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abstract: Bleeding or inflammation in early pregnancy may result in pregnancy loss or defective implantation. Their effect on HOX
gene expression in first trimester decidua is unknown. Bleeding results in thrombin generation, although infection or inflammation results
in production of cytokines typified by Interleukin-1b (IL-1b). First trimester decidual cells were pretreated with 17b estradiol (E2),
medroxyprogesterone acetate (MPA) or both and subsequently treated with thrombin or IL-1b. Affymetrix microarray analysis was used
to assess the expression of all HOX genes and confirmed using real-time RT–PCR. E2 or MPA treatment resulted in significant increases
in HOXA10 and HOXA11. Subsequent treatment with thrombin resulted in diminished expression of HOXA10 and HOXA9. Treatment
with IL-1b resulted in decreased expression of HOXA1, 3, 9, 10 and 11. HOXA10 expression was reduced by 70% after thrombin
treatment (P ¼ 0.018) and by 90% after IL-1b treatment (P ¼ 0.004). HOXA11 mRNA expression was decreased by 88% after IL-1b
treatment (P , 0.001), but not by thrombin treatment. Decidua was collected at the time of elective termination of pregnancy (n ¼ 10)
or surgical treatment of spontaneous pregnancy loss (n ¼ 10). Real-time PCR and western analysis demonstrated decreased HOXA10
and HOXA11 RNA and protein expression in the decidua of spontaneous pregnancy loss compared with that of viable pregnancies. In
conclusion, multiple HOX genes are expressed in decidual cells and inhibited by thrombin and IL-1b. Since HOXA10 and HOXA11 are
known to be necessary for successful pregnancy, these findings suggest a molecular mechanism by which bleeding or inflammation may
affect pregnancy outcome.
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Introduction
Embryonic loss in the first trimester occurs in 15–30% of all pregnan-
cies (Wilcox et al., 1999). Although many losses are likely due to
embryonic genetic anomalies, others are due to abnormalities in the
uterine environment. Endometrial/decidual infection or bleeding has
been associated with miscarriage and inflammatory cell infiltrates
have been associated with recurrent pregnancy loss (Dosiou and
Giudice, 2005; Christiasen et al., 2006; Lambropoulou et al., 2006).
Bleeding and inflammation may result from pregnancy loss, as well
as contribute to it; here we model the effect of these conditions on
the uterine environment. Levels of inflammatory cytokines, typified
by interleukin-1b (IL-1b), are increased in inflamed decidua (Huang
et al., 2006; Ng et al., 2006; Arcuri et al., 2007). Similarly pregnancy

loss is associated with subchorionic bleeding and thrombophilia,
suggesting a role for local thrombin generation (Raziel et al., 2001;
Gracia et al., 2005; Masini et al., 2009). The effect of these molecules
on endometrial/decidual development is not known.

Endometrium is an extremely dynamic tissue, undergoing sequential
developmental changes in preparation for implantation during each
menstrual cycle (Noyes et al., 1953). The successful implantation of
the blastocyst and initiation of pregnancy requires optimal develop-
ment of uterine endometrial receptivity (Finn and Martin, 1974;
Navot et al., 1986; Kodaman and Taylor, 2004). In many ways,
cyclic endometrial development in the adult can be considered analo-
gous to embryonic development. Many of the genes traditionally
thought of as regulators of embryonic development are also used to
regulate endometrial development (Taylor, 2000). HOX genes,
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essential regulators of morphogenesis and tissue differentiation in the
embryo, are also essential for endometrial development, endometrial
receptivity and decidualization (McGinnis and Krumlauf, 1992; Lim
et al., 1999; Taylor, 2002; Lu et al., 2008). Coordinated expression
of multiple HOX genes likely directs this development analogous to
the way in which HOX genes direct embryonic development.

