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ABSTRACT

GATA transcription factors are emerging as critical regulators in trophoblast
development and its gene regulation. The purpose of this study was to examine the
expression and cellular localization of GATAZ2 in ovine conceptuses during the
peri-implantation period. In Western blot analyses, GATAZ proteins were found in days
15, 17, and 21 ovine conceptuses (day 0 = day of estrus). Using
immunohistochemistry and immunofluorescence analyses, we found that GATA2 was
localized in days 15, 17, and 21 ovine conceptuses, and more importantly, GATA2
protein was detected in both nuclear and cytoplasmic regions of the trophectoderm. To
our knowledge, the present study is the first to demonstrate that GATAZ2 is localized in
two cellular compartments of the trophectoderm in ovine and any other mammalian
species, and suggests that the difference in GATAZ2 location plays a role in the

regulation of down-stream genes during early pregnancy period.

Key words: GATAZ2, localization, ovine conceptuses.
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INTRODUCTION

Recently, transcription factors, previously not considered important, have been found to
play roles in trophoblasts of early pregnancy. One of such factors is a family of the
GATA transcription factors, which are expressed in hematopoietic cell lineages and in
cardiac development, and regulate the expression of multiple genes in these cell types
(Bai et al. 2013a). The GATA transcription factors consist of six structurally related
proteins, GATAL-6, that bind to the consensus DNA sequence W(A/T) GATAR (A/G),
resulting in transcriptional regulation of down-stream genes (Yamamoto et al. 1990; Ko
& Engel 1993; Merika & Orkin 1993). Evidence accumulated indicates that GATA
factors play important functional roles in trophoblast stem (TS) cells and in the
trophoblast lineage specification (Home et al. 2009; Ray et al. 2009; Ralston et al.
2010). In addition, we found that GATA2 and GATAS present in days 17, 20, and 22
bovine conceptuses regulate trophoblast cell-specific factors including interferon tau
(IFNT), a major cytokine involved in the maternal recognition of pregnancy in the
ruminants (Bai et al. 2009, 2011). Furthermore, we also reported that GATAL, 4, 5,
and 6 were expressed in days 15, 17, and 21 ovine conceptuses during the same period
(Bai et al. 2012, 2013b). Because of these findings, GATA factors should be
considered as transcription factors essential for trophoblast development during
peri-implantation periods in murine as well as ruminant species. However, we realized
that expression and localization of ruminant GATA factors during the peri-implantation
period has not been well studied. The aim of this study was to characterize the
expression and cellular localization of GATAZ2 in days 15 (pre-attachment), 17

(attachment), and 21 (post-attachment) ovine conceptuses.
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MATERIALS AND METHODS

Collection of ovine conceptuses and uterine fixation

Whiteface crossbred ewes were maintained at the farm of the University of Tennessee,
Knoxville, TN, and the protocol for sheep experimentation had been reviewed and
approved by the animal care committee at the University of Tennessee. Animal care,
estrous synchronization procedures, and tissue collections were done as previously

described (Sakurai et al. 2010).

Western blotting

To detect GATAZ protein, tissue lysates were prepared in RIPA lysis buffer (50 mM
Tris-HCI, 150 mM NaCl, 1 mM EDTA, 1% Triton X-100, 0.1% sodium dodecyl sulfate,
1 mM NazgVO,, and 50 mM NaF). The lysates (10 ug/lane) were separated through
10% SDS-PAGE and were then transferred onto polyvinylidene difluoride (PVDF)
membrane (n=3) (Millipore, Bedford, MA, USA). After blocking them with Block
Ace reagent (DS Pharma Biomedical Co., Ltd, Tokyo, Japan), they were treated with
rabbit polyclonal anti-GATAZ2 antibody (1: 250, Santa Cruz Biotechnology, Santa Cruz,
CA, USA), or rabbit monoclonal anti-ACTB antibody (for internal control, 1: 1000,
Sigma-Aldrich, St Louis, MO, USA). The proteins were detected using the secondary
antibody conjugated with horseradish peroxidase and ECL Western blotting detection
system (Amersham Pharmacia Biotech, Buckinghamshire, UK). This analysis was
performed three times with independent samples. Densitometric quantitation was done

with the ImageJ softwere (http://rsbweb.nih.gov/ij/).



