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Introduction

Hemorrhage in the third stage of labor is the most
frequent cause of maternal death. A national survey
conducted by the subcommittee last year revealed the
following bleeding-related factors during the third
stage of labor: (i) atonic bleeding; (ii) abnormal placen-
tal adherence; (iii) abnormal placental adherence plus
atonic bleeding; and (iv) placental abruption. In short,
atonic bleeding is the most important factor associated
with massive bleeding during the third stage of labor.
In addition to this, the following two studies have been
conducted this year:

Study 1

A secondary investigation to clarify the pathology of
frequently occurring atonic bleeding, involving the
same patients as those studied last year.

Study 2

To examine the relationship between the type of amni-
otic fluid embolism and autopsy findings, in order to
clarify the pathology of amniotic fluid embolism and
improve the survival rate.

Discussion

In study 1, the results demonstrated that the fibrinogen
level decreases earlier than the platelet count and anti-
thrombin III (AT III) activity when atonic bleeding
occurs; however, the fibrinogen level was measured
immediately after occurrence in only 33% of all
patients. Considering that the fibrinogen level was not
correlated with the platelet count or AT III activity, it
may be important to measure fibrinogen levels in early
stages, in order to determine the pathological condition
and severity of atonic bleeding. While myometrial
fatigue due to prolonged labor and weak pains gener-
ally regarded as the main cause of atonic bleeding, in
this study, its occurrence was not associated with pro-
longed labor, weak pains or the use uterotonic agents.
On the other hand, with an increase in the volume of
bleeding and obstetrical disseminated intravascular
coagulation (DIC) scores, packed red blood cells and
fresh frozen plasma (FFP) were administrated. As the
fibrinogen level decreases early in atonic bleeding, the
early administration of FFP may be important as an
initial approach to treat the disease.

In study 2, amniotic fluid embolism was classified
into two types: that involving cardiopulmonary col-
lapse; and that following DIC. Pathologically, the former
type is conventional, in which fetal and amniotic fluid

Reprint request to: Dr Hideaki Masuzaki, Department of Obstetrics and Gynecology, School of Medicine, Nagasaki University School
of Medicine, 1-7-1 Sakamoto, Nagasaki 852-8501, Japan. Email: bunbuku@nagasaki-u.ac.jp
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components are observed in pulmonary blood vessels.
The pathological characteristics of the latter type
include uterine atony, and the presence of fetal and
amniotic fluid components in uterine blood vessels. In
this type, fetal and amniotic fluid components are occa-
sionally absent in the lungs. Among cases of clinical
amniotic fluid embolism without fetal and amniotic
fluid components in the lungs (or pulmonary examina-

© 2014 The Authors

Causes of maternal death and their prevention

tion findings are unavailable in life-saving settings),
those involving uterine atony in the presence of fetal
and amniotic fluid components in uterine blood vessels
may be called uterus-type amniotic fluid embolism.

Disclosure

The authors have no conflict of interest to declare.

337

Journal of Obstetrics and Gynaecology Research © 2014 Japan Society of Obstetrics and Gynecology

257



THE JOURNAL OF
Obstetrics and Gynaecology Research

doi:10.1111/jog.12278

J. Obstet. Gynaecol. Res. Vol. 40, No. 4: 941945, April 2014

Predictor of mortality in patients with amniotic

fluid embolism

Hidekazu Oi!, Katsuhiko Naruse!, Natsuki Koike!, Taihei Tsunemi’,
Hiroshi Shigetomi', Naohiro Kanayama® and Hiroshi Kobayashi'

Department of Obstetrics and Gynecology, Nara Medical University, Kashihara City, and *Department of Obstetrics and
Gynecology, Hamamatsu University School of Medicine, Hamamatsu City, Japan

Abstract

Aim: The purpose of this study was to evaluate the possibility of establishing predictors of mortality in women
with amniotic fluid embolism.

Methods: Our previous report identified eight factors associated with amniotic fluid embolism (AFE) fatality:
dyspnea, cardiac arrest, loss of consciousness, serum sialyl Tn greater than 47 U/mL, serum interleukin-8
greater than 100 pg/mL, vaginal delivery, multiparity and term delivery. The ratio of the number of positive
fatal factors to the number of possible fatal factors in the same case was calculated as the abundance ratio, which
was used because information regarding all eight factors was not retrievable for all the patients at the time of
registration. The patient group was divided into four quartiles based on this abundance ratio, and the mortality
rate in each quartile was compared with the overall mortality rate among the 130 patients with AFE enrolled
between 1992 and 2006. The validity of this approach was confirmed in another dataset from a cohort of 38
patients with AFE in 2007.

Results: A statistically significant positive correlation was observed between the abundance ratio and the
mortality in each quartile (P < 0.01) for the patients with AFE enrolled between 1992 and 2006. This result was
also found in the AFE patients enrolled in 2007 (P < 0.05). Thus, an increased in the abundance ratio of the eight
fatal factors resulted in an increased case fatality rate.