During embryonic morphogenesis and differentiation HOX genes
assign unique spatial developmental identities to segments of previously
uniform axes. In mammals, 39 HOX (human)/Hox (murine) genes
reside in four separate chromosomal linkage groups, designated
Hoxa, b, c and d, each of which has parallel and overlapping expression
domains (McGinnis and Krumlauf, 1992). The genes of the Hoxa
cluster, Hoxa9, Hoxa10 and Hoxa11, are expressed in localized areas
of the paramesonephric duct destined to become the oviduct, the
uterus or both the lower uterine segment and cervix, respectively
(Taylor et al., 1997). Hoxa10 and Hoxa11 gene expression is necessary
for endometrial development, allowing uterine receptivity to implan-
tation. Female Hoxa10 (2/2) or Hoxa11 (2/2) homozygous
mutant mice have uterine factor infertility (Hsieh-Li et al., 1995; Rijli
et al., 1995; Satokata et al., 1995; Benson et al., 1996). Although
these mice ovulate normally and produce viable preimplantation
embryos, they are unable to support implantation. Embryos from
Hoxa10 (2/2) mice successfully implant in pseudo-pregnant wild
type surrogates, however, wild-type embryos do not implant in
Hoxa10- or Hoxa11-deficient uterus. In addition to regulating the
embryonic development of the uterus (Taylor et al., 1997), Hoxa10
and Hoxa11 have specific roles in endometrial development in the
adult. Blocking maternal Hoxa10 expression in the adult uterus of
wild-type mice with antisense messengers blocks implantation, demon-
strating the necessity of adult uterine Hox expression for successful
pregnancy (Bagot et al., 2000). HOXA10 and HOXA11 are regulated
by estrogen and progesterone in the adult human endometrium,
where their expression rises dramatically in the midsecretory phase,
at the time of implantation, and remains elevated throughout the rest
of the secretory phase (Taylor et al., 1998, 1999a; Sarno et al., 2005).

Several human conditions associated with decreased implantation
including hydrosalpinx and uterine leiomyomas demonstrate dimin-
ished endometrial HOXA10 and HOXA11 expression (Daftary and
Taylor, 2002; Cermik et al., 2003; Rackow and Taylor, 2009). Both
decidual infection and bleeding are known to interrupt pregnancy;
however, the molecular mechanisms by which these disorders
impact decidual support of pregnancy are not well characterized.
Here we investigated the expression and regulation of HOX genes,
essential mediators of decidualization, in first trimester human decid-
ual cells. We found that several HOX genes are expressed at high level
in these cells. The expression of those HOX genes most closely
associated with embryo implantation are altered after treatment
with IL-1b or thrombin. We also identify diminished decidual HOX
gene expression in human pregnancy loss.

Materials and Methods

Collection and culture of first trimester
decidual cells
Decidua was collected after informed consent at the time of elective ter-
mination of pregnancy or at the time of surgery for missed abortion. The

Yale University School of Medicine Human Investigations Committee
approved this protocol. Decidua was obtained electively from 23
individuals in the first trimester, 10 at the time of surgical intervention
for spontaneous pregnancy loss and 13 undergoing elective first trimester
termination. Tissue samples were divided in three for use in cell culture,
real-time PCR or western analysis. For use in cell culture first trimester
decidual stromal cells from these samples were isolated and purified to
homogeneity on a Percoll gradient and passaged until .99% free of
CD45þ cells as determined by fluorescent activated cell sorting analysis
as previously described (Koopman et al., 2003). The presence of
decidual cells was confirmed as previously described and by detection
of prolactin expression (Koopman et al., 2003). Cells were grown to
confluence in serum containing media. At confluence, the cells were
primed with either 1028 M 17b estradiol (E2) or 1028 M E2þ1027 M
medroxyprogesterone acetate (MPA) for 7 days to simulate the steroidal
milieu of pregnancy, and then cultured in serum-free defined medium
containing the corresponding steroids with either 2.5 U/ml of thrombin
or 1 ng/ml of IL-1b. After 24 h, total RNA was isolated (RNeasy Mini
Kit, Qiagen, MD, USA).

