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Summary
Recent studies from our laboratory have indicated that the transcription factor AP-2α plays a
critical role in the differentiation of human villous cytotrophoblast cells (CTB) to
syncytiotrophoblast cells (STB). However, little is known about the expression of AP-2α in
placentas from pathologic pregnancies. This study compares the expression of AP-2α in placentas
from high-risk pregnancies to gestational age-matched controls. Paracentral sections from grossly
unremarkable areas of 10 placentas from each group of pregnancies complicated by mild
preeclampsia (PE), severe PE, diabetes mellitus (DM), chronic hypertension (HTN), fetal growth
restriction (FGR) and 10 control cases of placentas from normal pregnancies matched for
gestational age (CG) were double immunostained for AP-2α and E-cadherin. The total numbers of
CTB and STB and the numbers of AP-2α positive and negative nuclei in both of these cell types
were counted by two pathologists blinded to disease status, in ten representative 40x fields (HPF)
for each placenta. Abnormal placental maturation in most of pathologic pregnancies was
evidenced by a 1.5–1.7-fold lower STB to CTB ratio. AP-2α expression in STB was lower in mild
PE, DM, HTN and FGR (p<0.0001 in each instance) and was higher by 2-fold in severe PE,
though this increase was not statistically significant (p=0.3). Since AP-2α has been shown to be
critical for villous CTB differentiation, our findings suggest that abnormalities in the AP-2α
cascade of transcription factors and/or signaling molecules may contribute to the pathogenesis of
the abnormal maturation in placentas in certain types of high-risk pregnancies. The different
pattern of AP-2α expression in mild and severe PE clearly suggests that these conditions may
have two independent pathogenic mechanisms.
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1. Introduction
The trophoblast layer of the human placental villus consists of multinucleated
syncytiotrophoblast cells (STB) and mononuclear cytotrophoblast cells (CTB) [1]. The STB,
which are in direct contact with maternal blood, perform many critical functions throughout
pregnancy, including regulation of substrate and gas exchange between mother and fetus and
synthesis and secretion of many hormones that modulate maternal and fetal growth and
metabolism [1–2]. The underlying mononuclear CTB, which are located between the STB
and the basement membrane of the trophoblast layer, fuse with the syncytium, therefore
being the source of STB layer [1]. Extravillous CTB, on the other hand, invade the
underlying endometrium and maternal vascular bed, migrating up the uterine spiral arteries
that supply the implantation site [1].

At present, much is known about the regulation of trophoblast development in the mouse
[3], but less about the differentiation of human villous CTB. In particular, the function of
transcription factors and signaling molecules that are involved in the terminal differentiation
of human villous CTB to a STB phenotype are incompletely understood. Furthermore, while
abnormalities in the development of the trophoblast layer have been observed in several
pathologic conditions of pregnancy associated with higher maternal and fetal morbidity and
mortality, including preeclampsia (PE) and fetal growth restriction (FGR) [4–5], little is
known about the transcriptional regulation of trophoblast differentiation in these conditions.
Earlier studies from our laboratory demonstrated that the transcription factor AP-2α
(activator protein-2 alpha, also called TFAP2A) plays an important role in terminal
differentiation of villous CTB to a STB phenotype [6–8]. AP-2α mRNA and protein are
induced during the initial stage (first 2 hr.) of in vitro CTB differentiation. Global gene
profiling indicated that the majority of the 100 most induced genes during in vitro
differentiation of human CTB have one or more putative AP-2α binding sites in the
proximal 1 kb of their promoters [8]. AP-2α also transactivates the human placental
lactogen (hPL) [9], human chorionic gonadotropin (hCG) α and hCGβ [10] promoters and
the promoters of other genes that are induced during spontaneous differentiation of primary
cultures of villous CTB. In addition, AP-2α was shown by other investigators to stimulate
the expression of the genes for aromatase cytochrome P-450 [11], germ cell alkaline
phosphatase [12] and 17β-hydroxysteroid dehydrogenase type 1 [13] in human trophoblast
cell lines during CTB differentiation. Silencing of AP-2α activity in primary cultures of
villous CTB undergoing spontaneous differentiation by an adenovirus that expresses a
dominant/negative AP-2α mutant markedly blocked the expression of the mRNAs of hPL,
hCG, corticotropin releasing hormone, pregnancy-specific glycoprotein 1 and other genes
normally induced during the differentiation process [8].

