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Anastrozole Promotes Implantation by Altering the Expression
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SUMMARY: An alternative hyper-ovulator inducer to replace clomiphene citrate (CC) is needed as it is unsuitable for women with
polycystic ovarian syndrome and is associated with low pregnancy rates. Anastrozole is an effective hyper-ovulator intaseotbut
been well researched. In order to determine the effectiveness of anastrozole as a hyper-ovulator inducer and to an extentitoGpa
in similar situations, this study ascertained the effects of these drugs on the expression of the focal adhesion pibtears] paX,
which are uterine receptivity markers in the surface luminal uterine epithelial cells of day 1 and day 6 pregnant Wiktaraststs show
that paxillin is localized in focal adhesions at the base of the uterine epithelial cells at day 1 of pregnancy wher&agaxkitiay
disassembles from the basal focal adhesions and localizes and increases its expression apically. FAK is faintly exprbasatiesibct
of the uterine epithelial cells while moderately expressed at the cell-to-cell contact at day 1 in all groups from wasserthles and
relocates apically and becomes more intensely expressed at day 6 of pregnancy in untreated and anastrozole treateghrpésikitthou
is localized apically at day 6, its expression is significantly down-regulated with CC treatment suggesting its interfargrecenplantation
process. These findings seem to suggest that anastrozole could favor implantation.
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INTRODUCTION

~ The cytoskeleton is an internal framework of a celeulminate in reorganization of the actin cytoskeleton; a
and its reorganization is an ongoing process when cefigerequisite for changes in cell shape and motility, gene

adhere, move or invade extracellular substrates. In order fpression and pregnancy (Leleal; Salgia, 2009; Fabry
cells to adhere, they employ focal adhesions (FAs) (gle et al; Kanekoet al, 2011).

al., 2008; Fabryet al, 2011). The FAs are specialized

structures formed where bundles of actin filaments are Other studies have provided evidence to suggest that
anchored to transmembrane integrins through a complextpé structural links between actin filaments and integrins are
adaptor and signaling proteins (Gilmore & Burridge, 1996)egulated in at least some cell types, and it would not be
FAs provide sites of mechanical attachment to thgnreasonable to hypothesize that agents known to alter cell
extracellular matrix (ECM) and are sites where adhesiopehavior may do so by affecting the expression or function of
associated signal transductions are initiated (Fabst).  actin binding proteins such as paxillin, and signaling molecules
The binding of ligands to integrins on the extracellular sidguch as FAK which are recruited to focal adhesions (Kaneko
promotes recruitment of various intracellular proteins to the al, 2009; Mwakikungat al, 2011). FAs are dynamically
cytoplasmic tails of integrins that mechanically link them t@ssembled and disassembled by cells including uterine luminal
the actin cytoskeleton (Hiragdal, 2014). Integrin signaling epithelial cells (Hosiet al, 2008; Kaneket al, 2008, 2011)
requires the non-receptor tyrosine kinase activities of thgd these mechanisms are likely governed by the modulation
focal adhesion kinase (FAK) to initiate downstream signalingf cross-talk between their constituent proteins, which
events (Lu & Rounds, 2012). These signaling evenigfluence their gene expression and morphology.
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The assembly, disassembly and reorganization of Ffay 6 of pregnancy. Rats were housed in plastic cages at 21
proteins during early pregnancy are part of the process°af under a controlled 12 hour light-dark cycle. They were
plasma membrane transformation (Kanedtaal, 2011). provided with water and food ad libitum (Duketal).
During implantation, FA proteins disassemble from the bad&aginal smears were obtained from all female rats to confirm
of the epithelium to facilitate the detachment of the uterin@at they had regular cycles for two cycles before drug
luminal epithelium to allow the embryo to invade theadministration (Singletamt al, 2005; Jaramillet al, 2012).
endometrium. At the same time, they assemble and becoXaginal smear was done in the late afternoon (Kametko
localized apically to assist in the adhesion of the blastocyadt, 2008) and rats in pro-oestrus were treated with the drugs
onto the endometrium (Kaneled al,, 2011, 2012). or placebo then caged overnight with males of proven

fertility. The morning of finding the vaginal plug or presence

Aromatase inhibitors were originally developed foiof spermatozoa in the smear was designated as day 1 of
the treatment of advanced breast cancer in postmenopaysabnancy (Kaneket al 2008). Table | shows treatment
women (Duke®t al, 1996). Anastrozole is a selective andegimes for the rats undergoing ovulation stimulation.
highly potent aromatase inhibitor (Mitwally & Casper, 2001).

