em3a”
Extradiol {pmolfi) 1BETATT 1513473 M43Ead0
Tesbosterons ingdl) 366010.7  22.E34 494052
Androatenediane {ngjml} 49013 ELTIR LT
SHBG (nmolll[) GES w08 43,0024 HTe1"
Free androgen Index (P} 19408 23807 ETH19*
Adponectn (ngfmi) BE0R2T  TISAT  4TTaTe*
Lean, Dbene, ared yparingslinemie Ot - POCS. Vialoes ie msarr: SEM: e o
sinch greup

* pvalie (L0 Between cbeve-POCH wnd eas grospis | pvalue <005 betwees
Db i Lédi Grodipd
BAL: Bexlly s indes: SHEG! Sex Baimene-bisdisg glabuln

Table 2 kietabolic parameters of studied groups.

Paramatars: Lisan Dbass Dbsse-PCO5
FFasting glucose: (mg/di) SETANZA L1472 9298117
Chuoose 1 20min {mgfdf SETRTST T24.34 265 1228216
Faesting invsulin (L miy TERLS M5833 1TI8E0
Insubn 120 (pLjmi) 4560154 T4M206  15058366°
HORA R 14281 230086 4%5809*
15l comiposite £1E4.T ABh23 2oEanat
Lean, Obese, afd bypaarisgull e rrle Olfasios-PODS. Vidses afe Medss+ SEM: n=0 ke
Einth groaip

HORAA-IE: Hormeibinih miode] e o ool reibitans el esle

THUmi = ghycesmia {405 151 Composite, Inilin Sensitive

Wil DO Gy 1y 8 Gy g whiie Gy bl giycssmi: B! band basuibresria:
Gt ghyoemila penk OCTT: |js nselisesia pogt OCTT

* pevalug <005 Beteren Obess-PODS asd Obess and Lean grosps

Obese-FCOS

diagrosed as women with ypeninsulinemiz. The [5] composite
value is lower in the obese-PCOS group compared to the other 2
studied groups, cormoborating the hyperinsulinemdic status in
that group of patients (O Table 2). Smilachy, the adiponectin
serum levels wers lower in the obeze-PCOS group compared o
lean women (p<0U05}) and to the obese growp. According to the
experimental design, the group of cbese-FCO0S women partici-
pants in the present investigation, besides obesity pressots
hyperandrogeniom and byperinsulinism, charackeristics oot
present in the other 2 cthudisd growps.

Detection of adiponectin, AdipoR1, AdipoR2, and

APPL1 in human endometria by immunchistochemistry
The adiponsctin, AdipoRl, AdipoR2, awd AFFL] proteins wene
maminesd by inmunohistochesmdistoy in the different compart-
mants of the hwman endometria obtained from bsan, obese, and
oheze-PCOS women (@ Fig. 1]

Positive stzining for adiponectin was predominantly detected in
the cytoplasm of the endometrial spithelial and stromal com-
partments in all stedied growps. Additionally, AdipoR1 and Adi-
pol2 proteins wess alzo found in the optoplasm of epithelial and
stromal compartments of all studied endometria. Lower stain-
ing for AdipoR] was obhzensed in the obese group compared with
the bean group, similarly to that obtained in the obess-PCOS
growup. On the other hand, it was foend that APPL] positive stain-
ing in ths sndometria from obhese-FODS group was graatly
diminiched in both cell compartments, whereas an increase of
the pocitive stzining of AFFL] was detected in the sndometria
from lean growp of patients compared with the obesePCOS
Eroup.