Conclusion: These data suggested that the abundance ratio of fatal factors may be a useful predictor of

mortality and therefore may be expected to improve prognostic accuracy in the future.

Key words: abundance ratio, amniotic fluid embolism, fatal factor, obstetrics, predictor of mortality.

Introduction

Amnijotic fluid embolism (AFE) syndrome is a devas-
tating complication of pregnancy with an abrupt and
fulminant onset and is one of the main causes of mater-
nal mortality. Autopsy studies have demonstrated that
AFE occurs following the contamination of the mater-
nal circulation by fetal materials such as amniotic fluid
and meconium.”? Although this condition has been

suggested to be caused by an uncharacterized immune
reaction rather than an embolic phenomenon,* the
causes and mechanisms responsible for AFE remain
enigmatic. This syndrome is particularly alarming
due to its unpredictability: it is likely unpreventable,
and patients deteriorate quickly with high mortality.
Accordingly, mortality due to AFE is often difficult to
diagnose correctly. Nonetheless, risk factors for AFE
have been reported. Three large population-based
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retrospective cohort studies have identified age over 35
years, cesarean section, forceps- or vacuum-assisted
vaginal delivery, placenta previa, placental abruption
and eclampsia as possible risk factors.>” It may be pos-
sible to reduce the incidence of AFE through the man-
agement of these risk factors but not the case fatality
rate. Although recent population-based studies indi-
cate a decrease in case fatality rates for AFE, data
regarding the factors leading to the reduction in mor-
tality remain scarce. Eight factors associated with mor-
tality in AFE were previously identified by our group;
to the best of our knowledge, no other studies have
reported factors associated with mortality due to AFE.®
The aim of this study was to investigate whether mor-
tality in parturient women with AFE could be pre-
dicted using these fatal factors. Such information may
establish useful predictors for mortality in patients
with AFE and therefore may be expected to improve
prognostic accuracy in the future.

Methods

AFE definition

The diagnosis of AFE was based on the clinical features
listed in the Japanese Consensus Criteria for the Diag-
nosis of AFE.? The enrollment criteria were as follows:
(i) at least one of the following symptoms: cardiac
arrest (acute hypoxia and hypotension), respiratory
arrest (dyspnea) or consumptive coagulopathy (severe
obstetric hemorrhage); (ii) the onset of all signs and
symptoms occurring during pregnancy, labor, cesarean
section or within 12h post-partum; and (iii) the
absence of other illnesses that could explain the
observed signs and symptoms.

Medical record survey

The study subjects were recruited from the Japan AFE
Registration Center in Hamamatsu University School
of Medicine, Shizuoka, which is closely linked to the
AFE Association of Japan, Nara Medical University.
Patients who met the criteria for AFE were enrolled
directly and voluntarily to this center by the chief phy-
sician and provided informed consent. The identifica-
tion of AFE at the center was based on the clinical
diagnosis as recorded in the medical report, without
other verifying evidence. Our study was limited by its
dependence on voluntary self-reporting. The study
was reviewed and approved by the institutional review
board of Hamamatsu University School of Medicine,
which also allowed us to contact the patients or their
families.

Fatal AFE factors

Eight factors were identified as correlated with fatal
AFE in our previous report® and included dyspnea,
cardiac arrest, loss of consciousness, serum sialyl Tn
(STN) greater than 47 U/mL, serum interleukin (IL)-8
greater than 100 pg/mL, vaginal delivery, multiparity
and term delivery.

Abundance ratio definition

Information regarding all eight of the fatal AFE factors
was not always retrievable at the time of registration;
therefore, the abundance ratio of the factors that were
available was analyzed. The abundance ratio is defined
as the ratio of the numbers of positive fatal factors to
the number of possible fatal factors in the same case
(Table 1). Because this analysis focused on increasing
prognostic accuracy in patients presenting fewer than

Table 1 Abundance ratio for fatal case calculation

Enrollment Denominator Numerator
Item Point  Clinical manifestation  Point
Present Dyspnea 1 Yes 1
Cardiac arrest 1 No 0
STN =47 U/mL 1 Yes (78 U/mL) 1
Vaginal delivery 1 No (C/S) 0
Term delivery 1 Yes (38 weeks) 1
Multiparity 1 Yes (2-para) 1
Absent Loss of consciousness
IL-8 2100 pg/mL
Total 4

Abundance ratio (%) = the number of positive fatal factors / the number of possible fatal
factors reported = 4/6 = 67% This result was assigned to the 50-74% abundance ratio group.
C/S, cesarean section; IL, interleukin; STN, serum sialyl Tn.
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half of these factors, cases presenting between four and
seven of the fatal factors were excluded. This exclusion
applied to the data for both the 2007 and 1992-2006
cohorts.