Aromatase inhibitors can induce ovulation by preventing Table I. Treatment regimes for the 8 groups of mature
feedback by estrogen on the gonadotropin releasing hormonefemale Wistar rats undergoing ovulation stimulation.
and gonadotropin secretion, leading to an increase in follicle  Groups  Treatments Number of rats

stimulating hormone (FSH) and luteinizing hormone (LH) 1 Day 1 untreated 5
production, which stimulates ovarian follicular development 2 Day 1sdine(carrier) 5
and ovulation (Mitwally & Casper, 2002). Aromatase 3 Day 1 anastrazole 5
inhibitors may act on critical amino acid residues in the 4 Day1CC 5
aromatase active site and access channel to interfere with 2 Day 6 untrezted 5
the enzyme activity and haem stability thus preventing the g BZ 2:;?&?23) 2
aromatization of androgens to estrogensét.al, 2013). 8 Day 6CC s

Anastrozole is clinically effective in ovulation
induction (Karaeet al, 2005; Badawt al, 2008), but it Treatment regimens: Groups 1 and 5 were left untreated
has not been well researched (Tredway & Schertz, 201{negative control). Groups 2 and 6 (carrier control groups)
Chlomiphene citrate (CC) is the first-line and mosteceived the vehicle sterile saline. Groups 3 and 7 received
commonly used oral agent for the induction of ovulatioa single dose of 15 mg/kg of body weight anastrozole in the
(Casper & Mitwally, 2011), but it is associated with lowproestrous phase intraperitoneally. Groups 4 and 8 received
pregnancy rates (Nutet al, 2010; Racettet al, 2010). 1.25 mg/kg of body weight CC; n=5 in each group, all 0.2
Understanding the effects of anastrozole on implantation ml intraperitoneal injections.
vivo enables manipulation of uterine receptivity to control
fertility and to improve the outcome of assisted reproductivRationale for the dosesA daily dose of 1 mg/kg anastrozole
procedures (Karaet al). for 5 days is the standard recommended dose in humans
(Al-Omariet al, 2004). A 12-14 week mature female Wistar
The aim of this study was to determine the effects ot weighs between 200-250g with a 4-day estrous cycle so
anastrozole on the gene and protein expression levels ansingle dose of anastrozole administered at pro-estrus was
localization of focal adhesion proteins, paxillin and FAK, irdeemed appropriate. Kilic-Okmaal (2003) employed a
the rat uterine epithelial cells during implantatinrvivo. similar regime using Letrozole. Earlier studies have
suggested that the standard 1 mg/kg anastrozole of body
weight dose is too low for optimal follicle recruitment and
MATERIAL AND METHOD ovulation, so higher doses are recommended (Al-Oetari
al.; Casper & Mitwally). The single 25 mg/kg anastrozole
dose has been successful in inducing ovulation in mice and
Animals. The study was approved by the University of thés associated with favorable embryo development (Karaer
Witwatersrand Animal Ethics Committee. et al.). However, in our preliminary work, a drug
concentration study with anastrozole was carried out to de-
Forty female virgin Wistar rats were divided into 8termine the optimal dose to be used to superovulate and
treatment groups of five: 15 mg/kg anastrozole, 1.25 mg/lkaghieve pregnancy in the Wistar rats (Mwakikunga & Hosie,
chlomiphene citrate (CC), carrier and untreated of day 1 aB@16). This was found to be dose-specific, and the 15 mg/
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kg anastrozole dose superovulated and achieved pregnaadgpted and modified from previous studies (Moéiaa.,
the most; therefore, this dose was used in the subsequ2dd8; Kanekeet al, 2011; Mwakikungat al). De-waxed
experiments in this study. The CC dose was adopted fraactions of uterus from each group were washed 3 times, 2
earlier studies (Hosiet al, 2003) and used as a comparisormin each with PBS. This was followed by a 10 min
incubation in 30 % O, (Sigma-Aldrich Co., St. Louis,
Drug preparation and administration: The vehicle forall MO, USA) in methanol to block endogenous peroxidase
of the drugs was normal saline and each injection consistectivity (Mwakikungaet al), and then washed 3 times, 2
of 0.2 ml normal saline including the drug per injection pamin each with PBS. Sections were then permeabilized for
rat. All injections were intraperitoneal. The 15 mg/kg bod®0 minutes in 0.1 % Triton-X 100 (Sigma-Aldrich Co., St.
weight anastrozole dose was found to be the optimal ddseuis, MO, USA) in PBS, and incubated for 30 minutes in
for the preliminary dose response study whereas the 1126cking solution (5 % (v/v) normal goat serum (Sigma-