Fig. 1 Immunohistochemical detection of adl-
poneciin, AdipoR, AdipoRZ, and APPLY proteins

AdipoR2 Adipoll Adiponectin

APPL1
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Ini paraffin wax sections of proiferative endometria
obrtained from 27 samiphes from lean {left oolaming,
oibese (oentral columing, and cbese-FCOS [right
column patients; n=23 for sach group. Posithve
stalning was detected In epithelial and stromal
cells of all studied endometria for all anbigens. As a
regatiae cantrol {Insert), the primany araibody was
oemitted. Scale bar represents S0pm. (Color figure
avalisble online only).




using random primerss in a tokzl volume of 20pl PCR amplifica-
tion of studied mBNA was assessed by using gene-specific prim-
ers: for AFFLL: 5enze 5°-TTA GCT GCC CGG GOC ATC CAT A3
Amntisense 5°-ATC TTT TOC CCC TCA TTIG TIT G-3°; for AdipoR1:
Semse 5-AAA CTG GCA ACA TCT GOA CC-3'(Antisense 5-GCT
GTG GoGE AGC AGT AGA AG -3° and AdipoR2: Sence 5'-ACA GGC
AAC ATT TGO ACA CA-3"[Antizence 5'-0CA AGE AAC AAA ACT
TCC CA-3°. GAPDH gene was used as an internal control: Sense
5.GAG TCA ACG GAT TTG GTIC GT-3')Antisence 5ATC CAC AlT
CTT CIG GGT -3°. Real-time PCH was performed on the Step
Ones PCR Spstem (Applied Biosystems). The reaction mibctiscs
(20pl) containad 1pl of diluted cDNA sampls [squialent to
20ng of inftial total RMA), 0.5 pl of sach primerc (108, 2mnd 100
of SYBR® Green QPCR Master Mix X For negative control reac-
tion, oo template was added to the reaction mixture. Valuss
were exprassed as redative copies of sach transcript and reswits
are shown as a ratio of GAFDH internal controd. The mean of
thess waluss wers obtained per each stedied group and
enprassed as Means+SEM.

Immunohistochemistry and immunocytochemistry
Faraffin sections of human endometrial tissue were deparalfi-
nized i mplee and gradually hpdated through graded aloohols.
The slides wese incubated in 10mM citats buffer (pH 6.0} at
95 *C for 30min, incubating the samples in 3% hpdrogen peros-
tde for 15 min preventing endogenous peroxidace activity. Mon-
spectfic antibody binding was inhibitad by tncubating samples
with the blocking soblstion (Histostain-5F, lmstrogen, MD, T5A)
for 10mdin Then, samplas wers incubated with cormesponding
primary antibodiss: adiponectin [monoclonal, Nowvus Biological,
1{1007, AdipoR] {pofyclonal, Alpha Diagnostic, 1500, AdipoR32
[polpcional, Alpha DMagnostic, 171 000), and AFFL] | monocional,
Cell Signaling, 1/200) overnight at 4°C. The internal contrmd was
cafried oist o adjacent sections incubated withowt the primary
antibody. A biotinylated HRF-secondary antibody was wsed for
the detection of immune signal Chromogenic revealsd was
developed by the strepiavidin-peroxidace system and 3.3 -diam-
tnobenzidine was wsed as substrate; countersiaining was per-
formied wiith bematowylin [Dake. CA, USA). The slides wers
obzarved oo an Olympus optical microzcope, and 2 histodogical
dezcription for each mmple was performed.

For immunocytochemical asszays, T-HESE and 5t-Tlb cellz were
fized with a solution containing 4% paraformaldehyde in FBS for
15 min at room temperatere. The endogenous peronydaze acta-
fty was inhibsted by incubation in 3% Hy03 and nonspecific bind-
ing was blocked with FB5-B5A 2 #%. Cells were incubated with the
primary antibodiss (Adiponsctin, AdipoR1, AdipoR2, and AFFL]
wiith the above mentioned dilutions] owernight at 4°C, rinsed
with FBS 1X solution 3 times and incubated with 2 HRP-labeled
secondary antibody to Rabbdt Igh (KFL, MD, USA; 1/300) for 2h
at 37°C. Chromogenic rewealed and counterstainding weoe per-
formed as for the immunohistochemistry assays. Slide analgsis
wias performed by the measurement of positive pissl intensity
i at feast 1 000 cells with the wse of the semi-guantitative anal-
ysis ool-intsgrated optical density (10D) in the Imags-Pro Flus
6.2 program. The data are presasnted as [0D Asbeditrany Units (AU
The mean of these valwss were ohitained per sample and stisdied
condition and expressed as Means £ SEM.