Populations
Data for 19922006 inclusion

A total of 135 patients met the inclusion criteria, com-
prising both fatal AFE (n=65) and non-fatal AFE
(n=70). Of the 135 patients, 114 (84.4%) were regis-
tered voluntarily in Japan and the other 21 (15.6%)
were from other countries. This cohort was the same
as that in our previous report® Five (four fatal, one
non-fatal) of the 135 cases were excluded based on the
definition of the abundance ratio (Table 2).

Data from 2007 (for comparison with the 1992-2006 data)

In 2007, 38 Japanese patients met the inclusion criteria,
comprising both fatal AFE (n =29) and non-fatal AFE
(n=9). All 38 patients were registered voluntarily
through the same system used in 1992-2006. No patient
was excluded based on the definition of the abundance
ratio.

Statistical analysis

Information regarding certain items (i.e. fatal factors)
was missing from some of the registration documents
of the patients in the 1992-2006 cohort, and if there was
a statistical bias in the missing data between the fatal
and non-fatal cases, it would be inappropriate to
compare these two groups. Thus, the frequency of
missing data in both groups was compared using the
x-test.

Table 2 The eight fatal factors for AFE

No. of Fatal
missing items

Non-fatal

10
8
36

Cases presenting between 4 and 7 factors (the gray background
sites) were excluded from the analysis. Some data were missing
in the registration documents of the 1992-2006 cohort, though
there was no statistical bias in the available information between
fatal and non-fatal cases. *Test, P =0.1333.

© 2013 The Authors

Predictor of mortality for AFE

The patient group was divided into four quartiles
according to the abundance ratio results: 0-24%,
25-49%, 50-74% and 75-100%. Differences in the case
fatality rates of each of the four groups were investi-
gated for both the 1992-2006 and 2007 cohorts using
Fisher’s post-hoc test to confirm the relationship
between the case fatality rate and the abundance ratio.

The statistical analyses were performed using SPSS
version 16.0 and Statview4.1.

Results

The P-value of the y*test was 0.1333. Therefore, we
observed no statistical bias in the amount of informa-
tion provided in the registration documents between
the fatal and non-fatal cases (Table 2).

A correlation was observed between the abundance
ratio and the case fatality rate. Statistically significant
differences in mortality between each abundance ratio
group were demonstrated for the 1992-2006 cohort
(P <0.01), and significant differences in the case fatality
rate between each quartile were also demonstrated for
the 2007 cohort (P < 0.05) (Fig. 1). Thus, an increase in
the abundance ratio of the eight fatal factors resulted in
an increased case fatality rate. These data suggest that
the abundance ratio of fatal factors may be a useful
predictor of mortality.

Discussion

Amniotic fluid embolism is a perinatal disease with a
high case fatality rate. This high mortality is a result of
the difficulty that the patient’s body has in responding

fatality rate
% 100
90+~
80
7047
60"

50 -
a0
30 ’
207
10"
0

0-24% 25-49% 50-74% 75-100% Abundance ratio

Figure 1 Statistically significant relationships between
the case fatality rate and the abundance ratio were
present in both cohorts. Post-hoc test, Fisher’s exact
test. *P < 0.01; **P < 0.05. &, 1992-2006; i1, 2007.
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to a sudden onset of severe shock and hemorrhage.
Moreover, it is not currently possible to predict AFE or
treat it prophylactically, and simply extracting the risk
factors reported elsewhere®™ may not solve the
problem of high mortality. Conversely, understanding
the risk factors associated with AFE may contribute to
the prevention. Therefore, we considered the abun-
dance ratio, whereby a high abundance ratio corre-
sponds to a high case fatality rate, as a tool to reduce
this rate. In Japan, approximately 50% of pregnant
women deliver at private clinics, and patients with
such conditions as AFE, which exhibits sudden, unpre-
dictable and severe onset, would be difficult to resus-
citate in these settings because of the lack of medical
equipment and staff. If parturient women who have
AFE or who may be at risk of mortality due to AFE can
be identified, then the medical response may become
sufficiently rapid enough to ensure the survival of the
mother. Indeed, the early recognition of AFE with
prompt intervention is paramount to a successful
outcome and to decreasing the associated mortality.’
Therefore, it is necessary to transport a patient from a
private clinic to a higher level medical facility as soon
as possible. In addition, the abundance ratio may be a
useful index for identifying the appropriate emergency
level for the requested transport, and reduced maternal
mortality in AFE cases may be expected when predic-
tors of mortality have been identified using this ratio.
From an alternative point of view, this ratio offers two
merits: (i) a more accurate prognosis may be achieved
by analyzing the survival of patients with high abun-
dance ratios; and (ii) this ratio becomes a useful piece
of information to explain the patient’s condition, which
can lead to an improved relationship with the patient’s
family.

