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Abstract 

Background:  Embryo implantation is a tightly regulated sequence of events regulated by ovarian steroids, estrogen 
and progesterone, and their downstream targets. Ovarian steroids regulate most of the genes involved in embryo 
implantation and pregnancy. However, some factors are not regulated by ovarian steroids, estrogen, progesterone, or 
both. Kruppel-like factor 5 (Klf5) is an example of an ovarian steroid–independent factor having a role in cellular prolif-
eration, differentiation. The detailed expression profile of Klf5 during uterine receptivity and periimplantation has not 
been studied till now. In the present research work, an attempt was made to investigate the expression pattern of Klf5 
in mice fetal-maternal tissue during periimplantation (day 4–day 8). The expressional and functional independence 
of Klf5 on the ovarian steroids was studied using estrogen and progesterone antagonist. The study was carried out in 
female Swiss albino mice of LACA strain during the periimplantation period. KLF5 was localized in the fetal-maternal 
tissues using the immunofluorescence technique in paraffin-embedded tissues. Ovarian steroid antagonists were 
administered subcutaneously from day 1 to day 3 of gestation, and the uterus was collected on the morning of day 4. 
Klf5 protein and mRNA levels were studied by western blot and quantitative real-time PCR (qPCR), respectively.

Results:  KLF5 was localized in the embryo, uterine luminal epithelium, glandular epithelium, and proliferating stro-
mal cells during periimplantation. In ovarian steroid antagonist–treated groups, KLF5 was localized in the luminal and 
glandular epithelium and stroma. Western blot and qPCR confirmed translation and transcription of KLF5 during the 
experimental period. The KLF5 protein level significantly increased on day 6, day 7, and day 8 when compared with 
day 4 (P < 0.05). The mRNA level of Klf5 increased significantly on day 7 and day 8 when compared with day 4 (P < 
0.05). In ovarian steroid antagonist–treated groups, protein and mRNA corresponding to Klf5 were observed. From this 
finding, it can be assumed that Klf5 may be a steroid-independent factor expressed during uterine receptivity.

Conclusion:  Spatiotemporal KLF5 expression in fetal-maternal tissue was observed during the experimental period. 
The results suggest that Klf5 is an ovarian steroid–independent factor that may play a pivotal role in implantation, 
decidualization, and embryogenesis.

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

Open Access

Middle East Fertility
Society Journal

*Correspondence:  kanmuna@gmail.com
1 Molecular Endocrinology & Reproductive Biology Research Laboratory, 
Department of Zoology, Rajiv Gandhi University, Rono Hills, Itanagar, 
Arunachal Pradesh 791 112, India
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-2482-2354
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s43043-021-00092-1&domain=pdf


Page 2 of 17Talukdar et al. Middle East Fertility Society Journal            (2022) 27:1 

Background
Embryo implantation and its subsequent growth is a 
fine-tuned orchestrated event regulated by ovarian ster-
oids, estrogen and progesterone, and locally produced 
transcriptional factors like Kruppel-like factor 5 in fetal-
maternal tissue [1]. Reciprocal interaction of embryo 
and uterus is a prerequisite event for successful embryo 
implantation [2, 3]. In mice, implantation takes place 
on day 4.5 of pregnancy, followed by decidual cell reac-
tion inducing receptivity in maternal tissue. The lumi-
nal epithelial cells in contact with implanting blastocyst 
undergo apoptosis or entosis, permitting the motile blas-
tocyst trophectoderm to come in contact with stromal 
cells inducing decidualization [4–7]. This critical inter-
action of fetal-maternal tissue is associated with uterine 
receptivity and window formation, which are the primary 
requirement of uterine function for successful embryo 
implantation and its growth [8, 9].

Estrogen and progesterone execute their functions 
through nuclear estrogen receptors (ERα & ERβ) and pro-
gesterone receptors (PRA & PRB) [10]. ERα is the princi-
pal factor of estrogen action for uterine receptivity and 
implantation [11]. On day 1 of pregnancy, preovulatory 
estrogen binds to stromal ERα and stimulates uterine epi-
thelial cell proliferation. On day 2 of pregnancy, epithelial 
proliferation continues. Progesterone from newly formed 
corpora lutea binds with PR, initiates uterine stromal cell 
proliferation, and inhibits uterine epithelial cell prolifera-
tion on day 3 of pregnancy. Ovarian estrogen secretion 
superimposed with high progesterone secretion from 
corpora lutea on day 4 of pregnancy leads to extensive 
stromal cell proliferation, luminal epithelial differentia-
tion, and glandular secretion rendering the uterus recep-
tive for implantation [12–14].

The synergistic action of two vital ovarian hormones, 
estrogen and progesterone, is the sine qua non for 
embryo implantation during this critical period. Most 
of the genes necessary for uterine receptivity, window 
formation, and implantation are induced and controlled 
by ovarian steroids during this critical period of fetal-
maternal tissue interaction. In addition, some proteins 
have recently been identified whose expressions are not 
altered by the ovarian steroid hormones but have a piv-
otal role in receptivity and window formation for suc-
cessful implantation [13]. Kruppel-like factor 5 (Klf5), a 
zinc-finger-containing transcription factor, is known to 
be an example of ovarian steroid–independent protein. 
Deletion of uterine Klf5 leads to female infertility because 

of retention of luminal epithelium around the implanta-
tion chamber and restricted embryonic growth [13, 15]. 
Klf5 is an essential factor for blastocyst development, as 
the Klf5 deficient mouse embryos fail to implant due to 
defective trophectoderm development. It is also required 
for the derivation of ESCs from inner cell mass (ICM) 
cells [16] and primitive endoderm development in the 
preimplantation mouse embryo [17]. In the uterus, Klf5 
expression is unresponsive to changes in ovarian steroid 
hormone; however, a detailed in situ expression of this 
transcription factor in fetal-maternal tissue during early 
gestation is yet to be elucidated.

