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Abstract: Vascular Endothelial Growth Factor commonly known as VEGF is a heparin binding homodimeric glycoprotein.
It is a potent mitogenic factor responsible for vasculogenesis and angiogenesis. VEGF family consists of five members out of
which VEGF-C is responsible for both angionenesis and lymphangiogenesis. However, the precise function of VEGF on early
pregnancy associated events is still not clear. In our previous work, we showed the expression of VEGF-C in uterine tissues
and fetal-maternal interface during periimplantation period (Day4-Day7) in mice. During the present research work, we are
showing the expression of VEGF-C and its receptor Flk-1/KDR in preimplantation mice uterus from day1-day4 of gestation.
Immunolocalization of VEGF-C and Flk-1/KDR was performed in paraffin embedded tissue sections using monoclonal
primary antibody and HRP-conjugated and FITC-conjugated secondary antibody.  Quantification of immune-signal was
analyzed by ImageJ software.  During the present study it was found that VEGF-C and Flk-1/KDR expressed in the uterus on
D1 to D4 of gestation with differential intensity. This result suggests the involvement of VEGF and its receptor system in the
uterine remodelling prior to the embryo implantation.
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Introduction
The embryo implantation is a series of complex events and
account for an essential stage involved in pregnancy. It is a
critical step for the establishment of pregnancy which requires
molecular and cellular events resulting in healthy uterine
growth and differentiation, blastocyst adhesion, invasion and
placenta formation. A complicated series of genetic, molecular
and cellular interactions are involved in the process of
implantation, all of which must be executed within an optimal
time frame. The implantation process starts when a free floating
blastocyst communicates with the endometrial epithelium of
uterus, followed by adhesion of the trophoblast to the
endometrial epithelium and thereafter invasion of the
trophoblast to the maternal tissue. Thus, implantation requires

the synchronous development of blastocyst and ability of the
endometrium to respond to the signals from the blastocyst
(Nardo et al., 2006). During implantation, many endocrine,
paracrine and autocrine interactions occur among the maternal-
embryonic cells that mediates a complex dialogue between
endometrial epithelium and conceptus. These events are
mainly regulated by sex steroid hormones, growth factors,
cytokines, adhesion molecules, extracellular matrix proteins
and prostaglandins (Dey et al., 2004).

Although tenacious research work on implantation
process carried out globally, the precise knowledge of
implantation process is still not sufficient enough to diagnose
infertility caused by implantation failure. As a result, about
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50% of preimplantation embryos were failed to implant
(Wilcox et al., 1988). Thus, infertility due to implantation
failure becomes a serious social problem needs to be
investigate.

Vascular endothelial growth factor (VEGF) is one
of the potent angiogenic factor and prime regulator of uterine
vasculogenesis and angiogenesis (Perrot-Applanat, 2000).
Vascular Endothelial Growth Factor (also known as vascular
permeability factor) is a homodimeric glycoprotein and unique
for its specificity among growth factors for the vascular
endothelium. The VEGF family has six members: VEGF-A,
VEGF-B, VEGF-C, VEGF-D, VEGF-E and placenta growth
factor. All of these contain the characteristic eight-cysteine
residues referred to as the “cysteine knot” motif.

Angiogenesis and the changes in vascular permeability
are the prerequisites of normal implantation and placentation
which is influenced by Vascular Endothelial Growth Factor
(VEGF). Recent investigation of angiogenic processes indicates
that VEGF plays an essential role both in vasculogenesis and
angiogenesis during embryonic development. Regulation of
VEGF and its receptors on angiogenesis and vascular
permeability influence the functions of female reproductive
organs as well as reproductive processes. Investigation showed
that many female reproductive diseases such as ovarian hyper
stimulation syndrome (OHSS), preeclampsia and
endometriosis might be associated with abnormal expression
of VEGF and its receptors. Thus, VEGF and its receptor
system have become the hotspot and frontline in reproductive
medicine. It has been revealed that VEGF and its receptors
critically regulate the uterine vascular permeability at the
blastocyst attachment site and endometrial decidualization
(Zhang et al., 2001). VEGF and its receptors involved in the
differentiation and invasion of trophoblast during
periimplantation. However, the distinctive function of VEGF-
C in implantation of embryo and its expression during embryo
implantation window is yet to be investigated.