Recent findings by Kotani and co-workers [14] indicated that overexpression of AP- 2α or
AP-2γ inhibits the migratory and invasive capacities of a transformed cell line of human
first trimester trophoblast cells (HTR-8/SVneo cells). The increase in the AP-2α protein in
the cells led to changes in protease, metalloproteinase and plasminogen activator inhibitor-1
levels. These in vitro studies suggest that AP-2α also suppresses trophoblast cell migration
and invasion. They also reported that the expression of AP- 2α, as well as AP-2, was higher
in twelve PE placentas as compared to gestational age-matched control placentas. The
increase in the AP-2α proteins was demonstrated by immunohistochemical analysis and
immunoblotting of placental tissue. The increase in AP-2α expression was noted in both
STB and extravillous trophoblast cells.

In this study, we examined the expression of AP-2α by immunohistochemistry in STB and
CTB in placentas from pregnancies complicated by mild PE, severe PE, chronic
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hypertension (HTN), diabetes mellitus (DM) or FGR and gestational age-matched CG
placentas.

2. Methods
2.1. Inclusion criteria

The protocol for this research was approved by the Institutional Review Boards of
Cincinnati Children’s Hospital Medical Center and the University of Cincinnati. Archival
paraffin blocks of placentas from patients with mild PE, severe PE, chronic HTN, DM, and
FGR were selected from the tissue repository of the Department of Pathology of the
University of Cincinnati Medical Center. The selected cases for each group were matched
for gestational age, but otherwise were randomly selected from the database. A total of 10
placentas from singleton deliveries were chosen from each group according to standard
diagnostic criteria. All placental reports and archived hematoxylin and eosin (H&E) slides
were re-reviewed and relevant gross, placental weight and histological findings recorded.
Clinical data was extracted from electronic medical records and diagnoses confirmed by
chart review. The diagnosis of mild PE was based on the presence of blood pressure > 140,
but <160 mmHg systolic and > 90 <110 mmHg diastolic, measured in at least two different
occasions more than 12 hours apart, in a woman who was normotensive before 20 weeks’
gestation and the presence of proteinuria (> 300 mg and < 5 g/24h) [15]. Severe PE was
defined as blood pressure > 160/110 mmHg and urinary protein excretion of > 5g/24h.
Chronic HTN was defined as a blood pressure elevation of > 140 mmHg systolic or > 90
mmHg diastolic in the absence of proteinuria that was detected prior to pregnancy or by the
twentieth week of gestation [15]. Placentas from diabetic pregnancies included 5 pre-
gestational DM and 5 gestational DM, diagnosed according to the White classification [16].
Placentas from infants whose weights were below the tenth percentile for gestational age
and whose mothers did not have history of PE, chronic HTN or DM were included in the
FGR group [17]. There was no mutual overlap of conditions among the groups studied.
Cases of pregnancy-induced hypertension with superimposed PE as well as cases of DM
with superimposed PE were not included. The CG consisted of gestational-age matched
placentas from non-hypertensive, non-diabetic patients who delivered infants with birth
weights appropriate for gestational age.

2.2 Microscopy and immunohistochemistry
Microscopic and immunohistochemical studies were performed using placental paraffin
blocks from grossly unremarkable areas of each placenta that had been previously fixed in
10% buffered formaldehyde solution. H&E stained sections were used for routine
microscopy. Histological parameters evaluated included villous maturation, histological
evidence of acute ascending infection (acute chorioamnionitis, funisitis and/or chorionic
plate vasculitis,), evidence of vascular lesions (decidual arteriolopathy, infarction,
retroplacental hematoma, thrombosis in fetal vessels, multifocal clusters of avascular villi),
and chronic inflammation (decidual plasma cell infiltrates, chronic villitis of unknown
etiology) [18]. Recognizing that the placenta responds in various ways to hypoxia and to
study the correlation between the different clinical conditions and patterns of diffuse chronic
hypoxic injuries, the placentas were classified as pre-uterine, uterine and post-uterine
hypoxia, based on previously described criteria [19]. Shortly, the preuterine hypoxic pattern
of chronic hypoxic placental injury is secondary to maternal hypoxemia, as in pregnancies at
high altitudes, or maternal anemia, and features a homogeneous placental maturation, villous
hypervascularity, decreased extracellular matrix of chorionic villi, and increased syncytial
knots, villous cytotrophoblasts and Hofbauer cells. The uterine chronic hypoxic pattern is
due to uteroplacental malperfusion as in preeclampsia and late onset FGR, and histologically
differs form the preuterine pattern by focal villous hypermaturity and hypervascularity. The
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diffuse chronic postuterine hypoxic pattern, as in stillbirth and early onset FGR, differs
histologically from the above patterns by homogeneous villous hypermaturity (terminal
villous hypoplasia), hypovascularity, increased villous extracellular matrix, apoptotic
syncytial knots [20] and decreased Hofbauer cells. Other placental lesions related to
placental hypoxia such as excessive amount of extravillous trophoblasts, microscopic
chorionic pseudocysts, clusters of multinucleated giant cells in decidua were classified
according to previously described criteria [21].

