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Abstract. – BACKGROUND: An examination
of the alterations in Fibroblast Growth Factor-1
(FGF-1) expression in a group of repeated im-
plantation failure after in vitro fertilization (IVF)
patients, when compared to fertile patients.

PATIENTS AND METHODS: Study group con-
sisted of 24 patients with repeated implantation
failure and 29 fertile control patients. Endometrial
samples received at the luteal phase were ex-
posed to immunohistochemical staining for the fi-
broblast growth factor-1 (FGF-1) with antibodies.

RESULTS: In the study group all patients have
primary infertility (n = 24), and the average dura-
tion of infertility was 3.9 ± 1.3 years. The average
recurrent IVF failure was 2.6 ± 0.6 attemps. There
were no significant differences in the histological
data according to the Noyes classification (p =
0.226) and age (p = 0.231) between the patients in
the study and control groups (n=29). The control
group was found to have more severe expression
of FGF-1 (< 0.001) than the study group when en-
dometrial glandular epithelial cells, stromal cells
and vascular endothelial cells were evaluated.

CONCLUSIONS: Endometrial glandular epithe-
lial cells, stromal cells and vascular endothelial
cells of the control and study group were evalu-
ated and it was found that the control group dis-
played a stronger expression of the FGF-1 (<
0.001). The expression of FGF-1 in the IVF im-
plantation failure group is less than in the fertile
group, which suggests that growth factors such
as FGF-1 are important maternal factors effect-
ing implantation.
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Introduction

Despite expanding global experience in ad-
vanced reproductive technologies, the majority of
in vitro fertilization (IVF) attempts do not result
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in a successful pregnancy, this is most often a re-
sult of implantation failure1. Failed implantation
takes place due to incompatible conditions in ma-
ternal and embryonic factors. The associated ma-
ternal factors are anatomic, endometrial, throm-
bophilic, immunological, and genetic. The dis-
ruption in the development of the embryo, and
male factors can be included in the embryologi-
cal factors2.

The process of the implantation of the embryo
is a highly dynamic and precise control of molec-
ular and cellular events, and it is not fully under-
stood. Endometrial receptivity for implantation
of the blastocyst (the implantation window) is
limited, and corresponds to about 6-8 days after
ovulation, lasting for about 4 days. This limited
time presents itself in the form of low implanta-
tion rates in natural cycles. The development of
assisted reproductive techniques is one of the
most important factors affecting the success in
treating low implantation rates2-4.

Successful implantation in the endometrium
depends on the window period, and on autocrine
and paracrine regulation of the developmental
steps of the embryo and the endometrium, which
are induced by complex synchronized molecular
and cellular events. According to the classical
criteria of Noyes et al5, endometrial sampling is
commonly used to determine the day of endome-
trially synchronized changes due to ovulation.
However, fertile and infertile women’s endome-
trial biopsies may present non-phase endometri-
um6. Integrin, vascular endothelial growth factor,
mucin, and most of the cytokines were identified
as important factors in implantation. Endometrial
biopsy specimens and products of advanced mi-
croassay technologies have determined the en-
dometrial receptivity and implantation in the ex-
pression of many genes.
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Fibroblast Growth Factors (FGFs) are a family
of multifunctional mitogenic polypetides that in-
duce endothelial cell migration and promote the
formation of blood vessels and the patterning of
early branching events7. Some factors promote
the expression of decidual fibroblast growth fac-
tors (FGFs). Some of them are novel and irrele-
vant since the stroma is composed of fibroblasts8.
FGFs affect embryo implantation and support
improved endometrial trophoblastic interac-
tion9,10. No data exists, to our knowledge, regard-
ing the role of FGF-1 expression in patients with
implantation failure after repeated IVF attempts.
Our goal was to compare the expression of FGF-
1 in patients with repeated IVF failure to the nor-
mal fertile population.

Patients and Methods

The study group consisted of unsuccessful
IVF patients admitted to the Dicle University
Medical Faculty, Department of the Gynecology
and Obstetrics, between december 2009 and june
2012. Ethics Committee approval was obtained
before the study. All patients in the study group
had primary infertility and implantation failure
after IVF. The implantation failure was evaluated
by at least one good quality embryo transfer after
two or more IVF attempts. All patients in the
study group had clarified fallopian tubes opened
with hysterosalpingography or laparoscopy. Pa-
tients diagnosed with endometriosis were exclud-
ed from the study. Patients whose implantation
rates were adversely affected by male infertility,
intracavitary fibroids, polyps, intrauterine
synechiae, and factors such as uterine anomalies
were excluded from the study group. Patients
with one-sided tubal occlusion were included and
anovulatory patients were excluded from the
study because ovulatory patients showing a pat-
tern of secretory endometrial biopsies.