Research on VEGF for last two decades revealed
that VEGF-C is primarily involved in both vasculogenesis and
lymphangiogenesis during early embryogenesis. Thus, it has

been speculated that VEGF-C is one of the key factors for
fertility regulation which is the most burning issues in front of
the global scientific community. Despite the growing interest
of investigation on the role of VEGF and its receptor in embryo
development and implantation, the precise function is
significantly unaddressed till date. Keeping this view in mind,
the present study was undertaken to elucidate better
understanding of VEGF-C and its receptor Flk-1/KDR
expression during preimplantation period (day 1 to day 4) in
mice uterus. It is expected that the findings of this research
will helps in addressing many unrevealed enigmas towards
female reproductive health especially female unexplained
infertility.

Materials and methods
Experimental animals
In the present research work, in vivo experiments have been
carried out to investigate the expression of Vascular Endothelial
Growth Factor-C (VEGF-C) and its receptor during
preimplantation period in albino mice (Mus musculus).
All animal procedures were approved by institutional animal
ethical committee, Rajiv Gandhi University and conducted
according to the institutional guidelines for the care and use
of laboratory animals.  Adult cyclic female albino mice (25 ±10
g body weight) were reared in the central animal facility
maintaining natural light and dark period in standard
husbandry conditions. Animals were fed with routine diet
(Bengal gram) and water ad libitum. The estrous cycle of the
adult females was studied by observation of cell types in the
vaginal smear prior to the experiment to ensure normal
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Fig. 1. Detection of pregnancy. (A) The sperms present in vaginal fluid. (B)
The copulatory plug  in the vaginal opening.
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cyclicity. The females showing normal estrous cycle has been
considered for in vivo studies. A group of 10 animals has
been selected for each experiment.
In situ localization of VEGF-C and Flk-1/KDR

After detection of pregnancy, uterine horns were
collected from day 1 (D1) to day 3 (D3) of gestation and
fixed in bouin’s fluid for 72 hours. Fixed tissues were washed
in running tap water for 4-5 hours. The immunolocalization
of Vascular Endothelial Growth Factor-C (VEGF-C) and Flk-
1/KDR has been carried out following the standard protocol
(Harlow and Lane, 1999). The dehydrated tissues were
embedded in paraffin. Sections were cut in 5µm thickness
using rotary microtome and mounted on poly-L-Lysine
(Sigma. Cat. No.P8920) coated glass slides. Sections were dried
and incubated at 370C for overnight. For deparaffinization,
the sections were kept in xylene for 5 minutes with two
changes. Rehydration has been carried out by putting the
slides in alcohol gradient from absolute (100%) to 30% alcohol
and subsequent three times wash in TBS buffer (25mM, pH
8) for 5 minutes each. The quenching of endogenous
peroxidase activity has been done by putting the slides in 3%
H2O2 in methanol for 30 minutes. The slides were then treated
with blocking serum (Normal goat serum, Santacruz Biotech,
U.S.A.) in a humidified chamber for 3-4 hours to prevent the
non-specific binding. After blocking process, the tissues were
treated with primary antibody. In this experiment, the mouse
monoclonal VEGF-C and Flk-1 antibody (Santacruz Biotech
U.S.A.) has been used to localize the expression of VEGF-C
and Flk-1/KDR. The primary antibody was diluted in TBS-
BSA at the concentration of 2.5µg/ml. The slides with primary
antibody incubated in 4pC for overnight. After overnight
incubation the slides were washed with TBS for 5 minutes
with three changes. Then the slides were treated with secondary
antibody (Goat anti-mouse IgG-HRP, Santacruz Biotech,
U.S.A.) at the concentration of 1µg/ml in a humidified chamber
for 2 hours in room temperature. The slides were then washed
with TBS for 5 minutes with three changes. The antibody-
antigen reaction sites have been detected by using
diaminobenzedine (DAB) substrate. The DAB substrate was