However, this ratio is not consistent with current
medical information because the two serum markers
included as fatal factors, STN'*!! and IL-8, cannot be
detected immediately. These two serum markers are
crucial predictors of mortality when compared to other
clinical manifestations for two reasons. First, STN is
recognized as NeuAc-0-2,6-GalNAc and is present in
high concentrations in meconium. The correlation
between the fatality and turbid ammniotic fluid has been
described previously.? In patients with AFE who pre-
sented AF containing thick meconium, there was a
shorter time from the initial presentation to cardiac
arrest and an increased risk of neurological damage or
death. As mentioned above, the detection of meconium
passage into the maternal circulation may be a crucial
factor for accurate prognosis. Second, IL-8 in the

944

bronchoalveolar lavage fluid is the most significant pre-
dictor of mortality in patients with acute respiratory
distress syndrome.”? IL-8, a major chemoattractant for
neutrophils, promotes the secretion of the proteolytic
enzyme neutrophil elastase, which results in poor
patient outcomes due to multiple organ failure. Patients
with AFE exhibit a high frequency of adult respiratory
distress syndrome (ARDS)® suggesting that high serum
IL-8 concentrations have a critical impact on the out-
comes of patients with AFE complicated by ARDS.
Unfortunately, in our study, no registration data indi-
cated a correlation between ARDS and fatal AFE. Fur-
thermore, measurements of these two serum markers
will not be available to most clinicians around the
world. However, these fatal factors for AFE patients
could not be substituted by other clinical symptoms
associated with serum STN and serum IL-8, such as
turbid amniotic fluid and elevated fever, respectively,
because turbid amniotic fluid (P =0.289) and elevated
fever (P =0.514, data not shown) were not correlated
with fatal AFE in our enrolled patients.® We suggest
that an easy-to-use kit to detect these two serum
markers using monoclonal antibodies should be con-
sidered to avoid the limiting value of the abundance
ratio or diagnostic criteria based on these markers.

In our study, an increase in the abundance ratio of
the eight fatal factors was associated with a high case
fatality rate. Because the analysis used the same popu-
lation as our previous report?® it was expected that the
abundant ratio and the case fatality rate would vary
simultaneously. To validate our result, 38 patients with
AFE were enrolled in 2007 and analyzed using the
same abundance ratio. A significant difference was also
confirmed in the 2007 cohort, though the correlation
was not as strong as in the 1992-2006 cohort, likely
because of the small study population and the case
fatality rate. Furthermore, the data suggest that the
abundance ratio is an effective predictor of mortality
because the same tendency was indicated in both
cohorts.

It is possible that different results could be obtained
using other databases. For example, the reported inci-
dence of AFE varies among countries. The cause of this
difference has been ascribed to methodological differ-
ences in the collection and analysis of the data.”® Our
data were not population-based or national data but
rather voluntarily provided data, and the population
was both highly homogeneous and limited in number.
Moreover, the AFE entry criteria are slightly different
in Japan compared to the USA?® and the UK,* though it
is assumed that the interpretations of the Japanese

© 2013 The Authors
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criteria are similar to those of the USA and UK criteria.
Our entire population exhibited a case fatality rate of
56%. Because recent population-based studies have
consistently reported case fatality rates ranging 11-43%
(six out of eight studies reported a mortality rate of
under 21%),” it appears that a substantial ascertain-
ment bias toward more serious and fatal cases was
present in our study. Indeed, differing results may be
observed in different AFE populations. Thus, our study
had several limitations. It would be interesting if other
investigators evaluated the predictors of mortality
using other databases and compared the results with
those of our study. Any disparities in the results would
likely be due to the enrollment system or differences in
racial background. The evaluation of this ratio world-
wide would, at the very least, show whether the AFE
enrollment system should be standardized internation-
ally, as it is unlikely that the patient AFE databases in
each area or country are accurate.
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Abstract

Ain 'The local expression of two isoenzymes of T13-hydroxysteroid dehydrogenase, type 1 (T1BHSD-1) and
type 2 (11BHSD-2), regulates the access of glucocorticoid hormones to their target cells. Reports on the
association between the placental expression of T1BHSD and infantile growth are limited. The aim of the
present study was to investigate if the placental gene expression of 11BFISD affects infantile growth at 10
months of age.

Methods: Placentas and umbilical venous cord blood were obtained from 42 singleton cases of cesarean
deliveries between 31 and 40 weeks of gestation at Hamamatsu University Hospital between March 2009 and
June 2010. The gene expression of both 11BHSD-1 and 11BHSD-2 was measured by quantitative reverse
transcription polymerase chain reaction. Adiponectin and leptin levels in umbilical cord blood were measured
using enzyme-linked immunoassay.

Results: 11BHSD-1 and T1BHSD-2 gene expression in human placentas did not correlate with bodyweight or
the ponderal index (P} at 10 months of age, whereas the gene expression of TIBHSD-1, but not 11BHSD-2,
correlated with birthweight as well as PI at birth. Adiponectin levels in umbilical cord blood significantly
correlated with the placental gene expression of 11BHSD-1 as well as bodyweight and PI at 10 months of age,
although no direct correlation was observed between them.

