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In the ovary, angiotensin Il (ANGII) acts through the type 2 receptor (AGTR2) to induce ovu-
lation and may play a role in follicle atresia. In this study, we determined the expression of
AGTR2 mRNA and protein during follicle formation in the bovine ovary. Female fetuses at
different gestational ages (60, 75,90, 120, 150 and 210 days) were used for immunolocaliza-
tion of AGTR2. At day 60, AGTR2 was localized to the cytoplasm of oogonia; from days 75 to
150, during follicle formation and development to secondary stage, AGTR2 immunostain-
ing was weak and irregular, but from day 210 staining became evident in granulosa cells of
preantral follicles and in both granulosa and theca cells of small antral follicles. These data
differ from those in pigs, in which AGTR2 protein is detected in preantral follicles through-
out gestation. Abundance of AGTR2 mRNA in whole ovaries did not change with fetal age.
In conclusion, AGTR2 protein is expressed in ovigerous cords in fetal bovine ovaries but
not in preantal follicles until the formation of antral follicles. These data suggest important
species-specific differences in the expression of AGTR2 in fetal ovaries from polyovulatory
and monovulatory animals.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

of fetal development (Castilho et al., 2014). The regula-
tion of preantral follicle development is poorly understood,

In cattle, ovarian folliculogenesis begins during fetal
development (Tanaka et al., 2001). Primordial follicles,
composed of an oocyte surrounded by squamous pregran-
ulosa cells, are observed from approximately day 75 of fetal
life in Bos indicus cattle. By day 90, primary follicles develop,
characterized by a single layer of cuboidal granulosa cells.
The development of a second layer of granulosa cells marks
the formation of secondary follicles, which occurs from day
150 of fetal life. Antral follicles are observed from day 210
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although several paracrine signaling molecules have been
implicated. These include members of the transforming
growth factor 1§ family, the fibroblast growth factor family
and kit ligand (Buratini and Price, 2011).

Another potential signaling molecule is angiotensin II
(ANGII), which acts through two transmembrane recep-
tors. The effects of ANGII on blood pressure are via the type
1 receptor (AT1) whereas other actions are believed to be
via the type 2 receptor (AGTR2) (Paul et al., 2006). Within
the ovarian follicle, AGTR2 protein is generally found in the
granulosa cell layer, although there appear to be species
differences in the precise pattern of localization. In rabbits,
AGTR?2 is expressed in granulosa cells of preovulatory fol-
licles, consistent with the role of ANGII in ovulation (Kuji
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Fig.1. Localization of AGTR2 protein in preantral follicles of adult ovaries. A and B, immunofluorescent detection of AGTR2 in primary and secondary follicles
(A) and DAPI staining in the same section (B). The inset in A is an adjacent section processed in the absence of AGTR2 antibody and shows weak background
fluorescence. (C), ovarian blood vessels stained for AGTR2, and the same field stained for DAPI (D). (E) and (F), colorimetric immunostaining of secondary
and primary follicles confirms the localization observed by immunofluorescence. Photomicrographs were taken at x400 magnification; bars =40 pwm.

etal., 1996), whereas in rats and pigs AGTR2 was located to been localized to theca cells in some studies (Brunswig-
granulosa cells butonly in atretic follicles (Daud et al., 1988; Spickenheier and Mukhopadhyay, 1992; Acostaetal., 1999;
Pucell et al., 1991; Shuttleworth et al., 2002; de Gooyer Schauser et al., 2001) and to both granulosa and theca cells

et al., 2004). Cattle appear to be different, as AGTR2 has in another study (Portela et al., 2008). We found that the
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Fig. 2. Histological and immunohistochemical analysis of AGTR2 protein in bovine fetal ovary. (A) and (B), histological analysis revealed the presence of
ovigerous cords (arrows, A) at gestational age (GA) of 60 days, containing oogonia (arrows, B) and pregranulosa cells; AGTR2 staining was observed in the
oogonia (G, H). (C) and (D), on day 150, ovarian histology shows the formation of primary follicles (arrows, C) surrounded by granulosa cells (arrows, D);
these follicles did not stain for AGTR2 (I, ]). Antral follicles were seen on day 210 of fetal age, as well as the other follicular stages (t, theca cells; g, granulosa
cells; arrows, preantral follicles); staining for AGTR2 is present in theca and granulosa layers of antral follicles (K) and preantral follicles (L, arrows). (M)
and (N), Negative control in the absence of AGTR2 antibody. Bars =40 pm.

