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5 Abstract
% Glycogen phosphorylase is a key enzyme in glycogenolysis. Released with myocardial ischemia,
Y blood concentration of glycogen phosphorylase isoenzyme BB (GPBB) is a marker of acute
f coronary syndromes. Pregnancy imposes metabolic stress, and preeclampsia is associated with
e cardiac complications. However, plasma GPBB concentration during pregnancy is unknown. This
— study was conducted to determine maternal plasma GPBB concentration in normal pregnancy and
in preeclampsia. Plasma samples from six groups (n=396) were studied: non-pregnant women and
pregnant women with normal term delivery, term preeclampsia, term small-for-gestational-age
neonates, preterm preeclampsia, and preterm small-for-gestational-age neonates. GPBB
concentration was measured with a specific immunoassay. Placental tissues (n=45) obtained from
pregnant women with preterm and term preeclampsia, spontaneous preterm delivery, and normal
@+ term cases were analyzed for potential GPBB expression by immunoblotting. Median plasma
é GPBB concentration was higher in pregnant women than in non-pregnant women (38.7 ng/ml
§ versus 9.2 ng/mL, £<0.001), which remained significant after adjusting for age, race, and parity.
3 Maternal plasma GPBB concentrations did not change throughout gestation. Preterm but not term
9;:_ preeclampsia cases had higher median plasma GPBB concentration than gestational-age-matched
c'? normal pregnancy cases (72.6 ng/ml versus 26.0 ng/ml, £=0.001). Small-for-gestational-age
X neonates did not affect plasma GPBB concentration. GPBB was detected in the placenta and was

less abundant in preterm preeclampsia than in preterm delivery cases (/A<0.01). There is
physiologic elevation of plasma GPBB concentration during pregnancy; an increase in maternal
plasma GPBB is a novel phenotype of preterm preeclampsia. It is strongly suggested that these
changes are attributed to GPBB of placental origin.
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Introduction

Methods

Glycogen phosphorylase (GP) is an essential enzyme in the regulation of glycogen
metabolism. It catalyzes and converts glycogen into glucose-1-phosphate in the first rate-
limiting step of glycogenolysis.1® Three different GP isoenzymes have been identified in
humans — GP isoenzyme LL (GPLL, liver), GP isoenzyme MM (GPMM, muscle), and GP
isoenzyme BB (GPBB, brain) — which have been named for the tissues in which they were
initially identified.12 Skeletal muscles solely contain GPMM; GPLL is present in all human
tissues except in the brain, heart, and skeletal muscles; and GPBB is mainly detected in the
brain but can also be found in high concentration in the heart muscle.12 When there is tissue
hypoxia and ischemia, glycogenolysis is initiated with the conversion of GP into its more
active, soluble, and cytoplasmic form by phosphorylase kinase.® As cell membrane
permeability also increases during hypoxia, a high GP concentration gradient in the
sarcoplasmic reticulum compartment allows GP efflux into the bloodstream via the T-tubule
system.3 Based on the distribution of GPBB in the heart muscle and increased plasma
concentration of GP during ischemia and hypoxia, several studies have demonstrated that
plasma GPBB is a surrogate marker of acute coronary syndromes.3-5

Pregnant women experience dynamic and intense metabolic stress with increased cardiac
output in compliance with rising demands of the growing fetus and placenta.” In addition,
during pregnancy, hypoxia plays a crucial role not only in normal placental and embryonic
development during the first trimester,8-10 but also in the development of adverse obstetric
outcomes including preeclampsiall~12 and fetal growth restriction (FGR).14 Furthermore,
maternal cardiac complications such as myocardial infarction and heart failure are more
frequent in cases with preeclampsia.l> However, the plasma concentrations of GPBB in
normal pregnancy and in pregnancy disorders have not been studied so far. We hypothesized
that there is a change in plasma GPBB concentration during pregnancy and especially in
association with preeclampsia.

The objective of this study was to determine the changes in maternal plasma GPBB
concentrations for normal pregnant women and women with preterm preeclampsia or term
preeclampsia.