RNA isolation and microarray analysis
Microarray analysis was used to assess the expression of all HOX genes
in response to treatment. First trimester decidual cells from three
patients were grown to confluence in Falcon T-25 flasks. The human
Affymetrix array was used in triplicate for each experimental condition.
Each in vitro experimental condition was repeated three times and in tri-
plicate; each repetition used cells obtained from separate individuals.
Cells were harvested with QIAzolTM lysis reagent (Qiagen, Valencia,
CA, USA) and used to prepare total RNA. According to the manufac-
turer’s instruction, 100 mg of total RNA was precipitated using RNeasy
Mini Kit (Qiagen, Valencia, CA, USA) and used as a template for
cDNA synthesis. A T7-(dT)24 oligo-primer was used to synthesize
double-stranded cDNA by the One-Cycle cDNA Synthesis Kit
(Affymetrix Inc., Santa Clara, CA, USA) which was subsequently purified
using Sample Cleanup Module (Affymetrix Inc., Santa Clara, CA, USA)
and ethanol precipitation. Then GeneChip IVT Labeling Kit (Affymetrix
Inc., Santa Clara, CA, USA) was used to generate biotinylated cRNA.
Additional cRNA purification was carried out using Sample Cleanup
Module prior to the fragmentation of biotinylated cRNAs with 5� frag-
mentation buffer (Tris 200 mM, pH 8.1, KOAc 500 mM, MgOAc
150 mM). The chemically fragmented cRNAs were then hybridized on
Affymetrix HG_U133 Plus 2.0 human chips in GeneChip Hybridization
Oven 640 (Affymetrix, Santa Clara, CA, USA), screening for approxi-
mately 47 400 human genes and expression sequence tags, followed
by fluorescence labeling with Fluidics Station 450 (Affymetrix, Santa
Clara, CA, USA) and optical scanning with Affymetrix GeneChip
Scanner 3000 by W.M. Keck Foundation Biotechnology Resource Lab-
oratory at Yale University.

Raw data without normalization generated from Affymetrix GeneChip
Operating Software Version 1.1.1 (GCOS 1.1.2) (Affymetrix, Santa
Clara, CA, USA) were analyzed by GeneSpring software 7.2 (Agilent
Technologies, Palo Alto, CA, USA). The gene readouts were normalized
to the fiftieth percentile of the distribution of all measurements in each
chip. Per gene normalization was performed using the median value of
each gene throughout different chips in the same experimental condition.
Nonparametric testing assuming unequal variance was applied to test
statistical significance. Fold ratios were derived from comparing normal-
ized data between control and treatment groups. HOX genes up- or
down-regulated more than 2.0-fold by E2þMPA versus E2þMPAþIL-1b
or thrombin were filtered.
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Real-time polymerase chain reaction
HOX genes identified as expressed and regulated by IL-1b or thrombin in
first trimester decidual cells by microarray analysis were confirmed using
real-time RT–PCR. HOX gene expression after IL-1b or thrombin
exposure were evaluated in cultured first trimester decidual cells. HOX
gene expression in women undergoing surgical procedures was evaluated
in surgical specimens of decidual tissue.

mRNA levels were evaluated by quantitative real-time RT–PCR and
normalized to b-actin using the Roche LightCycler as previously described
(Rackow and Taylor, 2009). Briefly, the reactions were carried out using
the LightCycler RNA Master SYBR Green I kit. Reaction conditions
included 1.0 mg of RNA, 2 mM Mn[OAc]2, respectively, 150 nM of each
primer, and 1� RNA Master SYBR Green, for a final reaction volume
of 20 ml. Primer sequences for each gene are as follows:

(i) HOXA1 50-AGTTGGAGAGTACGGCTACCTG-30 and 50-TGCAG
GGATGCAGCGATCTCCAC-30

(ii) HOXA3 50-GGCTATCTGAACTCTATGCATTCG-30 and 50-AGG
CCATGAGCGTGCGGGTCATA-30

(iii) HOXA9 50-CTGTTCAACATGTACCTCACCA-30 and 50-CACTC
GTCTTTTGCTCGGTC-30

(iv) HOXA10, 50-AGGTGGACGCTGCGGCTAATCTCTA-30 and 50-G
CCCCTTCCGAGAGCAGCAAAG-30(46);

(v) HOXA11 50-GTACTTACTACGTCTCGGGTCCAG-30 and 50-AGT
CTCTGTGCACGAGCTCCT-30

(vi) b-actin, 50-CGTACCACTGGCATCGTGAT-30 and 50-GTGTTGGC
GTACAGGTCTTTG-30.

