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During Decidualization1
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ABSTRACT

Transcriptional coactivator with PDZ-binding motif (TAZ) is
known to bind to a variety of transcription factors to control cell
differentiation and organ development. However, its role in
uterine physiology has not yet been described. To study its
regulation during the unique process of differentiation of
fibroblasts into decidual cells (decidualization), we utilized the
human uterine fibroblast (HuF) in vitro cell model. Immunocy-
tochemistry data demonstrated that the majority of the TAZ
protein is localized in the nucleus. Treatment of HuF cells with
the embryonic stimulus cytokine interleukin 1 beta in the
presence of steroid hormones (estradiol-17 beta and medrox-
yprogesterone acetate) for 13 days did not cause any apparent
TAZ mRNA changes but resulted in a significant TAZ protein
decline (approximately 62%) in total cell lysates. Analysis of
cytosolic and nuclear extracts revealed that the decline of total
TAZ was caused primarily by a drop of TAZ protein levels in the
nucleus. TAZ was localized on the peroxisome proliferator-
activated receptor response element site (located at position
�1200 bp relative to the transcription start site) of the genomic
region of decidualization marker insulin-like growth factor-
binding protein 1 (IGFBP1) in HuF cells as detected by chromatin
immunoprecipitation. TAZ is also present in human endometri-
um tissue as confirmed by immunohistochemistry. During the
secretory phase of the menstrual cycle, specific TAZ staining
particularly diminishes in the stroma, suggesting its participation
during the decidualization process, as well as implantation.
During early baboon pregnancy, TAZ protein expression remains
minimal in the endometrium close to the implantation site. In
summary, the presented evidence shows for the first time to date
TAZ protein in the human uterine tract, its downregulation
during in vitro decidualization, and its localization on the
IGFBP1 promoter region, all of which indicate its presence in the
uterine differentiation program during pregnancy.

decidua, decidualization, human endometrium, IGFBP1 gene
promoter, implantation, implantation site, pregnancy, TAZ, uterus

INTRODUCTION

The activation of specific programs of gene expression
during cell differentiation and organ development depends on a
combination of interactions among DNA-binding transcription

factors, transcriptional cofactors, and histone-modifying en-
zymes [1]. One such protein, transcriptional coactivator with
PDZ-binding motif (TAZ, also called WWTR1), was originally
identified as a 14-3-3-binding protein [2]. TAZ contains the
WW domain and functions by binding to the PPXY motif
present on transcription factors [2].

TAZ was reported to bind to a variety of transcription
factors to control cell differentiation and organ development
[3–8]. Its C-terminal contains a PDZ-binding motif that
localizes TAZ in discrete nuclear foci [2]. TAZ represses
transcription factor peroxisome proliferator-activated receptor
gamma (PPARG)-dependent gene transcription during differ-
entiation of mesenchymal stem cells into adipocytes [3]. In
mice, PPARG is essential for the formation of a functional
placenta [9]. Moreover, PPARG-induced gene networks were
described as critical regulators of mouse implantation [10].

During implantation, trophoblast migration and invasive
capacity have been shown to be modulated by numerous
factors, including insulin-like growth factor-binding protein 1
(IGFBP1) [11, 12]. IGFBP1 is the major secretory product of
the human decidualized endometrium [13] and is one of the
markers of human decidualization. Decidualization is a major
change that occurs in the endometrium after conception and
involves the differentiation of stromal fibroblasts into decidual
cells [14, 15]. Decidualization spreads from the implantation
site to the whole uterine lining, and the decidua serves as a
contact inhibition layer to trophoblast invasion for the duration
of the pregnancy. Thus, decidualization is critical for the
successful establishment and maintenance of pregnancy [14,
15]. Defects in decidualization were described in infertility
patients and patients with endometriosis and were linked to
preeclampsia [16–18]. The exact molecular mechanisms
regulating this complex process of stromal cell transformation
are still unknown. We previously demonstrated that an
embryo-mimicking signal represented by proinflammatory
cytokine interleukin 1 beta (IL1B) in the presence of steroid
hormones (SHs) induces IGFBP1 expression in the human
uterine fibroblast (HuF) in vitro decidualization model [19].
We have confirmed the relevance of IL1B for in vivo
decidualization in the baboon model of simulated pregnancy
[20]. The present study was aimed at investigating the role of
TAZ in uterine physiology by examining its presence in the
human uterine endometrium and its involvement in in vitro
decidualization of human stromal fibroblasts.

