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Abstract

AIM: We studied the estrogen receptor (ER) and
progesterone receptor (PR) isoforms expression in
gastric antrum and corpus of female gerbils and their
regulation by estradiol (E2) and progesterone (P4).
METHODS: Ovariectomized adult female gerbils were
subcutaneously treated with E2, and E2 + P4. Uteri
and stomachs were removed, the latter were cut along
the greater curvature, and antrum and corpus were
excised. Proteins were immunoblotted using antibodies
that recognize ER-alpha, ER-beta, and PR-A and PR-B
receptor isoforms. Tissues from rats treated in the
same way were used as controls.

RESULTS: Specific bands were detected for ER-
alpha (68 KDa), and PR isoforms (85 and 120 KDa for
PR-A and PR-B isoforms, respectively) in uteri, gastric
antrum and corpus. We could not detect ER-beta
isoform. PR isoforms were not regulated by E2 or P4 in
uterus and gastric tissues of gerbils. ER-alpha isoform
content was significantly down-regulated by E2 in the
corpus, but not affected by hormones in uterus and
gastric antrum.

CONCLUSION: The presence of ER-alpha and PR
isoforms in gerbils stomach suggests that E2 and P4

actions in this organ are in part mediated by their
nuclear receptors.
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INTRODUCTION

Mongolian gerbils (Meriones unguiculatus) have been
used in scientific research for a long time, especially in
neuronal protection studies and as a model of human
H pylori infection. In spite of the numerous publications
using Mongolian gerbils, and the characterization of
their estrous cycle, which is 4 d to 6 d in duration”,
their sexual hormonal levels and receptors have not been
characterized to date.

Estradiol (E2) and progesterone (P4) participate in
numerous cellular functions, such as proliferation and
differentiation in normal and cancer cells. Most of these
functions are mediated by their nuclear receptors, ER
and PR™7.

There are two well characterized isoforms or ER,
alpha and beta, that are encoded by different genes'”.
The ER-alpha protein has 595 aminoacids, with a
molecular weight of 66 KDa!". ER-beta is constituted by
485 amino acids, and has a molecular weight of 54 KDa.
The ER-beta isoform is homologous to ER-alpha at the
DNA binding domain (95%), and the heat shock protein

binding domain (55%). Both isoforms bind estrogens
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with high affinity, but regulate different functions'.

PR has two main isoforms, PR-A (72-94 kDa) and
PR-B (108-120 kDa), encoded by the same gene, but
regulated by distinct promoters. PR-A is a truncated
form of PR-B, lacking 128-164 aminoacids, depending
on the species, in the amino terminal end™".

We have previously shown that E2 and P4 have clear
and distinct effects on inflammatory response and gasttic
epithelial changes during early H pylori infection".
Recently, Ohtani e# a/ have shown a protective role of E2
administration in H pylori-infected InGas mice!"”. Other
studies have demonstrated that E2 and P4 have anti-
ulcerative effects in murine gastric mucosa ",

ER and PR have been reported in human, mouse
and rat stomach. However, there is no information to
date of their expression and regulation in the Mongolian
gerbil stomach. Here we demonstrated the presence of
ER-alpha, PR-A and PR-B isoforms in gerbil uterine and
gastric tissues by Western blot, as well as a differential
regulation of ER-alpha by E2 in gastric corpus.

MATERIALS AND METHODS

Animals

Mature (16-week-old) female Mongolian gerbils
(Meriones nunguiculatus) kept in micro isolators under
a 12:12 h light-dark cycle, with food and water ad
libitum were ovariectomized and after 10 d of recovery,
subcutaneous injections of vehicle (corn 0il/10%
ethanol), 17-beta-estradiol (5 pg/100 uL) or E2 + P4
(1 mg/100 pl) where applied as previously reported'”.
Briefly, gerbils were injected with E2 in two consecutive
days and then euthanized after 24 h, while E2 + P4
group received an additional P4 injection on the third
day and cuthanized 24 h later. Adult Sprague Dawley
rats, ovariectomized and treated in the same manner,
were used as positive controls.