Reverse transcription was carried out for 30 min at 618C, followed by
initial denaturation at 958C for 30 s and 45 cycles including denaturation
at 958C for 2 s, annealing at 658C (HOXA3, 9, 10 and 11), 628C
(b-actin), or 588C (HOXA1) for 5 s and elongation at 728C for 14 s. A
melting curve was created following the amplification to observe the speci-
ficity of the primers. Each experiment was repeated in triplicate and per-
formed three times using cells from 10 different individuals. Comparisons
between in vitro treatment groups were analyzed by ANOVA on ranks.
Comparison of decidual HOX gene expression between 10 women
experiencing spontaneous loss and 10 undergoing elective termination
were performed using student’s T test.

Western analysis
Western analysis was performed on 10 decidual samples obtained from
women undergoing surgery for spontaneous pregnancy loss and 10 with
a viable pregnancy. Protein was extracted from intact decidual tissue
using Nuclear Extract Kit (Activemotif, CA, USA) according to manufac-
turer’s instructions. Equal amounts of protein (60 mg) were electrophor-
esed through 4–15% polyacrylamide gels (Bio-Rad, CA, USA) at 160 V
for 70 min and transferred onto Immun-Blot polyvindylidene difluoride
membranes (Bio-Rad, CA, USA) in transfer buffer (25 mM Tris, 192 mM
glycine, 20% methanol) at 100 V for 1 h. After incubation in blocking
buffer (1� PBS, 0.2% Tween 20, 5% milk), the membrane was incubated
individually with either goat polyclonal HOXA10 antibody (sc-17159)
(Santa Cruz, CA, USA) dilution 1:200, or goat polyclonal Actin antibody
(sc-1615) (Santa Cruz, CA, USA) dilution 1:1000 overnight at 48C.
After washing, the membranes were incubated for 1 h with biotinylated
horse anti-goat secondary antibody (Vector, CA, USA) diluted (3.5 mg/
ml) in the blocking buffer. The membranes were incubated in ABC Elite
(Vector, CA, USA), and then stained by DAB (Vector, CA, USA). Nega-
tive controls demonstrated lack of reactivity in tissues that do not express
HOXA10 or HOXA11.

Results

Sex steroids increase HOX gene expression
in decidual cells
We have previously reported regulation of several HOX genes in
response to E2 and/or progesterone using endometrial stromal cells
obtained from non-pregnant women (Taylor et al., 1999a; Sarno et al.,
2005). Here we investigated if similar regulation persists into early preg-
nancy in decidual cells. Leukocyte-free first trimester human decidual cells
were treated with either vehicle control or E2 with MPA. HOX genes
affected by the treatment were analyzed by microarray. Several homeo-
box genes that have been previously reported to be expressed in the
female reproductive tract were identified in the array. These include
HOXA10 and HOXA11, that have previously been well characterized
in endometrium. Additionally we identified the expression of HOXA1,
3 and 9 in first trimester decidual cells. HOXA1, 3, 9, 10 and 11 were
found to be expressed consistently in all samples at significant levels.

Sex steroid treatment resulted in increased expression of HOXA10.
HOXA10 mRNA levels increased approximately 10-fold after treat-
ment with E2þMPA. Similarly E2þMPA treatment resulted in an
8-fold increase in HOXA11 mRNA (Fig. 1). No significant changes
were noted in HOXA1, 3 or 9.

