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Abstract
Background: Establishment of viable pregnancy requires embryo implantation and pla-
centation. Ectopic pregnancy (EP) is a pregnancy complication which occurs when an
embryo implants outside of the uterine cavity, most often in a fallopian tube. On the
other hand, an important aspect of successful implantation is angiogenesis. Vascular en-
dothelial growth factor (VEGF) is a potent angiogenic factor responsible for vascular
development that acts through its receptors, VEGF receptor 1 (VEGFR1) and VEGFR2.
This study aims to investigate mRNA expression of VEGF and its receptors in fallopian
tubes of women who have EP compared with fallopian tubes of pseudo-pregnant women.
We hypothesize that expression of VEGF and its receptors in human fallopian tubes may
change during EP.

Materials and Methods: This was a case-control study. The case group consisted of
women who underwent salpingectomy because of EP. The control group consisted of
women with normal fallopian tubes that underwent hysterectomy. Prior to tubal sam-
pling, each control subject received an injection of human chorionic gonadotropin (hCG)
to produce a state of pseudo-pregnancy. Fallopian tubes from both groups were procured.
We investigated VEGF, VEGFRI and VEGFR2 mRNA expressions in different sections
of these tubes (infundibulum, ampulla and isthmus) by reverse transcription polymerase
chain reaction (RT-PCR) and quantitative PCR (Q-PCR).

Results: RT-PCR showed expressions of these genes in all sections of the fallopian
tubes in both groups. Q-PCR analysis revealed that expressions of VEGF, VEGFRI
and VEGFR2 were lower in all sections of the fallopian tubes from the case group
compared to the controls. Only VEGFR2 had higher expression in the ampulla of
the case group.

Conclusion: Decreased expressions of VEGF, VEGFRI and VEGFR?2 in the EP group
may have a role in the pathogenesis of embryo implantation in fallopian tubes.
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Introduction

An ectopic pregnancy (EP) is a pregnancy com-
plication which occurs when an embryo im-
plants anywhere other than the intrauterine cav-
ity. EP is a major cause of maternal morbidity
and mortality in the first trimester of pregnancy
(1-3) and its incidence has increased in the last
two decades (4). Several risk factors for EP
have been identified including pelvic inflam-
matory disease (PID) following sexually trans-
mitted diseases (STDs), damage and infection
of the fallopian tubes, endometriosis, history of
tubal surgery and previous EP. More than 95%
of EPs occur in the fallopian tubes (tubal preg-
nancy) (5). The majority are located in the am-
pulla (80%), followed by the isthmus and infun-
dibulum, respectively (6).

Establishment of a viable pregnancy requires
implantation and placentation, both important
and critical processes (7). An important aspect
of successful implantation is the organization of
angiogenesis which is mediated by a number of
growth factors (8). Vascular endothelial growth
factor (VEGF) is a potent angiogenic factor pro-
duced by different tissues of the female repro-
ductive tract including the endometrium, ovaries
(9, 10), trophoblast and corpus luteum (10, 11).
VEGF is a major modulator of vascular growth,
remodeling and permeability in the endometri-
um, decidua, and trophoblast. It is responsible
for vascular development in the embryo (11-
15). In addition, VEGF stimulates endothelial
cell proliferation, promotes cell migration and
inhibits apoptosis. In mammals there are five
isoforms of the VEGF family: VEGFA, B, C, D
and placental growth factor (PLGF) (16). These
isoforms are produced as a result of alternative
splicing from VEGF mRNA (17). VEGFs act on
endothelial cells through their receptors. These
receptors include three receptor protein-tyros-
ine kinases (VEGFR1, VEGFR2 and VEGFR3)
and two non-protein kinase receptors (neuropi-
lin-1 and -2) (18). Different cytokines, growth
factors and gonadotropins modulate VEGF
expression. Factors such as fibroblast growth
factor-4 (FGF-4) (19), platelet-derived growth
factor (PDGF) (20), tumor necrosis factor-a
(TNF-a) (21), transforming growth factor-f
(TGF-B) (22), keratinocyte growth factor (KGF)
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(23), insulin-like growth factor-1 (IGF-I) (24),
interleukin-1p (IL-1P) (25) and IL-6 (26) result
in up-regulation of VEGF expression. In addi-
tion, hypoglycemia and hypoxia are two impor-
tant inducers of VEGF expression (27).