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

Immunohistochemistry

Immunohistochemical analyses were performed on 10 um frozen sections of day 15, 17,
and 21 uterine tissues. Sections were fixed with 4% paraformaldehyde, and
endogenous peroxidase was quenched by immersing in 0.3% (v/v) hydrogen
peroxide/methanol.  Streptavidin/Biotin Blocking Kit (VECTOR LABORATORIES,
Inc. Burlingame, CA, USA) was used to block endogenous biotin. After 30 min
incubation with 10% normal goat serum (Invitrogen-Life Technologies, Grand Island,
NY, USA), the sections were incubated with polyclonal rabbit anti-GATAZ2 antibody (1:
50, Santa Cruz Biotechnology). Subsequently, the sections were incubated with goat
anti-rabbit IgG biotin conjugate (1:500, Jackson ImmunoResearch Laboratories, Inc.,
West Grove, PA, USA). The immunoreactivity was visualized by means of
avidin-peroxidase (Sigma-Aldrich) and AEC substrate kit (Invitrogen, Carlsbad, CA,
USA) according to the manufacturer's instructions. For immunofluorescence analyses,
immunoreactivity was visualized using Alexa Fluor 568-conjugated (Invitrogen)
according to the manufacturer's protocol. The sections were examined under a light

microscope (BX-51; Olympus, Tokyo, Japan).

RESULTS

Expression and localization of GATAZ2 proteins in ovine conceptuses

In the ovine pregnancy, conceptus attachment to the uterine epithelium begins on day
16. Using Western blotting, GATAZ2 protein expression was examined in days 15, 17,
and 21 ovine conceptuses. GATAZ2 proteins were found in all days, and slightly
decreased on day 21 after conceptus attachment to the uterine epithelium (Fig. 1).

Immunohistochemical analysis was then performed to examine localization of GATA2
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protein in days 15, 17, and 21 pregnant uteri. GATA2 positive cells were detected in
trophoblast cells on days 15, 17, and 21. It appeared that GATA2 protein was
localized in both nuclear and cytoplasmic regions (Fig. 2). To confirm the GATA2
localization in two cellular compartments, immunofluorescence staining was performed,
which supported those found from the immunohistochemical analysis (Fig. 3). More
importantly, localization of GATA2 exhibited two patterns; (i) both nuclear and

cytoplasmic regions, and (ii) only cytoplasmic regions.

DISCUSSION

Unlike murine species, studies on GATA transcription factors in ruminants are limited.
Previously, GATA2, GATA3 and IFNT mRNAs in ruminant conceptuses were found to
exhibit the same expression pattern; these are highly expressed before trophoblast
attachment to the uterine epithelium and decrease after the attachment is initiated. We
also found that GATA2 and GATAS3 regulate trophoblast-specific factors, including
IFNT, during the peri-attachment period in the bovine species (Bai et al. 2009, 2011),
but GATA protein expression, particularly cellular localization had not been studied.
In this study, GATAZ2 protein was found in days 15, 17, and 21 ovine conceptuses, of
which expression was abundant on day 15 and 17, and slightly decreased on day 21
after conceptus attachment to the uterine epithelium (Fig. 1). In addition, we also
reported that conceptus expression of GATAL was up-regulated after its attachment to
uterine endometrial epithelial cells, and that GATA4, 5, and 6 mMRNAs were also present
in ovine conceptuses and/or uteri (Bai et al. 2012, 2013b). Together, all six GATA

factors are present in ovine and bovine conceptuses during early pregnant period.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