mg/kg of body weight, CC was used which was adoptedldrich Co., St. Louis, MO, USA) in PBS. All primary and
from previous studies (Hoset al,, 2003). secondary antibodies were diluted in blocking solution
(1:100) (Mwakikungaet al). Sections were incubated with
Tissue preparation: Pregnant rats were sacrificed on day @rimary antibodies rabbit monoclonal anti-FAK and mouse
at the time of implantation using a lethal dose (0.35 ml) a@honoclonal anti-Paxillin (Abcam, Cambridge, MA, USA)
Euthanase, intraperitoneally (1 mi/kg is recommendedr 24 hours at 4C (double staining) (Mohaet al). After
Kyron Labs, South Africa). Once deeply unconscious, theashing with PBS 3 times 5 min each, sections were
abdominal cavity was opened and all rats to be sacrificed mcubated with fluorescein isothiocyanate (FITC)
day 6 of preghancy were injected intravenously using tlmonjugated AffiniPure Goat anti-mouse 1gG secondary
inferior vena cava with 0.1 ml of 1 % high molecular weighantibody (Abcam) and rodamine conjugated Goat anti-rabbit
vital dye Pontamine sky blue (Sigma, St. Louis, MO, USAIgG secondary (Abcam) at a dilution of 1:100 (Mwakikunga
in normal saline (0.9 % NaCl) (Pakrasi & Tiwari, 2007), iret al) for 30 min in the dark followed by 3 PBS washes of
order to distinguish implantation sites from non-implantatioB min each. Sections were also counterstained with DAPI
sites. This dye quickly localizes in the implantation site® label nuclei. Expression and localization of Paxillin and
due to increased vascularization and vascular permeabilftK were examined under the Zeiss LSM 780 confocal
during early pregnancy (Psychoyes al,, 1995). After microscope (Carl Zeiss, Jena, Germany) and images were
removal of the uterine horns, implantation sites were countadquired using the Zeiss LSM software (Carl Zeiss, Jena,
and recorded. The uterus was cut intolcm pieces separafdgrmany). The focal adhesion protein expression levels and
implantation and non-implantation sites forlocalization in the confocal images were scored using a
immunofluorescence and confocal microscopy and real-tinseoring method modified from previous studies (Englund
guantitative polymerase chain reaction (QPCR). et al, 2001) as shown in Table 1. A JMP10 software (SAS
Institute, Cary, NC, USA) was used for the statistical
Tissue processing and sectioningUsing standard comparisons of means of focal adhesion protein expression
procedures, samples for immunofluorescence and confocdlpaxillin and FAK among treatment groups using a one-
microscopy were fixed in 10 % buffered formalin for 48vay ANOVA followed by a Tukey-Kramer post hoc
hours (Karaeet al), then placed in an automatic tissueanalysis. Differences were considered statistically
processor (Shandon Citadel 1000, Labotek, South Africajgnificant when p < 0.05.
in which samples were incubated in a series of 70 %, 95 %,
95 %, 95 %, 100 %, 100 %, 100 % ethanol then in chloroforReal time quantitative polymerase chain reaction
and finally in paraffin wax. Samples were then embeddddPCR): In this study, the gPCR was performed for the
in paraffin wax. Histological sections |in) were cut using quantitation of gene expression of the focal adhesion proteins
a Leica 2035 Biocut microtome (Leica, Nussloch, Germanypxillin and FAK in the uterine epithelial cells from day 1
fitted with a disposable blade and then dewaxed overnigimhd day 6 pregnant rats of all treatment regimes. The house
by placing them in an oven at 68GQ, then immersed in keeping genes-actin, 18Sr RNA and Lactate
histoclear for 5 minutes and then repeated in fresh histoclehydrogenase A (Ldha) were used as reference genes (Al-
for 5 minutes, rehydrated through a graded series of ethaBalder & Al-Sarraf, 2005; Honegt al., 2006; Liet al, 2013).
(100 %, 100 %, 95 %, 80 %, 70 % and 60 %) for 30 secondlke RNA from the uterine epithelial cells was prepared with
each, then washed in running water for 5 minutes (Faoldime GeneJET RNA purification kit (Thermo Scientific Inc.,
et al, 2005; Karaeet al). 2011), and genomic DNA was removed according to the
manufacturer’s instructions (Thermo Scientific Inc., 2011).
Immunofluorescence and confocal microscopyThe For gPCR, amplification was performed in a 7500 real-time
immunolocalization and double labeling protocol wa®CR cycler (Applied Biosystems, Foster City, CA) and
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Table Il. A description of the scoring system for the focal adhesion protein expression and localization in the confocaiiorages
treatment groups adopted from previous studies (Engitiati 2001; Mwakikungat al, 2011).

