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The gastrointestinal tract as target of steroid hormone action:
Quantification of steroid receptor mRNA expression (AR, ER␣, ER␤ and
PR) in 10 bovine gastrointestinal tract compartments by kinetic RT-PCR夽
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Abstract
We have examined the tissue-specific mRNA expression pattern of androgen receptor (AR), both estrogen receptor (ER) subtypes ER␣
and ER␤ and progestin receptor (PR) in 10 bovine gastrointestinal compartments. Goal of this study was to evaluate the deviating tissue
sensitivities and the influence of the estrogenic active preparation Ralgro® on the compartment-specific expression regulation. Ralgro®
contains Zeranol which shows strong estrogenic and anabolic effects. Eight heifers were treated for 8 weeks with Ralgro® at different
dosages (0, 1, 3, and 10 times). To quantify the very low abundant steroid receptor mRNA transcripts sensitive and reliable real-time (kinetic)
reverse transcription (RT)-PCR quantification methods were validated on the LightCycler. Expression results indicate the existence of AR
and both ER subtypes in all 10 gastrointestinal compartments. PR receptor was expressed at very low abundancy. Gastrointestinal tissues
exhibit a specific ER␣ and ER␤ expression pattern with high expression levels for both subtypes in rectum, colon and ileum. With increasing
Zeranol concentrations a significant down-regulation for ER␣ and ER␤ was observed in jejunum (P < 0.001 and <0.05, respectively).
Significant up-regulations under estrogen treatment could be shown in abomasum for ER␣ (P < 0.05) and in rectum for ER␤ (P < 0.001).
The authors conclude, that especially estrogens and the expression of their corresponding receptor subtypes may play an important role in
the modulation and regulation in gastric as well as gut functions, cell proliferation and possibly in the pathophysiology of cell cancer. The
different expression patterns of ER␣ and ER␤ can be regarded as support of the hypothesis that the subtype proteins may have different
biological functions in the gastrointestinal tract. AR and PR seem to be not estrogen dependent.
© 2003 Elsevier Science Ltd. All rights reserved.
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1. Introduction
Steroid hormones regulate cell growth, cell differentiation, protein accumulation and carbohydrate utilization
in numerous tissues, primarily in uterus, mammary gland,
ovary, testis, prostate and muscularity. The effects of steroid
hormones are mediated through interaction with specific
intracellular receptors which are members of the nuclear
receptor family [1,2]. Numerous tissues were shown to express the mRNA transcript for both estrogen receptor (ER)
subtypes ER␣ and ER␤ [3–6], androgen receptor (AR)
[7–9] and progestin receptor (PR) [10,11]. Sex steroids do
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not only exert effects in organs related to reproductive function [12,13] or muscularity [10], as mentioned previously,
but also in tissues that were not regarded as classical targets
so far. The effects of steroid hormones on gastrointestinal
function, related to intermediary metabolism and absorption
of nutrients and minerals [14,15], have been reported. For
estrogens [16–18] and androgens [19] a number of intestinal functions seem to be affected by alterations in hormone
concentration [20]. For progesterone no such investigations
were made in the gastrointestinal tract. Beside this sex
steroids and steroid hormone receptors play a critical role
in the pathophysiology of carcinogenesis [21,22].
Cloning and sequencing of ER␤ in various species
[23,24] has provided the first example, that the estrogen receptors exist in two isoforms, each of which is encoded by
a separate gene. The ER␤ protein is smaller than the previously identified ER␣ and the DNA-binding domains of both
subtypes are highly conserved (∼60%) over several species
[25,26]. ER␣ and ER␤ tissue distribution and relative level
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of expression are quite different since various tissues express
either one or both receptors. Most tissues in cattle [6,10] or
reproductive organs in rat express both subtypes [12]. The
classical tissues for estrogen action like uterus, mammary
gland and liver showed high ER␣ abundance. Also high
ER␣ mRNA expression could be observed in muscularity,
whereas high ER␤ expression was observed in uterus, kidney and spleen [6,10]. The relative expression levels of these
receptors (ER␣/ER␤ expression ratio) may play a major role
in mediating estrogen actions in a particular tissue. Both
ER␣ and ER␤ activate transcription, they can work in opposite directions and activate protein-1 response elements.
In general, ER␣ is an activator, whereas ER␤ is known to
be an inhibitor or without effects, at activating protein-1
sites [13].
The AR as well is a member of the family of cytoplasmatic steroid hormone receptors. Proper functioning of this
receptor protein is a prerequisite for normal male sexual differentiation and development [9]. It is widely expressed in
non-reproductive tissues [7–10], but outside the urogenital
tract, it generally does not exhibit a sexually dimorphic expression pattern [27]. It is reported, that the AR mRNA expression can correlate positively [28] or negatively [29] with
the functional activity of the mature protein. Only little is
known about the AR expression in gut compartments [20].
PR is composed of two protein isoforms, termed A and
B, both expressed by a single gene in rodents and humans
[30]. The selective physiologic roles of the two isoforms are
still unknown, although isoform A seems to be the dominant
form [31]. In vitro studies have shown that A and B form
can have different functions in the same cell and that the activity of the individual form of the receptor can vary among
different cell types [32]. Comparable isoforms are not yet
described for large domestic animals. In reproductive organs
PR expression is under the control of estrogen, estrogen increases PR expression, whereas progesterone decreases PR
expression [33,34]. No literature about PR expression in different compartments of the gastrointestinal tract is available
up to date.
First aim of the presented paper was to study expression
of AR, ER␣, ER␤ and PR by real-time reverse transcription (RT)-PCR in various bovine gut departments. To detect
and quantify these rare mRNA transcripts real-time RT-PCR
was performed on the LightCycler system (Roche Diagnostics, Mannheim, Germany). Real-time RT-PCR with an
external calibration curve is a fully quantitative methodology and therefore an absolute comparison of all transcripts
within the investigated tissue RNA preparation is possible
[35]. Second aim was to evaluate the deviating tissue sensitivities in different gut departments of cattle, as well as the
influence of the estrogen active preparation Ralgro® on the
tissue-specific expression pattern and regulation of steroid
receptor expression levels. The results may help to improve
our understanding of the possible role of steroid receptors’
regulating function especially in single gastrointestinal tract
compartments.