Patients in the control group had at least one
live birth, were ovulatory, fertile, and had not lost
a pregnancy. Each of the two groups’ age and en-
dometrium according to the histological criteria
of Noyes et al endometrium were verified. The
patients in the study group were evaluated for the
duration of their infertility and the number of un-
successful IVF attempts. Hysteroscopic examina-
tion was performed in all patients under local or
general anesthesia. After hysteroscopic examina-
tion, patients in the luteal phase were treated with
Silastic suction curettage. Endometrial samples

were examined by a single pathologist for en-
dometrial histological suitability and pathologi-
cal evaluation.

Endometrial samples were stored in paraffin
blocks. Hysteroscopic and pathologic examina-
tion revealing polyps, inflammation, hyperplasia
(such as leiomyoma), or endometrial pathology
excluded patients from the study as these would
affect the expression of FGF.

Immunohistochemical Evaluation
Five micrometer thick sections from paraffin

blocks were selected. Slides were stored in a
62°C oven for 60 minutes. For the deparafiniza-
tion process, paraffin blocks were soaked for 4 to
5 minutes in a 96% alcohol solution, and for 4 to
5 minutes in xylene. For the purpose of antigen
retrieval a citrate solution of pH 6 was added,
and then heat shocked at 125°C in a high pres-
sure Biocare Decloaking Chamber. The mixture
was allowed to stand for 20 minutes of protein
block (Ultra V Blok, Freemont, CA, USA,
ScyTek, Logan, VT, USA). As the primary anti-
body, FGF-1 (Santa Cruz: sc-55520, Santa Cruz,
CA, USA) was incubated for 60 minutes, then
linked with a biotinylated antibody (ScyTek, Lo-
gan, VT, USA) and Streptavidin/HRP solution
(ScyTek, Logan, VT, USA). It was then allowed
to stand for 20 minutes in instilled AEC (3-
amino-9-ethylcarbazole) Single solution and
washed for 10 min with distilled water. FGF-1
slides stained with hematoxylin and eosin (H&E)
were evaluated with light microscopy (Nikon
Eclipse 80i, Melville, NY, USA) by an expert
pathologist. Five different areas of each tissue
were randomly selected and calculated by evalu-
ating the average score. The results were scored
according to endometrial glandular, stromal, and
endothelial cells, depending on the severity of
staining. The extent of staining was based on the
grades of 1-3, grade 0 (negative), grade 1 (poor),
grade 2 (moderate), and grade 3 (strong). The
common score was given as the addition of two
scores.

Statistical Analysis
The Mann-Whitney U test was performed us-

ing SPSS 15.0 for Windows (SPSS Inc., Chicago,
IL, USA) to compare both groups with regard to
age, ımmunohistochemistry FGF-1 expression
scoring and endometrial date according to histo-
logical findings. A p value < 0.05 was considered
significant. All values were expressed as mean ±
standard deviation (SD).

399

FGF-1 expression in endometrium with repeated implantation failure



400

M.E. Sak, T. Gul, M.S. Evsen, H.E. Soydinc, S. Sak, A. Ozler, U. Alabalik

Study group (n=24) Control group (n=29) p

Age 31.5 ± 3.0 32.6 ± 2.5 0.231
Histologic dating to Noyes et al criteria 22.2 ± 0.7 21.9 ± 0.7 0.226
Immunohistochemistry FGF-1 expression scoring 3.1 ± 0.9 4.5 ± 1.1 < 0.001
Duration of infertility 3.9 ± 1.3
Previous failed cycles 2.6 ± 0.6

Table I. Mean clinicopathologic characteristics of study and control group.

the endometrium, different types of FGFs need to
be evaluated. The effects of FGF on the developing
human placenta have not been determined as yet.
Studies in mice11 explain the impact of the embry-
ological FGF. Deng et al found that the lack of
FGF-1 expression caused in vitro and in vivo
growth restrictions in mice. In studies in mice,
VEGF and FGF formed by angiogenesis have
shown successful implantation of the embryo.

However, the problem of infertility and recur-
rent cases of unsuccessful IVF is that there is not
enough information about the expression of FGF.
However, Kathasambas et al12 did not find differ-
ences in expression of FGF-2 in estrous cycle and
early pregnancy; also Gupta et al13 found the in-
creased expression of FGF-2 at the luminal epithe-
lium and stroma at 10-14 days of pregnancy. In
our study, FGF-1 expression in patients with re-
peated unsuccessful IVF attempts was lower than
in the control group, which is especially important
for implantation in the luteal phase.

