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Introduction

Implantation, the beginning of fetal life in
utero, has complex and dynamic processes
including apposition and attachment of embryo
to the uterine endometrial surface, invasion,
placentation and decidualization. In mice, the
period when uterus is available to accept the
conceptus implanted called “implantation
window”, is a very limited time, around day
3-5 post-coitum (p.c.).

Orchestral regulation of various molecules
including cytokines, growth factors, and matrix-
related molecules should play an important role
in endometrium during implantation. Many
reports focused on the strict physiological
control of implantation within uterine
endometrial epithelium and stroma. Some gene-
targeting studies indicated several implantation
failure models. However, these experimental
settings often do not reflect clinical scenario
(1).  In women, most of the causes of
implantation failure are supposed to be
reversible process, because the definitive and
hereditary implantation failure may be rare and
the patient may conceive at some stage of cycle.
It could be suggested that it is suitable to use
a local and transient gene transfer system for
investigation of the implantation mechanism,
because the uterus can play different roles and
its functions are dependent on short term events
during life. Moreover, uterus is the applicable
organ for local gene therapy without any

operation, because it is tubular organ accessible
from vagina. To modulate the uterine function
during implantation period, we first established
in vivo transient gene transfer system in murine
uterus.

Transient in vivo gene transfer
to the mouse uterus

For the study of reproductive physiology,
gene transfer systems should fulfill the following
conditions: (i) high efficiency of gene transfer
into the target tissue; (ii) no adverse effect
on pregnancy; (iii) no possibility of the gene
being transferred to fetuses. Successful in vivo
gene transfer to female reproductive tract
had been reported with cationic liposomes
(Lipofectamine, DOTAP, GenePorter) (2-4).
Cationic liposomes show excellent entrapment
of negatively charged macromolecules including
DNA, and high transfection efficiency to in
vitro cultured cells. However, in vivo conditions,
the use of cationic lipids, instead of anionic
lipids as a liposome component, severely
reduced the transfection efficiency (5). Indeed
in our experiments, cationic liposome did not
provide enough efficiency (less than 1/120)
compared with HVJ-E (Haemagglutinating virus
of Japan-envelope) vector transfection system
into murine uterine cavity. HVJ-E vector is
derived from inactivated HVJ (Sendai virus),
which has potent fusogenic proteins F and HN
on its surface. The vector releases DNA, RNA
and oligonucleotides incorporated inside of the
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vector shell into the fused cells (6). Injection of
HVJ-E vector into the uterine cavity on day 1.5
p.c. affected neither the entire course of
pregnancy nor the parturition. This system also
did not transfer the gene into the fetuses (7).
Eighty micrograms of expression plasmid DNA
entrapped by HVJ-E vector, suspended with
25 ml of HTF (human tubal fluid) medium, was
injected into one uterine horn. We successfully
extended this protocol to the pregnant uterus
of on the day 14.5 (8) and 7.0 p.c. (manuscript
in preparation). They did not disturb the entire
course of pregnancy and fetal development.
The duration of protein expression encoded in
cDNA conjugated in the CMV-driven expression
vector (pcDNA3) was approximately 3 days and
localized in the luminal and glandular
endometrial cells. Immunoreactivity of HVJ-F
protein completely disappeared by 72 hours after
transfection. These observations indicated that
HVJ-E vector system is one of the ideal gene
transfer system into murine pregnant uterus to
investigate uterine reproductive physiology.

Multipotential nuclear transcription
factor is a good target to modulate

uterine function at implantation

Serial and orchestral regulation of various
molecules is mandatory for implantation,
although it  is  very short period during
pregnancy. Who is the conductor? We
hypothesized that a few multi-potential
transcriptional factors, such as NF-kappaB, Stat-
3 and AP-1, might regulate them to open the
implantation window. Our previous study
showed that NF-kappaB activity gradually
increased during the course of implantation
window opening in murine endometrial
epithelium (9).  Activation of Stat-3 at
implantation window in murine and rat
endometrium were also reported (10, 11). JunD
and Fra-2, which are AP-1 components, were
markedly increased in the decidua of early
pregnancy. It regulates the decidua-specific
enhancer element of human prolactin gene via
AP-1 binding sites (12). However, the targeted

disruption of these component molecules, i.e.
p50, p65 (for NF-kappaB), Stat3, c-fos and c-jun
(for AP-1) resulted in embryonic lethal or no
phenotype on reproduction (13-16).

In order to examine the importance of specific
transcription factor on implantation, we at first
performed decoy-based screening. Decoy for
NF-kappaB, Stat-3 and AP-1 were prepared
with synthesized phosphorotioate-modified
oligodeoxynucleotides (17-19). The sequences
of these decoys are listed in Table I. Scramble
decoys were prepared as negative controls.
After annealing sense- and antisense-strands,
the decoy was incorporated into HVJ-E vector
and transferred into uterine cavity on day 1.5
p.c. as described (7). Among three decoys, AP-
1 decoy did not affect implantation rate
determined by injection of 0.5% Evans blue (20)
to visualize implantation sites on day 5.0 p.c.
(Fig. 1). Therefore we further investigated the
function of NF-kappaB and Stat-3 activities on
implantation.

If it is possible to design decoy sequences
which can work in vivo, the decoy-based
screening of the transcription factor function
(21) combined with the high efficient gene
transfer system using HVJ-E vector could
provide straightforward answers.