Study Design

Plasma samples were collected from the following six groups classified according to the
clinical circumstances at the time of blood sampling: non-pregnant women (n=33), pregnant
women with a normal singleton pregnancy (n=151), patients with term preeclampsia (n=72),
patients with term small-for-gestational-age (SGA) neonates and no preeclampsia (n=38),
patients with preterm preeclampsia (n=74), and patients with preterm SGA neonates and no
preeclampsia (n=28). Three serial blood samples obtained during each trimester throughout
gestation (6-14 weeks, 15-24 weeks, and 37-42 weeks) were available in 32 of 151 normal
pregnant women. Preeclampsia was diagnosed according to the diagnostic criteria of the
American College of Obstetricians and Gynecologists:16 in the presence of hypertension
(elevated systolic blood pressure =140 mmHg or diastolic blood pressure =90 mmHg at least
twice, 4 hours to 1 week apart, after the 20t week of gestation) and of proteinuria (=300 mg
in a 24-hour urine collection, or 2 random urine specimens containing =1+ or more protein
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by dipstick or 1 dipstick measurement =2+ protein). SGA pregnancies included 1) those of
FGR fetuses detected by ultrasonography and confirmed SGA neonates after delivery in
cases of > 5 days of blood-sampling-to-delivery intervals, and 2) SGA neonates at the time
of delivery in cases of < 5 days of intervals. The SGA neonate was defined when its birth
weight was below the 10t percentile for gestational age according to the reference range
proposed by Alexander et al,}” and FGR was diagnosed when the estimated fetal weight
proposed by Hadlock et al'8 was below the 10t percentile for gestational age. A normal
pregnancy outcome was defined when patients met the following criteria: 1) no prior
abnormal medical and surgical conditions, 2) no obstetrical, maternal, or fetal complications
during pregnancy, and 3) delivery of a healthy neonate at term whose birth weight was
appropriate for gestational age (AGA) (>10t percentile and <90™ percentile). Placental
tissues (n=45) were obtained from pregnant women with preterm preeclampsia (n=9),
preterm labor and preterm delivery (n=9), term preeclampsia (n=9), and normal term
delivery (n=18).

All women were enrolled at Hutzel Women’s Hospital in Detroit, Michigan, and provided
written informed consent for the collection and use of clinical data and biological materials.
Plasma and tissue samples from all patients were retrieved from the Bank of Biological
Materials of the Perinatology Research Branch, Eunice Kennedy Shriver National Institute
of Child Health and Human Development (NICHD), National Institutes of Health (NIH), U.
S. Department of Health and Human Services (DHHS). This study was conducted under the
ethical standards for human experimentation established in the Declaration of Helsinki. The
Institutional Review Boards of Wayne State University and the NICHD/NIH/DHHS
approved the collection and use of clinical data and biological materials for research
purposes.

Enzyme-linked Immunosorbent Assay (ELISA) for GPBB

Blood samples, collected in EDTA tubes, were centrifuged at 1,300xg for 10 min at 4°C.
The plasma samples were kept at =70°C until assay. Maternal plasma GPBB concentration
was measured with GPBB ELISA Kits (Diagenics SE, Essen, Germany), according to the
manufacturer’s instructions. The sensitivity of the assay was 1.463 ng/ml, and the
coefficients of intra-assay variation and inter-assay variation were 5.2% and 10.7%,
respectively.

Immunoblotting

Villous placental tissue samples were pooled from five different sampling sites. An equal
amount of placental villous tissues was taken from five sampling sites generated by a
systematic random sampling method. After trimming the chorionic plate and the basal plate,
the pooled samples were flash-frozen using liquid nitrogen and kept at —80°C until use.
Proteins were extracted from liquid nitrogen-pulverized chorionic villous tissue using a
radioimmunoprecipitation assay buffer (Sigma-Aldrich, St. Louis, MO) with a proteinase
inhibitor mixture (Roche, Basel, Switzerland). Protein lysates were subjected to 4-15%
SDS-PAGE gel (Bio-Rad, Hercules, CA), electrophoresed under reducing conditions, and
followed by electro-transfer onto polyvinylidene difluoride (PVDF) membranes (GE
Healthcare Bio-Sciences, Piscataway, NJ). Non-specific binding was blocked for 1 hour at
room temperature with 5% nonfat dry milk in TBS containing 0.1% Tween 20 (0.1% TBS-
T). After washing, membranes were incubated overnight at 4°C with primary antibodies
specific to GPBB (mouse anti-human; SC-81751) and HPRT (rabbit anti-human; SC-20975)
(1:200; Santa Cruz Biotechnology, Inc., Santa Cruz, CA). HRP-conjugated anti-mouse 1gG
(7076) and anti-rabbit 19G (7074) (1:1,500; Cell Signaling Technology, Inc., Danvers, MA)
were used as secondary antibodies. Signals were detected using chemiluminescence
(ChemiGlow West Kit; Alpha Innotech Corporation, San Leandro, CA), and the
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densitometric analysis was performed using FluorChem SP densitometry (Alpha Innotech
Corporation).