In the pathogenesis of endometriosis, the eu-
topic endometrium suggests the dysregulation of
angiogenic activity. In this study14, patients with
endometriosis, eutopic endometrium of the secre-
tory phase, and endometrial glandular epithelium
expressed a high rate of VEGF around the blood
vessels. Jee et al15 found in his report that pa-
tients with recurrent failed IVF luteal phase had
decreased expression of VEGF, but there were no
differences in the early, mid, and late luteal phas-
es. But this investigation is not case-control study
of healthy women who have given birth com-
pared to the expression of VEGF in patients with
failed IVF. In our research, the mid luteal phase
endometrium was evaluated and FGF-1 expres-
sion was also decreased in endometrial glandular
epithelial cells, stromal cells, and vascular en-
dothelial cells in those patients with failed IVF.
Jee et al15 connected VEGF expression of glandu-
lar epithelium more frequently to the stroma of
the glands secreting VEGF. Wollenhaupt et al16

determined that FGF-2 expression in pig en-
dometrium was higher than in the stroma. Based

Results

All patients in the study group had primary in-
fertility (n = 24). The average duration of infertil-
ity was 3.9 ± 1.3 years. Between patients in the
study and control groups (n=29), there was no
significant difference in the histological data
based on the Noyes et al classification (p =
0.226) (Table I). The IVF and control groups
with H&E stained slides were examined, and en-
dometrial tissues were seen in the luteal phase.
The FGF-1 stained slides from the study groups
were examined and the endometrial glandular ep-
ithelial cells, stromal cells, and vascular endothe-
lial cells were found to have a lower expression
of FGF-1. In the stained FGF-1 slides, endome-
trial glandular epithelial cells, stromal cells, and
vascular endothelial cells of the control group
were evaluated and found to have a stronger ex-
pression of FGF-1 (< 0.001) (Figure 1). Consid-
ering the strength of individual cases of FGF-1
expression in epithelial, stromal, and endothelial
cells was found to be correlated with the cases on
an individual basis; epithelial, stromal, and en-
dothelial cells were found to be correlated with
the strength of the expression of FGF-1.

Discussion

This study shows the first endometrial samples
collected from patients with recurrent implantation
failure FGF-1 expression of angiogenic growth
factor. In our study, we found FGF-1 expression to
be lower in patients without endometrial pathology,
with recurrent implantation failure.

FGF is a multifunctional mitogenic peptide
which provides for endothelial cell migration,
blood vessel formation, and early vasculature. So
far, 22 different human FGFs have been found and
are numbered 1 to 22 sequentially. Many types of
FGFs have effects such as angiogenesis, mitogene-
sis, and chemotaxis on different target cells9. To
better understand the effects of FGF expression on
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on this, it is accepted that the FGF-2 are stromal-
ly derived growth factors. In our study, in en-
dometrial glandular, stromal, and vascular en-
dothelial cells, the FGF-1 expression was equal.

Maternal causes (anatomical factors, de-
creased endometrial receptivity, thrombophilia,
immunological factors) and embryonic causes
(genetic factors, inadequate development of the
embryo, male factor) are included among the
causes of recurrent implantation failure after
IVF2. The fibroblast growth factor family is
thought to be involved in the transformation of
embryo growth and invasion of the uterine stro-
mal cells in animal studies. FGF-2 is the most
common factor known in this family, it occurs in
fibroblasts and endothelial proliferation, although
widely expressed in adult and fetal tissues. FGF-
2 controls mRNA, the estrous cycle, early preg-
nancy, endometrial epithelium, stroma, and my-
ometrium9,16. In the literature no work could be
found on the study of the fibroblast family in
IVF. In our report, the FGF-1 effect is possible
by means of tyrosine kinase. FGF-1 is not ex-
pressed strongly enough in the failed IVF pa-
tients in the research, which may have caused a
lack of endothelial cell migration (which is im-
portant for implantation), stopped the process of
blood vessel formation, or caused early vascular-
ization of implantation problems.

Conclusions

The expression of FGF-1 in the IVF implanta-
tion failure group is less than in the fertile group,

which suggests that growth factors such as FGF-
1 are important maternal factors effecting im-
plantation. Further studies are neccesary on the
expression of FGF-1, in patients with repeated
IVF failure, which can explain the recurrent im-
plantation failure.
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