Activation of NF-kappaB determines the
timing of implantation window opening

In order to suppress the NF-kappaB
activation in endometrium, we used I-kappaB a
mutant cDNA, which is a dominant negative
form of I-kappaB a and cannot dissociate from

Table I. Decoy sequences for multipotential nuclear
transcription factor binding sites.

NF-kappaB 5’-CCTTGAAGGGATTTCCCTCC-3’
Stat-3 5 ’ - C C T T C C G G G A A T T C C T T C C

GGGAATTC-3’
AP-1 5’-GGATCCATGACTCAGAAGACG-3’
Scramble#1 5’-TTGCCGTACCTGACTTAGCC-3’
Scramble#2 5 ’ - A G T C C A T T C G G C A G G C C T C

TGCTCTAT-3’
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NF-kappaB. The gene transfection of
cytomegalovirus promoter driven I-kappaB a
mutant cDNA by HVJ-E vector on day 1.5 p.c.
induced significant suppression of NF-kappaB
activity until day 4.5 p.c.  But it was recovered
to be control level on day 5.5 p.c. On day 4.5
p.c., the numbers of implantation sites were
significantly decreased in NF-kappaB
suppression group. However, it was observed
in histological study that the implantation had
been just started on day 6.0 p.c. in uterus
suppressed NF-kappaB activity. The pregnancy
rate, litter size and birth weight of pups were
similar, but the date of delivery was 1 day later
than control mice. In the NF-kappaB disturbed
uterus, expression level of LIF mRNA was
suppressed on day 4.5 p.c. but it was recovered
as control level on day 5.5 p.c.  The
simultaneous induction of LIF cDNA with I-
kappaB a mutant cDNA partially offset the delay
of implantation on day 4.5 p.c. These results
suggested that the activation of NF-kappaB in
uterine endometrium at the early period of
pregnancy determined the timing of implantation
window opening, partially via upregulation of
LIF transcription (22).

Transient, partial and local inhibition of
endometrial Stat-3 activation results in

implantation failure independent of
hormonal milieu

The gene transfection of Stat-3 decoy by
HVJ-E vector on day 1.5 p.c. reduced uterine
Stat-3 activity to be lesser half of control level
on day 5.0 p.c.. Stat-3 decoy treated mice
revealed implantation failure. On day 8.0 p.c.,
there were no conceptus observed and the
morphology turned to be non-pregnant state in
Stat-3 decoy transferred mice. The morphology
of blastocysts flushed out from Stat-3 decoy
treated uterus on day 4.0 p.c. was normal, and
exogenous DNA was not transferred in embryos.
Stat-3 decoy treatment inhibited decidualization
in both pregnant and pseudopregnant mice.
However, Stat-3 decoy treatment neither altered
expression levels of progesterone receptor in
the uterus nor reduced serum progesterone
level. Approximately 50% of disturbance of Stat-
3 activity in endometrium at the beginning of
pregnancy induced implantation failure without
altering progesterone system (23). In human
unexplained infertility cases, the patients often
reveal normal progesterone level with thin
endometrium determined by endovaginal
ultrasonography. Our preliminary study noticed
that in some mid-luteal phase endometrium
obtained from unexplained infertility patients,
Stat-3 activation appeared to be disturbed
(manuscript in preparation). LIF, IL-11 and other
IL-6 family cytokines activate Stat-3 via
heterodimerization of their specific receptors and
gp130. Among them, both LIF and IL-11 system
are necessary for successful implantation in
gene targeting mouse model (24, 25). Mouse
implantation failure model by interfering the
activation of Stat-3 by Stat-3 decoy (23) or
pharmacological Stat-3 antagonist (26) in
endometrium might explain some part of
pathophysiology of unexplained infertility.

Conclusion

Our series of experiments suggest the
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Fig. 1 : Implantation rate after  decoy treatment.
Double strand decoy oligonucleotides were
synthesized and entrapped by HVJ-E vector.
Twenty-five ml of HVJ-E vector suspension
was injected to one uterine horn on day 1.5
p.c. Implantation sites were visualized on day
5.0 p.c. by Evans blue injection method. On
day 5.0 p.c. implantation partially began in
the NF-kappaB decoy treated mice. Stat-3
treatment significantly disturbed implantation
rate (*; P<0.05), however AP-1 decoy had no
effect on implantation.
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hierarchy of multifunctional nuclear
transcription factors. AP-1 would not play
crucial role for implantation. NF-kappaB could
determine the timing of implantation window
opening, partially via LIF induction. It has been
reported that uterine NF-kappaB is activated by
estradiol administration (27). This observation
could be reasonable. Because the injection of
estradiol can release dormant state of embryo
and induce implantation procedure in rodent
model (28). LIF as well as another cytokines
including IL-11 activate Stat-3, which is
necessary for decidualization independent of
progesterone. We suggest this cascade (Fig. 2)
could be applied to human implantation
physiology. We also hypothesize that Stat-3
could be good therapeutic target for the patients
of unexplained infertility, especially those who
are suffering multiple failure of IVF-ET (in vitro

fertilization and embryo transfer) treatment.
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Fig. 2 : Hypothesis of hierarchy of transcription factor activation during implantation.
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