Immunofluorescence Staining

For double-label immunofluorescence staining, 5-pm-thick frozen sections of the placenta
were used. These were fixed with 4% paraformaldehyde, permeabilized with 0.25% Triton
X-100, and incubated with 5% BSA in PBS for 30 min at room temperature. Tissue sections
were incubated with anti-GPBB (ab61036; 1:25; rabbit polyclonal; Abcam, Cambridge,
MA) and cytokeratin-7 (M7018; 1:1,000; mouse monoclonal, Dako, Carpinteria, CA) in 1%
BSA in PBS for 1 hour. Thereafter, the sections were incubated using Alexa Fluor® 438
donkey anti-rabbit 1gG (A21206) and Alexa Fluor® 594 donkey anti-mouse 1gG (A21203)
as secondary antibodies in 1% BSA for 30 min and mounted in ProLong Gold antifade
reagent with DAPI (Invitrogen, Carlsbad, CA). The stained sections were evaluated with a
Leica TCS SP5 spectral confocal system (Leica Microsystems, Wetzlar, Germany).

Statistical Analysis

Results

Statistical analysis was performed using SPSS version 15.0 (SPSS Inc., Chicago, IL). For
continuous variables, after distributions were determined for normality using Kolmogorov-
Smirnov tests, the Kruskal-Wallis analysis of variance was used with the Mann-Whitney U
test or one-way ANOVA with post-hoc analysis. For categorical variables, proportions were
compared using the Xz test or Fisher’s exact test. For related variables, the Friedman test
and the Wilcoxon signed rank test were performed to examine the change in maternal GPBB
concentrations throughout gestation. Medians and ranges or interquartiles were calculated
for continuous variables and frequencies and percentages were reported for categorical
variables. Analysis of covariance and logistic regression analysis were conducted for
comparison of maternal GPBB concentrations to adjust for maternal age, racial disparity,
parity, baby gender, and gestational age at blood sampling. All Pvalues are 2-sided, and a
value of less than 0.05 is considered statistically significant.

GPBB Plasma Concentration in Pregnancy and Preeclampsia

The analysis of plasma GPBB concentration in this study (Table 1 and Table 2) included
396 women. Table 1 shows the demographics and clinical characteristics of the study groups
of non-pregnant women and pregnant women with normal term delivery. Maternal age,
racial distribution, and parity were different between non-pregnant women and pregnant
women with normal term delivery (P<0.01, for each). Pregnant women with normal term
delivery included (1) 32 cases whose blood samples were drawn serially for the longitudinal
analysis, (2) 65 cases presenting with term in labor, (3) 25 cases presenting with term no
labor, and (4) 29 normal term delivery cases whose blood samples were collected before 37
weeks of gestation as preterm controls for preterm preeclampsia patients. Table 2 illustrates
the demographics and clinical characteristics of the study populations including cases with
preeclampsia or SGA neonates and their gestational age-matched controls both in term and
preterm gestations. There were significant differences in parity, gestational age at blood
sampling, gestational age at delivery, baby gender, the rates of SGA neonates, and Cesarean
delivery among groups both in term and preterm gestations (~<0.05, for each).