2. Materials and methods
2.1. Animal experiment and sampling
Six Holstein Friesian heifers were treated with the implant preparation Ralgro® (Mallinckrodt Veterinary, Inc.,
Mundelein, IL, USA) 8 weeks before slaughter. Two animals
served as control, two got single (1×), two three-fold (3×)
and two 10-fold dose (10×) of the preparation. One Ralgro®
implant contains 36 mg ␣-Zearalanol (Zeranol), a derivative
of the mycotoxin Zearalenon. Zeranol shows strong estrogenic and anabolic effects in farm animals. Besides this, it
exhibits all symptoms of hyper-estrogenism in particular reproductive and developmental disorders. Subsequently after
slaughtering tissue samples from all four stomach (rumen,
reticulum, omasum, abomasum) and six different gut regions
(duodenum, jejunum, ileum, caecum, colon, rectum) were
taken and frozen in liquid nitrogen.
2.2. Total RNA extraction
Five hundred milligrams of frozen tissue were homogenized in 4 M guanidinium thiocyanate buffer to destroy
RNase activity [36]. In the following steps, the RNA clean
protocol (AGS RNA-Clean; AGS, Heidelberg, Germany)
with phenol/chloroform extraction for total RNA was used,
as described earlier [6,10]. In order to quantify the amount
of total RNA extracted, the optical density (OD) was determined (Ultraspec 3000 photometer, Pharmacia). The total
RNA integrity was electrophoretically verified by ethidium
bromide staining and by optical density measurement of
OD260 /OD280 nm absorption ratio (>1.92).
2.3. Primer design
AR, ER␣ and PR primers were derived from earlier publications [6–8,10]. ER␤ primers were designed newly, to
achieve better sensitivity and assay repeatability. Steroid receptor RT-PCR products were designed in the region of
the receptor ligand-binding domain to produce amplification
products of 172, 234, 262, and 227 bp for AR, ER␣, ER␤
and PR, respectively. PR primer are located near the 5 -end
of mRNA and therefore cover all two receptor isoforms A
and B. Primer sequences are summarized in Table 1.
2.4. Reverse transcription
One microgram total RNA from the sample preparation was reverse transcribed in 40 l as follows: M-MLV
RT buffer (Promega, Mannheim, Germany), and 300 M
dNTPs (Roche Diagnostics) were denaturated for 5 min
at 65 ◦ C in a Mastercycler Gradient (Eppendorf, Hamburg, Germany). The subsequent RT was done at 37◦ C for
60 min by adding 2.5 mM random hexamer primers (Roche
Diagnostics), 200 U of M-MLV H− reverse transcriptase
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Table 1
Primer sequences derived from earlier publications: AR [8], ER␣ [6],
ER␤ and PR [10]
AR forward primer
AR reverse primer