dissolved in TBS with 0.3% H2O2 at the concentration of 1mg/
ml. As soon as the brown colour appeared, the slides were
put in TBS to prevent background noise (non specific
expression). Slides were then counterstained with
haemotoxylene. After dehydration the slides were mounted
with DPX. Negative control of the respective antibody has
been performed using Normal IgG. Photomicrography of the
slides has been done in different magnification in DM5000B
microscope (Leica Microsystems, Germany).
Immunofluoresence of VEGF-C and Flk-1/KDR
Sample collection and slide preparation was performed
according to standard protocol as described earlier. Antigen
retrieval was performed by boiling the sections in citrate buffer
(pH 6.0) for 15-20 minutes followed by washing with 1x PBS
with 3 changes for 5 minutes each. Sections were incubated in
blocking solution containing 0.5-1% BSA in PBS for 2 hours
to prevent nonspecific binding. The sections were then
incubated with the primary antibodies (Santacruz Biotech,
USA) for overnight at 4pC. The sections were then washed
three times with PBS (10 min each). After washing with 1x
PBS, 3 times for 5 minutes each, the sections were incubated
with FITC conjugated secondary antibody (Santacruz Biotech,
USA) for 3 hours at room temperature followed by washing
with 1x PBS as mentioned above. Finally the slides were
mounted with antifade mounting medium (Ultracruz,
Santacruz Biotech, USA). Photomicrography of the slides has
been done in different magnification in DM5000B fluorescence
microscope (Leica Microsystems, Germany).
Immunohistochemical signal analysis using ImageJ
so f tware
Following the immunohistochemical localization, staining
intensity has been measured with the help of ImageJ software
(ImageJ 1.46r). This software can be used to measure
differences in staining intensity. A threshold feature allows
the user to increase the selected area depending on the intensity
of staining.
Statistical analysis
The densitometric data of signal intensity of VEGF-C and
Flk-1 has been statistically analysed. This analysis has been
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performed using the statistical package for social sciences
(SPSS, version 10.0).

Results
 The pregnancy of the female mice has been determined by
the formation of copulatory plug or presence of sperms in
vaginal smears as shown in the Fig. 1A & B. The females
which showed the formation of copulatory plug or presence
of sperm in the vaginal smear were considered as pregnant.
The day on which plug formation detected has been considered
as day 1 (D1) of gestation.

Immunohistochemical localization of VEGF-C and
Flk-1/KDR during preimplantation
The expression of the growth factor VEGF-C and Flk-1/KDR
in the embryo and uterine tissue has been detected using
HRP-conjugated as well as FITC-conjugated secondary
antibody as mentioned elsewhere.

The structural details of the cells and tissues can be
studied in the sections treated with HRP-conjugated secondary
antibody and counterstained with haemotoxylene. On the
other hand, the tissue sections treated with FITC-conjugated
secondary antibody do not shows the structural details of the
cells or tissues. Fluorescein isothiocyanate (FITC) is act as a
tracer molecule. FITC-conjugated secondary antibody binds
with the specific antigens and emits fluorescence light under
UV lamp. The results of immunohistochemical localization of
VEGF-C and Flk-1 using both HRP and FITC-conjugated
antibodies are corroborative to each other. The expression
signals in different cell types during the study period has been
quantitated as mentioned elsewhere.
Expression of VEGF-C and Flk-1/KDR on day1 (D1)
of gestation
The expression pattern of VEGF-C in the uterus on day1
(D1) of gestation has been presented in Fig. 2 & 3 . The
uterine tissue treated with HRP-conjugated antibody (Fig. 2A-
E) showed cell specific expression of VEGF-C. It has been
observed that on D1 of gestation, uterus showed proliferated
luminal epithelium (LE) and uterine endometrial glands (UG).

VEGF-C has been expressed in the luminal epithelium, uterine
glandular epithelium, stroma and perimetrium. The stromal
cells close to the luminal epithelium specifically express VEGF-
C as shown in the Fig. 2C & E. The epithelial cells of the
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Fig. 2. Immunohistochemical localization of VEGF-C (HRP-conjugated
antibody) in uterus on D1 of gestation. The growth factor expressed in the
luminal epithelium (LE), uterine glandular epithelium (UG) and stroma
(S). The stromal cells next to the luminal epithelium exhibited more
immunostaining of VEGF-C (C & E). Original magnification: A: 10x, B &
D: 20x, C & E: 40x . NC: negative control. Scale bar: 50?m.