In this present investigation, we are going to study the 
expression pattern of this transcription factor in mice 
during periimplantation (day 4 to day 8). In situ locali-
zation will show the distribution pattern of KLF5 in 
fetal-maternal tissue. Estrogen and progesterone signal-
ling is inevitable for the growth and development of the 
embryo and changes in maternal tissue for uterine recep-
tivity, implantation, decidualization, and maintenance 
of pregnancy. In the present investigation, we adminis-
tered estrogen and progesterone receptor antagonists to 
experimental females to study the expression pattern of 
Klf5 in the absence of native ovarian steroid action on the 
uterus.

Methods
Experimental animals
Swiss albino mice of LACA strain were purchased from 
the Directorate of health services, Shillong, India. The 
animals were acclimatized for 2 weeks before starting the 
experimental procedures. According to the Institutional 
Animal Ethical Committee of Rajiv Gandhi University, 
mice were maintained in the animal facility. The experi-
mental protocols used in the present investigation were 
approved by the Institutional Animal Ethical Committee, 
Rajiv Gandhi University. Mice were housed in the animal 
care facility in the natural light-dark cycle and provided 
with food and water ad libitum.

Experimental design and sample collection
The adult female mice undergoing normal estrous cycle 
were selected for the present investigation by study-
ing vaginal smear cytology. Adult cyclic virgin females 
(25–30-g weight, 6–8 weeks old) were kept for mating 
with a male of known fertility in the ratio 2:1 (2 female: 1 
male). The presence of a vaginal plug or the observation 
of sperm in the vaginal smear on the next morning was 
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considered day 0.5 of pregnancy. The implantation sites 
were studied using an intravenous injection of 1% Chi-
cago blue Dye (Sigma-Aldrich, Catalog no. C8679-25G) 
prepared in 0.9% saline in the tail vein 15 min prior to 
the collection of the uterine tissues [18, 19]. Mice were 
euthanized by cervical dislocation, and uterine tissues of 
pregnant mice from day 5 (D5) to day 8 (D8) of gestation 
were collected accordingly.

An experimental design of administration of antiestro-
gen (AntiE2), antiprogesterone (AntiP4) and antiestrogen 
+ antiprogesterone (AntiE2+P4) has been presented in 
Fig.  1. Antiestrogen, ICI 182,780 (Faslodex/Fulvestrant) 
(Sigma-Aldrich) prepared in sesame oil was injected 
subcutaneously at the dose of 100μg/100μl [20]. antipro-
gesterone, mifepristone (RU486) (Sigma-Aldrich), was 
prepared in sesame oil at the dose of 200μg/100μl [21]. 
Antiestrogen and antiprogesterone were given together 
at the dose of 100 + 200 μg/100 μl of sesame oil. Steroid 
antagonists were administered subcutaneously from day 
1 to day 3 of gestation at 09.00 h, and samples were col-
lected on day 4 morning. Mice were administered vehicle 
(100 μl sesame oil) from days 1–3, and uterine samples 
were collected on the morning of day 4. Forty mice were 
divided into eight groups (D4 control, D5, D6, D7, D8, 
AntiE2 treated, AntiP4 treated, and AntiE2+P4 treated), 
and each group contained five animals. The sample 
size was decided, considering similar studies from the 
laboratory.

Histological staining of uterine section
The uterine tissue samples collected were washed in PBS 
and fixed in Bouin’s fluid for a period of 72 h. Fixed tis-
sues were washed, dehydrated through graded series of 

alcohol and finally embedded in a paraffin block. Par-
affin-embedded tissues were cut in the serial section of 
5-μm thickness and mounted on poly-l-lysine (Sigma-
Aldrich, Catalog no. P 4707) coated glass slide. Hematox-
ylin and Eosin (H&E) staining was performed following a 
standard protocol to study the detailed structure of uter-
ine tissue sections.

Immunofluorescent localization of KLF5
Immunofluorescent localization of KLF5 was performed 
in the paraffin-embedded tissue sections [22]. Briefly, 
the paraffin-embedded sections were deparaffinized in 
xylene and rehydrated in graded series of alcohol (from 
100% to 30%) and finally in distilled water. Briefly, Heat 
Induced Epitope Retrieval (HIER) was performed using 
citrate buffer (pH 6.0) for 1 h. Sections were washed in 
PBS, 3 times for 5 min each. The sections were permeabi-
lized in 0.1% PBS-T for 10 min. 5% Normal Goat Serum 
(NGS) was used to block nonspecific binding sites of the 
tissues for 1 h in a humidified chamber. Sections were 
treated with rabbit polyclonal primary antibody (San-
tacruz Biotech, KLF5, sc-22797) diluted in PBS-BSA at 
2.5 μg/ml concentration at 4 °C overnight. To remove the 
unbound primary antibody, washing of the sections was 
done in PBS, 3 times for 5 min each. Sections were incu-
bated with Goat anti-rabbit secondary antibody (San-
tacruz Biotech, FITC tagged, sc-2012) for 2 h in a dark, 
humidified chamber. Sections were thoroughly washed in 
PBS (3 times for 5 min each) to remove any unbound sec-
ondary antibody. Sections were mounted with mounting 
media (90% Glycerol in PBS). Negative control was per-
formed by using normal Rabbit IgG instead of KLF5 pri-
mary antibody. Immunofluorescent signal imaging was 