Gerbils and rats were euthanized by exsanguination
under anesthesia and uteri and stomach were removed.
The stomachs were cut along the greater curvature,
antrum and corpus mucosa were excised. All tissues
were snap frozen in liquid nitrogen and kept at -80°C
until protein extraction was performed. The experiments
were carried out under the guidelines of the Committee
for the use of Animals for Research of the Instituto
Nacional de Ciencias Médicas y Nutricién Salvador
Zubiran.

Protein extraction and Western Blotting

Uteri were homogenized in TDG lysis buffer with
protease inhibitors (10 mmol/L Tris-HCl, 1 mmol/L
dithiotreitol, 30% glycerol, 1% Triton X-100, 15 mmol/L
sodium azide, 1 mmol/L EDTA, 4 pg/mL leupeptin,
22 pg/mL aprotinin, 1 mmol/L PMSF, 1 mmol/L
sodium orthovanadate). Gastric samples were
homogenized using TDG lysis buffer without EDTA.
Supernatants were clarified by centrifugation at 15000
r/min, 4°C for 15 min, and proteins quantified by the
method of Bradford (Biorad, CA USA)!"Y. Proteins
(150 pg) were separated by electrophoresis on SDS-

www.wjgnet.com

PAGE gels at 80 V. Prestained and ECL markers (Biorad,
CA) were included for size determination. Gels were
transferred to nitrocellulose membranes (Amersham,
NJ, USA) at 20 V, room temperature, for 120 min, and
were blocked at room temperature with 5% non-fat
dry milk and 0.5% bovine setum albumin for 2 h. They
were incubated at 4°C overnight with a mix of rabbit
polyclonal anti-PR (Neo Markers, Fremont CA) and
mouse monoclonal anti-PR (AB-52, sc-810, Santa Cruz,
CA, USA) (1 pg/rnL each), both antibodies recognize
PR-A and PR-B isoforms with similar affinity!”;
1 ug/mL rabbit polyclonal anti-RE-alpha (Santa Cruz
sc-542), 1 ug/mL goat polyclonal anti ER-beta (Y-19,
sc-6821, Santa Cruz) or goat polyclonal anti ER-beta
(N-19, sc-6820, Santa Cruz) antibodies. Blots were then
incubated with a 1:1500 dilution of goat anti-mouse
IgG, donkey anti-rabbit IgG or donkey anti-goat IgG
antibodies conjugated to horseradish peroxidase (Santa
Cruz) for 1 hour at room temperature and detected by
enhanced chemiluminescence (ECL, Amersham, NJ,
USA).

To correct for differences in the amount of total
protein loaded in each lane, blots were stripped with
glycine (0.1 mol/L, pH 2.5, 0.5% SDS) overnight at 4°C,
and 30 min at 37°C, and reprobed with 1 ug/mL of
mouse anti-alpha-tubulin antibody (Santa Cruz) at room
temperature for 2 h. Blots were incubated with a 1:1500
dilution goat anti-mouse IgG conjugated to horseradish
peroxidase (Santa Cruz) for 1 h. Signals were detected by
ECL. The intensity of ER and PR isoforms and alpha-
tubulin signals was quantified by densitometry using the
Scion Image software (Scion Corp., Maryland, USA).

Statistical analysis

Data were analyzed using one-way ANOVA and Student’s-
t test for group comparisons, after homogeneity of
variances was tested. A P < 0.05 value was considered as

statistically significant. The analysis was performed using
SPSS 12.0 for Windows.

RESULTS

We were able to distinguish two bands of 120 and
85 KDa corresponding to PR-B and PR-A isoforms,
respectively, and a 66 KDa band corresponding to ER-
alpha isoform in the uteri and stomach of the female
gerbil (Figure 1), even when ER and PR have not been
sequenced or identified before in gerbils tissues and
there are no specific antibodies against these receptors in
this species. Unfortunately, we were unable to detect the
ER-beta isoform with the antibodies tested in this study
in any gerbil tissue.

Gerbil uterine samples presented PR-A and PR-B in
similar amounts. Interestingly, their expression was not
regulated by E2 or P4 (Figure 2A). ER-alpha isoform in
uteri (Figure 2B) was detected and, although there is a
tendency to an increase after E2 treatment, this was not
statistically significant.