Fallopian tubes play an essential role in suc-
cessful human reproduction. They provide an
appropriate environment for pre-implantation
development of the embryo and its transporta-
tion to the uterus (28). Previously, Lam et al.
(29, 30) have investigated the expression of
VEGF and its receptors (VEGFRI and VEGFR2)
in normal human fallopian tubes and reported
expressions of VEGF, VEGFRI and VEGFR2 in
various regions of the fallopian tubes of fertile
women.

On the other hand, VEGF plays important
roles in embryo implantation. Several investi-
gators (13-15) have reported that VEGF expres-
sion in the endometrium and corpus luteum may
be regulated by ovarian steroids and possibly
beta human chorionic gonadotropin (B-hCGQG).
Evans et al. (31) report that VEGF levels in-
crease during the first trimester of a normal
pregnancy and show a positive correlation with
gestational age as well as B-hCG, estrogen (E2),
and progesterone levels. Although some stud-
ies focused on roles of VEGF and its receptors
in important gynecological diseases and preg-
nancy complications including endometriosis
(15, 32, 33), recurrent abortion (34-36) and EP
(37), more details need to be investigated. The
current research aims to study mRNA expres-
sions of VEGF and its receptors in fallopian
tubes with EP compared with fallopian tubes of
pseudo-pregnant women as the control group.

Materials and Methods
Tissue collection for genomic studies

All procedures were approved by the Ethics
Committee of Royan Institute. Written informed
consent was obtained prior to sample collec-
tions. All specimens were collected at the Arash
Women'’s Hospital, Tehran, Iran.

Case group

In this case-control study, ten fallopian tubes
were obtained from women who underwent sal-
pingectomy because of EP.



Control group

Due to inaccessibility to normal fallopian
tubes of pregnant women as the control group,
we decided to investigate the fallopian tubes
obtained from women who underwent hyster-
ectomy because of benign gynecological condi-
tions that did not affect the tubes. All women
in the control group were fertile and had reg-
ular menstrual cycle with no evidence of any
pathological tubal disorders. To induce hormo-
nal conditions similar to a normal pregnancy,
each woman from the control group received
intramuscular injections of 5000 IU per injec-
tion of hCG. For this purpose, hCG was admin-
istered every 3 days beginning in the midluteal
phase before total abdominal hysterectomy, for
a 12-day period. This treatment creates a state
of pseudo-pregnancy which is harmless and has
been previously used by other research studies
(38, 39).

Sampling and processing

In order to ensure the integrity of tubal mor-
phology and function in the case group, we ex-
cised at least 1 cm away from the implantation
site of the embryo in the fallopian tube to avoid
collection of any embryonic or trophoblastic
tissues.

After obtaining required samples from both case
and control groups we cut each fallopian tube into
three regions - infundibulum, ampulla and isthmus.
Then, each of these regions was divided into small
(1x1 cm) pieces and immediately placed in RNAI-
ater solution (Ambion, Huntington, UK). In the
next step, samples immediately immersed in liquid
nitrogen and stored at -80°C until processing.

Total RNA extraction, cDNA synthesis and re-
verse transcription polymerase chain reaction
(RT-PCR)

Samples were removed from RNAlater and TRI
reagent (Sigma, Pool, UK) was used for total
RNA isolation according to the manufacturer's
instructions as used in our previous study (40).
RNA concentrations were quantified by spec-
trophotometric analysis.

First-strand ¢cDNA synthesis was performed
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using oligodT primers and the Superscript II
Reverse Transcriptase System (Fermentas,
Sanktleon-rot, Germany). Briefly, reverse tran-
scription was performed according to the rec-
ommended method (incubation for 60 minutes
at 42°C and termination of the reaction by heat-
ing at 70°C for 5 minutes). cDNA was amplified
by RT-PCR using the prepared cDNA, forward
and reverse primers of human VEGF, VEGFRI,
VEGFR2 and f-actin (Metabion, Martinsried,
Germany), and Platinum Blue PCR Super Mix
(Invitrogen, Paisley, UK). Primer sequences
used in this study are shown in table 1. f-actin
was used as the housekeeping gene.

