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Variable Expression of Oviductin mRNA
at Different Stages of Human Reproductive Cycle
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Purpose: To examine the in vivo expression of oviductin mRNA at different stages of the
human female reproductive cycle including pregnancy and after menopause.

Methods: Oviducts were obtained from 25 women in normal menstrual cycle, 5 in early
pregnancy, 5 undergoing postpartum sterilization, and 4 menopausal women. The oviductal
mucosal tissue was isolated and oviductin mRNA was assessed using reverse-transriptase-
polymerase chain reaction (RT-PCR); its correlation with various hormones was assessed.
Results: Oviductin mRNA was detected throughout the menstrual cycle, highest in the pe-
riovulatory period. It continued to be expressed in early pregnancy but was absent in the
postpartum period and after menopause.

Conclusions: The production and function of oviductin at different stages of human reproduc-
tive cycle including pregnancy is not well known. Its highest expression at the time of ovulation
is consistent with a supportive role in fertilization and early embryo development.
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INTRODUCTION

The mammalian oviduct is the site of a number
of crucial events that precede implantation includ-
ing gamete transport, fertilization, and the initial
stages of embryo development. In-vivo fertilization
studies using animal models have shown that fertil-
ization occurs more efficiently in the oviduct than
with fertilization in vitro (1). This suggests that fac-
tors present in the oviduct facilitate fertilization
and that these are missing from the in-vitro culture
media (2).

A number of chemical factors produced by the
oviduct have been shown to affect gamete binding
and early embryo development (3). Of specific inter-
est is a heavily glycosylated, high molecular weight
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glycoprotein termed oviductin, which is exclusively
synthesized and secreted by the oviduct. Oviductin
has been shown to bind to both bovine and ham-
ster sperm (4,5). It also binds to the zona pellucida
and is present in the perivitelline space of baboon
and human oocytes (6,7). Boatman and Magnoni
have also reported that the incubation of ovarian
oocytes with purified hamster oviductin increases
sperm penetration (3). These findings suggest that
oviductin may play a role in gamete binding pre-
ceding fertilization. In addition, oviductin has been
found inside blastomeres in baboons (6) and the
cleavage rate of sheep embryos appears to be en-
hanced by oviductin (8). Other in-vitro studies also
suggested that oviductin may have embryotrophic
effects (9-12).

Oviductin has been identified in many different
species (13), including hamsters (14), rabbits (15,16),
sheep (17), pigs (18), cows (19,20), baboons (21), and
humans (22). However, the regulation of oviductin
appears to differ among species (2). In the golden
hamster, it has been found in the oviductal epithelium
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at all stages of the menstrual cycle (23,24) and also
during pregnancy (24,25). On the other hand, it has
been shown to be only temporally associated with con-
centrations of estrogen during the estrous cycle and
in early pregnancy in pigs (18,26), cows (19,27), and
sheep (17). Studies performed in humans are limited.
It appears that oviductin is estrogen-dependent as it
has been detected around the time of ovulation but
has been found to be either markedly reduced or ab-
sent at other stages of the menstrual cycle (22,28).
Unexpectedly, it has not been detected in early hu-
man pregnancy even though this is a high estrogen
state (28). Other studies, however, have been contra-
dictory. An in-vitro study using bovine oviductal cells
showed that estrogen had no effect on oviductin pro-
duction but luteinizing hormone (LH) had a stimula-
tory effect (29). The hormonal regulation of oviductin
production in humans has not been thoroughly exam-
ined. In addition, the potential role, if any, of oviductin
at other stages of the female reproductive cycle has
not been well explored.

The aim of this study was to examine the in-vivo
expression of oviductin mRNA at different stages
of the human female reproductive cycle. In particu-
lar, oviductin expression was examined in early preg-
nancy, the postpartum period, and in postmenopausal
women.