Epithelial immunohistochemica characteri stics Scoring system
1. P rotein expresson W hether the epitheliaand blastocysts are positi vely stained or not:

(0, negative staini ng, intensity absent)

(1, positive staining and 1 to 10 % positively stained epithelium, low intensity)

(2, positive staining and 11 to 50 % positively stained epithelium, medium intensty)
(3, positive staining and 51 to 100 % positively stained epithelium, high intendty)

2. Main epithelial domain protein  Protein locdization in the epithelium (1, basal; 2, apical; 3,lateral; 4, basolateral; 5, basal and
localization apicd)

revealed with a QuantiFast SYBR Green PCR kit (ThermRESULTS
Fisher Scientific Inc., 2011). The amplification cycling
conditions were as follows: 9& for 10 min, (93C for 15
s, 60°C for 1min in 40 cycles), 9% for 15 s, 60C for 1  Paxillin and FAK: Paxillin is localized in focal adhesions
min, 95°C for 30 s, 60C for 15 s. Table Il shows the pri- at the base of the uterine epithelial cells at day 1 of pregnancy
mer sequences for the real-time gPCR. whereas at day 6, paxillin disassembles from the basal focal
adhesions and localizes and increases its expression apically
SYBR green gPCR data analysisThe 2AACT method as shown in Figures 1, 2 and 3. FAK is faintly expressed at
was used to determine the gene expression fold charthe basal aspect of the uterine epithelial cells while
relative to the control (calibrator sample) following drugnoderately expressed at the cell-to-cell contact at day 1 in
treatment regimes (Schmittgen & Livak, 2008). The datall groups from where it disassembles and relocates apically
(threshold cycle or ct values) were first normalized usingnd becomes more intensely expressed at day 6 of pregnancy
the three reference genpsactin, 18S rRNA and lactate in untreated and anastrozole treated rats (Figs. 1-3). Although
dehydrogenase A; then the fold change was calculatpdxillin is localized apically at day 6, its expression is
(Schmittgen & Livak). The JMP10 software was used teignificantly down-regulated with CC treatment suggesting
conduct statistical analyses on the data. A one-way ANO\#S interference with the implantation process. However, there
followed by a Tukey-Kramer post hoc analysis wags a significant difference §8.0001) in the expression levels
performed to compare the means of normalized relatieé paxillin and FAK between untreated (control) and CC
guantities (NRQ) between treatment groups. Differencéeated rats, anastrozole and CC treated rats at day 6
were considered statistically significant when p < 0.05. suggesting that CC appears to decrease their expression.

Table 111. Description of the real time PCR primer sequence characteristics for the genes of interest and referenceigé¢ne suskd

Gene Gene name RefSeq 5'-3' primer sequence Position of GCcontent  Amplicon
symbol GenBank primer on length (bp)
Accession template
Pxn Paxillin NM 001012147 F:5- AGT GTTCTT GTCAGA GGA GCC  171--190 52.3% 112

-3 (21 bases)
R: 5'- GCT GCC ATTGGT CTA AGG GG -  282--263 60%
3’ (20bases)
Ptk2 Protein  tyrosine  NM 013081.2 F:5- ATC AAG GCG TGT ACCTGA GC-  2360--2379 55% 86
kinase 2(fo cal 3’ (20bases)
adhes on kinase) R: 5'- GGT CAA ACT GGCGCA TTG TT -  2445--2426 50%
3’ (20bases)
Actb Actin, beta NM 031144.3 F: 5 - GCA GGA GTA CGA TGA GTC CG  1155--1174 60% 74
-3’ (20 bases)
R: 5 —ACG CAGCTCAGT AACAGTCC  1228--1209 55%
-3' (20 bases)
Ldha Lactate NM 017025.1 F: 5 —CCG TTA CCT GAT GGG AGA AA  613--632 50% 108
dehydrogenase A -3’ (20 bases)
R: 5 —ACG TTC ACA CCA CTC CAC AC  720--701 55%
-3' (20 bases)
18s 18Sr RNA X01117.1 F: 5 —GTT GGT TTTC GG AAC TGA  895--915 52.4% 204