MATERIALS AND METHODS

Materials

Recombinant human IL1B was obtained from R&D Systems, Inc.
(Minneapolis, MN). The rabbit polyclonal antibody to TAZ used in Western
blot detections was from Cell Signaling Technology, Inc. (Beverly, MA), and
the TAZ antibody used in the chromatin immunoprecipitation (ChIP) assay was
from Novus Biologicals (Littleton, CO). Purchased from Sigma (St. Louis,
MO) were the following: the TAZ antibody (WWTR1) used for immunohis-
tochemistry, monoclonal beta-actin antibody clone AC 15, and dibutyryl cAMP
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(dbcAMP) and cAMP. Rhodamine-conjugated phalloidin was purchased from
Molecular Probes (Eugene, OR). Prolong Antifade mounting medium
containing 40,60-diamidino-2-phenylindole (DAPI) and all cell culture supplies
were obtained from Invitrogen (Grand Island, NY). Other reagents of cell
culture grade were purchased from Fisher Scientific (Itasca, IL) or Sigma.

Tissue Collection

Human placenta tissue and human endometrial tissues were obtained from
the Human Female Reproductive Tissue bank in the Center for Women’s
Health and Reproduction at the University of Illinois at Chicago. All studies
were approved by the Institutional Review Board of the University of Illinois.
Baboon endometrial tissue was obtained from adult female baboons (Papio
anubis) by endometriectomy or after hysterectomy. Uteri from pregnant
baboons (Day 30 of pregnancy) were obtained after the pregnancy was
confirmed as previously described [21]. After visualization of the site of
conceptus attachment, the uterus tissue directly under the implantation site was
used as the sample for immunohistological studies. The animal study was
approved by the Animal Care Committee at the University of Illinois at
Chicago.

Cell Culture and Treatment with Decidualization Stimuli

HuF cells were isolated from the decidua parietalis, dissected from placental
membranes after normal vaginal delivery at term as previously described [19].
These cells represent a proliferating population of nondifferentiated fibroblastic
cells, which are maintained in the decidualized uterine endometrium and
closely resemble endometrial stromal cells [22, 23]. HuF cells were confirmed
as a suitable model for in vitro decidualization in studies by us and others [19,
22–27].

Cells were cultured in RPMI-1640 medium supplemented with 10% heat-
inactivated and charcoal-stripped fetal bovine serum (SFBS), 0.1 mM sodium
pyruvate, and 1% penicillin-streptomycin. At confluence, cells were trypsin-
ized, propagated, and used for experiments in passage numbers three to five.
Cell purity was assessed by immunocytochemistry using antibodies against
cytokeratin (DAKO, Glastrup, Denmark) and vimentin (Zymed Laboratories,
Inc., San Francisco, CA). The purity of fibroblast cells used in the studies was
greater than 97%.

Decidualization studies were carried out in RPMI-1640 with 2% SFBS.
Confluent HuF cells were subjected to vehicle control (control) or were treated
for 6 days or 13 days with decidualization stimuli IL1B (10 ng/ml) or dbcAMP
(0.1 mM) (both in the presence of SHs. The term steroid hormones in this
article refers to treatment with a mix of 36 nM estradiol-17b and 1 lM
medroxyprogesterone acetate (final concentrations). Cell culture medium was
changed every 2 days. In decidualization experiments, the medium was
collected on Day 6 or Day 12 of treatment and frozen at �708C until further
analysis. All experiments were repeated a minimum of three times, and each
experiment was done in triplicate.

TAZ Detection by Western Blot

Cell lysates. Following each treatment, HuF cells were rinsed twice with
PBS and lysed on ice with lysis buffer as previously described [28]. The protein
concentration was estimated by Bradford assay (Bio-Rad Laboratories, Inc.,
Webster, TX). Equal amounts of total protein (35 lg) were separated by 4%–
20% SDS-PAGE.