MATERIALS AND METHODS

Tissue Samples

Oviduct tissue was obtained from 25 parous women
with regular ovulatory menstrual cycles at the time
of either a laparoscopic sterilization or else a hys-
terectomy for uterine fibroids. Women with a his-
tory of infertility, tubal disease, or exogenous hor-
mone intake were excluded. The stage of the cycle
was determined by the date of commencement of
the last menstrual period and blood was taken for
the measurement of LH, follicule stimulating hor-
mone (FSH), progesterone (P), and oestradiol (E;) on
the day of operation to confirm the stage of the men-
strual cycle. Oviduct tissue was also obtained from
5 women undergoing legal termination of pregnancy
and tubal sterilization at 7-10-weeks gestation and
5 other women undergoing postpartum sterilization
within 3 days of delivery. Samples were also collected
from 4 menopausal women undergoing laparoscopic
bilateral salpingo-oophorectomy for benign ovarian
cysts. Written consents were obtained from all women
and the study was approved by the Clinical Research
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Ethics Committee of the Chinese University of
Hong Kong.

The methodology of oviductal mucosal tissue ex-
traction, mRNA extraction, and analysis of the prod-
ucts of the reverse transcriptase-polymerase chain re-
action (RT-PCR) has been described previously (30).
In brief, the excised oviduct tissue was immediately
placed and rinsed in Hepes buffered Quinn’s Human
Tubal Fluid (Irvine Scientific, Santa Ana, CA). The
mucosal layer was then dissected off and minced
macroscopically.

RNA Extraction and cDNA Synthesis

mRNA was extracted from the oviductal mu-
cosal tissue by using the Oligotex direct mRNA
kit (Qiagen, Hilden, Germany). All mRNA sam-
ples were treated with 1 unit of DNAse (Boehringer
Mannheim/Hoffman-La Roche, Basel, Switzerland).
The DNAse was then inactivated by incubating at
90°C for 5 min. The mRNA was precipitated with
isopropanol at —70°C overnight, then washed with
70% ethanol, and dissolved in Tris EDTA buffer.
A total of 100 ng of mRNA was used for cDNA
synthesis with Multiscribe reverse transcriptase (PE
Biosystems, Foster City CA). All the resultant cDNA
were stored at —20°C or used directly for PCR.

RT-PCR

PCR was performed using SuL. cDNA with Ampli-
taq Gold DNA polymerase (PE Biosystems, Foster
City CA). Primers specific to human oviductin were
designed from the published cDNA sequence (28)
(forward, STAG GTA CCA AGG AGA GGA ACA
GAG AG-3; reverse, YTAG GTA CCC CTT TCC
CAA CTT CCA TG-3'). The primers for S-actin were
derived from the published sequences (31) (forward,
5" ATC GTG GGG CGC CCC AGG CAC3; reverse,
5'CTC CTT AAT GTC ACG CAC GAT TTC3)
(Mwgag Biotech, Ebersberg, Germany). Each PCR
cycle consisted of denaturation at 94°C for 1 min, an-
nealing at 55°C for 1 min, and extension at 72°C for
1 min. Thirty-five cycles were performed, followed by
a final extension at 72°C for 4 min.

Analysis of PCR Products

Twenty percent of each PCR product was sepa-
rated by gel electrophoresis on a 2% agarose gel con-
taining 0.5 ug/mL ethidium bromide in TBE buffer.
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The separated PCR products were visualized under
ultraviolet illumination. The integrated optical den-
sity (IOD) was determined for each PCR product
by the image analyzer, Gel Doc System. The level
of oviductin mRNA was measured as the IOD ratio
between the PCR amplified oviductin product and its
simultaneously amplified -actin control.

The PCR product generated by the oviductin
primers was digested with the restriction enzyme Sac 1
(Boehringer Mannheim/ Hoffman-La Roche, Basel,
Switzerland) to confirm that it was oviductin. This
restriction enzyme cuts the PCR derived oviductin
product resulting in two bands, one at 235 bp and the
other at 175 bp.

