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Previous study demonstrated that
(LIF) and

interleukin-11 (IL-11) are critical factors in

leukemia inhibitory factor
the peri-implantation stage. For example,
Interleukin-11 receptor o knockout female
mice (IL-IIRa™) were phenotypically
normal but infertile due to defective
decidualization.However, the role of IL-11
signaling in human reproduction remains
unclear. This study examined the expression
of IL-11, IL-11Rq, and signal transduction
factor glycoprotein 130 (gp130) in different
phases of endometrium (6 in proliferative
phase and 4 in secretory phase), and the
decidua and villi of normal pregnancy (NP;
n=25) and anembryonic pregnancy (AP;
n=25) in the first trimester (gestational
week 7-9). RT-PCR showed IL-11, IL-11Ra,
and gp130 mRNA expression in all samples,
except the absence of IL-11 signal in the
unstimulated MRC-5 cell and the
proliferative phase endometrium. Real-time
quantitative PCR showed that the relative
level of IL-11Re¢ mRNA was not
significantly different among proliferative
phase endometrium (relative level; mean *
SEM, 14 £ 0.5),
endometrium (1.3 = 0.1), or decidua from
NP or AP (1.7 £ 03 and 1.9 * 04,
respectively), but was significantly greater

secretory  phase

in chorionic villi either from NP or AP (7.6
t 1.3 and 10.6 £ 1.9, respectively; both P <
0.05 compared to decidua or endometrium).
No difference of IL-11Roe mRNA level was
found between NP and AP (1.7 + 0.3 vs. 1.9
+ 0.4 in deciduas; 7.6 + 1.3 vs. 10.6 + 1.9 in
villi; both P> 0.05). In situ hybridization
localized IL-11Ra mRNA expression in
proliferative phase endometrium (stroma
only), secretory phase endometrium (stroma
and gland), decidua (stroma and gland), and
villi (trophoblast and stroma). The staining
intensities were not distinctly different
between different groups of samples, or
between different cell types in a sample. No
difference in IL-11Ro expression was
found between NP and AP when either
decidua or chorionic villi was analyzed.
IL-11 mRNA level was not detected in the
proliferative phase (relative level, 0.0 + 0.0),
barely detectable in the secretory phase
(0.03 £ 0.02), and significantly increased in
decidua (1.7 = 0.2 and 0.1 £ 0.1,
respectively for NP and AP) and chorionic
villi (13.0 £ 2.2 and 0.2 + 0.1). In addition,
IL-11 mRNA level was higher in NP than in
AP both in decidua (1.7 £ 0.2 vs. 0.1 £ 0.1
vs. 0.1; P=10.03) and in villi (13.0 £ 2.2 vs.
0.2 + 0.1; P < 0.001).
Immunohistochemistry study showed that
[L-11 was nearly absent in endometrium in
both phases, but clearly detectable in
decidua and villi. Consistent with the
results of quantitative PCR, the staining
intensity was stronger in villi and decidua
from NP than those from AP. The spatial
and temporal changes in IL-11 and its
receptor observed in this study suggest that
IL-11 may be produced both by the embryo



(predominantly) and the decidual cells and
exerts its action on chorionic villi and
decidua in an autocrine or paracrine manner.
In the presence of a baseline level of
IL-11Ra, IL-11 may subsequently regulate
placentation and decidualization for the
maintenance of a normal pregnancy. The
finding of decreased IL-11 expression in the
absence of any change in IL-11Ra in AP
suggests that defective expression of IL-11
but not IL-11Ra may account for certain
cases of anembryonic pregnancy. These
observation have recently been published in
the June issue of Journal of Clinical
Endocrinology and Metabolism in this year.
On the other hand, we also did similar
examination of LIF and LIF-R on these
tissues. Preliminary data showed that in
contrast to the observation in IL-11-related
gene expression, there is no difference of
LIF and LIF-R gene expression between
normal and anembryonic tissues. Both
conventional semi-quantitative PCR and
real-time quantitative PCR have been done
and both obtained similar findings. We are
preparing the manuscript and soon a paper

will be submitted.
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The mechanisms underlying failures
of implantation or placental development
remain mostly unknown. Recently, a
number of growth factors and cytokines
including colony stimulating factor (CSF),
leukemia (LIF) and
interleukin—11 (IL-11) have been suggested