Fig. 3. Immunohistochemical localization of VEGF-C in uterus on D1 of
gestation using FITC-conjugated antibody. The  luminal epithelium (LE),
uterine glandular epithelium (UG) and stroma (S) expressed the growth
factor. The stromal cells next to the luminal epithelium specifically exhibited
intense immunostaining of VEGF-C. Original magnification: A: 10x, B, C &
D: 40x. Scale bar: 50 m.
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uterine lumen exhibited strong (+++) immuno-staining of
VEGF-C. The uterine glands also appeared with high
accumulation (+++) of the growth factor (Fig. 2D). The sections
treated with FITC-conjugated (Fig. 3) antibody showed the
expression of VEGF-C in the uterine tissues of D1 of gestation
in the similar pattern as presented in Fig. 2. The luminal
epithelium showed strong intensity (+++) of VEGF-C. Similar
to the luminal epithelium (LE), the uterine glandular epithelium
(UG) exhibited strong intensity (+++) of VEGF-C expression
(Fig. 3D and Table 1). Immunohistochemical localization of
Flk-1/KDR in uterus on D1 of gestation using HRP-conjugated
and FITC-conjugated antibody has been presented in Fig. 4.
The result showed that the luminal epithelium (LE) and
stroma (S) expressed the receptor. The stromal cells next to
the luminal epithelium and the epithelial cells of the
proliferative luminal epithelium specifically express intense
immunostaining of Flk-1/KDR (Fig4B & D).

Expression of VEGF-C and Flk-1/KDR on day2 (D2)
of gestation
The expression pattern of VEGF-C in the uterus on day2
(D2) of gestation has been presented in Fig. 5 & 6. It has
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Fig. 4. Immunohistochemical localization of Flk-1/KDR in uterus on D1 of
gestation using HRP-conjugated and FITC-conjugated antibody. The  luminal
epithelium (LE) and stroma (S) expressed the receptor. The stromal cells next
to the luminal epithelium and the epithelial cells of the proliferative luminal
epithelium  specifically express intense immunostaining of Flk-1/KDR. Original
magnification: A: 10x, B: 40X, C: 20X & D: 40x.  Scale bar: 50 m. Fig. 5. Immunohistochemical localization of VEGF-C (HRP-conjugated

antibody) in uterus on D2 of gestation. The growth factor expressed   in the
luminal epithelium (LE), uterine glandular epithelium (UG) and stroma (S)
similar to that of day 1. The stromal cells surrounding the uterine gland
exhibited more immunostaining of VEGF-C  (C). original magnification: A:
10x, B : 20x, C : 40x. Scale bar: 50 m.

Fig. 6. Immunohistochemical localization of VEGF-C in uterus on D2 of
gestation using FITC-conjugated antibody. The growth factor expressed   in
the luminal epithelium (LE), uterine glandular epithelium (UG) and stroma
(S) as shown in the figure. The stromal cells surrounding the uterine gland
exhibited more immunostaining of VEGF-C. original magnification: A: 10x,
B : 20x, C : 40x . NC: negative control. Scale bar: 50 m.

been observed that the uterine stromal region became more
compact with a number of endometrial glands on D2 of
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gestation. The tissue sections treated with HRP-conjugated
antibody showed the compact structure of the uterus (Fig.
5A-C). The growth factor was expressed in the luminal
epithelium, glandular epithelium and in the stroma similar to
that of day1 (D1). The luminal epithelium and uterine glands
were found to express more VEGF-C in comparison to that
of the stroma. However, the stromal cells appeared with higher
immuno-staining of the growth factor compared to that of D1.
It was also found that the myometrium exhibited more VEGF-
C expression in comparison to the other region of the stroma.
On D2 of gestation, the stromal cells surrounding the uterine
gland exhibited more immuno-staining of VEGF-C.

The uterine tissues treated with FITC-conjugated
secondary antibody of VEGF-C (Fig. 6A-C) confirmed the
expression pattern of the growth factor in endometrial luminal
epithelium, glandular epithelium and in the stroma (S). The
intensity of expression of the growth factor in luminal
epithelium and uterine glandular epithelium has been
calculated and found strong (+++), while stromal tissues showed
moderate intensities (++) as presented in Table 1.

Immunohistochemical localization of Flk-1/KDR in
uterus on D2 of gestation using HRP-conjugated and FITC-
conjugated antibody has been presented in Fig.7. The receptor
expressed   in the luminal epithelium (LE) and stroma (S)
similar to that of VEGF-C.