Nuclear and cytosolic fractions. HuF cells grown in 100-mm plates were
subjected to decidualization stimuli for 13 days. The cells were scraped into
ice-cold PBS, and nuclear and cytosolic fractions were isolated as previously
described [27]. Equal volumes of nuclear and cytosolic fractions were loaded
and separated by 4%–20% SDS-PAGE.

The gels with separated samples (cell lysates or nuclear and cytosolic
fractions) were transferred onto polyvinylidene difluoride membranes and
probed with specific antibodies against TAZ (1:1000; Cell Signaling
Technology, Inc.) according to the protocol provided by the manufacturer.
The membranes were reprobed for MYC (c-myc) (1:200; Santa Cruz
Biotechnology, Santa Cruz, CA) and beta-actin (1:8000; Sigma) according to
the protocols provided by the manufacturers. The immunoreactive bands were
detected by enhanced chemiluminescence, and digital images were captured by
Quantity One 1-D analysis software on a ChemiDoc XRS System (Bio-Rad
Laboratories, Inc.).

Immunofluorescence Staining

HuF cells grown on glass coverslips were fixed with 4% paraformaldehyde,
permeabilized with 0.1% Triton X-100, and then blocked with 5% bovine

serum albumin (BSA) at room temperature (RT). Incubations with primary
antibody against TAZ (1:1000; Sigma) were conducted at 48C overnight,
followed by incubation for 1 h with fluorescein isothiocyanate-conjugated
secondary antibodies (1:100). Coverslips were mounted with Prolong Antifade
containing DAPI and examined using a Zeiss (Welwyn Garden City, UK) LSM
510 laser confocal microscope.

RT-PCR Analysis and Real-Time PCR

HuF cells (control or after 13 days of decidualization treatments) were lysed
in Trizol reagent (Invitrogen), and total RNA was extracted. RNA was
subjected to DNase I treatment and reverse transcribed using the iScript cDNA
synthesis kit (Bio-Rad Laboratories, Inc.) according to the manufacturer’s
instructions. Standard PCR (35 cycles) was carried out using primers (50 pmol)
specific for human TAZ [29], PRL (prolactin) [30], PPARG [31], IGFBP1 [32],
and H3F3A (histone H3.3) [32]. The PCR products were resolved on 2%
agarose gels, stained with ethidium bromide, and visualized on a ChemiDoc
XRS System (Bio-Rad Laboratories, Inc.). Real-time quantitative PCR (qPCR)
was carried out with an ABI PRISM 7700 sequence detection system (Applied
Biosystems, Foster City, CA) in a 10-ll total reaction volume. Each reaction
contained 5 ll of 23 Fast SYBR Green Master Mix (Applied Biosystems), 1 ll
of 103 diluted first-strand cDNA, and 0.5 lM primers (TAZ [29] and H3F3A
[33]) or 1 lM primer (IGFBP1 [34]) and was run for 40 cycles (3 sec at 958C,
followed by 20 sec at 608C) after an initial denaturation at 958C for 20 sec. Melt
curves were plotted to establish the absence of confounding nonspecific
amplification products, and all primer systems were tested and validated for use
in the 2�DDCt method. Cycle threshold (Ct) values were determined using Prism
SDS software version 2.0 (Applied Biosystems). Relative gene expression
levels were calculated using the 2�DDCt method with H3F3A mRNA serving as
a reference gene.