Western blotting
Total proteins (50 pg obtained from endometrial tiszue) were
denatursd and fractionated using 8% S05-FAGE gels. The protain
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comtent was transferred to 2 nftroceflulose membrane and pro-
tein transference was confirmed by Poncesw 5 staining. The
membranes were blocked for 1h in TTBS (20mM Tris, pH 7.5;
137 mM NaCl; 0.1% Tween 20) containing 5% nonfar dey millc
Membranes wers washed twics for 5mdn with TTES and Encu-
bated ocwernsght at 4°C with antibodies against adiponectin
{1-:200, AdipoR1 {1200, AdipaR2 [1:100}, and APFLL {1:200)
Beta-actin antibody (Sigma-Aldrich; 120000} was incubated for
1h at room temperature. Bloks were wacshed 3 times for 5min
each with TTBS, followed by incubation for 1h at room tempera-
ture with anti-rabbit IgG peromidacs-linked (1:10000), whils
rocking. After antibody incubation, the membranes wers washed
3 timess for Smin sach with TIBS; the bownd antibodies wers
detascted with an enhanced chemilminescance substrats, West-
ern Lightning Plus-ECL (PerkinFlmer] Band intensities wers
guantifiesd by scanning dencitometry wtilizing the TN-SCAN-IT
softwarns, Automated Digitizing System, wersion 3.1, The band
intensity data are presented as arbftrary woits (AU} and the
results are expressed as a ratio of the bete-actin internal control
The mean of these values were obfained per sach studied group
and expressed as Means:SEM.

Enzyme linked immunosorbent assay [ELISA)

Serum samples from the 3 studied growps wers used for detsc-
tion of adiponectin bevels by Quantikine® FLISA Human Total
Adiponectin/Acrp30 (R & D Systems, Cataloguse #DRFI00L Pro-
tein was detected by a colorimetric reaction using an ELISA
raader [Biotsl FLB00} arsd absorbances measurements at 450 nm
wers performed wusing GenS 106 program.

Statistical analysis

The nuember of tokal subjects was 27 The caloulated member par
provisp was 9 acowming o =0005 and B=0.2, acconding to owur pre-
wious stsdies [B, 9]. The distribution of the data was anatyzed by
Kolmogorow-5mirnov test. The ex vive and in vitno results wers
analyzed by Mann-Whitney or Student’s t-test, respectnely. For
multipls comparisons, ANOVA or Kruskal-Wallis statistical tests
wese ussd acmording to the natuse of the results. Al pal-
ues <005 were considered significant. Siatistical tasts were per-
Formed wsing Stata 9 and Graph Pad Prism 5.0

Rasults

v

Clinical and endocrine characteristics of studied
patients

Thea chnical and endocrins charecteristics of the 3 growps ofwomen
[lean, obece and obeseFCOS) are summarized in o Table 1. The
age of the studied growps was simrilar, whereas, the BMI was sig-
nificantly higher in the obecse and oheos-PCOS groups compared
to the lean growp (p<0.05), according to the experimental
design. In addition, the bigh ovarian aodrogen prodisction
besides the decreased SHEG blood lews] Isads to a significantly
higher FAI in FODS obese women (p<005). Progesterone leovels
{=3Inmolfl} in additicn to the morphological evaluation by the
pathologizst, confirmed that all endometrial biopsies wers
ohtained during the proliferative phaze. Moreower, 2 histological
evaluation of endometria from the 3 studied growsps shows oo
differences between them (data not shown), a5 we hawve previ-
cusly meported [B]. Besides, obesze-FCOS5 women pressoted
typerinsulinemia and inoulin fevels 120min post-load of gls-
coss ower the normal value (@ Table 2); therefore, they wers
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the PCOS conedition, which could be relatsd to alterations in their
implantation capacity.