Fig. 1  Schematic representation of ovarian steroid antagonist administration regimen. Antiestrogen (100 μg/100 μl), antiprogesterone (200 
μg/100 μl), and antiestrogen + antiprogesterone (100 + 200 μg/100 μl) injected subcutaneously from D1 to D3 in 3 different groups. Uterine tissue 
samples were collected on D4 at 0900 h
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done in Leica DM 5000B microscope (Leica Microsys-
tems, Germany). Quantification of KLF5 immunofluores-
cent signal intensity was performed by ImageJ software 
(NIH, USA).

Western blot of KLF5
The uterine tissue samples collected were homogenized 
in RIPA extraction buffer on ice using a homogenizer. 
Homogenate was kept on ice for 30 min and centri-
fuged at 11,700 g for 25 min. The supernatant was col-
lected in a fresh centrifuge tube and was kept at − 20 °C 
until further processing. Quantitative estimation of pro-
tein was performed by Lowry assay [23], keeping BSA 
as a standard using Multiskan GO (Thermo Scientific). 
Proteins were separated in 12% SDS-PAGE [24] using 
Mini-PROTEAN Tetra Cell Electrophoretic Apparatus 
(Bio-Rad). Briefly, the separated proteins were trans-
ferred to nitrocellulose membrane using Mini Trans-Blot 
Electrophoretic Transfer Cell (Bio-Rad) for 1 h at 100V. 
Nonspecific binding was blocked by 5% non-fat dry milk 
for 2 h and briefly washed in TBS-T. The nitrocellulose 
membrane was incubated with rabbit polyclonal KLF5 
antibody (Santacruz Biotech, sc-22797) prepared in TBS 
at 4 °C overnight and washed in TBS for 5 min followed 
by washing in TBS: TBS-T (1:1) for 5 min. The membrane 
was incubated with mouse anti-rabbit secondary anti-
body (Santacruz Biotech, sc-2357) diluted in TBS: TBS-T 
for 2 h at room temperature. Excess secondary antibody 
was removed by washing with TBS. Finally, the mem-
brane was developed with TMB (3, 3′, 5, 5′-tetrameth-
ylbenzidine). β-actin was used as an internal control. 
Densitometric analysis of Western blot bands was per-
formed by ImageJ software (NIH, USA).

Real‑time PCR
Total RNA of uterine samples was extracted for quanti-
fication of mRNA transcript by real-time PCR [25]. TRI-
zol reagent (Invitrogen, Catalog no. 15596026) was used 
for the extraction of RNA following the manufacturer’s 
protocol. Briefly, concentration and quality assessment 
of RNA was performed by Nanodrop 2000c (Thermo Sci-
entific, USA). 5μg RNA was used for reverse transcrip-
tion of RNA to cDNA using iScriptTM cDNA synthesis 
kit (Bio-Rad, Catalog no. 170-8891) following manufac-
turer’s protocol. The primers used for mouse Klf5 and 
housekeeping gene GAPDH have been added in Table 1.

Reverse transcriptase quantitative polymerase chain 
reaction (RT-qPCR) was performed using iTaqTM Uni-
versal SYBR Green Supermix (Bio-Rad, Catalog no. 172-
5121). Briefly, the RNA template, primer and reaction 
buffer were thawed at room temperature and placed in 
ice for the preparation of the reaction mix. 20μl reac-
tion mix was prepared according to the instruction 

manual provided. Reaction mix without template RNA 
was pipetted out in the 96 well PCR plate. RNA template 
was added to each well accordingly and mixed. A No 
Template Control (NTC) was incorporated in the experi-
ment to check the specificity of primer. The cycling con-
dition of the Bio-Rad real-time system was set as follows: 
Polymerase activation and DNA denaturation at 95 °C for 
3 min, followed by 40 cycles of denaturation at 95 °C for 
5 s and annealing at 60 °C for 30 s. At the end of the run, 
data were analyzed by Bio-Rad CFX manager software, 
version 3.1. All the reactions were run in triplicate. Data 
were normalized to GAPDH expression using the 2−ΔΔCt 
method [26].

Statistical analysis
The data of immune-signal intensity (Immunofluores-
cence), western blotting and Real-time PCR of Klf5 were 
statistically analyzed using the Statistical Package for 
Social Sciences (SPSS, version 16.0). The data of immu-
nofluorescence, western blot and Real-time PCR on D4 
of gestation were compared with other data. All the data 
have been presented as Mean value±Standard Error (SE). 
One way ANOVA (Analysis of variance) with LSD Post 
Hoc test was performed to know the statistical differ-
ence. P < 0.05 was considered statistically significant for 
all tests.