Statistics

Statistical analysis was performed using the Statis-
tical Packages of Social Sciences for Windows (SPSS,
Inc.). Nonparametric tests were used to compare the
expression of oviductin mRNA at different stages
of the menstrual cycle. The Spearman’s rank test
(rs) was used to assess correlations between indi-
vidual hormones and oviductin mRNA expression.
Multiple linear regression using the backward step-
wise regression model was used to assess the relative
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effects of the various hormones on oviductin mRNA
expression.

RESULTS

Oviductin Expression Throughout
the Menstrual Cycle

Of the 25 women with ovulatory cycles, 4 were in
early follicular phase (Day 1-5), 6 in midfollicular
phase (Day 6-11), and 5 each in the periovulatory
(Day 13-16), early luteal (Day 17-20), and late luteal
phases (Day 23-28), respectively. In all women, serum
concentrations of FSH, LH, E,, and P were consistent
with the stages of the cycle estimated by date of last
menstrual period. Oviductin mRNA was expressed in
all oviduct mucosal cell samples examined throughout
the menstrual cycle (Fig. 1).

The expression of oviductin mRNA was signifi-
cantly higher in the periovulatory stage (median =
4.0, interquatile range [IQR] 3.4-4.7, p < 0.001) than
in any other stages of the menstrual cycle (Fig. 2). The
level of oviductin mRNA expression in the follicular
phase was significantly higher than that in the luteal
phase (median 1.6, IQR 1.0-2.3 vs. median 0.7, IQR
0.2-0.9, p < 0.005).
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Fig. 1. Scatterplot showing the expression of oviductin mRNA throughout the menstrual cycle.
The expression of oviductin mRNA was measured as the relative intensity of oviductin to S-actin

control on densitometry reading.
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Fig. 2. Illustration of the median and IQR of oviductin mRNA expression at different phases of
the menstrual cycle: early follicular (n = 4); midfollicular (n = 6); periovulatory (n = 5); early luteal
(n =5); and late luteal (n = 5). The expression of oviductin mRNA was significantly higher in the
periovulatory phase (median = 4.0,IQR 3.4-4.7, p < 0.001) than at any other phases of the menstrual

cycle.

Correlation Between Oviductin mRNA Expression
and Hormone Concentrations

Throughout the menstrual cycle, the correlation co-
efficients of serum concentrations of LH and FSH
with oviductin mRNA expression were 0.56 and 0.58,
respectively (p < 0.01). The correlation coefficient of
serum E, concentrations with oviductin mRNA ex-
pression was 0.27. When samples collected at the time
of P dominance (i.e. luteal phase) were excluded, the
correlation coefficient increased to 0.76 (p < 0.01)
(Fig. 3). On the other hand, the serum P concentra-
tion was negatively correlated with oviductin mRNA
expression (r; = —0.61, p < 0.01) (Fig. 4). Using mul-
tiple regression analysis, E, and P were the only
two hormones found to have significant effects on
oviductin mRNA expression, with a regression coef-
ficient of 0.82 (p < 0.01).

Expression of Oviductin mRNA in Pregnancy
and After Menopause

Oviductin mRNA was detected in all five sam-
ples collected in early pregnancy. However, it was

absent in the immediate postpartum period and in
postmenopausal samples (Fig. 5).

DISCUSSION

Oviductin mRNA was detected in all samples
throughout the menstrual cycle with the highest level
being detected in the periovulatory phase. These
findings are similar to the findings of other studies
performed in humans, except that in those studies
oviductin was almost nondetectable except at the time
of ovulation (22,28). In baboons, oviductin was de-
tected only in the follicular phase but not in the luteal
phase (32). This discrepancy may be due to species
differences or it may have resulted from the different
methods used to analyze the mRNA as the RT-PCR
method employed in our study is regarded as being
more sensitive (33) than the other tests used such as
the Northern Blot (28,32).