The median GPBB plasma concentration was significantly higher in pregnant women with a
normal pregnancy outcome (n=151) than in non-pregnant women (n=33) (median 38.7 ng/
ml, range 2.8-825.4 ng/ml vs. median 9.2 ng/ml, range 1.5-61.8 ng/ml, A<0.001), which
remained significant after adjusting for maternal age, race, and parity (Figure 1). In addition,
an analysis of plasma samples serially obtained during each trimester from 32 women with a
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normal pregnancy outcome, whose blood samples were drawn in the absence of labor,
demonstrated no differences in the maternal plasma GPBB concentration as a function of
advancing gestation (15t trimester: median 26.4 ng/ml, range 8.3-155.0 ng/ml; 2" trimester:
median 39.5 ng/ml, range 6.0-205.5 ng/ml; and 3" trimester: median 27.5 ng/ml, range 6.8—
88.5 ng/ml) (Figure 2).

Figure 3 displays the comparison of maternal plasma GPBB concentration according to the
presence or absence of labor at term because it was shown that labor itself is associated with
intermittent perfusion and oxidative stress of the placenta.l® The comparison was conducted
in patients at term with labor at the time of blood sampling (n=65) and those without labor at
the time of blood sampling (n=57: last drawn samples of cases for the longitudinal analysis
[n=32] and cases of additional term no labor at blood sampling [n=25]) (Table 1). There was
no statistically significant difference in maternal plasma GPBB concentration between
patients with and without labor (median 62.6 ng/ml, range 2.8-825.4 ng/ml vs. median 40.5
ng/ml, range 5.0-163.9 ng/ml, P=0.157).

Maternal plasma GPBB concentration was higher in preterm preeclampsia patients (n=74;
median 72.6 ng/ml, range 1.6-428.8 ng/ml) than in gestational-age-matched pregnant
women with a normal pregnancy outcome (n=33; median 26.0 ng/ml, range 6.8-205.5 ng/
ml) and in patients with preterm SGA neonates and no preeclampsia (n=28; median 15.9 ng/
ml, range 1.7-468.9 ng/ml) (A<0.01, for each), which remained statistically significant after
adjusting for maternal age, gestational age at blood draw, race, baby gender, and parity
(Figure 4A). Preterm SGA gestation without preeclampsia cases did not affect maternal
plasma GPBB concentration. In term pregnant women, there was no difference in the
maternal plasma GPBB concentration among preeclampsia cases (n=72; median 39.2 ng/ml,
range 2.7-311.9 ng/ml), SGA gestation and no preeclampsia cases (n=38; median 67.2 ng/
ml, range 3.3-158.4 ng/ml), and normal cases (n=122; median 45.2 ng/ml, range 2.8-825.4
ng/ml) (Figure 4B). In addition, preterm preeclampsia patients had a significantly higher
median plasma GPBB concentration than term preeclampsia patients (£<0.05).

Subgroup analysis was performed to determine the relationship between maternal plasma
GPBB concentration and the severity of preeclampsia. There were 82% (59/72) of term
preeclampsia patients and 96% (71/74) of preterm preeclampsia patients who had severe
symptoms and signs of preeclampsia based on the criteria of the American College of
Obstetricians and Gynecologists.16 There was no significant difference in the plasma GPBB
concentration according to the severity of preeclampsia both in term preeclampsia cases
(mild preeclampsia: median 21.0 ng/ml, range 6.1-147.9 ng/ml vs. severe preeclampsia:
median 39.5 ng/ml, range 2.7-311.9 ng/ml, £=0.959) and preterm preeclampsia cases (mild
preeclampsia: median 37.1 ng/ml, range 18.1-72.4 ng/ml vs. severe preeclampsia: median
72.8 ng/ml, range 1.6-428.8 ng/ml, £=0.331). However, severe preeclampsia cases at
preterm had a higher median plasma GPBB concentration than severe preeclampsia cases at
term (P<0.05). When subgroup analysis in the context of preeclampsia was conducted to
determine whether there is an additional effect of SGA birth on maternal plasma GPBB
concentration, preterm preeclampsia patients who delivered SGA neonates (n=37; median
63.0 ng/ml, range 1.6-263.7 ng/ml) and those who delivered AGA neonates (n=37; median
72.8 ng/ml, range 2.4-428.8 ng/ml) had higher median maternal plasma GPBB
concentrations than gestational-age-matched pregnant women with a normal preghancy
outcome (n=33; median 26.0 ng/ml, range 6.8-205.5 ng/ml) (A<0.05, for each). However,
there was no difference in maternal plasma GPBB concentration between SGA neonates and
AGA neonates of preterm preeclampsia patients. There were also no differences in maternal
plasma GPBB concentration among term preeclampsia patients who delivered SGA
neonates (n=32; median 36.1 ng/ml, range 2.7-308.0 ng/ml) and AGA neonates (n=40;
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median 45.0 ng/ml, range 3.2-311.9 ng/ml) and gestational-age-matched pregnant women
with a normal pregnancy outcome (n=122; median 45.2 ng/ml, range 3.2-311.9 ng/ml).