Results
Immunofluorescent localization of KLF5
Day 4 (D4)
The histological structure of mouse uterus on D4 of 
gestation has been presented in Fig.  2a. The expression 
pattern of KLF5 in the uterus on D4 of mice pregnancy 
has been presented in Fig.  2b–d. The uterine lumen in 
the apposition stage was observed in the uterine sec-
tion. Several uterine glands of circular and elongated 
shape embedded in the stromal cell layer were observed 
in the uterine section on D4 of pregnancy. In the D4 
mouse uterine section, KLF5 was localized in the lumi-
nal epithelium (LE), the glandular epithelium (GE) 
and the proliferating stromal cells (PSC), as shown in 
Fig. 2b–d. Moderate intensity of Immunostaining signal 
was reported in the luminal epithelium (LE) on D4 of 

Table 1  Primers for Klf5 and GAPDHtable

Gene symbol Accession no. Primer sequence (5′-3′) Amplicon 
size  (bp)

Klf5 NM_009769.4 CTA​CTT​TCC​CCC​GTC​ACC​AC
TAA​AGG​ATG​GCA​GAG​CGG​
AC

539

GAPDH NM_008084 TCA​CTG​CCA​CCC​AGA​AGA​
GAC​GGA​CAC​ATT​GGG​GGT​
AG

186
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pregnancy. In the glandular epithelium (GE) and stromal 
layer, strong intensity of immunosignal was observed. 
The quantitative analysis of the immunofluorescent sig-
nal in different cell types of embryonic and uterine tissue 
has been listed in Table 2.

Day 5 (D5)
The structural organization of fetal-maternal tissue 
on day 5 of gestation in mice stained with Hematoxy-
lin and eosin (HE) has been presented in Fig.  3a. The 
expression pattern of KLF5 in the uterus on D5 of mice 

Fig. 2  Immunofluorescent localization of KLF5 on D4 mice uterus using FITC-conjugated antibody. The protein was localized in the luminal 
epithelium (LE) and glandular epithelium (GE) of uterine glands and the proliferating stromal cell (PSC). The arrowhead indicates the expression. 
Original magnification: a 5×, b 5×, c 40×, d 40×. L, lumen; M, mesometrial pole; AM, antimesometrial pole; NC, negative control

Table 2  Compartment specific expression profile of KLF5 during D4–D8 of gestation and in AntiE2-, AntiP4-, and AntiE2+P4-treated 
females. Samples of ovarian steroid antagonist–treated group were collected on the morning of D4. Immunofluorescence signal was 
quantified in various embryonic and uterine cell types by ImageJ software. Intensity values are expressed as means of observations (n 
= 5, mean value ± standard error, P < 0.05). E, embryo, EPC, ectoplacental cone; LE, luminal epithelium, GE, glandular epithelium; PDZ, 
primary decidual zone; SDZ, secondary decidual zone

+ < 20% (low); + + 20–40% (moderate); + + + 40–80% (strong); + + + + > 80% (intense), − − − (signal absent)

Sample E EPC LE GE Stroma PDZ SDZ

D4 − − − − − − + + + + + + + + − − − − − −
D5 + + − − − + + + + + + + + + + + − − −
D6 + + + + + + + + + + + + + + + +
D7 + + + + + + + − − − + + + + + + + +
D8 + + + + + + + + − − − − − − + + + + + + +
AntiE2 − − − − − − + + + + + + + + + + − − − − − −
AntiP4 − − − − − − + + + + + + + + + − − − − − −
AntiE2+P4 − − − − − − + + + + + + + − − − − − −
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pregnancy has been presented in Fig. 3b–d. The luminal 
epithelium in apposition stage and embryo in blastocyst 
stage with Inner cell mass (ICM), blastocoel (B) and 
trophectoderm (TE) was observed in the D5 uterine 
section. In mice, ICM is facing towards the mesome-
trial pole. The polar trophectoderm covers the embryo 
on the ICM side, whereas the mural trophoblast cov-
ers the blastocoel. Stromal cells adjacent to implanting 
blastocyst undergo decidual cell reaction and become 
multinucleated decidual cells forming avascular pri-
mary decidual zone (PDZ). On D5 of mouse pregnancy, 
the KLF5 protein was localized in embryonic cells, 
luminal epithelium (LE), glandular epithelium (GE), 
and proliferating stromal cells (PSC) of the primary 
decidual zone (PDZ). KLF5 was localized in the inner 
cell mass (ICM) and trophectoderm layer (TE) of the 
embryo. Moderate intensity of immunostaining signal 
was detected in the embryo and luminal epithelium. In 
the glandular epithelium and stroma, a strong immu-
nosignal intensity was reported (Table 2).

Day 6 (D6)
Figure  4 a represents the HE stained histological struc-
tural organization of fetal-maternal tissue in mice uterus 
on day 6 of gestation. Figure 4b–d shows the expression 
pattern of KLF5 in the uterus of D6 pregnant mice. The 
rapid growth of the embryo commences with the begin-
ning of implantation. Blastocoel enlarges and forms the 
yolk cavity, and the embryoblast (ICM) grow in the cavity 
and become cylindrical in shape termed as egg cylinder. 
The polar trophectoderm forms extra-embryonic ecto-
derm and ectoplacental cone (EPC), whereas, mural tro-
phectoderm gives rise to trophoblast giant cells (TGC). 
The trophoblasts invade the luminal epithelium towards 
the antimesometrial pole to come in contact with stro-
mal cells. The stromal cells which come in direct contact 
with the embryo undergo endoreduplication to form the 
primary decidual zone (PDZ). The stromal cells close 
to PDZ differentiate into polyploid decidual cells form-
ing the secondary decidual zone (SDZ). Uterine lumen 
and vascular sinusoidal fold (VSF) were observed in the 
mesometrial pole. Few uterine glands were also observed 