Figure 1 Sex steroid regulation of HOX genes in decidual cells.
(A) Microarray analysis showed HOXA10, and HOXA11 expression
was increased in first trimester decidual cells treated with E2 and
MPA. Microarray analysis revealed a statistically significant increase in
HOX gene expression after treatment with E2þMPA (EM) compared
with vehicle treated controls. Raw microarray data was normalized
using the median value of each gene throughout different chips in the
same experimental condition. Fold-ratios were derived from comparing
normalized data between control and treatment groups. Genes up- or
down-regulated more than 2.0-fold by E2þMPA (EM) were filtered.
(B) Real-time RT–PCR analysis. Each experiment was repeated three
times in triplicate. Each replicate consisted of cells obtained from a differ-
ent subject. Shown are HOX mRNA levels normalized to actin. Fold
changes from vehicle treated control are shown. (*) designates
P , 0.01 compared with control using t test. The error bars are SEM.
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IL-1b treatment represses the expression of
multiple HOX genes
Leukocyte-free first trimester decidual cells were treated with IL-1b or
vehicle control. HOX genes affected by the treatment were analyzed by
microarray and confirmed using real-time RT–PCR. Cells were main-
tained in E2 and MPA as described to mimic the hormonal environment
of pregnancy. Treatment of decidual cells with IL-1b at levels compar-
able to those seen with infection resulted in decreased expression of
several HOX genes. As seen in Fig. 2, HOXA1, 3, 9, 10 and 11
expression were decreased by treatment with this inflammatory cyto-
kine. RT–PCR analysis demonstrates that HOXA11, HOXA10,
HOXA9 and HOXA3 expression were each decreased by 84–90%
after IL-1b treatment (P . 0.01). HOXA1 expression was decreased
to an undetectable level (.99%) after this treatment (P , 0.01).

Thrombin treatment represses the
expression of HOXA9 and HOXA10
The effect of thrombin on HOX mRNA expression in first trimester
human decidual cells was evaluated by microarray analysis and quan-
titative real-time RT–PCR (Fig. 3). Addition of thrombin to cultures
maintained in E2þMPA resulted in decreased expression of a
limited number of HOX genes. Specifically HOXA9 and HOXA10
expression were significantly decreased. Expression of HOXA1, A3
and A11 were not altered. HOXA10 expression was decreased by
70% compared with treatment with E2þMPA alone (P ¼ 0.018).
HOXA9 expression was decreased by 53% by this treatment
(P , 0.01).

Decreased decidual HOXA10 and HOXA11
expression in spontaneous miscarriage
Decidua obtained from women undergoing surgical treatment for
either elective termination of pregnancy (n ¼ 10) or spontaneous mis-
carriage (n ¼ 10) was analyzed for HOXA10 and HOXA11

Figure 2 IL-1b regulation of HOX genes in decidual cells.
(A) Microarray analysis showed HOXA1, 3, 9, 10 and 11 expression
were decreased in decidual cells treated with IL-1b. Microarray analy-
sis revealed a statistically significant decrease in HOX gene expression
in first trimester decidual cells treated with IL-1b (I) compared with
E2þMPA (EM) vehicle treated controls. Raw microarray data was
normalized using the median value of each gene throughout different
chips in the same experimental condition. Fold-ratios were derived
from comparing normalized data between control and treatment
groups. Genes up- or down-regulated more than 2.0-fold by IL-1b
are shown. All changes shown are statistically significant in compari-
son to EM treated controls. (B) Real-time RT–PCR analysis. IL-1b
significantly decreased HOXA10 expression in first trimester decidual
cells as determined by real-time RT–PCR. In E2þMPA (EM) vehicle
control pretreated cells, 1 mg/ml IL-1b decreased HOXA1,
HOXA3, HOXA9, HOXA10 and HOXA11 expression by 100, 84,
88, 90 and 88%, respectively. * ¼ P , 0.001 compared with EM
treated controls. The error bars are SEM.

Figure 3 Thrombin regulation of HOX genes in decidual cells.
(A) Microarray analysis showed HOXA9 and HOXA10 expression
was decreased in decidual cells treated with thrombin. Microarray
analysis revealed a statistically significant decrease in HOX gene
expression in first trimester decidual cells treated with thrombin com-
pared with E2þMPA (EM) vehicle treated controls. Raw microarray
data was normalized using the median value of each gene throughout
different chips in the same experimental condition. Fold-ratios were
derived by comparing normalized data between control and treat-
ment groups. Genes up- or down-regulated more than 2.0-fold by
2.5 U/ml thrombin compared with EM controls are shown. (*) indi-
cates P , 0.01 for each comparison. (B) Real-time RT–PCR analysis.
Thrombin significantly decreased HOXA9 and HOXA10 expression
in decidual cells in vitro as determined by real-time RT–PCR. (A) In
E2þMPA (EM) pretreated cells, thrombin decreased HOXA9 and
HOXA10 expression by 53 and 70%, respectively. * ¼ P , 0.001
compared with EM vehicle treated controls. The error bars are SEM.
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expression by real-time PCR. Samples were matched for gestational
age. The level of expression for each HOX gene in viable pregnancies
was considered the control group and set at 100%. Expression of
HOXA10 and HOXA11 in the decidua associated with spontaneous
pregnancy loss was decreased to 12 and 27%, respectively, compared
with that of a viable pregnancy (P , 0.001). Each of the decidua
obtained from spontaneous pregnancy losses expressed less
HOXA10 than any of the decidua obtained at the time of elective ter-
mination. Similarly, HOXA10 and HOXA11 protein expression was
consistently decreased in decidua obtained from women with spon-
taneous loss as demonstrated in Fig. 4B. A representative western
blot demonstrating decreased HOXA10 expression is shown.