Conclusion: No direct correlation was observed between the placental gene expression of 11BHSD and
infantile growth at 10 months of age. However, the placental gene expression of 11HSD-1 may be indirectly
connected with infantile growth via adiponectin-associated metabolic regulation represented by adiponectin
levels in umbilical cord blood.

Key words: glucocorticoid, growth, infant, placenta, pregnancy, programming.

Introduction and/or mineralocorticoid receptors) in target cells.'?
The access of glucocorticoid hormones to their recep-
Glucocorticoids exert their biological action by inter- tors within target cells was shown to be regulated by

acting with their receptors {glucocorticoid receptors the local expression of the enzyme 11B-hydroxysteroid
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dehydrogenase.™ There are two iscenzymes of 11[-
hydroxysteroid dehydrogenase, type 1 (11BHSD-1)
and type 2 (11pHSD-2), both of which have
been identified in the human placenia’ 11BHSD-1
generates active glucocorticoids  from  cortisone/
11-dehydrocorticosterone.” In contrast, 11BHSID-2 inac-
tivates glucocorticoids and protects mineralocorticoid
receptors from illicit occupation by glucocorticoids in
aldosterone target cells.”

It has been argued that the placental inactivation of
cortisol by 11BHSD may protect the developing fetus
from the deleterious effects of maternally derived cor-
tisol® because circulating cortisol levels are 5-10-times
higher in the mother than in the fetus.* McMullen ef al.
demonstrated that both isoforms of TI1BHSD in the pla-
centas appeared to fulfill important roles in conirolling
the passage of glucocorticoids between the maternal
and fetal circulations in consideration of many previ-
ous reports.”

Changes in these enzymes in placentas have been
suggested to play important roles in regulating fetal
bodyweight” Meta-analysis showed that prenatal treat-
ment with placental permeable glucocorticoids was
associated with a reduction in size at birth among
infants born at term.® The enzymatic activity or gene
expression of both 11BHSD-1"" and 11BHSD-27"1"
was reported to be downregulated if infants were born
small. Regarding general fetal growth, placental
1IBHSD-2 activity was shown to be positively corre-
lated with birthweight*"” although this was not a con-
sistent observation.” These intensive studies suggest
the marked contribution of placental 11BHSD expres-
sion in the regulation of fetal growth.

Moreover, infrauterine alterations in adrenocortical
function and /or the metabolism of its products, which
oceur in fetal organs as well as in placental tissues, may
have long-lasting effects leading to derangements of
these systems in later life.”'" Nevertheless, few reports
have investigated the association between the placental
expression of 11BHSD and infantile growth after birth
in humans.

In the present study, we hypothesized that the pla-
cental gene expression of 11BHSD) affects bodyweight
and/or the ponderal index (PI) at 10 months of age. We
first retrospectively investigated associations between
the placental gene expression of 11BHSD, cortisol
fevels in umbilical cord blood, and bodyweightand /or
PI at 10 months of age, in 42 mothers with singleton
pregnancies who were recruited to the Hamamatsu
Birth Cohort (HIBC)" and delivered neonates by elec-
tive cesarean section. We also assessed the association

466

between the placental gene expression of 118HSD and
adipocytokine levels (e.g. adiponectin and leptin,
because glucocorticoids play important roles in regu-
lating adipocytokines,”* and adipocytokines are also
suggested to play important roles in fetal and/or neo-
natal growth.” % We further investigated the associa-
tions between the levels of these substances in
umbilical cord blood, birthweight, PI at birth, and
weight and PI at 10 months of age.

Methods

Placental tissue and umbilical cord

blood sampling

Placental tissues and umbilical venous cord blood
were obtained from 42 cases of elective cesarean deliv-
eries between 31 and 40 weeks of gestation due to
obstetrical complications, including breech presenta-
tion, uterine scar due to previous cesarean section
and/or myomectomy, at Hamamatsu University Hos-
pital between March 2002 and June 2010, Preterm cases
were preterm rupture of the membrane in addition
to the indications above, and post-term cases were
sudden changes in fetal presentation to breech or unfa-
vorable cervical ripening. Mothers were singleton
pregnancies among those who were recruited to the
HBC."” We collected placentas only in cases of elective
cesarean section because labor affects the expression
of TIPHSD in placentas™ Informed consent was
obtained after a full explanation of the study. Exclusion
criteria were maternal hypertension, diabetes, gesta-
tional diabetes and glucocorticoid treatment. The back-
grounds of mothers and babies are summarized in
Table 1.