pattern of expression in granulosa cells in cattle appears There are few studies of the expression of ANGII recep-
to be the reverse of that in rats and pigs, as AGTR2 mRNA tors in the developing ovary. In fetal pig ovaries, AGTR2
expression was lower in atretic compared to healthy gran- protein was detected in ovigerous chords but was weak
ulosa cells in vivo (Portela et al., 2008). to undetectable in the preantral follicle in one study

(Shuttleworth et al., 2002), whereas a later study from the
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same laboratory detected AGTR2 protein in preantral fol-
licles throughout gestation (Pountain et al., 2010). As far
as we are aware, there are no reports of the expression of
AGTR2 protein/mRNA in the fetal ovary of other species,
and given the discrepancy in the literature regarding the
localization of AGTR2 receptors in cattle (theca or granu-
losa), the objective of the present study was to determine if
AGTR2 protein is detectable in the fetal ovary and whether
localization in the bovine follicle changes during follicle
formation.

2. Materials and methods
2.1. Tissues

Female cow fetuses (predominantly Nelore-Bos indi-
cus) were obtained from an abattoir local to the Sao Paulo
State University campus in Botucatu. Fetal age was esti-
mated by crown-rump length (Riisse, 1983) and ovaries
were classified into six groups according to gestational age
(60, 75,90, 120, 150 and 210 days of gestation, n=5/group).
Ovaries from adult cattle at random stages of the estrous
cycle were obtained from an abattoir local to the Faculté
de médecine vétérinaire, Université de Montréal, and the
ovarian cortex was recovered. Tissues were fixed in 10%
formaldehyde solution and embedded in paraffin for his-
tology and immunohistochemistry.

2.2. Histology and immunohistochemistry

Tissue sections (3 wm) were mounted on poly-L-lysine
coated slides, deparaffinized in xylene twice for 30 min, and
hydrated in successive 5min washes in 95% followed by
85% ethanol. Formaldehyde was removed from the sections
by incubation in 10% ammonium hydroxide in ethanol for
10 min, followed by rinsing in distilled water. For histology
and immuno-detection of AGTR2, four fields were exam-
ined in three sections from each of three fetuses at each
age.To determine follicle development at each age, sections
were stained with hematoxylin and eosin and examined
under light microscope at 100 x magnification. The number
of primordial (oocyte associated with squamous pregran-
ulosa cells), primary (oocyte surrounded by a single layer
of cuboidal granulosa cells), secondary (oocyte surrounded
by at least two layers of granulosa cells) and antral follicles
were determined.

For immunofluorescence, antigen retrieval was
achieved by boiling in 0.01 M sodium citrate and 0.1M
citric acid for 5 min. Sections were blocked in 10% normal
goat serum for 1h and then incubated with 1:300 rabbit
anti-sheep AGTR2 (cat. 19134; Abcam Inc, Cambridge, MA,
USA) for 18 h at 4 C. Slides were washed in PBS and then
incubated with Cy3-conjugated second antibody (Jackson
ImmunoResearch, West Grove, PA) and counterstained
with DAPIL. Adjacent sections were used for negative
controls (absence of primary antibody) and routine H&E
staining by the histopathology service of the Faculté de
médecine vétérinaire. Immunofluorescence was observed
by confocal microscopy using the Olympus Fluoview 1000
system and Fluoview version 1.7 software. Laser sources
of 543 nM and 405 nM were employed for detection of CY3