Double immunostaining with anti-AP-2α and anti-E-cadherin antibodies was performed to
evaluate AP-2α expression in the CTB and STB, respectively. Briefly, for dual
immunostaining, 0.4 μ sections were mounted on superfrost plus slides and then stained
using the automated Ventana immunostainer. The following protocol was used:
deparaffinization, cell conditioning with EDTA for 30 min, incubation with dual primary
antibodies anti- AP-2α (Genway, San Diego, CA) at dilution 1:25 for 8 min and E-cadherin
(Cell Marque, Rocklin, CA) RTU for 52 min, followed by basic Ultraview DAB and
RedMap detection systems (Ventana Medical Systems, Tucson, AZ). Slides were then
rinsed with reaction buffer and counterstained with hematoxylin for 4 min, followed by
post-counterstaining with bluing reagent for 4 min. Appropriate positive and negative
controls were used.

2.3. Data analysis
Microscopic examinations were independently performed by two pathologists (RS and JS),
who were blinded to the disease status. Ten random 40X high power fields (HPF) from each
transmural paracentral placental section without infarctions, intervillous thrombus, or
massive perivillous fibrin deposition were examined for the numbers of chorionic villi,
syncytial knots, total numbers of CTB and STB and AP-2α positive and negative CTB and
STB. Total number of CTB and AP-2α-positive and negative CTB were counted, each
nucleus corresponding to one CTB cell. As STB cell borders are indistinct and may not be
present in the same plane of section, total number of STB nuclei and AP-2α-positive and
negative STB nuclei were counted. Syncytial knots were defined as multinucleated
protrusions from the villous surface, with ten or more nuclei [21], and were excluded from
the total count. Size or degree of projection of syncytial knots above the villous surface were
not measured. E-cadherin immunostaining (red membrane staining) highlights the CTB cell
membrane and the inner STB cell membrane, thus distinguishing between the two
trophoblastic cell types (STB and CTB) from themselves and from all the other cells of the
chorionic villous, such as fibroblasts, endothelial cells and Hofbauer cells, which did not
stain. AP-2α-positive CTB (brown nuclear staining) featured AP-2α nuclear and E-cadherin
(red) membranous staining in the same cell (double positivity). AP-2α-positive STB
featured AP-2α (brown) nuclear and E-cadherin (red) positive staining present only in the
inner membrane of the same cell. Cells were interpreted as negative or positive only and
intensity of positive staining was not scored. STB: CTB ratio and percentage of AP-2α
positive cells per total number of CTB or AP-2α positive STB nuclei per total number of
STB were used as endpoints for analysis. Values were expressed as mean or geometric
mean, as appropriate, and 95% confidence interval. Data were initially examined for
deviation from normality assumption. Total number of villi, syncytial knots; ratios of
STB:CTB per HPF; as well as percentage of AP-2α positive STB nuclei or AP-2α positive
CTB per total number of STB nuclei or CTB per HPF; were transformed using the natural
log for analysis. Untransformed raw data were used for other analyses. The analyses were
performed using SAS®, version 9.2 (SAS institute, Cary, NC). Analysis of variance or
Fisher’s exact test was used to compare the clinical and placental factors between the
groups. Analysis of the quantitative histology involved a mixed model approach, assuming
unequal variance, to account for the multiple measures per observer. The multiple post hoc

Sheridan et al. Page 4

Hum Pathol. Author manuscript; available in PMC 2013 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



comparisons between groups were accounted for by using the Tukey adjustment. Statistical
significance was assumed at p<0.05.

3. Results
3.1. Clinical and pathologic features

The mean gestational age of the pregnancies from the control and pathologic groups was
31.7 ± 5 weeks (range 26–39 weeks). There was no statistical difference on the method of
delivery (vaginal vs. caesarean section). In addition, as shown in Table 1, no significant
differences were noted in the placental weights between mild PE, severe PE, chronic HTN
and CG, but the average weight of the DM placentas was significantly higher than that of the
CG (p<0.001). Placentas of the FGR group showed significantly lower weights compared to
CG (p<0.01). Histological evidence of chronic hypoxic placental injury of the uterine type
was observed in all severe PE and 20% of the mild PE placentas (Table 1, Fig.1). In
contrast, patterns of chronic hypoxic placental injury of any type were noted in only 10–20%
of the remainder pathologic placentas, and were absent in the CG. The incidence of non-
marginal infarction was higher in the mild and severe PE groups compared to CG (p< 0.05);
but frequency of infarction did not increase with severity of PE. Mild and severe PE
placentas also showed other changes related to uteroplacental vascular pathology or fetal
thrombotic vasculopathy, including hypertrophic decidual arteriolopathy and intimal fibrin
cushioning of stem or chorionic veins (p<0.001). Plasma cell deciduitis and increased
placental site giant cells were also more commonly seen in the PE groups (p<0.05) (Fig.1).