to play a role in these processes. A temporal

inhibitory factor

analysis revealed that IL-11 expression was

maximal in the normal pregnant uterus at
the time of decidualization in mice.
Subsequently, mating of female mice with a
null mutation of the IL-11 receptor a
(IL-11Ra”") with fertile males of any
genotype for periods up to 12 months never
resulted in clinical pregnancy. Histological
study showed that these female mice were
infertile due to defective decidualization.
This observation identified a previously
unrecognized critical role of IL-11 in
female reproduction of mice during the
period of decidualization. However the role
of IL-11 signaling in humans has not been
established. Further studies are therefore
needed to evaluate the expression of IL-11
and IL-11Ra in pathological conditions
associated with human implantation failure
or recurrent abortion.

IL-11 was first isolated as a soluble
factor produced by the PU-34 primate bone
marrow stromal cell line and subsequently
human IL-11 was cloned. The actions of
IL-11 are mediated through a receptor
complex composed of IL-11Ra and signal
transduction factor, glycoprotein 130
(gp130). Recently, IL-11 has been shown to
have pleiotropic effects in many tissues,
including the hematopoietic system, skin,
bone, central nervous system, thymus, and
lung. Studies have also suggested that IL-11
plays various roles in the urogenital system .
For example, immunoreactive IL-11 was
detected in human follicular fluid, though
its action in the ovary has not been
established.

The present study was first designed
to evaluate the role of the IL-11 system in

early human pregnancy, especially in



decidualization and placental formation. We
hypothesized that gestational tissues from
patients with spontaneous abortion might be
characterized by differences in traits of
IL-11 expression compared to those in
normal pregnancy. To test this hypothesis,
we analyzed and compared IL-11, IL-11Rq,
and gp130 expression in normal pregnancy
(NP) and anembryonic pregnancy (blighted
ovum; AP).

In addition, Gpl30 cytokines,
including leukemia inhibitory factor (LIF),
interleukin-6 (IL-6), interleukin-11 (IL-11),
OSM, CNTF, and CT-1, have been
observed to be closely related to human
implantation. Expression of leukemia
inhibitory factor (LIF) in the endometrium
has been found to be absolutely essential
for mouse embryo implantation. Similarly
in human, the peak expression of LIF and
its receptor (LIF-R) in the endometrium at
the mid-secretory phase of the menstrual
cycle also suggests a potential autocrine
and paracrine role for LIF in regulating
human embryo implantation. Recently, we
further identified the expression of LIF
and LIF-R in mouse and human embryos
throughout the entire pre-implantation
stages. In addition, mice in which the gene
encoding LIF-R has been deleted also
show abnormal growth and development
of the placenta. These above works denote
of LIF at the

Actually,

the important role
peri-implantation stages.

dys-regulation of LIF expression has been

reported in patients with repeated
implantation failure.
However, the exact molecular

mechanism of LIF action on the embryo,

placenta or the decidua remains ill defined.
It is therefore interesting and potentially
clinically useful to examine the detailed
mechanism of LIF action in these sites and
stages. This clinical applicability is based
on the fact that failure in blastocyst
implantation in LIF-/- mice can be
completely reversed by infusion of LIF. In

addition, LIF-related cytokine, e.g.
Interleukin-11 (IL-11) can be used
clinically to treat certain diseases.

Therefore, we design the present study to
find out: [1] the induction and regulation
of LIF and LIF-R expression in the
peri-implantation and early gestational
stages. [2] the mechanism of action of LIF
in these tissues (decidua and fetus).
Therefore in this study we also examined
the expression of LIF and its related genes

1n the materno-fetal interface.

X

The expression of IL-11, IL-11R and gpl30
genes

PCR revealed that all the samples
expressed IL-11 mRNA. These included
K562 cells, MRC-5 cells stimulated by
IL-1a and PMA (served as positive control),
HeLa cells, human PBMC, endometrium in
the secretory phase, and decidua and
chorionic villi samples from all patients . In
addition, IL-11Ra and gp 130 mRNA were
detectable in all samples.