ChIP Assay

Genomic DNA was cross-linked to nuclear proteins by adding
formaldehyde directly to HuF cell culture medium to a final concentration
of 1% and incubating at RT for 10 min. Glycine was added to a final
concentration of 0.125 M, and plates were incubated for 5 min on a rocking
platform to stop cross-linking. The medium was removed, and cells were
washed two times with ice-cold PBS, scraped into cold PBS with Protease
Inhibitor Cocktail I (EMD Biosciences, La Jolla, CA), and collected by
centrifugation. The cell pellets were resuspended in cell lysis buffer (5 mM
PIPES [pH 8.0], 85 mM KCl, 0.5% Nonidet P-40, and protease inhibitors),
incubated on ice for 10 min, and centrifuged. The pellets were resuspended in
nuclear lysis buffer (1% SDS, 10 mM edetic acid [EDTA], 50 mM Tris [pH
8.1], and protease inhibitors) and incubated at RT for 10 min. The lysates
were sonicated to result in DNA fragments of 300–600 bp in length. Samples
were centrifuged to pellet cell debris, and the chromatin-containing
supernatants were saved. Aliquots (15 ll) of the chromatin solution were
saved as nonimmunoprecipitated input controls. The remaining chromatin
solution was incubated with rotation overnight at 48C with sheared salmon
sperm DNA (1 mg/ml) and 100 ll of prepared Protein A-coated Dynabeads
(100.01D; Invitrogen) in dilution buffer (0.01% SDS, 1.1% Triton X-100, 1.2
mM EDTA, 16.7 mM Tris [pH 8], and 167 mM NaCl) to a total volume of 2
ml. The Dynabeads were prepared 1 day before use by washing 25 ll of the
bead solution per pull down with 5% BSA in PBS three times and incubating
with rotation overnight at 48C with antibodies against TAZ (NB110–58359;
Novus Biologicals), PPARG (sc-7196; Santa Cruz Biotechnology), and
nonspecific rabbit IgG (sc-2027; Santa Cruz Biotechnology) diluted to
manufacturers’ specifications. On the day of use, the Dynabeads were washed
with 5% BSA in PBS and resuspended in 105 ll of dilution buffer. Beads
were washed using a magnetic stand. The Dynabead-chromatin solution was
washed twice in low-salt buffer (0.1% SDS, 1% Triton X-100, 2 mM EDTA,
150 mM NaCl, and 20 mM Tris-HCl [pH 8.1]), once in high-salt buffer (0.1%
SDS, 1% Triton X-100, 2 mM EDTA, 500 mM NaCl, and 20 mM Tris-HCl
[pH 8.1]), four times in LiCl buffer (0.25 mM LiCl, 1% Nonidet-P40, 1%
sodium deoxycholate, 1 mM EDTA, and 10 mM Tris-HCl [pH 8.1]), and
twice in TE buffer (10 mM Tris-HCl [pH 8.1] and 1 mM EDTA). DNA was
eluted from the beads by incubating them in 75 ll of elution buffer (1% SDS
and 100 mM NaHCO

3
) for 10 min at RT. The supernatants were collected,

and the elution was repeated for a total of 150 ll per sample. The input
samples were brought to 150 ll using elution buffer. To de-cross-link the
samples, NaCl was added to a final concentration of 200 mM, and the samples
were incubated for 16 h at 658C. The samples were purified using QIAquick
PCR Purification Kit (Qiagen, Valencia, CA) according to the manufacturer’s
protocols. DNA eluted from the spin tubes (chromatin templates) was used for
PCR.
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PCR of Chromatin Templates

Primers for the following were published previously by Degenhardt et al.
[35]: a PPAR response element (PPRE)-containing region located �1197 to
�1002 bp relative to the transcription start site (TSS) of the human IGFBP1
gene ([5 0-30] sense: GATCCACCGTTATAGCCTCTG, antisense: CAC-
CATCTTTGCCTCCCATTC), the control region of IGFBP1 located �8869
to �8377 bp relative to the TSS (sense: CAATTAGGAACTGCCCTCATG,
antisense: GACGTTATCATGTTTGCAGATTC), and the TSS of IGFBP1
(�100 to 153 bp) (sense: GAACACTCAGCTCCTAGCGTG, antisense:
CTGACATCTCCAGGCGCGAG). DNA was used as template with 50 pmol
of primers in standard PCR reactions with the following profile: preincubation
for 2 min at 958C, then 50 cycles of 30 sec at 958C, 30 sec at 608C, and 30 sec
at 728C, with a final extension incubation of 7 min at 728C. The PCR products
were separated on 2% agarose gels with ethidium bromide and visualized on a
ChemiDoc XRS System (Bio-Rad Laboratories, Inc.).