Each placenta was inspected by one of the research-
ers (Y. K-K.) immediately after the delivery for any
viable abnormalities and were excluded if found to
have macroscopic alterations. Placental tissues were

Table 1 Background of the mothers and infants

Characteristics Mean % 8D Range
Maternal age 334 = A7 21-45
Cestational week at delivery 3732 1.2 32-40
Pre-pregnancy BMI (kg/m®) 229 2533 17.0-419
BMI at delivery (kg/m?) 26546 185388
Birthweight (g) 2935 £ 525  946-3854
Placental weight (g) 340 2 116 230-750
Bodyweight of 84209 6.0-104
10-month-old (kg)
Number of mothers 42
BMI, body mass index,

& 2013 The Authors
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then sampled according to the report by Wyatt ef al.®
and Mericq ¢f 217 In brief, each placenm was sectioned
transversely using a sterile scalpel near the cord inser-
tion site and placental Hissue of the chorionic plate was
obtained by removing the basal {maternal side) as well
as surface {fetal side) Hssues of the placenta. Placental
tissues of the chorionic plate, thus obtained, were
rinsed in cold sterile saline, snap frozen in liquid nitro-
gen, and stored at ~-80°C for mRNA extraction.

Within several minutes of the delivery, wmbilical
venous cord blood was obtained and centrifuged at
1200 g for 15 min at 4°C. The plasma thus oblained was
aliguoted and stored at ~807C until assayed.

Measurement of bivactive substances in
umbilical cord blood

Cortisol levels were measured using commercial
radioimmunoassay cortisol kits (Immuno Tech, Osaka,
Japan). Adiponectin and leptin levels were measured
using commercial enzyme-linked immunoassay kits
{Otsuka Pharmaceutical [Tokyo, fapan] and R&D
Systems [Minneapolis, MN, USA], respectively).

Quantitative RT-PCR analysis of placental tissue

Total RNA from subcutaneous adipose tissue was
extracted as described.” The gene expression of human
TIBHSD-1, 11BHSD-2 and B-actin was determined by
quantitative reverse transcription polymerase chain
reaction using High Capacity RNA to ¢cDNA Master
Mix (catalog no. 4390777; Applied Blosystems, Foster
City, CA, USA) and SYBR Creen PCR Master Mix
{catalog no. 4309115; Applied Biosystems), according
to the manufacturer’s recommendations. B-Actin
mRNA expression was used as an internal control. The
primers used were: T1BHSD-1, forward 5-TCCAG
GGTCAATGTATCAATCACT-3, reverse 5-CCTTCA
TGGCTGTTICTGTGTCT-3;  1IBHSD-2,  forward
5-GGCCAAGGTTTCCCAGTGA-3, reverse 5-GAG
GGTGTTTGGGCTCATGA-3,  and  Bactin, for-
ward 5-AGTACTCCGTICTGGATCGGE-Y, reverse 5-
GCTGATCCACATCTGCTGGA-3.

Statistics

Data are expressed as means & standard deviations
(8D). Z-scores were calculated by using the formula
{[data — mean of the population]/{standard deviation
of the population]}.” Infantile ages were adjusted
according to their gestational age at delivery. Regard-
ing birthweight and weight at 10 months of age, each
z-score was calculated using means and 51D described

© 2013 The Authors
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in the Japanese gestational age-specific reference for
birthweight” and Japanese age-specific reference
for bodyweight {(hitp:/ /ispe.uminjp/pdf/zul_a.pdf,
http:/ /jspe.uminjp/pdf/zul_b.pdf), respectively. Z-
scores for other parameters were calculated using
means and SD of the study population. The values for
body mass index (BMI) and PI were directly compared
to the z-scores of other parameters because they were
relative parameters, that is, bodyweight (kg) was
divided by (height [m])? and (height [m]),” respectively.
Spearman’s rank correlation coefficient was calculated
between parameters. A P-value of less than 0.05 was
regarded as significant.

Approval

The FEthics Committee of the Hamamatsu University
School of Medicine approved all the pmf:?i??im% of this
study.

Results

Placental gene expression of 11HSD,
birthweight, PI at birth, and weight and PY at
10 months of age

Gene expression of 11BHSD-1 in placentas did not cor-
relate with bodyweight or PI at 10 months of age
{Fig. 1a,b), although significant positive correlations
were observed with birthweight (Fig. 1o =030,
P<0.05) and PI at birth (Fig. 1d; r=046, P<0.01).
11BHSD-1 gene expression did not correlate with
height or weight increases during the first 10 months
{Table 2C).

Gene expression of 11BHSD-2 in placentas did not
correlate with bodyweight or PI at 10 months of age
{Fig. 2a,b). They also did not correlate with birthweight
{(Fig. 2¢) or PL at birth (Fig. 2d). 11BHSD-2 gene expres-
sion did not correlate with height or weight increases
at 10 months of age (Table 2C).