Quantitation of IL-11 and IL-11Ra mRNA
by quantitative PCR
Real-time quantitative PCR identified



that IL-11Roc mRNA levels did not change
in the endometrium during each phase of
the menstrual cycle and in the decidua after
established.
chorionic villi contained a distinctly higher
level of IL-11Roc mRNA than decidua or
other phases of endometrium. There was
however no difference in IL-11Ra mRNA
level between NP and AP, in either decidua

pregnancy was However,

or chorionic villi.

Real-time PCR for IL-11 indicated
that IL-11 mRNA level was low in
endometrium during the proliferative phase
and increased during the secretory phase
and after normal pregnancy. In AP, the
IL-11  mRNA level also
compared to that in endometrium of both

increased

phases although it was not as high as in NP.
The IL-11 mRNA levels were significantly
higher in NP than in AP, both in decidua

and chorionic villi.

Immunohistochemical study for IL-11
Immunohistochemical found that the
immunoreactive  IL-11  was  barely
detectable in the glandular epithelium of
secretory phase endometrium and was
undetectable in  proliferative = phase
endometrium. After pregnancy however,
IL-11 immunoreactivity became detectable
both in the stromal and glandular cells of
decidua and syncytiotrophoblast and
cytotrophoblast cells of the chorionic villi.
Stronger immunoreactivity intensity was
found in the glandular epithelium than in
the stromal cells of decidua. In contrast, the
intensity was stronger in trophoblast than in
stroma of chorionic villi. Comparison of

tissue samples from different groups of

patients showed that chorionic villi from
NP produced a higher level of IL-11 than
that from AP. Similarly, decidua from NP
expressed stronger IL-11 immunoreactivity
than those from AP.

In situ hybridization for IL-11Ro mRNA

In situ hybridization technique was
used to examine the expression of IL-11Ra
gene in the endometrium and gestational
tissues. Proliferative phase endometrium
expressed IL-11Ra mRNA in its stromal
cells but not glandular cells. In the secretory
phase however, IL-11Ra expression was
evident in both stromal and glandular cells.
During pregnancy, both stromal and
glandular cells of the decidua and
trophoblasts of the

continuously expressed this transcript.

chorionic  villi

However, there was no distinct difference
of staining intensity was found among
samples from secretory phase endometrium,
decidua, or chorionic villi. There was
neither significant difference of IL-11Ra
mRNA levels between NP and AP in either

decidua or villi.

i

Implantation and placentation require
the synchronized growth of an embryo and
a continuous and adequate decidual
development in the endometrium. It is
conceivable that these processes are
susceptible to endogenous or exogenous
insults. Among them, defective IL-11R«
action has been shown to be the mechanism
for abnormal decidualization in mice. That

study reasonably suggests a potential role of



the IL-11
decidualization in humans. The present

system genes in abnormal

study demonstrated the expression of
IL-11Rc mRNA in the endometrium
throughout the menstrual cycle and in the
decidua of early pregnancy. Although the
level of IL-11Ra mRNA in chorionic villi
was higher than in decidua, no significant
difference in IL-11Roc mRNA levels was
found between decidua and chorionic villi
from NP and AP. In contrast, the IL-11
mRNA level in endometrium progressively
increased from the secretory phase and
reached peak levels in the decidua and
chorionic villi after pregnancy. IL-11
mRNA levels in both decidua and villi of
AP were significantly lower than those of
NP. Gp130 mRNA was also detectable in all
of the samples examined. These data
support the hypothesis that IL-11 signaling
in human endometrium and gestational
tissue.

The results of our study showed that
both IL-11 and IL-11Re mRNA were
present in the endometrium throughout the
menstrual cycle and during early pregnancy.
It also demonstrated that IL-11Ro levels
remained stable during these stages with
minimal variation between levels in the
endometrium and the decidua. However the
real-time quantitative PCR results of our
study also showed that IL-11Ra and IL-11
expression were augmented in the chorionic
villi compared to the decidua. This suggests
that IL-11 may be produced both in the
embryo and in decidual cells, though the
former may be the predominant source in

humans due to its greater level.

Subsequently, through binding to IL-11Ra
and gpl130, IL-11 may exert its action on
the embryo and the decidua to regulate
chorionic  villus  development  and
decidualization, respectively. This potential
dual action of IL-11 however was not
clearly demonstrated in a previous study by
Robb et al in mice which did not
unanimously support the role of IL-11
action in  trophoblast  development.
Therefore further study is needed to explain
whether the role of IL-11 differs between
species.