Moreowver, the prevalence of obesity in women with PODS has
increazed o around 7% as recently shown [13]. The obesity
condition lsads to 2 changs in adipocyte function, altering their
production of adipokines such as adiponectin, an obesity down-
regulated inulsn-sensitizing and antidiabetogenic adipokine
[14.15]. Regarding the sndometriem, adiponsctin and its recep-
tors, AdipoR]l and AdipoR2, hawve besn found in this tissus
throughout the menctrual cycle [16.17]. However, Httle informa-
tion is avadlable related to adiponsctin and itc sffect in this tissee.
Adiponsctin signal tansdwction pathway includes AFFL] [phos-
pho-tyrosine interaction, FH domain and leucine zipper con-
taining 1), an adaptor moleculs that transmits the signal from
adiponectin receptors to regulate cell metabolism and insulin
sensitivity, including glucose wpkabe and GLUT4 transiocation-
related proteéns [1E, 19]. Mewerthelsss, it is unknown whether
the expression of proteins from the adiponectin signaling path-
way iz aftered in endometria from PODS women. Consaguently,
bazed on evidences chowing that adiponectin has biological
implications for female fartility [20], in the following immectiga-
tion, we hawve svaluated serem adiponectin concentration and
the mRMA and protein levels of adiponectin, its receptors and
APFL] in endometria obtadinesd from obese PCOS women, charac-
mia. Additionally, protein leveds of adiponsctin, its receptors and
AFFL] wers ascessed in an in witro model of endomeeriz] osils
under staroid stimulation recembling the PODS condition.

Subjects and Methods

v

Subjects

Human endometria wers obizined with a Fipells suction curstts
Frommn the corpus of the uteri of lean, obese, and hyperirsulinemic
ohass women with PCOS. Therefors, 27 women wers rescruibed
and claszified in 3 groups fean [n=9, Body Mass Index, BMI
<25 obese (n=0, BMI > 30}, and obeze-FODS {n=9, BMI =30}
FODE was diagnozed by the Androgen Excess and FCOS Society
criteria [3]. The group obesa-PCOS wasz the only one beating
BFOO% with hyperinsulinemia basides hyperandrogenemda. Lean
and ohese growsps could present oligocvulation or anoeulation or
pohpoystic pvariss assasoed by ultrasownd, although whithout
hyperandrogenicm and hyperinsulinism. Nope of the women
participants in the pressnt investigation had received 2oy hoe-
monal or other treatment in the last 3 months prior to cecreit-
maent. Endometria wers obizined during the profifecative phase
of the menstrual cpde, and the sndometrial dating was done
according to Noyes criteria [21] by an scperienced pathologist.
Alzo, blosd samples were obtdined and the circulating serwm
levels of sstradicd, progesterone, testosterons, nd sex hormone-
binding globulin (SHBG) (by chemiluminesoance) and adiponec-
tin (by ELISA commercial kit) wers assessed. Biochemical
hyperandrogenizm was determined by the Free Androgen Index
(FAl) that considers total testosterone and SHEG blood levels
(oormal value <4.5) Ghscose and insulin levels were evaluated
by an oral glucoze tolsrance test [DGTT) with 75 g load of ghs-
cose [fasting glucoze < 110mg/dl; glucose 120min <140mgd}
To determine the hyperinsulinemic condition, serum gluooze
and insubin levels wers maasered at 120min post load of glucose.
The diagnosis of byperinsulinemiz was determdnsd when 120-
min insulin levels wears twics the standard deviation of insulin
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concentration over the mean of the control group, as in presious
studies [8,12,22]. Additiceally, Homeostasiz Model Aszessment
(HOMA] index {mnormal vahsas <3.0) and the Insulin Sensitive
Index ([51} Composite (normal valses = 3.0) were calculated for
all patients [23,24]. The excluzion criteria were women who pre-
sented hpperprolactinema (prolactin > 350gimil), bypotyroidism
{T5H »5mill{mi), androgen-sescreting tumors (tofal testosteromne
=2 ngimi; dehydroepiandrosterone sulfate >3 800 pgimi), Cush-
ing’s myndroms (urine cortisol concentration =150pg/24h and
fasting plasma conceatration of cortisol betwsen 5 and 25pgdl),
congenital adrenal tyypecplasia (17-0H progestecons > 25 ogjml),
diabetes or treatment with bormones within 3 months prior to
the recruitment into the study aod lor ovolation indwction. Ethi-
cal Committses from the Faculty of Medicine and Clinical Hospi-
tal from the University of Chile approwved this research and ali
subjects signed an informed conssnt.