GGC-3' (21 bases)
R:5 —GTC GGC ATCGTT TAT GGT CG  1098--1079 55%

-3 (20 bases)
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Fig. 1. (A) Graphical representation of paxillin and FAK
expression in luminal uterine epithelial cells in pregnant
rats. There is a significant difference in the expression
levels of paxillin and FAK between untreated (control)
and CC treated rats, anastrozole and CC treated rats at
day 6 (£0.001) suggesting that CC appears to decrease
their expression. No significant difference is noted
between untreated and anastrozole treated rats at day 6
(p=0.05), although the means for paxillin and FAK
GUIP | GUNP | GAIP | GANP | GCCIP | GCCNP expression are higher in the anastrozole treated than in
A Day1 Oay 6 the untreated groups. (B) Graphical representation of
paxillin and FAK localization in the uterine epithelial cells
in pregnant rats. Paxillin is localized in focal adhesions
B B B A : A A b at the base of the uterine epithelial cells at day 1 of
: pregnancy whereas at day 6, paxillin disassembles from
25 the basal focal adhesions and localizes apically. FAK is
faintly expressed at the basal aspect of the uterine
2 epithelial cells while moderately expressed at the cell-
3 to-cell contact (lateral aspect) of the uterine epithelial cells
S at day 1 in all groups from where it disassembles and
w | e wr | come | eam | eame | sccw | ecems relocates apically and becomes more intensely expressed
B . ) at day 6 of pregnancy in untreated and anastrozole treated
- = rats.
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Fig. 2. (A) Micrograph showing paxillin and FAK expression
and localization in luminal uterine epithelial cells from day 1
of pregnancy in rats. (A), (B) and (C) show nuclei stained with
DAPI (blue). (D) and (E) A distinct band of paxillin (magenta,
FITC) expression at the base of the uterine epithelium (yellow
arrow) is noted in both untreated and anastrozole treated rats.
(F) The basal expression of paxillin in CC treated rat is not as
high as in (D) and (E). (G), (H) and (I) Very faint band of FAK
(orange, rodamine) expression is noted at the base of the uterine
epithelium (yellow arrow) in untreated, anastrozole treated and
CC treated rats. FAK expression of medium intensity is also
noted on the lateral domain of the epithelium. (K) and (L)
Paxillin and FAK do not co-localize basally on day 1 of
pregnancy. All images are representative of staining from the
5 rats in each of the treatment regimes. (B) Non-immune con-
trol micrograph (A) Shows nuclei stained with DAPI (blue).
(B) Non staining of secondary antibody for anti-Paxillin. (C)
Non staining of secondary antibody for anti-FAK. (D) Merged
micrograph of (A), (B) and (C).
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Although there is no significant difference(p05) between not co-localize in focal adhesions at the base of the epithelium
untreated and anastrozole treated rats at day 6, the meainday 1, but they co-localize and increase their expression
for paxillin and FAK expression are higher in the anastrozobically at day 6 suggesting their role in the implantation

treated than in the untreated groups. Paxillin and FAK dwocess. The non-immune controls (Fig. 2b) were used to

Untreated Anastrozole CC

DAPI

Paxillin

{ 20pm

FAK

Fig. 3. Micrograph showing paxillin and FAK expression and co-localization in luminal uterine epithelial cells from implaittzgiof

day 6 pregnant rats. (A), (B) and (C) show nuclei stained with DAPI (blue); orange arrow shows the embryo. (D) and (E) paxillin
(Magenta, fluorescein isothiocyanate (FITC) disassemble from the base of the epithelium (yellow arrows) and become yignificantl
highly expressed apically£0.001) (white arrows) in both untreated and anastrozole treated rats. (F) The apical expression of paxillin in
CC treated rat is down-regulated. (G) and (H) FAK (orange, rodamine) become highly expressed apically (white arrowsfyéabedh un

and anastrozole treated rats. (I) The apical expression of FAK in CC treated rat is significantly unch=h@sj (), (K) and (L)

Paxillin and FAK co-localize apically on day 6 of pregnancy. All images are representative of staining from the 5 ratsfitheach
treatment regimes.
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validate and determine non-specific binding of the secondamiggulated (more than 1.5-fold increase3®001) in the
antibody on other targets within the epithelium; there is nimplantation and non-implantation sites in the anastrozole
non-specific binding. treated group relative to the calibrator sample (Tables IV, V
and Fig. 4). A significant increase in the paxillin gene
Relative quantification (RQ) analysis of paxillin andexpression is also noted in the day 6 implantation sites in
FAK gene expression in the uterine epithelial cells from daie untreated group (more than 1.5-fold increas#).(q901)
1 and day 6 pregnant rats: At day 1 of pregnancy, paxillimhile it has remained similar (1.32-fold increase) in the non-
gene expression is fairly similar (1.02-fold increase) in thienplantation sites relative to the calibrator sample (Fig. 4).
anastrozole treated rats relative to the calibrator sample (dag the other hand, paxillin is down-regulated with CC
1 untreated rats). This is also true for FAK gene expressitneatment at day 6 in implantation sites (0.92-fold decrease)
(1.02-fold increase). Paxillin gene expression is slightlgnd non-implantation sites (0.89-fold decrease) relative to
down-regulated (0.59-fold decrease) in the CC treated grotle calibrator sample. Interestingly, CC seems not to down-
when compared to the calibrator sample. This is also troegulate FAK gene expression in implantation and non-
for FAK gene expression (0.64-fold decrease) as shownimplantation sites at day 6 (1.57-fold increase and 1.25-fold
Tables IV, V and Figure 4. Notably, at day 6 of pregnancincrease respectively) when compared to the calibrator
paxillin and FAK gene expression are significantly upsample as shown in Table V and Figure 4. In general, there
: is an increase in paxillin and FAK gene expression as
pregnancy progresses, asreflected in the
immunofluorescence experiments.