Statistical Analysis

Statistical analyses were performed using SPSS 15.0 (SPSS Inc., Chicago,
IL). Results are expressed as the mean 6 SD. One-way ANOVA was used to
test the null hypothesis of group differences, followed by either a two-tailed t-
test for pairwise comparison or post hoc tests using Tukey and Bonferroni
correction for multiple comparisons.

RESULTS

TAZ Protein Decreases During In Vitro Decidualization
Induced by SHs and IL1B

HuF is a suitable model to study transcription coactivator
TAZ because immunocytochemistry confirmed its presence in
native cells. Confocal microscopy showed that the majority of
the TAZ protein in HuF cells is localized in the nucleus (Fig.
1A). In addition, Western blot analysis with a C-terminal-
specific TAZ antibody revealed the presence of TAZ protein as
a distinct band of the appropriate size (50 kDa) (Fig. 1B).
Detection of TAZ protein in whole-cell lysates revealed that in
vitro decidualization of HuF cells is associated with a
noticeable decrease in TAZ protein after treatment with SHs
alone and an even greater statistically significant decrease after
treatment with the embryonic stimulus cytokine IL1B and SHs
(38.4% 6 13.3% when the mean value for TAZ 6-day control
was set as 100%) (Fig. 1B). In contrast, widely used artificial
decidualization stimulus cAMP (with SHs) did not have any
noticeable effect on the level of TAZ protein in cell lysates
after 6 days and 13 days of treatment (Fig. 1B). While
decidualization treatment with IL1B and SHs resulted in a
significant change in TAZ protein level, TAZ mRNA levels did
not change as confirmed by qPCR (Fig. 1C). In contrast, the
expected increases in mRNA for decidualization markers
IGFBP1 and prolactin after decidualization treatments were
evident (Fig. 1C).

TAZ Decline in Nucleus During Decidualization

Because TAZ protein was described as moving between the
nucleus and the cytosol, we investigated possible changes in
TAZ location during in vitro decidualization for 13 days. In
agreement with immunofluorescence staining (Fig. 1A), the
majority of TAZ protein in vehicle control (untreated) HuF
cells was detected in the nuclear extract (Fig. 2A). Some TAZ
protein was also seen in the cytosolic extract (Fig. 2A).
Interestingly, the treatment with IL1B for 13 days resulted in a
decrease of TAZ protein in nuclear extract, suggesting that the
overall TAZ decline noticed in total cell lysates (Fig. 1B) is
attributed to the decrease in the nucleus. Nuclear protein MYC
was noticeable only in nuclear fractions. In contrast, beta-actin
was uniformly distributed in both cytosol and nuclear fractions
in all treatments. The densitometric evaluation of cytosol:nu-

FIG. 1. TAZ detection in HuF cells and its downregulation during in vitro
decidualization. A) Confocal microscopy of immunofluorescent staining
of TAZ in HuF cells (a). Nuclear staining is visualized with DAPI (b).
Merge image (c). Bar¼ 20 lm. Nonspecific antibody control staining is in
upper corner insets. B) Distribution of TAZ in total cell lysates (35 lg of
protein) of HuF following decidualization for 6 days and 13 days induced
by SHs (EþP), IL1B and SHs (IL-1þEþP), cAMP and SHs (cAMPþEþP), and
untreated controls (control) as detected by Western blot with TAZ
antibody. Membrane was reprobed with beta-actin (ACTB) antibody (blot
below). Densitometric evaluation of TAZ:ACTB ratios is illustrated in
graph below blots. The mean value from three experiments for the control
at Day 6 was set as 100%. Note the significant difference between control
and IL1B- and SH-treated cells on Day 13 (*P � 0.05). C) TAZ mRNA
expression during decidualization. The PCR using primers specific for
TAZ, IGFBP1, PRL (prolactin), and H3F3A (histone H3.3) was performed
on RNA isolated from HuF cells treated for 13 days as indicated in the
figure (left). The qPCR for relative TAZ mRNA levels confirmed no change
during decidualization (upper graph), although IGFBP1 mRNA was
significantly different between the control and other treatments (#P �
0.05, bottom graph). M.w., molecular weight; EþP, estradiol-17b and
medroxyprogesterone acetate.
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clear fractions confirmed the significant disappearance of TAZ
protein from the nuclear fraction after IL1B and SH treatment
compared with untreated HuF cells (Fig. 2B).