Cycling conditions were continued for 40 cy-
cles as follows: 5 minutes at 95°C for initial de:
naturation, followed by 40 cycles of 45 seconds
at 95°C, 45 seconds at 60°C and 45 seconds at
72°C. Reactions were also amplified in the abe
sence of reverse transcriptase as negative RT
controls. Human placenta samples were used
as the positive control (41) while non template
water was used as the negative control. PCR
products were subjected to electrophoresis on
1.7% agarose gel (Sigma, UK) that contained
ethidium bromide and visualized under ultra-
violet (UV) light to capture image.

Quantitative PCR (Q-PCR)

Q-PCR was used to quantify whether there was
any difference in VEGF and VEGFRs mRNA
expression levels in fallopian tubes of the case
and control groups. In this procedure we used
the prepared cDNA, Power SYBR Green Master
Mix (Applied Biosystems, UK) and primers of
human VEGF, VEGFRI, VEGFR2 and f-actin
(Table 1). All experiments included negative
controls with no cDNA. Each reaction of the
PCR plate contained 10 pl SYBR green, 6 pl
molecular grade water, 1 pl of each forward and
reverse primers and 2 pl cDNA. The amplifi-
cation was performed under the following con-
ditions: 10 minutes at 95°C, 50 cycles at 95°C
for 15 seconds and 60°C for 60 seconds. Q-PCR
was performed under standard conditions and all
experiments were run in triplicate. Relative VEGF
and VEGFRs expression quantities were com-
pared between case and control groups. Q-PCR
data were analyzed using the comparative cycle
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threshold (CT) method (42). The difference in CT
(ACT) was determined as the difference between
the number of cycles required for amplification of
the test gene and the housekeeping gene, human
[-actin. Then AACT was calculated by finding the
difference between case and control groups.

Differences in normalized expression values
between groups were analyzed using the analy-
sis of variance (ANOVA) statistical test. The
results were presented as mean + standard error
of mean (SEM). The level of statistical signifi-
cance was set at p<0.05.

Results

Reverse transcription polymerase chain reaction
(RT-PCR)

This study enrolled 20 women, 10 for the con-
trol and 10 for the case groups. The mean age of
the control group was 47.5 = 5.36 years which sig-
nificantly differed from the case group (36 £ 5.69
years). The age range was 42-56 years old for the
control group and 26-40 years for the case group.

RT-PCR showed that VEGF and VEGFRs mRNA
were expressed in all regions of the fallopian tubes

(infundibulum, ampulla and isthmus) in both case
and control groups (Fig.1). All amplified products
were at the predicted size of their respective genes.
There was no amplified product in negative con-
trol samples which was indicative of the absence
of genomic DNA contamination.

Quantitative PCR (Q-PCR)

The quantitative expression profiles of VEGF,
VEGFRI and VEGFR2 in all regions of the fal-
lopian tubes in both groups are shown in figures
2-4. The results revealed that expressions of all
studied genes differed between the two groups and
were significantly higher in the pseudo-pregnant
women (control group) compared to the EP wom-
en (case group). As an exception, we observed
higher VEGFR?2 gene expression in the ampulla of
the case group.

The expression of VEGF was the highest in the
ampulla of the control group and infundibulum of
the case group compared to the other areas of the
same tube (Fig.2). In contrast to VEGF, VEGFRI
and VEGR?2 expressions were highest in the am-
pulla of the case group and infundibulum of the
control group (Figs.3, 4).