5 -CCT GGT TTT CAA TGA GTA CCG
CAT G-3
5 -TTG ATT TTT CAG CCC ATC CAC
TGG A-3

ER␣ forward primer 5 -AGG GAA GCT CCT ATT TGC TCC-3
ER␣ reverse primer 5 -CGG TGG ATG TGG TCC TTC TCT-3

quantification program repeated 40 times (factor-specific
amplification condition with a single fluorescence measurement at an elevated temperature level), melting curve
program (60–99 ◦ C with a heating rate of 0.1 ◦ C/s and continuous fluorescence measurements) and finally a cooling
program down to 40 ◦ C.
2.6. Calibration curves

ER␤ forward primer 5 -CTT CGT GGA GCT CAG CCT GT-3
ER␤ reverse primer 5 -GAG ATA TTC TTT GTG TTG GAG TTT-3
PR forward primer
PR reverse primer
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5 -GAG AGC TCA TCA AGG CAA TTG G-3
5 -CAC CAT CCC TGC CAA TAT CTT G-3

(Promega), 12.5 U of RNAs in RNase inhibitor (Roche
Diagnostics). The samples were finally heated for 1 min at
99 ◦ C to terminate RT.
2.5. Optimization of real-time RT-PCR master mix and
temperature profiles
Conditions for RT-PCRs were optimized in a gradient
cycler with regard to Taq DNA Polymerase (Roche Diagnostics), primers (MWG Biotech, Ebersberg, Germany),
MgCl2 concentrations and various annealing temperatures.
Optimized settings were transferred to real-time RT-PCR
protocols on the LightCycler platform (Roche Diagnostics). A master mix of the following reaction components
was prepared to the indicated end-concentration (given in
parenthesis): 6.4 l water, 1.2 l MgCl2 (4 mM), 0.2 l
forward primer (0.2 M), 0.2 l reverse primer (0.2 M)
and 1.0 l LightCycler DNA Master SYBR Green I (Roche
Diagnostics). Nine microliters of master mix was filled
in the glass capillaries and 25 ng reverse transcribed total
RNA (=cDNA) in 1 l was added as PCR template. The
capillaries were closed, centrifuged in a micro-centrifuge
and placed into the cycling rotor. To improve SYBR Green
I quantification a high temperature target-specific fluorescence measurement point was included in the amplification
protocol performed (Table 2) [37]. Unspecific PCR products, e.g. primer dimers, melt at the elevated temperature,
the non-specific fluorescence signal is eliminated and accurate quantification of the desired product is ensured. The
following cycling protocols were used: denaturation program (95 ◦ C for 10 min), a four-segment amplification and