Expression of VEGF-C and Flk-1/KDR on day 3
(D3) of gestation

With the progression of the gestation, the uterine
tissues appeared with a compact stromal zone, narrow uterine
lumen, and structural changes of uterine glands on D3 of
gestation (Fig. 8A-F). It has been observed that the stromal
cells become more proliferated (Fig. 8A & B). The uterine
gland in the anti-mesometrial side remains approximately
round in structure (Fig. 8A, D & F) similar to that of D1and
D2 of gestation. However, endometrial glands in other areas
start to become elongated (Fig. 7B & E). Uterine sections
treated with HRP-conjugated secondary antibody showed
intense (++++) expression of the growth factor at the

Fig. 7. Immunohistochemical localization of Flk-1/KDR in uterus on D2 of
gestation using HRP-conjugated and FITC-conjugated antibody. The receptor
expressed   in the luminal epithelium (LE) and stroma (S). original
magnification: A: 40x, B : 100x. NC: negative control. Scale bar: 50?m.  NC:
Negative control

Fig. 8. Immunohistochemical localization of VEGF-C (HRP-conjugated
antibody) in uterus on D3 of gestation. The growth factor expressed specifically
in the mesometrial side. Luminal epithelium (LE), uterine glandular
epithelium (UG) and stroma (S) also expressed VEGF-C but with very less
intensity. The stromal cells surrounding the uterine gland exhibited more
immunostaining of VEGF-C compared to the other part of stroma as showed
in the figure D & F. original magnification: A: 10x, B : 20x, C, D, E & F : 40x
. NC: negative control. Scale bar: 50?m.
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Fig. 9. Immunohistochemical localization of VEGF-C in uterus on D3 of gestation using FITC conjugated antibody. The growth factor expressed specifically
in the mesometrial side. The luminal epithelium (LE), uterine glandular epithelium (UG) and stroma (S) also expressed VEGF-C but with less intensity. The
stromal cells surrounding the uterine gland exhibited more immunostaining of VEGF-C compared to the other part of stroma. (C & D.Overall stromal cells'
expression of VEGF-C was low as compared to day1 & day2. Original magnification: A: 10x, B, C & D: 40x. Scale bar: 50 m.

Fig. 10. Immunohistochemical localization of Flk-1/KDR in uterus on D3 of gestation using HRP conjugated and FITC conjugated antibody. The receptor
expressed specifically in the mesometrial side. The luminal epithelium (LE), uterine glandular epithelium (UG) and stroma (S) also expressed Flk-1/KDR.
Original magnification: A: 10x, B, C & D : 40x. Scale bar: 50 m.
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Fig. 11.  Immunohistochemical localization of VEGF-C (A & C) and Flk-1/
KDR (B & D) on D4 using HRP conjugated and FITC conjugated secondary
antibody. The growth factor and the receptor is localized in the luminal
epithelium (LE), uterine gland (UG) and stroma (S). The luminal epithelium
(LE) and uterine glandular epithelium (UG)  express more immunostaining
than that of  stroma. Original magnificaton: A & B: 10x, C& D: 10x. NC-
negative control. Scale bar: 50 m
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mesometrial side of the uterus as indicated in Fig. 8A, B & C.
On D3 of gestation, endometrial glandular epithelium (UG)
and the luminal epithelium (LE) showed moderate (++)
expression of the growth factor. The stromal cells showed
low intensity (+) of the VEGF-C as presented in the Fig. 8E &
F and Table 1.

The FITC-conjugated antibody of VEGF-C (Fig. 9A-
D) showed the similar pattern of expression signal of the
growth factor on D3 as shown by HRP-conjugated antibody
(Fig. 7). The FITC-conjugated antibody showed strong signal
at the anti-mesometrial area (Fig. 8A & B). The luminal
epithelium and uterine gland showed less intensity (Fig. 9C &
D) while the stromal cells showed the expression signal of
the growth factor in low intensity (+).

Immunohistochemical localization of Flk-1/KDR in
uterus on D3 of gestation using HRP conjugated and FITC
conjugated antibody has been presented in the Fig.10. The
receptor expressed specifically in the mesometrial side. The
luminal epithelium (LE), uterine glandular epithelium (UG)
and stroma (S) also expressed Flk-1/KDR. This result showed
corroborative with VEGF-C expression.