DISCUSSION AND CONCLUSIONS

In this study, paxillin is localized in focal adhesions
at the base of the uterine epithelial cells at day 1 of pregnancy
whereas at day 6, paxillin disassembles from the basal focal
adhesions and localizes and increases its expression apically.
Additionally, FAK is faintly expressed at the basal aspect of
the uterine epithelial cells while moderately expressed at
D the cell-to-cell contact at day 1 in all groups from where it
Fig. 4. Graphical representation of paxillin and FAK gene disassembles and relocates apically and becomes more

expression in luminal uterine epithelial cells in pregnant rats. Ther(-FmenSmy expressed at day 6 of pregnancy in untreated and
is a significant difference in the gene expression levels of paxillin T .
and FAK between untreated (control) and CC treated ratsanastrozole treated rats. Although paxillin is localized

anastrozole and CC treated rats at day®.(01) suggesting apically at day 6, its expression is significantly down-

that CC appears to decrease their expression. No significafgulated with CC treatment£p.0001) suggesting its
difference is noted between untin this study, paxillin is localizedinterference with the implantation process. However, there

in focal adhesions at the base of is a significant difference in the expression levels of paxillin
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Table IV. RQ analysis of paxillin gene expression in the luminal surface uterine epithelial cells of day 1 and day 6 ofaiegnioid
change of 1.5 or more represents a significant difference in gene expression.

Sample Pax Ave Cr *RFG Ave Cr AC; ANC, L og, Fold change
(2—AACT) 2-AACT

**1U 22.82 +0.03 22.81 +0.03 0.01+0.04 0+0.04 0 1(0.97to 1.03)
1A 22.74 + 0.03 22.75+ 0.04 -0.01+0.05 -0.02 £ 0.05 0.09 1.02 (098to 1.05)
1CC 22.83+0.03 22.05+ 0.06 0.78+ 0.07 0.77 £ 0.07 -0.23 0.59 (056t0 062)
6U IP 21.25+0.02 22.59+ 0.09 -1.3440.09 -0.58+0.09 0.18 1.5(14t0159)
6U NP 21.96 +0.03 22.37+0.04 -0.41+0.05 -0.42+0.05 0.12 1.32(1.29to 1.35)
6A IP 21.21 + 0.04 22.19+ 0.02 -0.98+0.04 -0.99 + 0.04 0.3 2 (1.93t0 1.92)
6A NP 22.45 = 0.06 23.17+ 0.03 -0.72+0.07 -0.73+ 0.07 0.22 1.66 (158to 1.74)
6CC IP 23.66 + 0.03 23.52+ 0.05 0.14+ 0.06 0.13+ 0.06 -0.04 0.92 (0.88to 0.95)
6CC NP 23.75 + 0.05 23.56% 0.05 0.19+ 0.07 0.18+ 0.07 -0.05 0.89 (0.84to0 093)

CT - threshold cycle, SEM - standard error of the mean, * - endogenous control, ** - calibrator A&MpteCT (Target) — CT (Endogenous control).
AACT =ACT (Target ACT (Calibrator).
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Table V. RQ analysis of FAK gene expression in the luminal surface uterine epithelial cells of day 1 and day 6 of
pregnant rats. A fold change of 1.5 or more represents a significant difference in gene expression.

Sample FAK Ave Cr *RFG Ave C; AC; ANC, Logio Fold change
(22207 20007

**1U 25.64 + 0.02 22.81+0.03 2.83+0.04 0+ 004 0] 1 (0.97 to 1.03)
1A 25.55 + 0.06 22.75 £ 0.04 2.8+ 0.07 -003 + 0.07 0.09 1.02 (0.97 t0 1.07)
1CC 25.54 + 0.02 22.05 + 0.06 3.49+ 0.06 0.66 + 0.06 -0.19 0.64 (0.61 to 0.66)
6U IP 24.11 + 0.07 22.59 + 0.09 1.52+0.11 -131+0.11 0.40 25(2.3t02.68)
6U NP 25.19 = 0.02 22.37 £ 0.04 2.82+0.04 -001+0.04 0.04 1.01 (0.98t0 1.04)
6A IP 23.50 +0.17 22.19 + 0.02 1.31+0.17 -152+0.17 0.46 2.89 (2.55t03.23)
6A NP 24.84 + 0.02 23.17 £ 0.03 1.67+0.08 -1.16+ 0.08 0.35 2.24 (2.11t0 2.36)
6CC IP 25.7 £ 0.02 23.52 +£ 0.05 2.18+ 0.05 -065+ 0.05 0.20 1.57 (1.52t01.62)
6CC NP 26.07 = 0.06 23.56 + 0.05 2.51+0.08 -032+ 0.08 0.10 1.25(1.18t01.32)