For all quantitative assays an external calibration curve
was used, based on a single stranded DNA (ssDNA)
molecule calculation. AR, ER␣, ER␤ and PR real-time
RT-PCR products from Bos taurus were cloned separately
in pCR-4.0 (Invitrogen, Leek, The Netherlands) and linearized by a unique restriction digest. Dilutions of each
linear plasmid preparation from single ssDNA up to 1010
ssDNA molecules (Table 3) were amplified in the individual
calibration curves, as described previously [6,10].
2.7. Confirmation of primer specificity and sequence
analysis
For exact length verification RT-PCR products were separated on 4% high resolution gel electrophoresis. Each of
the amplified gradient MasterCycler (Eppendorf) and LightCycler (Roche Diagnostics) PCR products showed a single
band of the expected length [6,10]. Specificity of the desired
products was additionally documented with single peaks in
melting curve analysis of LightCycler Software (Roche Diagnostics). Sequence analysis (MWG Biotech) of cloned
real-time RT-PCR products from B. taurus showed 100%
homology to the GenBank and EMBL published sequences.
2.8. Real-time RT-PCR assay validation
All applied real-time RT-PCR assays were product-specific,
and effective PCR amplification kinetic was shown by
high PCR efficiency per cycle (Table 3). Assay sensitivities were confirmed by detection limits lower than 14
ssDNA molecules and linear quantification ranges between
102 and 109 molecules. Intra- and inter-assay variation of
maximal 30% were determined over the entire quantification range from 102 to 109 molecules. The advantage of
a high temperature fluorescence acquisition in the fourth
segment during the amplification program results in reliable

Table 2
Cycling conditions of AR, ER␣, ER␤ and PR in four-segment LightCycler real-time RT-PCR
Segment number

I
II
III
IV

Name of segment

Denaturation
Product-specific annealing
Elongation
Fluorescence acquisition

Duration (s)

15
10
20
5

Temperature profile (◦ C)
AR

ER␣

ER␤

PR

95
60
72
83

95
64
72
82

95
65
72
86

95
65
72
81

Amplification and quantification programs are repeated 40 times with a single fluorescence acquisition point at elevated temperature (segment IV).
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Table 3
Characteristics and validation parameters of real-time RT-PCR assays in bovine gastrointestinal compartments

Product length (bp)
Detection limit (mc)
Quantification limit (mc)
Quantification range
(test linearity) (mc)
PCR efficiency
Intra-assay variation (%)
Inter-assay variation (%)

AR

ER␣

ER␤

PR

172
<12
120
120–1.20 × 1010
(r = 0.996)
1.91
28.2 (n = 3)
19.7 (n = 7)

234
<2
165
165–1.65 × 109
(r = 0.995)
1.81
18.7 (n = 4)
28.6 (n = 4)

262
<4
100
100–1.0 × 1010
(r = 0.997)
1.83
13.8 (n = 4)
19.7 (n = 4)

227
<14
760
760–7.60 × 109
(r = 0.998)
1.94
5.7 (n = 4)
25.7 (n = 4)

Here, mc: molecules, r: Pearson correlation coefficient. Intra-assay (test precision) and inter-assay variation (test variability) of assays were determined
over the complete quantification range over several orders of magnitude. Detection limit, quantification limit and variations were based on molecule basis.

and sensitive steroid receptor mRNA-specific quantification
with high linearity (Pearson correlation coefficient: r >
0.995) over seven orders of magnitude. By high temperature
fluorescence acquisition in the fourth segment the unspecific
RT-PCR products melt between 81 and 86 ◦ C (specific for
each steroid receptor type) and the non-specific fluorescence
signal derived from primer dimers disappear.