Expression of VEGF-C and Flk-1/KDR on day4 (D4)
of gestation
The expression pattern of VEGF-C and Flk-1/KDR in the
uterus on day4 (D4) of gestation has been presented in Fig.11.
With the increasing time of gestation, the uteri showed
increased proliferation of the endometrial surface epithelium
producing more surface area as well as increase number of
uterine glands as presented in the Fig.11.  The uterus on D4
of gestation showed multiple numbers of endometrial glands
(EG) embedded in the stromal tissues. The endometrial glands
showed distinct epithelial cell layers with a lumen. In rodents,
implantation takes place on day 4.5 of gestation. This is the
most receptive period characterized by the stromal
proliferation and increased glandular secretion to prepare the
endometrial surface epithelium for embryo implantation. Thus,
D4 of gestation, considered as the window of embryo
implantation in rodents is the most crucial period for successful

implantation of fertilized zygote. The uterine tissue on D4 of
gestation treated with HRP-conjugated antibody (Fig. 9A &
B) showed strong expression (+++) of the growth factor and
its receptor in its different cell types. As indicated in the Fig.
11, the growth factor and Flk-1/KDR expressed with strong
intensity (+++) in the luminal epithelium and glandular
epithelium. The myometrium and perimetrium too exhibited
immuno-staining of VEGF-C and Flk-1/KDR on D4 of
gestation. From D4 of gestation onwards, the stromal cells
undergo dramatic morphological and biochemical changes
which are considered as prerequisite of implantation of the
growing embryo to the maternal tissue.

Similar to the HRP-conjugated antibody, the VEGF-
C and Flk-1/KDR antibody conjugated with FITC showed
the presence of the growth factor and the receptor in the
luminal epithelium, uterine glands and in stroma (Fig. 11C &
D). The findings of FITC-conjugated antibody are
corroborative with that of the HRP-conjugated antibody in
uterine tissue section on D4 of gestation. The fluorescence
signal has been observed intense in luminal epithelium and
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glandular epithelium. On D2 of gestation, similar expression
pattern has been found to be continued; the endometrial
epithelium specifically expressed the growth factor and Flk-1/
KDR revealed that VEGF-C and Flk-1/KDR could be one of
the factors associated with the cellular proliferation during
preimplantation period in mice uterus. In our earlier research,
we found that VEGF-C associated with embryo implantation
and decidualization which is very much crucial steps for
successful pregnancy outcome (Saikia et al., 2017). However,
the precise role of VEGF-C and its receptor on uterine cellular
preparation and function during preimplantation period is
yet to be addressed.  During the present study it was noticed
that cells of the endometrial surface epithelium and glandular
epithelium significantly expressed VEGF-C and Flk-1/KDR
on D1 to D4 of gestation. The results suggest that VEGF-C
may promote tissue remodelling and growth during early
gestation. It has been speculated that VEGF-C is synthesized
in the endometrial glands and released either for its autocrine
and/or paracrine action. Expression of the receptor Flk-1/
KDR in the endometrial glands confirms this speculation. It
was noticed that on D4, glandular epithelium was the primary
site of VEGF showing strong expression intensity. In mice,
the uterus on D4 of gestation has been known as the most
receptive for the attachment of the embryo to the uterine
wall. During this phase, the uterine tissue encountered dramatic
physiological changes and morphological remodelling of the
tissue, creating a favourable environment for successful
implantation. The fertilized eggs reach the uterus about 72

glandular epithelium (Fig. 11C & D). Strong expression of
the growth factor in stromal cells (+++) has been restricted to
only areas surrounding the endometrial glands.

Disscussion
At the very onset of pregnancy, successful implantation process
depends mainly on two events: (i) programmed coordinated
development of preimplantation embryo to the blastocyst
stage and (ii) differentiation of the uterus especially the
endometrial epithelium to the receptive state. The
differentiated uterus supports the embryo for attachment to
the uterine wall and ultimately leads to the successful
implantation.  Investigation on implantation process revealed
that the pre-ovulatory secretion of estrogen from ovary causes
the proliferation of the luminal and glandular epithelial cells
during the first two days of gestation (D1 and D2) in mice
(Huet-Hudson et al., 1989; Psychoyos, 1973; Paria et al., 1993).
This proliferation of the epithelial cells of luminal epithelium
and glandular epithelium might be associated with the
preparation of the implanation of the blastocyst to the maternal
wall. In the present study, it has been found that on D1 of
gestation, the luminal epithelium was highly proliferated which
established the effect of ovarian estrogen on epithelial cell
proliferation. It has been found that VEGF-C and its receptor
Flk-1/KDR was expressed in the luminal and glandular
epithelium. This accumulation of the growth factor and its
receptor in this area suggests that VEGF-C might be involved
in the process of epithelial cell proliferation in luminal and
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Table 1. Quantification of Immunohistochemistry of VEGF-C signals in various cell types in embryo and maternal tissue during D1-D4 of gestation.
Intensity values are expressed as means of observations (n=10).