CT - threshold cycle, SEM - standard error of the mean, * - endogenous control, ** - calibrator A@MpteCT (Target) — CT
(Endogenous controlAACT =ACT (Target -ACT (Calibrator).

and FAK between untreated (control) and CC treated ratigcrease) relative to the calibrator sample. Interestingly, CC
anastrozole and CC treated rats at day $0(Pp001) seems not to down-regulate FAK gene expression in
suggesting the interpretation that CC appears to decreasplantation and non-implantation sites at day 6 (1.57-fold
their expression. Although there is no significant differenciacrease and 1.25-fold increase respectively) when compared
between untreated and anastrozole treated rats at datp 8he calibrator sample. In general, there is an increase in
(p=0.05), the means for paxillin and FAK expression arpaxillin and FAK gene expression as pregnancy progresses,
higher in the anastrozole treated than in the untreated grougs reflected in the immunofluorescence experiments.
Paxillin and FAK do not co-localize in focal adhesions at
the base of the epithelium at day 1, but they co-localize and  FAK is phosphorylated on tyrosine residues upon
increase their expression apically at day 6 suggesting thitegrin-mediated adhesion to a substratum (Zhao & Guan,
role in the implantation process. 2009). FAK phosphorylation at tyrosine 397 (Y3a7) leads
to recruitment of Src and Src-family kinases as well as to an
With regard to the paxillin and FAK gene expressioimcreased phosphorylation of other focal adhesion proteins
experiments in this study, at day 1 of pregnancy, paxillisuch as paxillin (Mitreet al, 2005). Other studies have
gene expression is fairly similar (1.02-fold increase) in théemonstrated that site-specific FAK phosphorylation is also
anastrozole treated rats relative to the calibrator sample (deggered by mechanical forces and determines physiological
1 untreated rats). This is also true for FAK gene expressioallular responses to shear stress and cyclic stretch. In these
(1.02-fold increase). Paxillin gene expression is slightlgtudies, FAK has been noted to have multiple
down-regulated (0.59-fold decrease) in the CC treated gropposphorylation sites, making it an ideal anchor for
when compared to the calibrator sample. This is also trparticipating in mechanotransduction (Cabetdhl, 2010).
for FAK gene expression (0.64-fold decrease). Notably, &imilarly, some studies have found that FAK associates with
day 6 of pregnancy, paxillin and FAK gene expression amsultiple cell surface receptors and is at a point of
significantly up-regulated (more than 1.5-fold increase)onvergence of integrin and growth factor mechanical
(p=<0.0001) in the implantation and non-implantation sitesignaling pathway (Longt al, 2010).
in the anastrozole treated group relative to the calibrator. An
increase in the paxillin gene expression is also noted inthe ~ Moreover, FAK stabilizes the cytoskeleton by
day 6 implantation sites in the untreated group (more th@anomoting focal adhesion turn-over through a rho-kinase
1.5-fold increase) while it has remained similar (1.32-folROCK)-dependent pathway (Nehetial, 2013). FAK is
increase) in the non-implantation sites relative to thimportant in maintenance of normal cell survival and
calibrator sample. On the other hand, paxillin is dowrdisruption of FAK signaling results in loss of substrate
regulated with CC treatment at day 6 in implantation sitexlhesion and apoptosis of anchorage-dependent cells such
(0.92-fold decrease) and non-implantation sites (0.89-folts endothelial cells (Lu & Rounds, 2012). FAK maintains
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cell adhesion to integrins via PI3 kinase/AKt signaling (Lu Moreover, FAK and vinculin have been shown to
& Rounds). FAK is, therefore, a key component of focadtrengthen cellular stiffness in mouse embryonic fibroblasts
adhesion complexes (Lu & Rounds). On the contrary, oth@¢lemm et al, 2009). FAK is also known to be crucial in
studies suggest that FAK does not regulate focal adhesitie coordination of the appropriate mechanical properties
formation (Gilmore & Burridge). to cell-cell contacts through cadherin-catenin-actin
interactions in which focal adhesions sense the physical
Of special note, progesterone enhances vasculanmoperties of the extracellular matrix (ECM) and organize
endothelial cell migration via activation of FAK (Zheaty the cytoskeleton accordingly (Quadri, 2012). Other studies
al., 2012). Additionally, progesterone has been seen have suggested that FAK is a mediator of crosstalk between
enhance breast cancer cell motility and invasion viategrin-mediated FAs and intercellular adherens junctions
extranuclear activation of FAK (Fat al, 2010). This means (Zachary, 2003). This clearly shows that FAK is at the cen-
that progesterone can regulate FAK activities. This ise of focal adhesion assembly and activation (Karetko
consistent with the findings of the present study in whichl., 2012) and therefore, anastrozole might positively affect
the high FAK expression on the apical uterine epitheliuiits expression and activities during implantation.