Placental gene expression of 11BHSDs, and .
cortisol and adipocytokine levels in umbilical
cord blood
Gene expression of T1BHSD-1 and 11BHSD-2 in pla-
centas did not correlate with cortisol levels in umbilical
cord blood (Table 2A).

Gene expression of 11BHSD-1 (r = 0.46, P < 0.01), but
not 11BHSD-2, positively correlated with adiponectin
levels in umbilical cord blood (Fig. 4a, Table 2B). No
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of age, and (¢} birthweight and (d) Pl at birth. Black and
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significant correlation was observed between the
expression of T1BHSD and leptin levels {Table 2B).

Cortisol and adipocytokine levels in umbilical
cord blood, birthweight, PI at birth, and weight
and PI at 10 months of age

Cortisol levels in umbilical cord blood did not corre-
late with bodyweight or PI at 10 months of age
(Fig. 3a,b, Table3A), although positive correlations
were observed with birthweight (=039, P<0.05)
{Fig. 3¢, Table 3A) and PI at birth (r=0.36, P <0.05)
{Fig. 3d, Table 3A).

Adiponectin levels in umbilical cord blood posi-
tively correlated with PL, but not weight, at 10 months
of age (r = 0.35, P < 0.05, Fig. 4a, Table 3B). Similar cor-
relations were observed with birthweight (r=0.32,
P < 0.05) (Table 3B) and P1 at birth (v =0.56, P < 0.001)
(Fig. 4d, Table 3B). In contrast, leptin levels in umbilical
cord blood did not correlate with weight or PI at 10
months of age (Table 3B), although positive correla-
tions were observed with birthweight (=054,
P <0.001) and PLat birth (r = 0.65, P < 0.001) (Table 2B).

Association with maternal background

Gestational weeks at delivery correlated with 11BHSD-
1, but not TIBHSD-2 gene expression (Table 2DD). Ges-
tational weeks at delivery did not correlate with weight
or P1at 10 months of age, although they correlated with
PT at birth (Table 3C). Maternal BMI soon before deli-
very did not correlate with weight or PIat 10 months of

Table 2 Association of z-scores of gene expression of TIBHSD in placentas with
those of (A} cortisol levels, (B) adipocytokines levels, (C) parameters of infantile
growth, (D) gestational weeks at delivery and (If) maternal parameters

Gene expression in placentas
P

11BHSD-1 11BHSD-2

A)

Cortisol NSC NSC
(B

Adiponectin levels {ug/mL) ¥ = 046" NSC

Leptin levels (ng/ml} NSC N&C
<

Height increase during first 10 months NBC N&C

Weight increase during first 10 months NSC NSC
)

Gestational weeks at delivery r=0.34% NSC
(E)

Maternal age at delivery ) NSC NSC

Maternal pre-pregnancy BMI (kg/m% N&C NSC

Maternal BMI soon before delivery (kg/ m?) N&C N&C

P <005 and “P < 001 in correlation of z-scores, YIBHSDA1, T-hydroxysteroid dehydrogenase,
wype 1; 11BHSD-2, 118-hydroxysteroid dehydrogenase, type 2; NSC, no statistical correlation.
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hydroxysteroid dehydrogenase, type 2 (V1BHSD-2)
gene expression, (a) bodyweight and (b} Plat 10 months
of age, and (¢} birthweight and (d) PI at birth, Black and
white squares indicate data at 10 months of age and at
birth, respectively. M, months; P, ponderal index,

age (Table ZE), although it correlated with birthweight
{r=049, P<001) and PI at birth {r=035, P<0.01)
{Table 3D).

Discussion

Accumulating evidence has shown that changes in
11BHSD in placentas are involved in regulating fetal
bodyweight™#* On the other hand, there was a
concern that glucocorticoids and /or their metabolism
in the fetoplacental unit may have long-lasting
effects.'”™ Therefore, glucocorticoids and/or their
metabolism in the fetoplacental unit affect not only
fetal growth, but also glucocorticoid action throughout
life after birth. However, few reporis have investigated
the association between the placental metabolism of
glucocorticoids by T1BHSD and infantile grow.

© 2013 The Authors
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The present study revealed that cortisol levels
(Fig. 3ab; Table 3A) as well as the placental gene
expression of 11BHSD (Figs 1a,b,2a,b) did not correlate
with weight or PI at 10 months of age, although sig-
nificant positive correlations were observed with
birthweight as well as PI at birth (Figs 1c,d3cd,
Table 3A). These results suggest that the placental
metabolism of glucocorticoids affects fetal bodyweight
in utero, but not during the early infantile period in
humans. Given the possible long-lasting effect of pre-
natal changes in glucocorticoids on metabolism after
birth,”* the influence of glucocorticoids on develop-
ing fetal organs may markedly change around the time
of delivery in humans, presumably due to complete
separation from the placental and/or maternal contri-
bution. Further invesligation is necessary to confirm
this.