and DAPI signals, respectively. For a given fluorochrome
(i.e., CY3 or DAPI), photomultiplier voltage, laser power,
pinhole aperture, time of acquisition and image resolution
were maintained constant for all confocal images. The
Kalman filter mode was used for all image acquisition.
Further sections were examined by immunohistochem-
istry, performed using the primary antibody as described
above. The slides were washed in PBS and then incubated
with biotinylated second antibody for 45 min. After two 5-
min washes in PBS, a complex of avidin-peroxidase was
applied for 45 min. Positive reactions were revealed by
NovaRED (Vector Labs, Burlingame CA) staining. Sections
were thenrinsed in distilled water and counterstained with
hematoxylin for 10s. Negative controls were performed
simultaneously in the absence of primary antibody.

2.3. Nucleic acid extraction and reverse
transcription-polymerase chain reaction (RT-PCR)

Total RNA was extracted using Trizol according to the
manufacturer’s instructions, and quantified by absorbance
at260 nm.Total RNA (1 pg) was first treated with 1 U DNase
(Promega, Madison, WI) at 37 °C for 30 min to digest any
contaminating DNA, followed by adding 1 .1 of EDTA stop
buffer at 65 °C for 10 min. The RNA was reverse transcribed
in the presence of 1 mM oligo(dT) primer and 4 U Omnis-
cript RTase (Omniscript RT Kit, Qiagen, Mississauga, ON),
0.25 mM dideoxy-nucleotide triphosphate (dANTP) mix, and
19.33 U RNase Inhibitor (GE Healthcare, Baie D'Urfé, QC) in
a volume of 20 pl at 42 °C for 2 h. The reaction was termi-
nated by incubation at 93 °C for 5 min.

Real-time PCR was performed with a 7300 Real-Time
PCR System (Applied Biosystems, Foster City, CA) using
Power SYBR Green PCR Master Mix (Applied Biosystems)
and bovine-specific primers for amplifying cyclophilin A
(PPIA; sense: 5'- GCCATGGAGCGCTTTGG-3', anti-sense:
5-CCACAGTCAGCAATGGTGATCT-3'), AGTR2 (sense: 5'-
GACCTGGCACTTCCTTTTGC-3, antisense: 5'- GGAGCTTCT-
GCTGGAACCTATTC -3’) and the plasminogen activator
inhibitor, SERPINE2 (Bédard et al., 2003). The qPCR con-
ditions were 3 min at 95C followed by 40 cycles of 15s at
95 C, 30s at 60 C and 30s at 72 C. Melting curve analyses
were performed according to manufacture’s conditions to
verify the RT-PCR reaction specificity. Samples were run in
duplicate, and PPIA served as a reference gene. Data were
normalized to a calibrator sample using the A ACT method
with correction for amplification efficiency (Pfaffl, 2001).

2.4. Statistical analysis

Data that did not follow a normal distribution (Shapiro-
Wilk test) were transformed to logarithms. Homogeneity of
variance was tested with O’Brien and Brown-Forsythe tests.
Analysis of data was performed with JMP software (SAS
Institute) with treatment or follicle group as main effect
and culture replicate (where appropriate) as arandom vari-
able in the F-test. Differences between means were tested
with the Tukey-Kramer HSD test. Data are presented as
means + SEM.
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Table 1
Occurrence of AT2 immunostaining in ovaries of individual fetuses.
Sample 1 Sample 2 Sample 3
60 days ++ ++ ++
75 days - - -
90 days + + -
120 days - - -
150 days + + -
210 days ++ ++ ++

++, staining evident; +, weak staining; —, no staining.

3. Results and discussion

In adult ovaries, immunofluorescence indicated the
presence of AGTR2 protein in the granulosa cell layer of
primary and secondary preantral follicles (Fig. 1A,B,E) and
in blood vessels (Fig. 1C,D). No staining was evident in the
stroma or negative controls (Fig. 1A insert) and, impor-
tantly, there was no staining in the developing theca layer
surrounding the secondary follicle. Staining was evident in
granulosa and theca cells of antral follicles (not shown).
These data are consistent with our previous observation
of AGTR2 protein in the granulosa and theca cell layers of
antral folllicles in cattle (Portela et al., 2008), although the
absence of AGTR2 protein in the theca layer forming around
secondary follicles suggests that expression of this gene is
developmentally regulated.