          Stroma     Luminal Epithelium    Endometrial Gland
D1 VEGF-C Flk-1/KDR VEGF-C Flk-1/KDR VEGF-C Flk-1/KDR

++ ++ +++ +++ +++ ++
D2 VEGF-C Flk-1/KDR VEGF-C Flk-1/KDR VEGF-C Flk-1/KDR

++ ++ ++ ++ ++ ++
D3 VEGF-C Flk-1/KDR VEGF-C Flk-1/KDR VEGF-C Flk-1/KDR

+ + ++ ++ ++ ++
D4 VEGF-C Flk-1/KDR VEGF-C Flk-1/KDR VEGF-C Flk-1/KDR

+++ +++ +++ +++ +++ +++

+ < 20%  (Low); ++ 20 % - 40% (moderate); +++ ( 40 % - 80%) Strong; ++++ (> 80%) Intense.
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hours after copulation (00:00–2:00 hours of D4) in the morula
or early blastocyst stage (Potts et al., 1967). The fertilized
eggs develop in the oviduct and mostly attain the blastocyst
stage and enter the uterus by 6:00 p.m. of D4 (Yoshinaga et
al., 2013). The main sequential events takes place on D4 of
gestation in mice uterus are embryo spacing, shedding of the
zona pellucida and closure of the uterine lumen (Chen et al.,
2013; Yoshinaga, 2013). Interesting studies on location of the
embryo revealed that when the embryos enter the uterine
horn, they reach in the middle segment and grouped together
around 10:00 hours on D4 and then spacing begins equally in
both directions from the centre of each horn (Restall and
Bindon, 1971). They found in their investigation that the
embryos spread along the length of each horn between 10:00
and 16:00 hours on this day. It was an interesting research to
find out what regulates this dispersing of the embryos during
this period of time. It was found that myometrial activity of
the uterus play important role in embryonic spacing because
the spacing was disturbed when uterine muscle activity was
disturbed by relaxin during early pregnancy in the rat (Pusey
et al., 1980). The epithelium is considered as an important
regulator of smooth muscle contraction and releasing
epithelium-derived factors, particularly prostaglandins are
considered to play important role in governing smooth muscle
contraction (Ruan et al., 2011). Thus, the presence of a
blastocyst in the luminal epithelial prior to be transported to
the site of implantation may involve embryonic signal
transmission to the underlying luminal epithelial cells and this
may be transmitted underneath to the circular smooth muscle
layer. This research works revealed the importance of the
luminal epithelial cells on embryo implantation. In the present
research work, it has been found that the luminal epithelium
and uterine glandular epithelium significantly expressed VEGF-
C and Flk-1/KDR. As because this period is considered as
critical for attachment of the blastocyst to the uterine
endometrial epithelium; it has been speculated that VEGF-C
and its receptor system associated with the dramatic changes
within the endometrial epithelial cells for reception of the
blastocyst. In addition, it has been observed that the

transforming stromal tissues and the myometrium also
expressed the growth factor and Flk-1/KDR on D4 of gestation.
This result suggests that VEGF-C and Flk-1/KDR could
promote stromal tissue remodelling and growth during early
gestation which is crucial for successful implantation and
subsequent invasion of the embryo to the maternal tissue.
The growth factor may also involve in the induction of stromal
vascular permeability prior to the implantation of the blastocyst
to the maternal endometrial epithelium.

Thus, the findings of this present research work
revealed that VEGF-C and its receptor Flk-1/KDR expressed
in a spatial-temporal manner in the uterus on preimplantation
period (D1-D4) during which programmed remodelling of
the uterus takes place for the successful implantation process.
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