There are inconsistent results obtained
by different experimental methods that need
to be noted. As detailed previously in the
Results section, in situ hybridization did not
show a distinct difference of staining
intensity between samples from secretory
phase endometrium, decidua or chorionic
villi. This data is not consistent with the
result of real-time quantitative PCR, which
showed that chorionic villi expressed a
significantly higher level of IL-11Ra
mRNA than decidua. The reason for the
divergence of these results is not clear, but
may involve varied sensitivity of each of
the experimental methods.

The presence of IL-11Ra mRNA with
minimal variation in amount despite
changing IL-11 levels suggests divergent
actions between IL-11 and IL-11Ra. One
possible explanation for this finding is that
the level of IL-11 rather than IL-11Ra may
regulate normal placental formation and
decidualization. Although previous data
indicate that IL-11Ra knockout leads to
infertility in mice, complete IL-11R«
depletion in humans has not been reported.



Therefore, a baseline IL-11Ra level most
likely is more than enough to fulfill its role
in IL-11 function. This argument is further
supported by the lack of difference of
IL-11Ra expression between NP and AP.
However, the potential for defects in
IL-11Ra action due to either mutation or
deletion in the IL-11Ra gene cannot be
excluded at present. It would therefore be
interesting to investigate IL-11 and
IL-11Ra at the genomic level in patients
with recurrent spontaneous abortion to
identify their possible defects in action.

A significant decrease of IL-11
mRNA was found in AP compared to NP. In
the presence of IL-11Ra, the level of which
might only be rarely under the threshold
level in humans, the resulting decreased
level of IL-11 might lead to defective
placental formation and subsequently result
blighted

However, we

in a ovum (anembryonic
pregnancy).

completely rule out the possibility that

cannot

decreased IL-11 level could be secondary to
fetal demise, rather than itself being the
primary phenomenon. Consequently, more
work is needed to clarify this
cause-and-effect relationship.

IL-11, IL-6,
factor (CNTF), LIF, and oncostatin M
(OSM) belong to a specific group of

cytokines that share the

ciliary neurotrophic

common
gp130.
Overlapping of the biological function of

signal-transduction subunit
these cytokines may at least partly be
explained by the sharing of this common
signal-transduction component in formation
of their high-affinity receptor complexes.
As expected, this study identified the

expression of gp130 mRNA in phases of
endometrium and in gestational tissues.
These data provide an indirect evidence of
the role of gp130 in the complete action of
IL-11Ra. However further detailed spatial
and temporal analyses of this gene will be
needed to clarify its role in human disease
states.

In conclusion, the present study
suggests that IL-11 may play a crucial role
in the maintenance of early pregnancy. It is
likely that IL-11 has dual actions, both on
placentation and decidualization, though in
humans the major focus might be on the
former. Decreased expression of IL-11
during or after implantation probably can
account for some cases with implantation
failure or recurrent abortion in early
pregnancy. This conclusion however needs
further confirmation since the cause vs.
effect relation cannot be determined at
present. In addition to the evident academic
interest, further studies of IL-11 action will
have important clinical implications.
Medical use of IL-11 has been shown to
effectively enhance a number of biological
functions including bone marrow recovery
and platelet formation. Extrapolation from
these experiences provides strong support
for its potential use in treating diseases of
the genital organs, where IL-11 action has
previously been identified. In addition, the
medical use of IL-11 is relatively nontoxic
compared to other cytokines. Therefore,
after further confirmation, it is likely that
IL-11 may eventually be shown to have
clinical applications in the treatment of
failure  and/or

repeated implantation

recurrent spontaneous abortion.
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Essentially, this study has mostly
been conducted according to the original
protocol. The part on the IL-11 had been
completed and published in this year (J Clin
Endocrinol Metab 87;2320-2328, 2002). The
part on the LIF especially on the real-time
quantitative PCR have also been completed
recently and a manuscript about this part is
being prepared. Therefore, this two-year
study can be rated as favorable as regards to
the expected results. We hope that further
study in these aspects can be continued and
likely more fruitful results can ensue.
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