Fig. 3  Immunofluorescence of KLF5 on D5 mice uterus using FITC-conjugated antibody. The KLF5 protein was localized in the luminal epithelium 
(LE), glandular epithelium (GE) of uterine glands, embryo (E), and proliferating stromal cell (PSC) of the primary decidual zone (PDZ). The arrowhead 
indicates the expression. Original magnification: a 5×, b 5×, c 40×, d 40×. Str, stroma; ICM, inner cell mass; B, blastocoel; PTE, polar trophectoderm; 
MTE, mural trophectoderm, M, mesometrial pole; AM, antimesometrial pole, NC, negative control
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in D6 mouse uterine section. As shown in Fig.  4b–d, 
KLF5 was localized in the luminal epithelium (LE), glan-
dular epithelium (GE), primary decidual zone (PDZ), and 
secondary decidual zone (SDZ) as well as in embryonic 
cells. During D6 of gestation, strong intensity of immu-
nosignal was observed in the embryo and SDZ. Moder-
ate immunosignal intensity was observed in the LE, GE, 
ectoplacental cone (EPC) and PDZ (Table 2).

Day 7 (D7)
HE stained section of mice uterus on D7 of gestation has 
been presented in Fig. 5a. The expression pattern of KLF5 
in the uterus on D7 of mice pregnancy has been pre-
sented in Fig. 5b–d. As the pregnancy progress, the size 
of the egg cylinder increase. To accommodate the grow-
ing embryo, the decidual cells of PDZ undergo apopto-
sis. Well-developed secondary decidual zone (SDZ) with 
polyploid decidual cell and vascular sinusoidal fold (VSF) 
was observed at this stage. The Ectoplacental cone, which 
arises from the active growth of the extra-embryonic 

ectoderm, joins the egg cylinder ventrally and extends 
towards the uterine lumen dorsally. Maternal blood infil-
trates the ectoplacental cone, which develops into the 
placenta later. On D7 of mice pregnancy, KLF5 transcrip-
tion factor was localized in the embryo, luminal epithe-
lium and the proliferating stromal cells (PSC). Strong 
intensity of immunosignal was detected in the embryo. 
Whereas in the luminal epithelium, immunosignal inten-
sity observed was low. Moderate immunosignal intensity 
was observed in the stroma and strong intensity in EPC 
(Table 2). The detailed structure of the D7 mice embryo 
has been shown in Fig.  6. Amniotic cavity, embryonic 
ectoderm, extra-embryonic mesoderm, and distal endo-
derm layers can be observed in the D7 mouse embryo.

Day 8 (D8)
A cross-sectional structure of developing embryo on D8 
of gestation within the mice uterus stained with rou-
tine HE staining method has been presented in Fig.  7a. 
The expression pattern of KLF5 in the uterus on D8 of 

Fig. 4  Immunofluorescence of KLF5 on D6 mice uterus using FITC-conjugated antibody. The protein was localized in the luminal epithelium 
(LE), embryo (E), and proliferating stromal cell (PSC) of PDZ and secondary decidual zone (SDZ). The arrowhead indicates the expression. 
Original magnification: a 5×, b 5×, c 40×, d 40×. YC, yolk cavity; EPC, ectoplacental cone; VSF, vascular sinusoidal fold; M, mesometrial pole; AM, 
antimesometrial pole; NC, Negative control
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mice pregnancy has been presented in Fig.  7b–d. With 
the advancement of pregnancy, there are morphological 
changes in the embryo and the uterus. On D8 of mouse 
pregnancy, Trophoblast giant cells (TGC), which arise 
from the mural trophectoderm, can be observed sur-
rounding the embryo. TGC are multinucleated cells as 
they are formed by the process of endoreduplication. The 
size of PDZ was smaller, as the decidual cells of this zone 
undergo apoptosis. Well-developed secondary decidual 
zone (SDZ) was observed in the uterine section on D8 of 
mouse pregnancy. Intense intensity of immunosignal was 
observed in the embryo and ectoplacental cone (EPC). 
In the stroma, moderate immunosignal intensity was 
reported (Table 2).

Anti‑E2 treated day 4 (AntiE2)
HE stained uterine section of anti-E2 treated D4 mice 
uterus has been presented in Fig. 8a. The expression pat-
tern of KLF5 in the uterus of anti-E2 treated D4 (AntiE2) 
pregnant mice has been presented in Fig.  8b–d. The 
uterine lumen observed was not at the receptive stage 
for embryo implantation. KLF5 transcription factor was 

localized in the uterine luminal epithelium (LE), glan-
dular epithelium (GE), and stroma (Str). The uterine 
luminal epithelial cells exhibited the KLF5 expression 
with intense intensity. Strong intensity of Immunostain-
ing signal was noted in glandular epithelium and stroma 
(Table 2).