In gastric antrum, PR isoforms were present in
similar amounts and were not regulated by hormonal
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Figure 1 Estrogen and progesterone receptor isoforms expression in gastric
tissue. PR isoforms and ER-alpha expressed in gerbil tissues are similar to
those present in rats. Ovariectomized adult female gerbils were treated with
subcutaneous injections of vehicle (VEH), 17-beta-estradiol (E2) alone and
E2+ progesterone (E2 + P4). Gastric antrum lysates were immunoblotted with
commercially available antibodies for ER-alpha, and PR. Equally treated rat
tissues were used as positive control. The images show representative blots of
gastric antrum of rat and gerbil.
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Figure 2 Sex steroid receptors content in gerbil uterus. PR isoforms (A) and
ERa (B) in gerbil uterine lysates is shown. Ovariectomized adult female gerbils
were treated with subcutaneous injections of VEH, E2 and E2 + P4. Receptors
were detected by immunoblotting and content was adjusted to alpha-tubulin
expression (n = 5). Data are mean + SE.

treatments (Figure 3A). ER-alpha isoform was also
present in antrum and showed a tendency to be
increased under E2 and E2 + P4 treatments, however,
this was not significant (Figure 3B).

Similar results were obtained for PR isoforms in
gastric corpus (Figure 4A). Interestingly, ER-alpha
isoform in this tissue was significantly diminished after E2
treatment, and this effect was blocked by P4 (Figure 4B).
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Figure 3 Sex steroid receptors content in gerbil gastric antrum. PR isoforms
(A) and ER-alpha (B) in gerbil gastric antrum lysates is shown. Ovariectomized
adult female gerbils were treated with subcutaneous injections of VEH, E2 and
E2 + P4. Receptors were detected by immunoblotting and content was adjusted
to alpha-tubulin expression (n = 5). Data are mean + SE.
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Figure 4 Sex steroid receptors content in gerbil gastric corpus. PR-A (A) and
PR-B (B) ER-alpha in gerbil gastric corpus lysates is shown. Ovariectomized
adult female gerbils were treated with subcutaneous injections of VEH, E2 and
E2 + P4. Receptors were detected by immunoblotting and content was adjusted
to alpha-tubulin expression (n = 5). Data are mean + SE. °P < 0.05 vs VEH and
E2 + P4.
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The antibodies used for Western blot analysis were
tested for immunohistochemical staining in both uterine
and gastric gerbil tissues, but we were not able to detect
ER and PR using this approach (data not shown).

DISCUSSION

Mongolian gerbils (Meriones unguiculatus) have become a
regular laboratory species, mainly employed in neuronal
damage models. However, since 1998, when the H pylori
infection model was described>*, showing persistent
H pylori infection, and similar gastric damage to that
observed in human stomach, their use in research has
been constantly increasing,

To our knowledge, this is the first study in evaluating
the presence of ER and PR in gerbils. We demonstrated
the presence of both PR (PR-A and PR-B) isoforms
and ER-alpha in gerbils uteri and stomach. These
receptors are similar enough to rat receptors since they
can be recognized by commercially available antibodies,
rendering same size bands than those observed for rat
ER-alpha and PR isoforms.

ER-alpha and ER-beta isoforms have been identified
in different tissues and their expression is tissue and
species-specific. In rat uteri, ER-alpha expression is
down-regulated by E2%!. P4 also down-regulates ER-
alpha expression in rat uteri, but increases ER-beta
expression in the decidual tissue!' ",

Both PR-A and PR-B are present in rodents, primates
and birds!""**Y, except for rabbits, where only PR-B
isoform has been detected™. In humans and rats, both PR
isoforms are encoded by the same gene, but transcribed
from two different promoter sequences[%’m. ER and PR
isoforms in Mongolian gerbils have not been sequenced
to date.

In the gerbil uterus, we observed a similar content
of both PR isoforms, but they were not regulated by E2
and P4. This lack of regulation contrasts with the up-
and down-regulation of PR expression by E2 and P4,
respectively, reported in rat uterus'”

There was a tendency of E2 treatment to increase
ER-alpha content, but it was not significantly different.
Since sexual hormone levels in gerbils have not been
characterized, it is not known yet whether other
hormone doses in gerbils are necessary to regulate ER
and PR content.