Conclusion
The expression of HOX genes in the developing female reproductive
tract and adult uterine endometrium has been well characterized
(Taylor et al., 1997, 1998, 1999a; Sarno et al., 2005; Kwon and
Taylor, 2004; Daftary and Taylor, 2006). HOX genes impart develop-
mental identity to the paramesonephric duct and subsequently two

HOX genes are necessary for endometrial differentiation in each men-
strual cycle (Taylor et al., 1997; Block et al., 2000). HOXA10 and
HOXA11 are required for endometrial receptivity to the implanting
blastocyst (Hsieh-Li et al., 1995; Rijli et al., 1995; Satokata et al.,
1995; Bagot et al., 2000). Hoxa10 (2/2) or Hoxa11 (2/2) mice
are sterile; they produce viable embryos but have a uterine environ-
ment that cannot support early embryo development or implantation
of even wild type embryos. These genes are expressed in a menstrual
cycle specific fashion in human endometrium (Taylor et al., 1998,
1999a, b). Increased expression of HOXA10 and HOXA11 in the
secretory phase is thought to regulate the window of endometrial
receptivity in human endometrium. Several human disorders associ-
ated diminished implantation are noted to demonstrate decreased
endometrial expression of these two genes (Taylor et al., 1999b;
Taylor, 2000; Daftary and Taylor, 2002; Cermik et al., 2003;
Browne and Taylor, 2006; Rackow and Taylor, 2009); these include,
endometriosis, hydrosalpinx, polycystic ovary syndrome and
myomata. HOX genes are likely to have a continued role in the regu-
lation of decidual cell growth and differentiation in pregnancy.

Here we show that the expression of the two HOX genes known
to be necessary for the establishment of pregnancy also continues into
the first trimester of pregnancy. It is possible that the persistent
expression of these genes maintain the differentiated state of the
endometrial stromal/decidual cells. We have also identified the
expression of additional HOX A cluster genes in the decidua, since
expression of HOXA1, HOXA3 and HOXA9 was detected in
these cells. HOXA9 expression has been previously detected in the
developing Müllerian tract, where it is typically associated with devel-
opment of the Fallopian tubes or oviducts. Since targeted disruption of
Hoxa9 does not result in adverse pregnancy outcomes, the functional
role of this gene in the decidua is likely redundant. The expression of
HOXA1 and HOXA3 has not previously been reported in the repro-
ductive tract. Typically these genes have been associated with devel-
opment of anterior structures in early development. The role of
HOXA1 and HOXA3 in early pregnancy will be the subject
of further study. Interestingly, we did not detect the expression of
genes in the HOX C or D clusters in pregnancy. Previously we have
reported that HOXC10, HOXC11, HOXD10 and HOXD11 are all
expressed in the endometrium (Akbas and Taylor, 2004). However,
unlike the HOX A cluster genes, HOX C and D genes were
expressed primarily in the proliferative phase endometrium and
thought to regulate endometrial growth and propagation rather than
the differentiated state associated with endometrial receptivity. Con-
sistent with this role, we would not expect to find expression of
HOX C or D genes in decidual cells. The findings reported here
further support the theory that HOX C and D cluster genes regulate
proliferation in the reproductive tract, although HOX A cluster genes
support the differentiated and functional state.