Table 1: The sequences of primers used to amplify genes of interest

Gene Forward primer (5-3") Reverse primer (5-3") Annealing Product  GenBank
temperature ("C) size (bp)  accession no.
VEGF TGCAGATTATGCGGATCAAACC TGCATTCACATTTGTTGTGCTGTAG 60 81 AB021221
VEGFRI CAGGCCCAGTTTCTGCCAIT TTCCAGCTCAGCGTGGTCGTA 60 82 AF063657
VEGFR2 CCAGCAAAAGCAGGGAGTCTGT TGTCTGTGTCATCGGAGTGATATCC 60 87 AF063658
f-actin CAAGATCATTGCTCCTCCTG ATCCACATCTGCTGGAAGG 60 90 NM 001101

VEGF; Vascular endothelial growth factor, VEGFR1; VEGF receptor 1, VEGFR2; VEGF receptor 2 and f3-actin; Beta actin.
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Fig.1: Expressions of vascular endothelial growth factor (VEGF) and its receptors, VEGF receptor 1 (VEGFR1) and receptor 2 (VEGFR2)
mMRNA in the infundibulum (Inf), ampulla (Amp) and Isthmus (Ism) of fallopian tubes. These genes were expressed in all parts of the fal-
lopian tubes in both case and control groups. There was no amplified product in negative control (C”) samples.
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Fig.2: Quantitative PCR (Q-PCR) results of vascular endothelial growth factor (VEGF) mRNA expression.

*; Significantly different expression between the two groups, #; Significantly different expression between different parts of the control
group, Amp; Ampulla, Inf; Infundibulum and Ism; Isthmus.

The level of statistical significance was set as at p<0.05.
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Fig.3: Quantitative PCR (Q-PCR) results of vascular endothelial growth factor receptor 1 (VEGFR1) mRNA expression.

*, Significantly different expression between the two groups, #; Significantly different expression between the ampulla and infundibulum
of the control group, $; Significant different expression between the isthmus and infundibulum of the control group, Amp; Ampulla, Inf;
Infundibulum and Ism; Isthmus.

The level of statistical significance was set as at p<0.05.
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Fig.4: Quantitative PCR (Q-PCR) results of vascular endothelial growth factor receptor 2 (VEGFR2) mRNA expression.

*,; Significantly different expression between two groups, #; Significantly different expression between the ampulla and infun-
dibulum of the control group, $; Significantly different expression between the ampulla and infundibulum of the case group, €;
Significantly different expression between the ampulla and isthmus of the case group, Amp; Ampulla, Inf; Infundibulum and Ism;

Isthmus.
The level of statistical significance was set as at p<0.05.

Discussion

Embryo implantation is an essential process
that occurs in the early stage of pregnancy and
leads to the establishment of a functional placen-
ta and pregnancy. Successful embryo implanta-
tion depends on proper interactions between the
blastocyst and a receptive endometrium. For de-
velopment of a receptive endometrium, ovarian
hormones that include estrogen and progesterone
act on epithelial cells of the endometrium leading
to the establishment of an appropriate environment
which supports blastocyst development, attach-
ment and subsequent implantation events (43-45).
The processes of implantation and trophoblast in-
vasion are associated with growth of blood vessels
coincident with decidualization, improvement of
vascular membranes, and placenta formation (46).
These processes accompanied by the formation of
new blood vessels from pre-existing vasculature
(angiogenesis) (47) and establishment of the em-
bryonic vascular system (vasculogenesis) (48).

One of the key factors in regulation of angio-

genesis is VEGF. It has been suggested that VEGF
is an essential cytokine for embryo implantation.
This cytokine plays a crucial role in maternal-
fetal interactions as a local mediator which facili-
tates blastocyst implantation (30). Expressions of
VEGF and its receptors are induced by growth fac-
tors, cytokines and gonadotropins, and depend on
local conditions such as hypoxia (27).

Although many cellular and molecular events
during embryo implantation are unknown, study-
ing of these changes during normal human preg-
nancy is practically impossible because of ethical
limitations. On the other hand, most women with
EP undergo salpingectomy as treatment. Thus, EP
can be used as an accessible model for human em-
bryo implantation.