In order to identify at which stage of follicle devel-
opment AGTR2 protein is expressed, we performed
immunofluorescence analysis of fetal ovaries. Day 60 fetal
ovaries contained ovigerous cords and no follicles. Primor-
dial follicles were first observed on Day 75 ovaries, primary
follicles on Day 90 ovaries, and secondary follicles were
not observed until Day 150 (Table 1). This pattern of folli-
cle development is similar to that previously described in
(Castilho et al., 2014).

Immunostaining for AGTR2 protein was detected in the
cytoplasm of oogonia of Day 60 fetuses (Fig. 2 G-H), and
became weak and irregular in all slides evaluated from Day
75 through day 150 (Fig. 2C-D to I-]). Temporally, AGTR2
protein was not detected again until Day 210 (Fig. 2E-F),
when granulosa cells of primary (Fig. 2K-L) and secondary
follicles were immunopositive, as were both granulosa and
theca cells of antral follicles. The staining in fetal primary
and secondary follicles at this stage is consistent with that
observed in adult cattle.

The weak and irregular staining during the stages of
primordial and primary follicles contrasts with the con-
vincing immunostaining observed by Pountain et al., 2010
in primordial and primary follicles of fetal pig ovaries.
One explanation may be the different pattern of follicle
development of these species in utero; developmentally,
primary follicles appear earlier in the cow (day 90; 0.3 ges-
tation) than in the pig (day 90; 0.8 gestation) (Oxender
et al.,, 1979; Riisse, 1983; McCoard et al., 2003; Yang and
Fortune, 2008), as do secondary follicles (0.5 gestation in
the cow and term in the pig).

Abundance of mRNA encoding AGTR2 in whole ovaries
did not change along the time-points studies here (Fig. 3A),
although there was a tendency for higher levels on day
75. In pigs, Pountain et al.,, 2010 observed a significant

A
30

20

10

AT2 mRNA (relative units)

30
25
20
15
10

SerpinE2 mRNA (relative units)

60 75 90 120150 210
Age (Days)

Fig. 3. Relative abundance of (A) AGTR2 and (B) SERPINE2 mRNA in whole
ovaries of bovine fetuses on days 60, 75, 90, 120, 150 and 210 of gesta-
tion (n=3-4). Data were obtained by real-time PCR and are expressed as
mean + SEM relative abundance (ddCt).

decline in AGTR2 mRNA levels at the time of appearance
of primary follicles (day 75-90); this would correspond to
the (non-significant) decline in mRNA levels observed here
between day 75 and 120. The mRNA levels in whole ovaries
do not reflect well protein levels detected by immunoflu-
orescence, and changes in cell populations during ovarian
development may have altered the number of different cell
types contributing RNA to the sample. It is not known how
this might impact levels of housekeeping and target genes.

One potential role for ANGII is modulating tissue remod-
eling events in the fetal ovary, as it has been shown to
suppress expression of the protease inhibitor SerpinE2
in granulosa cells (Portela et al., 2008). In the present
study, SerpinE2 mRNA abundance exhibits an inverse pro-
file when compared to AGTR2 expression over the period of
primary follicle formation, from day 75-120, although this
was not significant. These findings warrant further inves-
tigation in follicles rather than whole ovarian tissue.

In conclusion, AGTR2 protein is expressed in ovigerous
cords in fetal bovine ovaries, but is it not localized to pri-
mordial and primary follicles after oocyte nest breakdown.
This is in contrast to the pig, in which AGTR2 protein is
present in preantral follicles throughout fetal development,
and suggests a potentially important species-specific dif-
ference between polyovulatory and monovulatory animals.
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