Anti‑P4 treated day 4 (AntiP4)
The histological structure of mice uterus (HE stained) 
following administration of progesterone receptor 
antagonist on day 4 of gestation has been presented in 
Fig. 9a. The expression pattern of KLF5 in the uterus of 
anti-P4 treated D4 (AntiP4) pregnant mice has been pre-
sented in Fig.  9b–d. Non-receptive uterine lumen was 
observed. The KLF5 protein was localized in the uterine 
luminal epithelial cells (LE), glandular epithelium (GE), 
and stroma (Str). The intensity of immunosignal in the 
luminal epithelium was intense. Moderate immunosig-
nal intensity was noted in glandular epithelial cells. In the 
uterine stroma, strong intensity of immunostaining sig-
nal was observed (Table 2).

Fig. 5  Immunofluorescence of KLF5 on D7 mice uterus using FITC-conjugated antibody. The protein was localized in the luminal epithelium (LE), 
proliferating stromal cell (PSC), and embryo (E). The arrowhead indicates the expression. Original magnification: a 5×, b 5×, c 40×, d 40×. PDZ, 
primary decidual zone; SDZ, secondary decidual zone; YC, yolk cavity; EPC, ectoplacental cone; VSF, vascular sinusoidal fold; M, mesometrial pole; 
AM, antimesometrial pole; NC, negative control
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Anti‑E2+P4 treated Day 4 (AntiE2+P4)
The histological structure of HE stained uterine section 
following co-treatment of estrogen and progesterone 
receptor antagonist (antiE2 + antiP4) on day 4 of ges-
tation has been presented in Fig.  10a. The expression 
pattern of KLF5 in the uterus of anti-E2+P4 treated 
D4 (AntiE2+P4) pregnant mice has been presented in 
Fig. 10b–d. Uterine lumen did not transform into a slit-
like structure which is characteristic of the receptive 
uterus. The KLF5 protein was immunolocalized in the 
luminal epithelium (LE), glandular epithelium (GE) and 
stromal (Str) compartments. The intensity of immunosig-
nal in the luminal epithelium and glandular epithelium 
was moderate. In the stroma, strong intensity of immu-
nosignal was noted (Table 2).

Western blot analysis of KLF5 in mice uteri 
during periimplantation period
Following the immunofluorescent localization of KLF5 
in fetal-maternal tissue, the protein level of KLF5 during 
the periimplantation period (D4-D8) and in antagonist 
treated groups was studied by Western blot. The presence 
of KLF5 protein in western blot during the experimental 
period was observed, as shown in Fig. 11a–e. The inten-
sity of KLF5 protein bands showed a gradual increase 
from D4 to D8 of pregnancy. The results showed that 
KLF5 reaches its maximum level on D8 of gestation. The 
KLF5 protein level on D5 was comparable to D4. On D6, 
the protein level increased as compared to D4 due to the 
increase in stromal cell proliferation. The KLF5 protein 
level increased abruptly on D7 and D8 as uterine stromal 

Fig. 6  Structure of D7 mice embryo and expression of KLF5 in different cell types. The transcription factor was localized in various embryonic and 
extra-embryonic cells. M, mesometrial pole; AM, antimesometrial pole
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cells are undergoing extensive proliferation at this period. 
AntiE2-treated D4 mice uterus has slightly higher protein 
level as compared to D4. AntiP4 and AntiE2+P4 treated 
D4 mouse uterus showed slightly lower protein levels 
when compared with D4.

Densitometric analysis showed a significant difference 
in the transcription factor’s expression on D6, D7, D8, 
AntiE2, and AntiP4 treated when compared with D4 (P 
< 0.05).

Real‑time PCR analysis of Klf5 during periimplantation 
period
The pattern of Klf5 mRNA transcript in the mice uteri 
during the experimental period from D4 to D8 has been 
presented in Fig. 12a–d. The real-time quantitative data 
showed a gradual increase of Klf5 mRNA transcript with 
the progression of gestation days. The Klf5 mRNA tran-
script level increased from D4 to D7. However, on D8, an 
abrupt increase in Klf5 mRNA transcript was observed 
when compared with D4. AntiE2-treated D4 mouse 
uterus showed a lower level of Klf5 transcript when com-
pared with D4. The Klf5 mRNA level was higher than 

that of D4 in AntiP4, and AntiE2+P4 treated D4 mouse 
uterus. The D4 Klf5 mRNA varies significantly with D7, 
D8 and AntiP4 treated D4 samples (P < 0.05).

Discussion
Coordination of both embryo and uterus is required 
at the ‘window of implantation (WOI)’ or ‘window of 
receptivity (WOR)’ for successful embryo implantation 
[27]. At this particular time, the blastocyst can survive 
and implant in the uterine milieu, which is otherwise 
hostile. The collective action of two key ovarian hor-
mones, estrogen and progesterone, is a prerequisite 
for embryo implantation. These hormones bind to 
their corresponding nuclear receptor and act on their 
downstream targets [28]. Most of the genes involved in 
embryo implantation are responsive to the two ovar-
ian steroids. However, recently some genes have been 
reported which are not responsive to estrogen, pro-
gesterone, or both. Previous studies reported that 
Kruppel-like factor 5 (Klf5), a zinc-finger-containing 
transcription factor, is unresponsive to ovarian ster-
oids in the uterus [15]. In the present investigation, we 

Fig. 7  Immunofluorescence of KLF5 on D8 mice uterus using FITC-conjugated antibody. The protein was localized in the proliferating stromal 
cell (PSC) and embryo (E). The arrowhead indicates the expression. Original magnification: a 5×, b 5×, c 40×, d 40×. M, mesometrial pole; AM, 
antimesometrial pole; PDZ, primary decidual zone; SDZ, secondary decidual zone; TGC, trophoblast giant cell; YC, yolk cavity; NC, negative control
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studied the expression pattern of Klf5 during the peri-
implantation period. The effect of antiestrogen (ICI 
182,780) and antiprogesterone (RU486) on the expres-
sion pattern of Klf5 has also been studied in the present 
study.