Tissue preparation

Endometrial tizsuwe samples from the 3 studisd groups wers
divided into 3 fragments. One fragment of sach sample was fxed
in 4% buffered formaldetyde for 24h, embedded in paraffin and
it in 4 em thick sections before histological and immunohisto-
chemical studies. The other 2 fragments of sach ample wers
frozen in liquid ndtrogen and stored at— 80 “C to measure protein
content and gene expression. For protein content, one fragment
of frozen samples was kysed in RIPA buffer {S0mM Tris-Bace,
150mM MNaCl, 05 % sodism dsoxpcholate, 1% Triton X100, and
0.1 % sodivm dodecyl sulfate), and 1X protease, and phosphatace
inhibitor cocltail (Thermo Ficher Scientific, Rochester, NY, TISA]),
was added. The mmpies were contrifuged at 100000 g for 20min
at 4°C. The resulting hysate was used to determins profein con-
oentration with the BCA Protein Assay bt [Thermo Fisher Scien-
tific, Bochester, FY, TISA]

Cell culture and treatments

Telomerase-immortalized human endometrial stromal cell lines
T-HESC (ATOC, CRI-4003} [25] and 5&-T1b [26], weoe cultured in
DMEM|Ham F12 medinm (Sdgma Aldrich Co. Saint Loasis, MO,
LFSA) with 108 Fetal Bovine Serem traated with destran carbon
{Hyclone™ Thermoscientific, NY, USA), and 1X of ant:mycosic]
antibiotic, 2t 37 "0 in a 58 C0y atmosphere until 80 ¥ conflusmsce.
Then, calls wers cultisred directly on slides (Thermozscientific™
Munc™ Lab Tak™ II Chamber Slide™ Syztem), 50000 cells|=lzds
in groavth media for 24 b 2t 37 °C in 5% D0y stmosphers. The cefls
wears washed twice with sterils Dulbacco’s FBS (DFBS, I'.I.I]ii:l]-.I
Iroritrogen Corpotation, Camariflo, CA, USA) The cultwres wers
further subjected for 24h in serum-fres medism to addition of
testostesode, insulin, or tesbosterone plus insulin, 1000M sach.
Tastosterone and insulin concentrations wers determined in
prewions studies from owsr laboratory [10,27]. The cultures with
o hormonal stimulation were used as basal in each experiment.

Real-time PCR assay

Frozan endometrizl samples were homogenized o obtain total
RMA wusing Trizol reagent according to the manfactursrs
instructions. The concentration of RMA was determined spectro-
photometrically (A260:A2B0), while RNA integrity was detes-
mined by electrophoresiz on a formaldeingds agarose gel under
denaturing conditsons. BNA was visualized by adding sthidinm
bromide to the samplas. 2 g of total RNA wers digastsd with
DHMace I and tramscribed into complementary DNA (cDMA} by
regarse trancoription with M-MIV Reverse Transcriptase by
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Abstract