Placental Expression of GPBB

The significant increase of GPBB concentration in normal pregnant women and particularly
in women with preterm preeclampsia, which is characterized by uteroplacental hypoxia, led
us to examine (1) whether GPBB is expressed in the placenta, and (2) whether there is a
difference in GPBB expression in the placenta according to the presence or absence of
preeclampsia and gestational age at delivery. When we conducted immunoblotting using the
placental protein lysates of 45 cases (Table S1, please see http://hyper.ahajournal.org),
GPBB was readily detected in the villous placenta of all cases (Figure 5A). Densitometric
analysis of immunoblotting data showed a significant decrease in the expression of GPBB in
preterm preeclampsia cases [n=9; median GPBB/HPRT ratio, 0.59 (range, 0.06-1.00)] than
in cases of preterm labor and delivery [n=9; median GPBB/HPRT ratio, 1.18 (range, 0.61—
2.64)] (P<0.01), while there was no difference in placental GPBB expression between term
preeclampsia cases [n=9; median GPBB/HPRT ratio, 1.10 (range, 0.62-1.54)] and normal
term delivery cases [n=18; median GPBB/HPRT ratio, 1.05 (range, 0.53-4.01)] (Figure 5B).
Accordingly, placental GPBB in preterm preeclampsia cases was less abundant than in term
preeclampsia cases (A<0.01). Labor itself did not change the GPBB expression in the
placentas of cases delivered at term, which was similar to the result in maternal plasma
GPBB concentration (Figure 5B). Immunofluorescence staining further demonstrated
distinct GPBB immunoreactivity in the syncytiotrophoblast and cytotrophoblast (Figure 5C).

Discussion

This study reports for the first time profiles of plasma GPBB concentration in normal
pregnancy and in pregnancy complicated with preeclampsia. The primary novel findings of
this study are: (1) there is a physiologic increase in plasma GPBB concentration during
pregnancy; (2) preterm but not term preeclampsia is characterized by a further increase in
plasma GPBB concentration; (3) GPBB is readily detected in the placenta and its abundance
is decreased in preterm preeclampsia cases; (4) SGA gestation does not affect plasma GPBB
concentration; and (5) there was no difference in maternal plasma GPBB concentration
between women with and without labor at term.

Normal tissues abundant in GPBB are the brain and the myocardium, and the placenta
turned out to be an additional source of the enzyme. While pregnancy is clearly a
physiological state, the median plasma GPBB concentration in normal pregnant women is
almost three times higher than the cut-off value (10 ng/ml) used for the diagnosis of acute
coronary syndromes in non-pregnant patients.>6 Pregnancy remarkably alters cardiovascular
functions with increased cardiac output, but electrocardiographic changes are restricted to
only left-axis deviation, and there is no evidence that pregnancy increases the risk of
ischemic myocardial damage.” Pregnancy can also change cerebrovascular blood flow, such
as the decrease in the mean blood flow of the middle and the posterior cerebral arteries, but
does not affect cerebrovascular autoregulation;29 and the blood-brain-barrier (BBB) remains
intact in healthy pregnant women.2! Therefore, it is less likely that the increase in the
plasma GPBB concentration during normal pregnancy is solely attributed to the GPBB
release from the heart or the brain. Instead, additional GPBB release from the placenta
would be a reasonable expectation.

Preeclampsia is a pregnancy-specific syndrome characterized by hypertension and
proteinuria, and it occurs in 5-8% of all pregnancies worldwide.22:23 Uteroplacental
hypoxiall-12 and anti-angiogenic conditions in maternal and fetal compartments24-27 are
reported as key steps for the occurrence of preeclampsia. It has been proposed that

Hypertension. Author manuscript; available in PMC 2013 February 01.


http://hyper.ahajournal.org

1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Leeetal.