In addition to the presence of GATAZ protein in days 15, 17, and 22 ovine conceptuses,
the protein was localized in both nuclear and cytoplasmic regions (Figs. 2 and 3). It
should be noted that cellular localization of GATAZ2 protein had two patterns; (i) both
nuclear and cytoplasmic regions, and (ii) only cytoplasmic regions. It was
demonstrated that the translocation of GATA3 from the cytoplasmic region to the
nucleus determines the degree of down-stream Th2 cytokines genes, IL4, IL5 and 1L13,
transcription (Maneechotesuwan et al. 2007). GATA3 nuclear translocation depends on
its phosphorylation on serine residues by p38 MAPK, which facilitates interaction with
the nuclear transporter protein importin-alpha. It was also found that following
transcription and translation, GATAZ2 also goes through post-translational modification
such as phosphorylation (Towatari et al. 1995), acetylation (Hayakawa et al. 2004),
sumoylation (Chun et al. 2003), and ubiquitination (Minegishi et al. 2005). These may
imply that GATAZ2 in the nucleus could be actively involved in transcriptions of
down-stream genes whereas GATA localization only in the cytoplasmic region could
not be involved in down-stream gene transcriptions. Results from these observations
indicate that cellular localization of transcription factor is as important as that of DNA
binding, protein stability and/or co-activator recruitment. These observations suggest
that due to localization of two cellular compartments, the effectiveness of GATAZ2 in the
regulations of down-stream genes depends on translational modification and/or location
of its cellular compartment. Further studies are required to elucidate the function of
cytoplasmic and nuclear GATA2 and possibly other GATA factors in the trophoblast
lineage specification, maintenance, proliferation, differentiation and/or their

down-stream gene regulation in ruminant conceptuses during peri-implantation periods.
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Conclusion

Here, we found that GATA2 was localized in both nucleus and cytoplasm in ovine
conceptuses during the peri-implantation periods. As far as we can judge, there is no
such knowledge of GATA2 expression and localization in two cellular components of

the trophoblast cells in ovine or any other mammalian species.
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Figure legends

Figure 1 Expression of GATAZ2 protein in the ovine conceptuses during the
peri-attachment period.

Upper: The presence of GATAZ2 protein in days 15, 17, and 21 (D15, D17, and D21,
respectively, n=3 each day) ovine conceptuses was examined by Western blot analysis.
Rabbit polyclonal anti-GATA2 antibody was used to detect the protein and ACTB was
used as an internal control. A representative PVDF membrane data from three
independent experiments containing protein samples from different animals is shown.
Lower: Densitometric quantitation of Western blots was done using the ImageJ software

(http://rsbweb.nih.gov/ij/). The relative densities of the blots were determined by

normalization against ACTB levels.

Figure 2 Localization of GATAZ2 protein in the ovine conceptuses during the
peri-attachment period.

Immunohistochemical detection of GATAZ2 protein in ovine conceptuses and uteri in
days 15 (D15; A, B), 17 (D17; C, D), and 21 (D21; E, F) pregnant ewes (n=3 each day)
was carried out. Instead of the rabbit polyclonal anti-GATAZ2 antibody, rabbit
pre-immune serum was used as a negative control. The pre-immune serum was
applied to a serial section (inset in A) of day 15 ovine uteri. Representative
immunohistochemistry from three animals is shown. GATA2 was localized in nuclear
(A) and cytoplasmic (A) regions. LE, Luminal epithelium; St, Stromal cells; Tr,

Trophoblast cells.

Figure 3 Immunofluorescence analysis of GATAZ2 in day 17 ovine trophoblasts.
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Day 17 ovine conceptuses were treated with GATAZ2 antibody (D17; A, B) or
pre-immune serum (negative control, D17; C, D). GATAZ2 expression is seen in red and
nuclei were counterstained with DAPI (B, D). Three conceptuses from day 17 pregnant
animals (n=3) were subjected to immunofluorescence analyses and a representative one
is shown. GATA2 was localized in both nuclear (solid white triangle) and cytoplasmic

(white line triangle) regions.
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