3. Results
3.1. Tissue-specific ERα and ERβ mRNA expression
ER␣ and ER␤ mRNA expression could be observed in
all 10 gastrointestinal compartments. Table 4 summarizes
the mean mRNA expression rates of the ER subtypes and
the ER␣/ER␤ ratio of all eight investigated animals with
the corresponding variation coefficients (CV = S.D./mean
on molecule basis). Highest expression levels of both receptor subtypes were shown in rectum, colon and ileum
(Fig. 1). The following expression abundance series could
be quantified for ER␣: rectum > colon > jejunum >
caecum = duodenum > abomasum > omasum > ileum >
rumen > reticulum. ER␤ showed high abundance in
rectum > ileum > colon, and very low abundant ex-

pression under 100 molecules (determined quantification
limit for ER␤) in the remaining ones. High ER␣/ER␤ ratios were examined in rumen > duodenum > reticulum.
Medium ratios were shown in abomasum > jejunum ≈
caecum > colon > omasum. An inverse relation, i.e. a
higher ER␤ than ER␣ expression, was shown only in ileum
and rectum. To make the tissue-specific expression pattern
evident for both ER subtypes, expression rates were plotted
(Fig. 1) with bi-directional error bars (mean ± S.E.M.). To
determine the influence of estrogen treatment on mRNA
expression levels, linear or exponential fit and corresponding coefficient of correlation (r) between expression levels
and increasing Ralgro® concentrations were calculated
(Fig. 2a–d). Significant relationships of increasing estrogen
concentrations and ER␣ expression were observed in abomasum (linear regression, r = 0.72; P < 0.05) and a decreasing relation in jejunum (exponential decay, r = 0.98;
P < 0.001). ER␤ showed increasing expression levels in
rectum (exponential regression, r = 0.99; P < 0.001),
decreasing expression abundance in jejunum (exponential
decay, r = 0.87; P < 0.05) and a linear trend of regulation in reticulum (r = 0.68; P = 0.06; graph not shown).
In the remaining gastrointestinal compartments no trends
of change (linear or exponential) in neither ER␣ nor ER␤
expression levels could be detected.

Table 4
Mean expression data shown in mRNA molecules per 25 ng total RNA, CV (in %) of AR, ER␣, ER␤, PR and ER␣/ER␤ mRNA expression ratio of
eight heifers
Tissue

Estrogen receptors
Mean ER␣

Rumen
Reticulum
Omasum
Abomasum
Duodenum
Jejunum
Ileum
Caecum
Colon
Rectum

316
254
517
578
641
790
412
642
1753
2328

CV ER␣ (%)
85
78
40
127
75
85
83
135
69
111

Mean ER␤
11a
11a
79a
31a
26a
74a
1053
61a
227
2418

Here, n.d.: mRNA not detected.
a Most mRNA samples under quantification limit.
b Some mRNA samples under detection limit.

Androgen receptor

Progesterone receptor

CV ER␤ (%)

ER␣/ER␤

Mean AR

CV AR (%)

Mean PR

CV PR (%)

78
69
52
53
54
90
85
148
56
169

29.3
23.4
6.5
18.6
24.3
10.7
0.4
10.5
7.7
0.96

6131
3941
8465
420
969
226
648
395
242
577

73
51
25
33
49
28
36
45
67
74

n.d.
n.d.
23a
211a
117a
12b
6b
2b
8b
12b

82
130
93
106
40
86
43
80
108
87
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Fig. 1. Tissue-specific ER␣ and ER␤ mRNA expression cluster in 10 different gastrointestinal compartments. Transcripts were measured on molecule
number basis with real-time RT-PCR in 25 ng total RNA (n = 8) and quantified results are shown as mean with bi-directional error bars (S.E.M.).