Embryo implantation is the process of a tightly regu-
lated sequence of events. The blastocysts remain floated 
in the uterine lumen for a certain period before implanta-
tion [29]. D4.5 of gestation is the crucial time for uter-
ine receptivity. During this time, the plasma membrane 
of uterine luminal epithelium undergoes drastic changes 
to make non-receptive uterus to the receptive state 
through an event known as plasma membrane transfor-
mation [30]. Under the influence of ovarian steroids, the 
uterine lumen changes to a slit-like structure which con-
tributes to the apposition of blastocyst trophectoderm to 
the uterine luminal epithelium. The luminal epithelium 
is the first layer that comes in contact with implanting 
blastocyst. The KLF5 protein is localized in the luminal 
and glandular epithelium by Immunofluorescence study 
on D4 of gestation. From the results obtained, it can be 
speculated that this factor may have some role in epithe-
lial cell differentiation and glandular secretion, which are 
prerequisites for implantation initiation. Localization of 

KLF5 in proliferating stromal cells indicates its role in 
embryo maintenance.

With the initiation of implantation, the embryos in 
the blastocyst stage are encased in a crypt (implantation 
chamber) formed by evaginations of luminal epithelium 
towards the antimesometrial pole for proper homing of 
the embryo. The ICM of the embryo is facing towards the 
mesometrial pole surrounded by polar trophectoderm. 
During this period, the transcription factor is localized in 
various embryo and uterus cell types. The stromal cells 
adjacent to implanting blastocyst undergo decidualiza-
tion to form the primary decidual zone (PDZ) on D5 of 
gestation. Localization of KLF5 protein in the PDZ on D5 
of gestation indicates its role in PDZ formation. PDZ acts 
as a barrier restricting the migration of immune cells or 
any undesired matters from the maternal circulation to 
the embryo. Results of our present study showed locali-
zation of KLF5 in the luminal epithelium and glandular 
epithelium suggests its role in embryo attachment and 
glandular secretion. With the progression of gestation, 
the lateral luminal epithelium surrounding the blastocyst 
undergoes apoptosis or entosis by the trophectodermal 
cell to accommodate the embryo in the stromal compart-
ment [6, 31]. In conditionally ablated Klf5 mice uterus, 

Fig. 8  Immunofluorescence of KLF5 on AntiE2-treated D4 mice uterus using FITC-conjugated antibody. The protein was localized in the luminal 
epithelium (LE), glandular epithelium (GE) of uterine glands, and stroma (Str). The arrowhead indicates the expression. Original magnification: a 5×, 
b 5×, c 40×, d 40×. L, lumen; M, mesometrial pole; AM, antimesometrial pole; NC, negative control
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the luminal epithelium remains intact at this particular 
time leading to implantation failure [15]. This suggests 
the role of Klf5 in luminal epithelial disintegration and 
successful embryo implantation.

On D6 of gestation, the embryo has invaded into the 
antimesometrial stromal layer, which is undergoing 
decidualization to form PDZ. The stromal cells next to 
PDZ start to undergo decidualization forming the sec-
ondary decidual zone (SDZ). The decidua provides nutri-
tion and protection to the growing embryo. Our results 
showed the expression of the KLF5 transcription factor 
in the embryo and uterine compartment. The results 
obtained on D6 of gestation suggest that Klf5 has a role in 
the development of the embryo. Expression of this pro-
tein observed in the PDZ and SDZ of the uterine com-
partment suggests its critical role in the decidualization 
process, embryo invasion in maternal tissues, and stro-
mal epithelial cross-talk during implantation.

The PDZ undergoes apoptosis to accommodate the 
growing embryo with the advancement of pregnancy. 
To meet the high energetic demand of decidualiza-
tion, autophagy is important [32]. The KLF5 protein is 
localized in the proliferating stromal cells of PDZ and 
SDZ, ascertaining the role of this transcription factor 

in programmed decidualization and autophagy. On D7 
of gestation, the egg cylinder becomes elongated. The 
expression of growth factor has been observed in the 
ectoplacental cone (EPC), distal endoderm, mural tro-
phectoderm, primitive streak, and embryonic ectoderm 
on the D7 embryo. The developmental role of this tran-
scription can be ascertained by looking at the results 
obtained.

On D8 of gestation, there is continuous disintegration 
and degradation of PDZ to make room for the developing 
embryo. The proliferating stromal cells of PDZ and SDZ 
show the localization of this transcription factor. These 
results consistently support the role of KLF5 in deciduali-
zation throughout the periimplantation period. The dif-
ferential expression of KLF5 in various embryo cell types 
suggests the role of KLF5 in organogenesis.

To know the effect of estrogen and progesterone recep-
tor antagonists, pregnant mice have been treated with 
the ovarian steroid antagonist. ICI 182,780 is an estrogen 
receptor antagonist which binds to both ERα and ERβ. 
The antiestrogen binds to the estrogen receptors (ER) 
and leads to reduced dimerization of the receptor, caus-
ing rapid receptor degradation [33]. Nucleocytoplasmic 
shuttling of ER-ICI 182,780 complex is disrupted [34]. 