Page 7

preeclampsia is a two-stage disorder: stage 1 (placental preeclampsia): abnormal
placentation leading to placental hypoxia, and stage 2 (maternal preeclampsia): maternal
symptoms of preeclampsia originating from placenta-derived circulating factors such as
soluble fms-like tyrosine kinase 1 (sFlt-1) and soluble endoglin (sEng).28:2% Higher maternal
plasma GPBB concentration and lower placental GPBB expression in preterm preeclampsia
patients in the current study are very likely to be associated with uteroplacental hypoxia
leading to the conversion of GPBB into soluble form and to the release of placental GPBB
into the bloodstream. However, in contrast to normal pregnancy, increased GPBB released
from the heart and the brain would also be possible in patients with preeclampsia.
Hypertensive disorders in pregnancy are associated with the aberrations of cardiovascular
functions such as hyperdynamic ventricular function and low intravascular blood
volume.39:31 Moreover, Ladner et al have reported that essential hypertension and
preeclampsia are associated with the development of acute myocardial infarction during
pregnancy.32 Melchiorre et al also have reported that about 20% of patients with
preeclampsia at term show evident myocardial damage.32 In addition, increased BBB
permeability and brain edema are found in both preeclampsia and eclampsia patients.21:34
However, no patient of the current study was diagnosed with acute myocardial infarction or
brain damage during the index pregnancy.

Studies about preeclampsia have shown that there are significant differences in the
pathogenesis, blood biomarker profiles, and clinical presentations according to the
gestational age at disease onset.26:35-39 Preeclampsia developing before 37 weeks of
gestation (preterm preeclampsia) is a more severe and complicated maternal phenotype of
preeclampsia than that developing at term (term preeclampsia) in general.3® The risk of the
recurrence in later pregnancies,3® the long-term risk of mortality from the following
cardiovascular causes,30 the proportion of SGA neonates,3”:38 and the concentrations of
maternal serum liver enzymes3? are higher in preterm preeclampsia patients than in term
preeclampsia patients. Huppertz recently proposed that these features largely comprise the
phenotype of early-onset but not late-onset preeclampsia.*® Our observation of a significant
increase in maternal plasma GPBB concentration in preterm preeclampsia, but not in term
preeclampsia, further supports the opinion that preeclampsia can be subclassified according
to the gestational age at disease onset.*!

Pregnancies presenting SGA neonates and preeclampsia have been reported to share
common features of shallow placentation and uteroplacental insufficiency.*2 However,
maternal manifestation of these conditions differs from each other, and some investigators
have proposed that they are biologically different disease entities.#3 In the present study, an
additional effect of SGA birth on maternal GPBB concentration in preeclampsia cases was
not found, which suggests that the increased maternal GPBB concentration is mainly related
to preeclampsia. This finding was consistent with that from the analysis of GPBB
concentration according to SGA births among normotensive pregnant women. Although an
SGA gestation is one of the indicators for severity of preeclampsia, 16 and commonly
associated with preeclampsia,3844 an SGA gestation alone was less likely to affect maternal
GPBB concentration.

Previous studies of placental metabolism in preeclampsia have shown abnormalities in
glycogen metabolism.#>-49 Bloxam et al demonstrated impaired glycolysis in the placentas
of women with preeclampsia by showing decreased concentrations of pyruvate and lactate
but not glycogen and glucose.*® Arkwright et al also have shown that glycogen content is
increased in the syncytiotrophoblast of preeclampsia cases, which was accompanied by 16-
fold and 3-fold increases of glycogen synthase content and glycogen phosphorylase
activity.#” Increased placental glycogen phosphorylase activity in preeclampsia cases is
quite consistent with our observation that release of GPBB is increased in pregnant women
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with preeclampsia, which would lead to a higher plasma concentration of GPBB and less
abundance in placental GPBB.