To date, there are no reports on the regulation of
the ER and PR isoforms in either the human or murine
stomach; however, it is well known that this regulation is
tissue-specific. In our previous study, we demonstrated
an important role for E2 and P4 in the Mongolian gerbil
gastric mucosa in response to early H pylori infection
influencing the inflammatory response, proliferation,
apoptosis and gastrin producing cell number in the
gastric antrum', Although the mechanisms involved in
those effects are still unclear, the presence of ER-alpha
and both PR isoforms in gastric tissue suggest that their
effects are mediated by these receptors.

We have detected ER-alpha and both PR isoforms
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in gerbil gastric antrum and corpus. In the antrum, none
of the receptors was regulated by E2 and P4, but in
gastric corpus we observed a down-regulation by E2.
Thus, our results show that ER-alpha regulation also
depends on the type of cells present in the mucosa. The
mechanisms involved in the lack of regulation of PR in
gerbil stomach, as well as the differential regulation of
ER-alpha by E2, deserve further research.

Parietal cells, the acid producing cells characteristic
of gastric corpus, have steroidogenic activity. These cells
synthesize E2, P4, testosterone and their metabolites
and, therefore, an important role of sexual hormones in
hepatic-gastric axis regulation has been suggestedm. It
has been shown that E2 participates in gastric mucous
production, epithelial cell exchange, and induces G-cells
to release gastrin. E2 produced in stomach is probably

* Parietal cells are localized

processed in the liver!
only in gastric corpus, thus, it is possible for cells in the
corpus to be more sensitive or prone to E2 regulation
on ER as compared with antral cells. It is necessary to
explore the specific cell types expressing these receptors
in both corpus and antrum.

PR and ER expression has been reported in normal
human stomach, in human gastric cancer samplesm’m
and in gastric cell lines™ ™), Also, the differential
expression of ER isoforms alpha and beta has been
reported in intact rat antrum and corpus, with a higher
expression of ER-beta both in human®”? and rat™""
stomach. In our study, we were unable to detect ER-beta
probably due to a lack of cross reactivity of the tested
antibodies with this gerbil receptor.

In conclusion, PR isoforms and ER-alpha are
expressed in gastric tissue of female gerbils and these
receptors are probably involved in E2 and P4 actions in
the stomach.

COMMENTS

Background

Sex steroid hormones, estradiol and progesterone in particular, have multiple
effects that have been widely described. These hormones act either via their
nuclear receptors or activating second-messengers pathways. We, and others,
have previously reported effects of estradiol and progesterone in the stomach.
In this work, we studied the presence of estrogens receptor alpha isoform
and progesterone receptors isoforms A and B, and their regulation by their
respective ligands in Mongolian gerbils.

Research frontiers

Estradiol and progesterone have shown to have effects on the stomach response
to damage and Helicobacter pylori (H pylori) infection; Mongolian gerbils are
a very useful model for studying the latter. However, the general information
available on Mongolian gerbils genome and proteome is scarce. This study will
provide basis for further studies on the role of sex steroids on H pylori infection
and gastric cancer.

Innovations and breakthroughs

In this study, we reported the presence of estrogen receptor alpha isoform,
and progesterone receptor A and B isoforms in Mongolian gerbil antrum and
corpus, as well as their regulation. The results showed that these receptors are
detectable in whole tissue protein with commercially available antibodies, and
that the regulation of sex steroid receptors in the stomach is tissue specific.
Applications

This study provides support to the possible genomic mechanism of action of
sex steroid hormones in the stomach. Also, it describes an accessible method
to detect the presence of these receptors in gastric tissue.
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Peer review

In this manuscript, the authors examined the expression of receptors for
estrogen (ERs) and progesterone (PRs) in ovarectomized female gerbils. PR
isoforms and ER-alpha are expressed in gastric tissue of female gerbils. In
humans, male are more prone than female to H pylori-related diseases such
as peptic ulcer diseases and gastric cancers. These gender-related differences
appear diminished after menopausal age. This paper is of special value in
considering some interesting and unknown aspects of gastric physiology.
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