It is difficult to assess the hormonal regulation of
oviductin mRNA expression in vivo as the hormones
vary in concentration at different stages of the
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Fig. 3. A scatterplot showing the correlation between serum estradiol concentration and
oviductin mRNA expression in the follicular phase and periovulatory phase (rs = 0.76p <

0.01).
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Fig. 4. A scatterplot showing the negative correlation between serum progesterone
concentration and oviductin mRNA expression throughout the menstrual cycle (rs =
—0.61, p < 0.01).
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Fig. 5. Gel densitometry of the RT-PCR products: early follicular phase (EF); periovulatory
phase (PO); late luteal phase (LL); early pregnancy (EP); immediate postpartum period (PP);
postmenopausal (PM); and a 50-bp ladder, molecular weight marker (mw). The oviductin (410
bp) band was present in all stages except in the immediate postpartum and postmenopausal
samples where B-actin band used as a control was present in all samples. The relative intensity

of oviductin to B-actin control was highest in the periovulatory sample (PO).

menstrual cycle and their production is interrelated.
In an in-vitro study using a bovine model, LH was re-
ported to have a stimulatory effect on the production
of oviductin while other hormones including estrogen
had no effect (29). This apparently is consistent with
the fact that oviductin expression is highest in the
periovulatory phase as shown in our study. However,
using a multiple regression model, LH was not found
to have any independent effect. In fact, E; and P were
the only hormones that had an independent effect.
Progesterone exerts a negative effect on oviductin
mRNA expression throughout the cycle. While
oestradiol exerts a positive effect in the follicular and
periovulatory phase, its effect is markedly reduced in
the luteal phase when the progesterone level is ele-
vated. This suggests that the stimulatory effect of E,
is blocked or counteracted by the inhibitory effect of
progesterone. This finding is consistent with the find-
ing of the study performed in ovariectomized rhesus
macaques treated with exogenous E, and P (34).

Of interest, oviductin mRNA expression was
presentin all five samples collected in early pregnancy.
We believe that this is the first time that this has been
reported in humans. Our finding is contrary to that of
Arias et al. (28) who failed to demonstrate the pres-
ence of oviductin mRNA in early pregnancy. There
are a number of reasons that may account for this
discrepancy. First, this may be because the Northern
Blot method used in the Arias study is less sensi-
tive than RT-PCR. Second, the oviducts collected in
the Arias study were those contralateral to an ec-
topic pregnancy, where preexisting tubal damage may
have reduced oviductin production. The presence of
oviductin in our normal preganant participants and its

absence in women with ectopic pregnancy may also
be an indication of the protective role of oviductin
against tubal infection and ectopic pregnancy (35).

The human oviductin sequence shares character-
istics of epithelial mucins (35). In studies using the
hamster model, it has been proposed that oviductin
could be a protective epithelial type of mucin (35,36)
and it has been classified as MUC9 (37). Some au-
thors have also speculated that the highly glycosy-
lated and charged oviductin molecules may prevent
ectopic implantation of the embryo by providing re-
pulsive forces that allow the free movement of the
embryo within the oviduct (38). However, the role of
oviductin in protecting the oviduct from infection and
ectopic pregnancy needs further elucidation involv-
ing direct examination of the normal and pathogenic
oviducts. In addition, whether its presence in early
pregnancy may signify an extension of its role after
implantation is unknown.

Nevertheless, the presence of oviductin in early
pregnancy but its absence in postpartum participants
is consistent with high estrogen levels in first trimester
and reduced estrogen but predominant progesterone
levels in the postpartum period. The absence of
oviductin in postmenopausal women is consistent
with low circulating estrogen levels and failure of
reproduction in menopausal women.

In conclusion, oviductin mRNA expression in-
creases throughout the follicular phase, peaks at
around the time of ovulation, and then reduces
markedly in the luteal phase. This is consistent with
a supportive role of oviductin in fertilization and
possibly in early embryo development. Oestradiol
has a stimulatory effect while progesterone has
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an inhibitory effect on the expression. Oviductin
mRNA expression is also present in early pregnancy
but not in the immediate postpartum period and
after menopause. Whether oviductin has a role in
protection against ectopic pregnancy or in embryonic
development after implantation is worthy of further
investigation.
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