¥

Hyperandrogenemia, yperinsulinemda, and obe-
sity affect G0-T0% of patients with Polpoystic
Ovarian Syndrome (PCOS), who exchibit an altered
endometrial insulin signaling. The aim of the
stedy was to evaluate whether hyperandrogen-
ism, hyperinsulinizm, and obestty present in
FODE patients impair the endometrizl adiponec—
tin signaling patheay. The ex vivo study was con-
discted on 27 zamples from lean [(n=9), obese
n=9) and obeze-PDDS (n=9) patientz. The in
vitro aszays wese performed #n immoctalized
heman endometrial stromal eslls ctimolated
with tesboskerone, insuling or testosterone plus
insulin. Ssrum steroed-hormonss, adiponectin,
ghecose, and inswlin; body mass index, free
androgen index, [5-Composits, and HOMA were
evaivated in the 3 groups. Ex wive and in witno
gene expression and protein content of adi-
ponectin, AdipoRl, AdipoR2, and AFFL] were

Unhsersity of Chile Clinkcal wuwm

determined. Adiponectin serum lewvsls  wems
decreased in obese-PCOS patisnts compared to
lsan (7E#) and obess [54%) controls (p<0U05)
AdspoR1 profein and gene expression wers
increased in obese growp vs. obese-FOOS and
lean growps (2-fold, p<005). In turn, AdipoR2
protein znd mANA content was simxilar between
the 3 groups. AFFL] protein lewels weare reduced
in endometria from both obese growps, com-
parad to lean group (6-fold, p<0L05) Testoster-
one plus insulin stimslation of T-HESC and 56Tl
lsads to a reduction of adiponectin, Adipoltl.
AdipoR2, and AFFL] protein content in hoth
andometrial cefl linss (p<0.05), whessas, in the
presence of testosterone or insulin alone, protein
levels were cimilar to basal. Thersfors, sandoms-
trial adiponectin-signaling pathway is impaired
in hyperandogenemic znd  hypernoulEnesmic
obesa FUOS patisnts, cormoborated in the in witro
mmods], which could affect endomstrial Function

and potentially the implantation process.

Introdurtion

v

Folyoystic Ohvaran Spndrome (PO0S ) is one of the
maost frequent pathologies related to infercbility
and recurrent miscarriage. This endocrine and
metabaolic dizeaze iz highly prevalent in women
of raproductive age, affecting betwesen 5 and 108
of them [1]. PCOS iz characterized by fisnctional
hypemndrogendicm, as well as ovarian dysfienc-
tion reprecentsd by a2 high nwmber of owanian
cysts and/or oligo-anovulation. Aloo, ypperinsu-
linvmmia associated to insulin resistance is present
in 50-70% of mses, according to the Rotterdam
Consensus [2] and to the Androgen Excess Soci-
ety criteria [3].

FODS constitutes a2 major health problem to
wormedn. As 3 consequence of FODE, many tissues,
besides the ovary, pressot abmnormal functsons.
Theze includs the sheletal muscle, adipoze tiszue
and, most importantly, the endometrivm in its

reprodisctive function [4]. In fact, several reports
have shown that the sndometria from PCOS
women behave differently from the endometria
of normal women: the implantation [3] and osil
prolifemtion fapoptozis processes [6] are distar-
bed and, also, as it has been recently addrassed,
the energetic homeostasis, important for meta-
‘bolic and reproductine endometrial functions, is
also abnormeal [7]. Thoes, impairment of glucose
transporter-4 (GLUT4) lewsls znd of proteins
redated to GLUTS transiocatson to the call surface
(WANE and SNARE protein famdliss) is detscted
in PCOS derived sndometria [B8-10). Meamwhile,
dizrisption of FPARy/FOMO1 lewsls and dimin-
ished activity of adenozine monophosphate—achi-
vabed protein linase (AMFPK) is also observed in
the pathological endomesria [11,12] Taken
together, these data suggest that the correct insu-
{in signaliog in the endometriem is important for
normal tiszue function and that it is dizcrupted in
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