3.2. Tissue-specific AR and PR mRNA expression
AR mRNA expression could be detected in all investigated
tissues. Table 4 summarizes the mean mRNA expression levels and CV. Highest AR mRNA expression was found in all
three fore-stomachs with the abundance series: omasum >
rumen > reticulum. Medium expression levels were quantified for: duodenum > ileum > rectum > abomasum >
caecum > colon > jejunum. No trend of regulation of the
AR expression under Ralgro® treatment was given in all investigated gastrointestinal compartments.
PR mRNA was very low abundant in bovine stomach
and guts, and not detectable in rumen and reticulum with
expression abundances under 14 molecules per capillary and
25 ng total RNA. Expression levels in omasum, abomasum
and duodenum are within quantification range, but most of
the gut compartments were under the quantification limit
of the assay with 760 PR mRNA molecules per capillary,
and therefore only a semi-quantitative measurement could
be done. In the remaining gut compartments only a theoretic
expression mean could be calculated, which is under the real
detection limit. No trends of change in the mRNA expression
levels under estrogen influence could be found for the PR.

4. Discussion
Treatment with Zeranol, known as the estrogen active
component in Ralgro® , was chosen as a good model in
heifers to mimic an estrogenic activity. Plasma Zeranol levels were measured by enzyme-immuno-assay and concen-

trations in treated animals resulted in measurable and elevated Zeranol levels in comparison to the control group
[6,38]. Zeranol (␣-Zearalanol) possesses 50–60% of the estrogenic potencies of the natural ER ligand estradiol-17␤
[39,40]. Therefore, a 1-fold dosage results approximately to
the physiological estrogen concentration in comparison to
estradiol-17␤ occurring at cattle estrus. After application of
a simple Ralgro® dose the estrus cycle obviously is arrested
at pre-ovulatory stage. Multiple dosage results in a possible
blockage of the estrus cycle, accompanied by distinctively
small uterus sizes [6,41]. Estradiol-17␤ directly regulates
the gonadotropin-releasing hormone (GnRH) expression at
the level of GnRH neurons and may exert its neuroendocrine
control through direct interaction with specific receptors expressed in these cells [42]. This clearly indicates the negative feedback mechanism on the gonadotropic axis, caused
by high estrogen concentrations.
This paper focused on the tissue distribution and expression pattern of steroid receptors in the gastrointestinal tract
in B. taurus under physiological conditions and under estrogen treatment. The steroid receptor AR, ER␣ and PR mRNA
expression was measured with established quantitative kinetic RT-PCR assays [6,10]. RT followed by real-time PCR
is a sensitive method to quantify low amounts of mRNA
molecules and offers important insights into the local expression and para- and autokrine regulation. With regard to a
better sensitivity and reliability herein new primers were designed for ER␤. The ER␤ assay was validated on the LightCycler platform in 25 ng reverse transcribed total RNA and
resulted in a more sensitive and reliable quantification, compared to earlier studies [6–8,10]. The sensitivity, linearity
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Fig. 2. Comparison between multiple Ralgro® treatment (1× 36 mg Zeranol) and ER␣ mRNA expression in (a) jejunum and (b) abomasum and ER␤
expression in (c) jejunum and (d) rectum. Relations are expressed in coefficient of correlation (r) and level of significance (P-value).

and reproducibility of the applied assays allow for absolute
and accurate quantification even in gastrointestinal tissues
with very low mRNA levels down to a few molecules. We
have used these assays to compare the expression rates in a
multiple dosage Zeranol treatment in heifers. The presence
and the amount of the steroid receptor mRNA in the tissue
is the first determination of specificity and magnitude of response to active estrogens present in this tissue [1,43].
Except PR, all investigated receptor transcripts could be
quantified with high accuracy. The PR mRNA quantities
were mostly under the detection limit of the applied quantitative kinetic RT-PCR of 14 molecules per reaction. A successful quantification could only be performed in omasum,
abomasum and duodenum. Integrity and reproducibility of
the real-time PR assay were confirmed previously in uterus
total RNA [10]. In mice the PR protein was quantified in
several tissues via immuno-histochemistry under the influence of estrogen treatment. Neither stomach, nor duodenum,
jejunum, ileum, colon, nor rectum showed a successful PR
staining. Estrogen treatment had no effect on PR expression
in the gastrointestinal tract [11]. Also in human and rabbit no PR expression could be found in small intestine and
colon of healthy individuals [44]. But, PR and ER mRNA