TAZ Is Detected on the PPRE Region Close to the TSS
of the IGFBP1 Gene

Because TAZ was located in PPARG multiprotein com-
plexes in other cells [3], we examined the presence of PPARG
in HuF. PPARG mRNA was detected by RT-PCR in HuF cells
(Fig. 3A), and PPARG protein was seen in nuclear extracts by
Western blot (Fig. 3B). Next, we examined the presence of
TAZ and PPARG proteins on the genomic region (�1197 to
�1002 bp from the TSS) of decidualization marker IGFBP1 in
living HuF cells. The rationale for choosing this particular
region was based on a previous study [35] of liver cells in
which this genomic IGFBP1 region, containing a PPRE, was
identified as a primary target of PPARs. ChIP experiments
revealed that the region with PPRE was occupied by TAZ and
PPARG (Fig. 3C). In contrast, the control region without PPRE
was occupied by neither TAZ nor PPARG (Fig. 3C).

TAZ In Vivo Localization in the Human and Baboon
Endometrium and at the Pregnant Baboon
Implantation Site

In addition to its presence during in vitro decidualization,
we investigated TAZ in the human uterine endometrium by
immunostaining in paraffin-embedded fixed tissues. During the
proliferative phase of the menstrual cycle, there is specific
staining for TAZ protein in the human endometrium,
specifically in the luminal epithelium and endometrial glands,
as well as in the stroma (Fig. 4a), compared with nonspecific
isotype-matched IgG control staining (Fig. 4a, inset). During
the secretory phase of the human menstrual cycle, there is a
decline in specific staining for TAZ, particularly in stromal
cells, while the endometrial glands remain positive (Fig. 4b). A
similar pattern for TAZ staining was detected in baboon (P.
anubis) endometrium tissue samples (Fig. 4, c and d).
However, qPCR analysis of mRNA in tissue samples from
baboons in proliferative and secretory phases of the menstrual
cycle revealed no significant differences in TAZ mRNA during
the menstrual cycle (Supplemental Fig. S1 available at www.
biolreprod.org). The baboon model also allows us to determine
the localization of TAZ during the early days of pregnancy.
There is diminished staining for TAZ close to the early
pregnancy (Day 30) implantation site in the baboon endome-
trium (Fig. 4, e and f), comparable to the nonspecific IgG
control. This suggests TAZ protein downregulation during
early pregnancy and decidualization in vivo.

DISCUSSION

The physiological significance of TAZ in the human uterus
is unknown. It has been proposed that TAZ is a member of the
large superfamily of membrane/cytoskeleton-associated tran-
scriptional regulators that globally control the switch between
cell proliferation and differentiation [3]. We recently described
cytoskeleton-related changes during differentiation of human
stromal cells into decidual cells [26, 27]; therefore, we
investigated the involvement of TAZ during this process. To
our knowledge, data presented herein are the first evidence of
TAZ in the uterus and its possible involvement in decidualiza-
tion.

During in vitro decidualization, there is a decline in overall
TAZ protein after SH treatment, and this trend is enhanced

significantly in the presence of embryo-mimicking signal
IL1B. In contrast, widely used artificial decidualization
stimulus cAMP (with SHs) did not have any noticeable effect
on TAZ protein, suggesting that TAZ is specifically connected
with SH-induced decidualization and is sensitive to the
presence of the cytokine. This downregulation of TAZ was
not present on the mRNA level, suggesting that its regulation is
not on the gene expression level but rather post-translational.