Diminished expression of the genes that maintain the differentiated
phenotype of the endometrium/decidua may lead to withdrawal of
support of early pregnancy. HOXA10 regulates decidualization,
including stromal cell responsiveness to progesterone and prostaglan-
dins (Lim et al., 1999; Daftary et al., 2002; Gao et al., 2002; Kim et al.,
2003; Troy et al., 2003; Daftary and Taylor, 2004, 2006; Lu et al.,
2008). HOX gene products are transcription factors that regulate
structural and regulatory genes associated with the establishment
and maintenance of pregnancy. For example, HOXA10 is known to

Figure 4 Decidual HOX gene expression in spontaneous preg-
nancy loss.(A) Real-time RT–PCR analysis showed that decidual
HOXA10 and HOXA11 expression was decreased in spontaneous
miscarriage compared with that of elective termination of pregnancy.
Decidua obtained from women undergoing surgical treatment for
either elective termination of pregnancy (here considered the
control group) or spontaneous miscarriage was analyzed for
HOXA10 and HOXA11 expression by real-time PCR. Expression
of HOXA10 and HOXA11 in the decidua associated with spon-
taneous pregnancy loss was decreased to 12 and 27%, respectively,
compared the expression of each gene in the decidua of a viable preg-
nancy (each assigned a value of 100%). * ¼ P , 0.001 expression in
decidua of spontaneous loss compared with viable pregnancy con-
trols. (B) Western blot analysis demonstrates decreased HOXA10
protein expression in the decidua obtained from spontaneous preg-
nancy loss compared with that obtained at the time of termination
of pregnancy. Representative data is shown. SAB ¼ spontaneous
miscarriage.
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regulate the expression of integrins, insulin-like growth factor binding
protein-1, prostaglandin receptors, as well as other transcriptional reg-
ulators (Lim et al., 1999; Gao et al., 2002; Daftary et al., 2002; Taylor,
2002; Kim et al., 2003; Troy et al., 2003; Vitiello et al., 2008). Without
these important mediators of decidual function, maintenance of preg-
nancy could be jeopardized. Diminished HOX gene expression may
be a molecular mechanism by which IL-1b and thrombin lead to
adverse pregnancy outcomes. Pregnancy loss is characterized by
reduced expression of these two genes, perhaps contributing to
miscarriage.

Inflammation and hemorrhage in early pregnancy is associated with
miscarriage (Gracia et al., 2005; Challis et al., 2009; Weiss et al.,
2009). Although bleeding is clearly a result of pregnancy loss, it fre-
quently precedes loss; subchorionic hemorrhage can be observed in
early pregnancy in the presence of a viable embryo, yet increases
the risk for subsequent pregnancy loss. Decidual hemorrhage results
in intense local thrombin generation (Lockwood et al., 1993, 2001).
Thrombin binding to protease-activated receptor-1 stimulates numer-
ous molecular responses apart from those associated with thrombo-
sis. Here we show that thrombin administration to first trimester
decidual cells results in decreased expression of HOXA9 and
HOXA10. It is likely that diminished expression of HOXA10 results
in withdrawal of decidual support of pregnancy leading to miscarriage.
Although both inflammatory cytokines and thrombin reduce HOX
gene expression in these cells, thrombin affects only a limited subset
of those HOX genes altered by IL-1b. Both may trigger withdrawal
of decidual support of pregnancy through a common molecular mech-
anism involving HOX genes, however, the effect of inflammation or
infection may be more profound.

Here we demonstrate the regulated expression of several HOX
genes in decidual cells obtained from first trimester of pregnancy.
HOX genes likely continue to regulate the differentiated developmen-
tal identity of these cells, as has been described in stromal cells of non-
pregnant endometrium. Genes of the HOXA, but not HOX C or D,
cluster appear to serve this role. Pregnancy loss is characterized by sig-
nificantly decreased expression of HOXA10 and A11. IL-1b and
thrombin may disrupt HOX gene regulation, resulting in loss of appro-
priate transcriptional control needed to maintain the differentiated
decidual phenotype. Profound repression of critical HOX gene
expression may represent a common mechanism by which bleeding
or infection may result in first trimester pregnancy loss.
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