Fig. 9  Immunofluorescence of KLF5 on AntiP4-treated D4 mice uterus using FITC-conjugated antibody. The protein was localized in the luminal 
epithelium (LE) and glandular epithelium (GE) of uterine glands and stroma (Str). The arrowhead indicates the expression. Original magnification: a 
5×, b 5×, c 40×, d 40×. L, lumen; M, mesometrial pole; AM, antimesometrial pole; NC, negative control
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Thus administration of ICI 182,780 blocks the activity of 
downstream targets of E2-ER signalling. In our present 
study, uterine luminal closure was not observed in the 
antiestrogen-treated mice uterus on D4 of gestation. The 
phenomenon of uterine luminal closure with the begin-
ning of pregnancy has been considered one of the critical, 
required events of successful gestation. Antiestrogen-
treated mice uterus showed intense immunostaining of 
the transcription factor KLF5 in the luminal epithelium. 
A previous study showed that downregulation of KLF5 
in the luminal epithelium is needed to make the uterus 
receptive [15]. Intense immunostaining of KLF5 in lumi-
nal epithelium indicated its non-receptivity. It can be 
inferred from the present investigation that KLF5 uses 
other pathways for its functioning. The expression of this 
transcription factor Klf5 could be estrogen-ER signalling 
independent during periimplantation in mice uterus.

Progesterone receptor antagonist RU486 binds to PR 
and leads to a conformational change in PR, making the 

receptor inactive. RU486 blocks the progesterone func-
tions [35, 36]. Antiprogesterone, RU486, decreases the 
height of microvilli and pinopodes in the apical surface of 
the plasma membrane [36, 37]. RU486 inhibits the pro-
liferation of stromal cells as the basic fibroblast growth 
factor expression in stromal cells is inhibited, leading 
to compromised decidualization [38, 39]. Since RU486 
blocks progesterone signalling, extensive epithelial pro-
liferation was observed. Compromised luminal closure 
and reduced stromal edema were observed in the RU486-
treated mice uterus when compared with D4. Intense 
expression of the transcription factor was observed in 
the luminal epithelium. From the findings of the present 
investigation, it has been speculated that KLF5 is not 
dependent upon the progesterone-PR pathway and oper-
ates in a different signalling cascade.

A similar expression pattern of the transcription factor 
was observed in the ICI 182,780+RU486-treated group. 
Co-treatment of antiestrogen and antiprogesterone 

Fig. 10  Immunofluorescence of KLF5 on AntiE2+P4-treated D4 mice uterus using FITC-conjugated antibody. The protein was localized in 
the luminal epithelium (LE) and glandular epithelium (GE) of uterine glands and stroma (Str). The arrowhead indicates the expression. Original 
magnification: a 5×, b 5×, c 40×, d 40×. L, lumen; M, mesometrial pole; AM, antimesometrial pole; NC, negative control
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blocks both estrogen and progesterone signalling cascade 
in mice uterus. Estrogen-induced epithelial proliferation 
and progesterone-induced stromal cell proliferation has 
been blocked in the treated mice uterus leading to aber-
rant luminal closure. As KLF5 was localized in the lumi-
nal and glandular epithelium in the antagonist-treated 
mice, it is believed that the expression of this transcrip-
tion factor is not dependent upon estrogen or progester-
one signalling.

Western blot analysis in the present investiga-
tion showed the presence of this protein in D4–D8 of 

gestation. On D4 of gestation, the least KLF5 protein 
level was reported, whereas the highest protein level was 
reported in D8 of gestation. There was a gradual increase 
in the protein level of the transcription factor with the 
progression of gestation. From the results obtained, it 
has been deciphered that KLF5 has a crucial role in uter-
ine receptivity, implantation, and decidualization. In the 
ovarian steroid antagonist-treated sample, the presence 
of KLF5 protein was observed. The result showed that 
the expression of KLF5 is not dependent upon ovarian 
steroids, estrogen and progesterone. We can say from our 

Fig. 11  Western blotting of KLF5 during D4-D8 of gestation. Approximately 51KD band of the transcription factor has been observed in all the 
gestation days. The result showed an increase in the protein level of KLF5 with the progression of the gestation days (a). Densitometry of the 
western blot result using ImageJ software. There was a significant difference in the transcription factors’ expression on D6, D7, D8, AntiE2 treated, 
and AntiP4 treated when compared with D4 (P < 0.05 ) (b–e). The data have been presented as mean value ± standard error (SE)
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findings that KLF5 has a paramount role in the implanta-
tion and maintenance of pregnancy.

Our real-time PCR result showed Klf5 mRNA tran-
script was upregulated with the progression of gestation 
from D4–D8. The presence of Klf5 mRNA transcript in 
ovarian steroid antagonist-treated mice uterus on D4 
of gestation points out that the expression of this tran-
scription factor is not dependent on key ovarian steroids, 
estrogen and progesterone.

Conclusion
Considering the results obtained from this study, it is 
possible to state that Klf5 plays an active role in uter-
ine receptivity, implantation, decidualization, and early 

embryogenesis. The spatiotemporal expression pattern 
of Klf5 during the periimplantation period would provide 
valuable insight into successful embryo implantation. The 
steroid-independent protein study will give a new under-
standing of the complex process of pregnancy in humans.
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