Interestingly, TAZ was recently identified as a downstream
effector of the novel Hippo pathway in mammalian cells [8].
The Hippo signaling pathway was originally described in
Drosophila; however, its components are found in humans, and
the pathway is important in the regulation of cell contact
inhibition, organ size control, and cancer development [36, 37].
It is believed that the Hippo pathway is coupled with cell
differentiation and with organ size such that it is activated
when an organ approaches its final size or when cells enter the
differentiation phase of development [38]. The decidualization
process is the maternal differentiation response in uterine
stromal fibroblasts, which functions to inhibit and regulate the
invasion of trophoblasts during pregnancy. Thus, the presence
of the active Hippo pathway during decidualization is
reasonable.

Activation of the Hippo pathway leads to TAZ phosphor-
ylation by its upstream kinase Lats2 [8]. Phosphorylation of
TAZ by Lats2 creates a 14-3-3-binding site. Previous findings
demonstrated that binding to 14-3-3 promotes the cytoplasmic
retention and/or nuclear exclusion of TAZ [2]. As a result, TAZ
is sequestered in the cytoplasm and inactivated [8]. This
described mode of action is somewhat in agreement with our
observation of the diminishing presence of TAZ in the nucleus
and its overall decline during decidualization induced by IL1B

FIG. 2. TAZ decline in nucleus during IL1B-induced decidualization. A)
Distribution of TAZ in the cytosolic (c) and nuclear (n) fractions of HuF
cells treated for 13 days with SHs (H), IL1B and SHs (IL1BþH), cAMP and
SHs (cAMPþH), and untreated controls (Ctr) as detected by Western blot
with TAZ antibody. Membrane was reprobed with MYC (c-myc) and beta-
actin (ACTB) antibodies (blots below). B) Quantification of TAZ
distribution in cytosol and nuclear extract fractions of HuF cells after 13
days of decidualization treatments expressed as the cytosol:nuclear extract
ratio (labeled as cyt.:nucl. extr.) calculated from densitometric evaluation
of TAZ bands from three experiments. The mean ratio in control cells (Ctr)
from three experiments was set as 1, and other treatments were compared
with the control (mean 6 SD). Note the significant increase (*P , 0.05) in
the cytosol:nucleus ratio for TAZ in HuF cells treated with IL1B and SHs
compared with the control.
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and SHs. IL1B is a powerful cytokine having an important role
in the regulation of many cellular processes. However, its
ability to participate in the regulation of TAZ and presumably
to interact with the Hippo pathway has not been previously
described to our knowledge.

We reported that IL1B induces prostaglandin E
2

(PGE
2
)

synthesis in stromal fibroblasts [19]. PGE
2
, a short-lived

mediator, is inactivated via an oxidation reaction that generates
15-keto-PGE

2
. Interestingly, 15-keto-PGE

2
can act as a ligand

of PPARG, thus activating PPARG-mediated transcription
[39]. Decidualization-induced downregulation of TAZ is
similar to its downregulation (about 50%) reported during

differentiation of mesenchymal stem cells into adipocytes [3,
40]. During that differentiation process, TAZ transcriptionally
represses PPARG-driven gene expression; its release from the
PPARG-containing protein multicomplex allows PPARG-
driven gene expression [3, 40].

PPARG has been described as a nuclear regulator of
metabolism, differentiation, and cell growth [41]. Pparg-null
mice are not viable because of defects in placenta formation
[9]. In the preimplantation mouse uterus, PPARG was
identified as a downstream effector of polyunsaturated fatty
acid-metabolizing enzymes [10]. Upon ligand binding, PPARG
releases bound corepressors and recruits coactivators for

FIG. 4. Localization of TAZ in human and
baboon endometrium and at the implanta-
tion site in the pregnant baboon. Immuno-
histochemical detection of TAZ in the
human endometrium in proliferative (a) and
secretory (b) phases of menstrual cycle,
baboon endometrium in proliferative (c)
and secretory (d) phases of menstrual cycle,
and pregnant baboon endometrium (Day 30
of pregnancy) at the implantation site (e and
f ). Insets show staining with nonspecific
control rabbit IgG. Specific TAZ staining is
brown. Blue nuclear costaining is with
hematoxylin. Note the decline in TAZ
staining in the stroma during the secretory
phase (b and d) compared with the prolif-
erative phase (a and c). Endometrium at the
implantation region shows minimal TAZ
staining (e and f). All images are taken at
same magnification. Bar ¼ 100 lm.