were expressed at low levels in seven established gastrointestinal tumor lines and colon [45] and concentrations were
strongly correlated in both cancers and normal tissues [46].
However, Ralgro® has no effects on PR expression level, but
might have more influence on other members of the steroid
receptor family.
Herein AR could be detected and quantified mainly in
the three fore-stomachs. As shown in other studies, AR was
present in liver [47], muscularity [7,8,10], and gastrointestinal tract [20,48], and therefore may mediate the action of sex
hormones or androgenic steroids. In our study a significant
coherence between increasing estrogen concentrations and
AR mRNA expression could not be shown in all 10 gastrointestinal compartments. This suggests, that estrogens have no
effect on the AR expression in the gastrointestinal tract.
Cloning of ER␤ has introduced a new level of complexity of estrogen action. Since it was discovered, no
definite statement regarding its expression pattern in the
gastrointestinal tract and its unique function could be made.
RT-PCR real-time assays with an external calibration curve
are directly quantitative and therefore an absolute comparison of ER␣ and ER␤ mRNA molecules is possible [35].
As demonstrated herein, ER␣ and ER␤ kinetic RT-PCR,
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meets the assay parameter requirements described in the tables with excellent performance. As shown previously [6],
the detection and dominant expression of ER␤ in kidney
medulla, kidney cortex and in the jejunum leads to the hypothesis that ER␤ plays a dominant role in kidney and the
gastrointestinal tract. Other tissues were not influenced by
estrogens [2,6,46,48]. However, notations on physiological
direct effects of estrogens on gastrointestinal tissues remain
speculative, but there are some indications, that estrogens
may influence calcium transport and cell proliferation
[14,15]. Herein a more detailed study of all 10 gastrointestinal compartments was performed with an optimized ER␤
assay to increase sensitivity and reliability. Abomasum, rectum and particularly jejunum were shown to be very estrogen sensitive tissues with regard to the expression results of
ER␣ and ER␤. All tissues showed a significant regulation of
the receptor expression under multiple Ralgro® treatment.
Due to the given results of a mainly non-significant relationship between estrogen and expression levels within one
tissue all data were pooled (n = 8). The derived mean expression concentrations and variations are characteristic for
all investigated tissues and the relation of both ER subtypes
results in a tissue-specific expression cluster. Each of the
gut compartments possesses a characteristic ER␣ and ER␤
expression pattern which stays relatively stable even under
Zeranol treatment and results in a gastrointestinal ER␣/ER␤
expression cluster. Highest ER␣ and ER␤ mRNA expression
levels were derived in ileum, colon and rectum. ER protein
concentrations and localization were investigated earlier
[20] and showed high concentrations in colon, duodenum
and ileum as well as a clear localization in bovine rumen.
High mRNA and protein concentrations imply an important
role in the cell proliferation in these tissues [22,49]. Only
little is known about ER expression in the stomach. In rats
both ER protein subtypes could be localized in the stomach
[50]. ER mRNA is expressed in gastric mucosa of human
and rats [48,50,51]. But in these references it is not properly
distinguished between ER␣ and ER␤ mRNA expression,
and therefore the expression data can only provide an idea,
if ER is expressed in general or not.
The authors conclude, that especially estrogens and the
expression of their corresponding receptor subtypes may
play an important role in the modulation and regulation in
gastric as well as gut functions, cell proliferation and possibly in the pathophysiology of cell cancer. The functionalities
of the ERs have to be demonstrated in further studies. The
different expression patterns of ER␣ and ER␤ can be regarded as support of the hypothesis that the subtype proteins
may have different biological functions in the gastrointestinal tract. AR and PR seem to be not estrogen dependent.
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