together with paxillin, in the anastrozole and control groups
coincides with the implantation period, which is also Immunofluorescence and focal adhesion localization
progesterone controlled. Taken together, these findinggidies done in rats during early pregnancy have revealed that
demonstrate that anastrozole appears to enhance the utdfé does not localize at the site of focal adhesions, instead it
receptivity during implantation. is localized to the site of cell-to-cell contact and colocalize
with ZO-1 at day 1 of pregnancy (Kane&bal, 2012). At
While it is also interesting to note from the results oflay 6 of pregnancy, FAK expression increases at the apical
the present study that CC seems not to down-regulate FAégion of the rat uterine luminal epithelial cells, regulated by
gene expression in implantation and non-implantation sitpsogesterone (Kaneket al., 2012). It is not surprising,
at day 6 (1.57-fold increase and 1.25-fold increastherefore, to see in the current study that FAK re-locates and
respectively) when compared to the calibrator sample, Gtreases its expression apically in the rat uterine epithelial
appears to down regulate FAK protein expression at daycélls at day 6 in both untreated and anastrozole treated rats.
of pregnancy. This discrepancy in the results raises tMoreover, Junctional barrier complexes undergo major
guestion of the normal molecular dogma of DNA-mRNAalterations during the plasma membrane transformation of
protein. However, it could be argued that this is one of theerine epithelial cells in early pregnancy (Murphy, 2000). The
limitations of real-time gPCR in that detection of the presena@plication of these morphological and molecular alterations
of an MRNA provides no information on whether that mMRNAs to have reduced paracellular permeability by the time of
will be translated into a protein or indeed whether a functionblastocyst attachment while the epithelial cells are less firmly
protein is translated at all (Derveaebal, 2010). This means attached to each other, and to their extracellular environment
that some of the FAK mRNAs might have not been translatésdlurphy). Taken together, there is assembly and disassembly
into functional proteins in the day 6 CC treated animals, aind the cytoskeleton in uterine epithelial cells during
thus their increased gene and decreased protein expressioplantation.
Moreover, earlier studies have suggested similar reasons
(Derveauxet al). It follows, therefore, that not all MRNAs Tyrosine phosphorylation is also an important
are translated into proteins, and thus the decreased F&kement in paxillin dynamics at FAs (Ktial, 2006). FAK
protein expression in the CC treated rats at day 6 in tlstargeted to the FA complexes via direct binding to paxillin
immunofluorescence experiments in this study, which migfitiu et al, 2002) and p130Cas (Polte & Hanks, 1997).
affect the attachment of blastocysts onto the uterus durivyltiple interactions between FAK, Src, p130Cas, and
implantation. Moreover, CC reduces endometrial thicknegmxillin regulate the dynamic FA assembly and disassembly,
(Lacinet al, 2001), blood flow, morphological abnormalitiesas reviewed by Playford & Schaller (2004). Disruption of
in the rat uteri, embryo development and pregnancy ratdeese interactions causes cell detachment (Playford &
(Baoet al, 2009) suggesting that CC may disrupt blastocySchaller; Zoucet al, 2009).
implantation, and thus associated with low pregnancy rates
(Nutu et al; Reefhuiset al, 2011). Furthermore, earlier hormonal studies done on rats
have demonstrated that paxillin expression is along the basal
If this study had found that CC significantly increasedell surface of the uterine epithelial cells with estrogen
FAK protein expression, the question of whether this speciftceatment (Kaneket al, 2009). On the other hand, there is
biological change interferes with implantation and pregnaneyreduction or no staining of paxillin at the basal surface of
rates would still be a matter of debate. uterine epithelial cells with progesterone treatment, which is
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also observed at the time of implantation (Kanetal., 2009). anastrozol. Aunque la paxillina se localiza apicalmente en el dia 6,

This is in agreement with the observation in the current study expresion esta significativamente disminuida con el tratamiento

in which paxillin is seen to disassemble from the basal surfag@? CC: lo que sugiere su interferencia con el proceso de implanta-

of the uterine epithelial cells then relocates and increasescton. Estos hallazgos sugieren que el anastrozol podria favorecer el
. . P . d Bceso de implantacion.

expression apically at day 6 of pregnancy in untreated and

anastrozole treated rats. The implication of this could be for PALABRAS CLAVE: Implantacion, Gtero; Gravidez

the blastocyst to easily invade the endometrium. temprana; Paxilina; FAK; Proteinas de adhesién focal.
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