FIG. 3. Association of TAZ and PPARG with the PPRE-containing site of the human IGFBP1 in vivo. A) PPARG mRNA in HuF cells detected by RT-PCR in
total RNA. B) PPARG protein detected in the nuclear (n) fraction of HuF cells by Western blot with specific antibody. PPARG was not detected in the
cytosolic extract (c). C) Chromatin was extracted from HuF cells. ChIP experiments were performed with anti-TAZ and anti-PPARG antibodies. An
association of TAZ and PPARG with the PPRE-containing genomic region (�1197 to�1002 bp from the TSS) of the human IGFBP1 gene was detected. The
control region of the IGFBP1 gene (�8869 to �8377 bp from the TSS), which contains no PPRE, did not show this association. The PCR on the input
chromatin template (Input, 1:3100) served as a positive control and that of nonspecific rabbit IgG-precipitated template as a specificity control. Ab,
antibody; negative c., negative control.
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transcriptional activation [42, 43]. The expression of PPARG
in the epithelium and stroma of the pregnant mouse uterus
overlapped with the window of implantation [10]. The
activation of downstream gene targets of PPARG was
described as important for mouse implantation [10].

We detected PPARG mRNA and protein in HuF, confirm-
ing the previously observed expression of endogenous PPARG
in human endometrial stromal cells [44]. A number of studies
have identified the insulin growth factor (IGF) axis as a target
of PPARG signaling. IGFBP1 is a molecular marker for
decidualization. It is believed that its core function in decidual
cells is the regulation of IGF-I and IGF-II availability on the
maternal-fetal interface [45]. Although we previously described
that decidualization treatment of IL1B (with SHs) results in
IGFBP1 gene and protein expression [19], the mechanism of
IGFBP1 gene induction by this stimulus is not known.
Recently, the IGFBP1 gene was also described as a primary
PPAR target [35]. Our study points to the possible participation
of TAZ and PPARG in the transcriptional regulation of
IGFBP1.

We detected that the PPARG and TAZ proteins occupy the
same PPRE close to the TSS of the human IGFBP1 gene. A
ligand-independent association of PPARs with coactivators has
been previously reported and structurally explained [46]. Based
on the occupancy of TAZ and PPARG proteins on this PPRE
site, we hypothesize that TAZ is a component of the
multiprotein complex regulating transcription of IGFBP1 in
HuF cells. The same PPRE site of the IGFBP1 genomic region
was associated with all three subtypes of PPARs, their dimer
partner retinoid X receptor, and activated RNA polymerase II
in the human liver cell line [35]. We hypothesize that PGE

2
release induced by embryonic stimulus (IL1B) serves as a
ligand-activating stimulus for PPARG in the inhibitory multi-
protein transcriptional complex that contains the repressor
TAZ. As a consequence of ligand binding, TAZ would be
released from this complex and transferred to the cytoplasm,
where it can be degraded; thus, we detect less of the protein in
cells undergoing decidualization by embryonic stimulus. This
would allow transcription of the IGFBP1 gene and decidual-
ization to occur.

TAZ was described as controlling genes important for
muscle differentiation [6, 7], lung and respiratory epithelia
differentiation [4], cardiac and limb development [5], adipo-
genesis and osteogenesis [3], and tumorigenesis [47]. For the
first time to our knowledge, we report that TAZ is present in
the human uterine endometrium. Its decline during the
secretory phase of the menstrual cycle, when implantation
and decidualization occur, and at the baboon implantation site
suggests its possible participation during in vivo decidualiza-
tion and its involvement in the regulation of early pregnancy.

In summary, we detected a decrease in the protein level of
transcriptional regulator TAZ accompanied by its disappear-
ance from the nucleus during in vitro decidualization induced
by IL1B (and SHs). We located TAZ and PPARG proteins in
the vicinity of the TSS of the human IGFBP1 gene, suggesting
their possible participation in the regulation of this decidual-
ization marker. Moreover, the in vivo TAZ expression profile
is in agreement with findings of in vitro decidualization studies.
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