Quantitative histology based on conventional histology and E-cadherin immunostaining in
CTB and STB are summarized in Table 2. The number of villi per HPF in all study groups
was not significantly different from that of gestational age-matched CG placentas. The
syncytial knot count did not reach statistical difference from the CG, except in mild PE
(p<0.005). The STB: CTB ratio was 1.6-fold higher in severe PE whereas the other groups
of pathologic placentas showed a 1.5–1.7 fold decrease. The lower STB: CTB ratio seen in
HTN, DM and FGR resulted from a significant decrease in number of STB, which was most
pronounced in the FGR group (P<0.001). The lowest STB: CTB ratio observed in chronic
HTN (p<0.005) was a consequence of both lower numbers of STB (p<0.05) and higher
numbers of CTB (p<0.05).

3.2. AP-2α immunohistochemistry
Fig. 2 and Table 3 demonstrate the results of AP-2α expression in CTB and STB as
determined by immunohistochemistry. The percentage of AP-2α positive STB nuclei was
significantly lower in mild PE, chronic HTN, DM and FGR placentas compared to CG
(p<0.0001). In contrast, a 2-fold increase in AP-2α positive STB nuclei was observed in
severe PE placentas, but the difference was not statistically significant (p=0.3). The
percentage of AP-2α positive CTB in all groups was not significantly different from the CG.
In the CG placentas, the ratio of AP-2α positive STB to AP-2α positive CTB was 1.2. This
ratio was higher in severe PE (3.2, p=0.2) and significantly lower in the other groups, with
the greatest reduction seen in mild PE (0.06; p< 0.005).

4. Discussion
Abnormalities in the differentiation of villous trophoblasts have been implicated in the
pathogenesis of PE, FGR and other pregnancy complications [4,5,22]. Transcription factor
AP-2α has been shown to play a critical role in the induction of trophoblastic differentiation
[6–8]. This study demonstrated that AP-2α expression is abnormal in all selected pathologic
conditions of pregnancy. In the majority of cases, abnormal AP-2α expression detected by
immunohistochemistry preceded the manifestation of placental changes assessed with

Sheridan et al. Page 5

Hum Pathol. Author manuscript; available in PMC 2013 November 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



conventional histology, including evidence of villous hypoxia, which was only significant in
severe PE group. Our study indicates that aberrant AP-2α expression may be involved in the
disturbances of villous maturation frequently observed in these conditions.

Based on AP-2α expression in villous trophoblasts, the pathologic placentas could be
separated into two distinct subgroups. The first group included placentas of pregnancies with
mild PE, chronic HTN as well as DM and FGR. The second group was comprised of an
outlier, severe PE. The first group shared increased number of CTB and decreased number
of STB, leading to a decreased STB: CTB ratio, as well as a lower AP-2α expression in
STB. All of these conditions may share significant early gestational insult leading to
programming of delayed trophoblast differentiation [31]. Severe PE differs from the first
group by an increase in AP-2α positive STB and decreased number of CTB and AP-2α
positive CTB. These findings indicate that while all of the discussed pathologic conditions
may be affected by hypoxic placental injury, the differences in AP-2α expression in severe
PE cannot be attributed to hypoxia alone.

Immunoreactive AP-2α in STB of severe PE was higher by 2-fold but the increase was not
statistically significant. Kotani et al (14) also reported higher AP-2α expression in severe
PE, which was statistically significant. The lack of statistical difference in our study may be
due in part to the fact that in our study, the placenta sections (and controls) were obtained
from preterm placentas while Kotani et al studied placentas from term pregnancies. In
addition, these investigators measured AP-2α protein in both villous and extravillous
trophoblast cells, which were not accounted for in our study. The increase in AP-2α protein
levels measured by Western blot analysis of whole PE placenta samples may be due, at least
in part, to the elevated AP-2α expression in extravillous trophoblast cells. Also, pregnancies
complicated by PE, in particular severe PE, are frequently associated with fetal growth
restriction (FGR). Such cases were not included in this study to prevent possible overlap of
the two conditions when interpreting the results.