In the present study we investigated mRNA ex-
pression levels of VEGF and its receptors in fal-
lopian tubes of women with EP (case group) com-
pared to a control group (pseudo-pregnant women
with normal fallopian tubes). Because of ethical
limitations, accessibility to fallopian tubes of nor-
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mal pregnant women is impossible; therefore we
have injected hCG for the induction of pseudo-
pregnant conditions in control group women that
underwent hysterectomy (5). RT-PCR showed
that VEGF and VEGFRs mRNA expressed in all
regions of the fallopian tubes of both groups. Q-
PCR confirmed that the relative expression of
these genes was significantly higher in fallopian
tubes of pseudo-pregnant women compared with
fallopian tubes of case group, with the exception
of VEGFR2 mRNA expression.

Previously, other studies investigated the
presence of VEGF and its receptors in normal
fallopian tubes. Lam et al. (29, 30) conducted
immunohistochemical analysis and showed
that VEGF, VEGFRI and VEGFR2 expressed
at the protein level in the infundibulum, am-
pulla and isthmus of fallopian tubes in fertile
women throughout the menstrual cycle. Using
semi-quantitative RT-PCR, they observed that
VEGF, VEGFRI and 2 mRNA expressions were
highest in fallopian tubes in the periovulatory
stage. Expressions in the ampullary and infun-
dibular regions were higher than the isthmus.
In addition, they reported a significant positive
correlation between serum follicle stimulating
hormone (FSH) and luteinizing hormone (LH)
concentrations and VEGF and VEGFRI mRNA
expressions in normal fallopian tubes. They hy-
pothesized that VEGF in human fallopian tubes
might play important roles related to early re-
productive events, which occur predominantly
in the ampulla during the peri-ovulatory phase
when serum FSH and LH concentrations were
high.

The finding of the present study in pseudo-preg-
nant women was consistent with another study by
Lam et al. (29, 30) who observed the highest ex-
pressions of VEGF and VEGFRI in the ampullary
and infundibulary regions, respectively.

A study of VEGF family gene expression in EP
conducted by Lam et al. (37), investigated the im-
plantation site of fallopian tubes with EP compared
to other regions of same fallopian tube. In the pre-
sent study we excluded the implantation site. In
their study (37), VEGF and VEGFRs mRNA ex-
pressions increased at the implantation site of the
fallopian tube with the EP compared to the rest of
the same fallopian tube. The current study differed
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from the study by Lam et al. in the samples used
for comparison. They compared the expression of
these genes at the implantation site and other sec-
tions of same fallopian tube with EP. The current
study collected fallopian tubes from normal wom-
en who received hCG to mimic the hormonal sta-
tus of a normal pregnancy (pseudo-pregnant state)
as the control group (38, 39).

Lower gene expression of VEGF and its recep-
tors in the EP group compared to pseudo-pregnant
women from the control group might be due to the
effect of hCG on VEGF and VEGFRs expressions.
The result of a study by Lam et al. (29) showed
that mRNA expression of VEGF in normal fallopi-
an tubes was positively correlated with serum sex
hormone concentrations.

Another potential explanation for the difference
in gene expression between the case and control
groups in the present study might be the differences
in age between the studied women. The mean age
of the control group was 47.5 years old, whereas
the case group was 36. The increased VEGF and
VEGFRs mRNA expression in the control group
might be secondary to changes in sex hormones,
cytokines and growth factor expressions in older
women.

Despite limited studies with regards to VEGF gene
expression, several studies investigated the concen-
tration of VEGF in sera of pregnant women. Evans
et al. (31) stated that maternal serum VEGF concen-
trations increased during the first trimester of preg-
nancy. In a study by Wheeler et al. (49) maternal se-
rum VEGF concentrations remained elevated up to
week-20 of pregnancy and was positively correlated
with placental volume at mid-pregnancy, as well as
to placental and fetal weight at delivery. Daniel et al.
(50) reported that serum VEGF levels up-regulated
in women with EP compared to those who had in-
trauterine pregnancies, although there was only bor-
derline significance between tubal EP and failed in-
trauterine pregnancy.

Conclusion

Our results suggest that expressions of VEGF
and VEGFRs mRNAs are lower in fallopian tubes
that contain EP compared with normal fallopian
tubes that receive hCG. Further studies are re-
quired with larger sample size that include a group
of fertile women in the periovulatory phase.
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