Gestational weeks at delivery correlated with placen-
tal 11BHSD-1 gene expression (Table 2D), which sug-
gested that gestational age may affect 11BHSID-1 gene
expression in addition to fetal body composition rep-
resented by PL However, no significant correlation was
observed between placental 11BHSD and weight and
PI at 10 months of age, even after calculating partial
correlation coefficients holding gestational weeks at
delivery adjusted (data not shown). A large-scale study
is necessary.

Both adiponectin and leptin levels in umbilical cord
blood positively correlated with birthweight and PI at
birth (Fig. 4d, Table 3B}, which is consistent with pre-
vious reports.”* Nakano ¢f al. reported that umbilical
cord adiponectin levels correlated with BMI gain from
birth to 3 years of age in Japanese infants.” Adiponec-
tin levels in umbilical cord blood correlated with P1 at
10 months of age (Fig. 4¢, Table 3B), which indicated
that adiponectin-associated metabolic regulation in the
fetoplacental unit was, at least partly, related to the
regulation of growth during the first 10 months. Inter-
estingly, the placental gene expression of 118HSD-1
positively correlated with adiponectin levels in umbili-
cal cord blood in this study population (Fig. 4a,
Table 2B). It is interesting to speculate that placental
TIBHSD-1 may be indirectly related to the regulation of
growth during the first 10 months via adiponectin-
associated metabolic regulation in the fetoplacental
unit Research is ongoing.

The metabolism of glucocorticoids in the fetoplacen-
tal unit plays a pivotal role in the regulation of fetal
growth, Moreover, increasing evidence suggests that
the metabolism of glucocorticoids in the fetoplacental
unit has long-lasting effects after birth. However, the
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Table 3 Association of z-scores of weight and Pl at 10 months old, birthweight and Pl at birth with those of (A) cortisol
levels, (B) adipocytokines levels, (C) gestational weeks at delivery and (D) maternal parameters

AL 10 months old

At birth

Weight (kg) P {kg/m’) Birthweight (kg) PI (kg /m?)

A

Cortisol NSC NSC = 0.39% r=1.36%
(B)

Adiponectin levels (lig/ml) NsC r=0.35% r=0.32% I

Leptin levels (ng/mlb) NsC NSC r= {1547 7 (LO5*
©

Gestational weeks at delivery NSC NSC NSC r=041%*
)

Maternal age at delivery N&C NsC NsC NsC

Maternal pre-pregnancy BMI (kg /m?) N&C NSC NSC NsC

Maternal BMI soon before delivery (kg/m’) N&C NSC = (). 49%* r= (1.35%

P 005, P < 001 and ***P < 0.001 in correlation of z-scores. BMI, body mass index; NSC, no statistical correlation; PL ponderat index,
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Figure 3 Associations between cortisol levels in umbili-
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birth, respectively. M, months; Pl, ponderal index.
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Figure 4 Association between

adiponectin levels in

umbilical cord blood, placental gene expression of (a)
11B-hydroxysteroid dehydrogenase, type 1 (T1BHSD-1)
and (b} 11B-hydroxysteroid dehydrogenase, type 1
(F1BHSD-2), () PLat 10 months of age and (d) Plat birth,
Black and white lozenges indicate data at 10 months of
age and at birth, respectively. P, ponderal index,
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present study revealed that the placental gene expres-
sion of 11BHSD-1 significantly correlated with birth-
weightand Platbirth (Fig. 1c,d), butnot with thoseat 10
months of age (Fig. 1a,b), whichindicated that there was
no direct connection between them. Interestingly, adi-
ponectin levels in umbilical cord blood significantly
correlated with the placental gene expression of
11BHISD-1 as well as bodyweight and PYat 10 months of
age, although no direct correlation was observed
between the placental gene expression of 11BHSD-1 and
bodyweightand Plat 10 months of age. It was suggested
that the placental gene expression of 11BHSD-1 may be
linked to infantile growth at 10 months of age at least
partly via adiponectin-associated metabolism repre-
sented by adiponectin levels in umbilical cord blood.

The present results should be interpreted with
caution because there were some limitations as follows.
The number of placentas was small because most of the
placental tissues were dropped in 10% formaldehyde
in the HBC study and only limited numbers were
sampled for mRNA expression, although there was no
intentional selection. We measured the mRNA expres-
sion of T1BHSD, but not their enzyme activities or
protein expression due to technical limitations. Assess-
ing protein expression and /or enzyme activities is the
aim of a future study. We assessed bodyweight and PI
at 10 months of age during the infantile period because
the HBC is an ongoing study and data analysis has not
yet been completed; therefore, results of infantile biom-
etry were available up to 10 months of age.

In summary, the gene expression of 11fHSD in
human placentas did not correlate with infantile
growth at 10 months of age. However, adiponectin
levels in umbilical cord blood suggested that there may
be an indirect association between the placental gene
expression of 11BHSD-1 and infantile growth at 10
months old.
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