Higher numbers of CTB with lower STB: CTB ratio was observed in mild PE, chronic HTN,
DM and FGR but the differences were only significant in chronic HTN placentas. The
finding that severe PE placentas have normal numbers of CTB differs from previous studies
that showed higher rates of CTB proliferation in PE as well as other pathologic conditions
associated with hypoxia [23–27]. The observed pattern of higher CTB density is thought to
represent a response to low oxygen levels seen in hypoxic conditions of pregnancy [27], and
is most likely due to abnormalities in CTB cell proliferation, fusion and/or STB cell loss
[25]. The difference in findings between the present study and earlier investigations may
result from differences in patient selection. The earlier studies did not report the severity of
the PE in their study groups, which may have also included some mild cases.

The observation of striking differences in AP-2α expression and trophoblastic
differentiation between mild and severe PE suggests that these two conditions are not only
clinically diverse but may also have different pathophysiologic mechanisms. Previous
studies have also noted significant differences in other parameters between the two
conditions [28–30]. PE has been proposed to be a “two-stage” disorder resulting from
interaction of both reduced placental perfusion and predisposing maternal factors [28].
There are numerous reasons to support this theory. Preterm PE is strongly associated with
low birth weight; whereas unaffected infants, low or even large-for-gestational age infants
can be seen in term PE (> 37 weeks), indicating variable degrees of placental dysfunction
[29]. Recent speculations have proposed that late onset PE is less likely to be associated
with low birth weight and placental infarcts than early onset PE [29,30]. However, it is also
important to consider that the differences between mild and severe PE found in this study
might be due to the fact that at the early gestational ages studied, differences in villous
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trophoblast profile such as accelerated ischemia, turnover rate and repair may not be
significantly changed until later in pregnancy. In addition, later cases could show a different
histology or expression pattern due to overlap with features of physiological maturation. We
also recognize that matching placentas for GA does not exclude the possibility that the
pattern observed for mild PE could progress to that for severe PE, if these pregnancies were
allowed to continue until term.

The question whether the differences in AP-2α expression indicate an early intrinsic
placental defect or an acquired abnormality secondary to hypoxia, systemic mediators, and/
or accelerated maternal hypertension remains to be answered. A recent study on global gene
expression profile of four first trimester placentas in patients who eventually developed PE
approximately 6 months later in pregnancy revealed significant dysregulation of gene
expression [32]. Serum biomarkers of PE have been shown to be altered at as early as 7
weeks gestation, indicating that an intrinsic abnormality of the placental in PE is present
much earlier than the onset of decreased flow of maternal blood, when failure of
transformation of spiral arteries are thought to occur in PE [28]. However, remarkable
differences in levels of placental markers, such as insulin-like growth factor-1 [29] in
placentas of mild vs. severe PE indicate that placental dysfunction may not be present in all
cases.

In summary, this study showed abnormal AP-2α expression in several pathologic conditions
of pregnancy associated with placental hypoxia. Since AP-2α has been shown to be a
critical component of the transcriptional pathway that regulates villous CTB differentiation,
the abnormal AP-2α in pathologic placentas may contribute to the pathogenesis of the
accelerated or delayed maturation that have been previously ascribed to these conditions.
The abnormal expression of AP-2α in the pathologic placentas could result from changes in
epigenetic regulation and/or upstream factors that regulate AP-2α gene expression or protein
degradation or processing. Unknown maternal and/or environmental factors may play a
major role in the pathogenesis of severe PE. Further studies are required in order to delineate
the precise mechanisms involved in the abnormal AP-2α expression in pathologic placentas,
in particular severe PE complicated by FGR and chronic HTN or DM with superimposed
PE.
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Fig. 1.
Selected patterns of chronic hypoxic placental injury diagnosed on hematoxylin-eosin
conventional histology. A and B, (representative areas from same placenta), Uterine hypoxic
pattern, featuring heterogeneous placental maturation with areas of larger intermediate villi
with adjacent hypermature terminal villi, severe PE at 35 weeks. C, clusters of
multinucleated trophoblastic giant cells in decidua basalis, severe PE at 28 weeks. D,
Hypertrophic decidual arteriolopathy, mild preeclampsia at 31 weeks (hematoxylin-eosin,
20X original magnification).
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Fig. 2.
Immunohistochemical staining for AP-2α (brown) and E-cadherin (red) in placental villi
from A, control group. B, mild PE. C, severe PE. D, chronic HTN. E, DM. F, FGR placentas
at 31 weeks gestation (40X lens magnification).
SN, syncytial knot; empty arrowheads, CTB; solid arrowheads, AP-2α positive CTB; empty
arrows, STB; solid arrows, AP-2α positive STB.
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