There are limitations in our study. As postpartum blood samples were unavailable, maternal
GPBB concentration during the postpartum period could not be examined. The change in
GPBB concentration after delivery would be a key piece of data in support of our hypothesis
that increased GPBB concentration during pregnancy originates from placental tissue.
Another limitation is that the blood samples and placental samples were not obtained from
the same pregnant women and the analysis using the blood and placental samples from the
same pregnant women would have been more relevant for the determination of placental
origin of peripheral blood GPBB, although it was not feasible for us. In this study, there
were differences of racial distribution and parity for each of the analyses such as (1) non-
pregnant women vs. pregnant women with a normal pregnancy, (2) preeclampsia vs. SGA
gestation vs. controls in preterm gestation, and (3) preeclampsia vs. SGA gestation vs.
controls in term gestation. Although the differences in plasma GPBB concentration
remained significant after adjusting for these confounding factors, future studies designed on
a large scale are needed to address this issue.

Acknowledgments

The authors are grateful to the patients who agreed to participate in our study, and to the nurses, laboratory staff,
and clinicians who made this work possible.

Sour ce of Funding
This work was supported by the Perinatology Research Branch, Division of Intramural Research, Eunice Kennedy

Shriver National Institute of Child Health and Human Development, National Institutes of Health, U.S. Department
of Health and Human Services.

References

1. Newgard CB, Hwang PK, Fletterick RJ. The family of glycogen phosphorylases: structure and
function. Crit Rev Biochem Mol Biol. 1989; 24:69-99. [PubMed: 2667896]

2. Kato K, Shimizu A, Kurobe N, Takashi M, Koshikawa T. Human brain-type glycogen
phosphorylase: quantitative localization in human tissues determined with an immunoassay system.
J Neurochem. 1989; 52:1425-1432. [PubMed: 2651563]

3. Krause EG, Rabitzsch G, Noll F, Mair J, Puschendorf B. Glycogen phosphorylase isoenzyme BB in
diagnosis of myocardial ischaemic injury and infarction. Mol Cell Biochem. 1996; 160-161:289—
295.

4. Apple FS, Wu AH, Mair J, Ravkilde J, Panteghini M, Tate J, Pagani F, Christenson RH, Mockel M,
Danne O, Jaffe AS. Future biomarkers for detection of ischemia and risk stratification in acute
coronary syndrome. Clin Chem. 2005; 51:810-824. [PubMed: 15774573]

5. Peetz D, Post F, Schinzel H, Schweigert R, Schollmayer C, Steinbach K, Dati F, Noll F, Lackner
KJ. Glycogen phosphorylase BB in acute coronary syndromes. Clin Chem Lab Med. 2005;
43:1351-1358. [PubMed: 16309372]

6. Rabitzsch G, Mair J, Lechleitner P, Noll F, Hofmann U, Krause EG, Dienstl F, Puschendorf B.
Immunoenzymometric assay of human glycogen phosphorylase isoenzyme BB in diagnosis of
ischemic myocardial injury. Clin Chem. 1995; 41:966-978. [PubMed: 7600699]

7. Gary Cunningham, F.; Leveno, Kenneth J.; Bloom, Steven L.; Hauth, John C.; Rouse, Dwight J.;
Spong, Catherine Y., editors. Williams Obstetrics. New York, NY, USA: McGraw-Hill Companies,
Inc; 2010. Maternal Physiology; p. 111-114.

8. Genbacev O, Zhou Y, Ludlow JW, Fisher SJ. Regulation of human placental development by
oxygen tension. Science. 1997; 277:1669-1672. [PubMed: 9287221]

Hypertension. Author manuscript; available in PMC 2013 February 01.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Leeetal.

Page 9

9. Burton GJ, Jauniaux E, Watson AL. Maternal arterial connections to the placental intervillous space
during the first trimester of human pregnancy: the Boyd collection revisited. Am J Obstet Gynecol.
1999; 181:718-724. [PubMed: 10486489]

10. Huppertz B, Peeters LL. Vascular biology in implantation and placentation. Angiogenesis. 2005;
8:157-167. [PubMed: 16211358]

11. Gilbert JS, Ryan MJ, LaMarca BB, Sedeek M, Murphy SR, Granger JP. Pathophysiology of
hypertension during preeclampsia: linking placental ischemia with endothelial dysfunction. Am J
Physiol Heart Circ Physiol. 2008; 294:H541-H550. [PubMed: 18055511]

12. Kanasaki K, Kalluri R. The biology of preeclampsia. Kidney Int. 2009; 76:831-837. [PubMed:
19657323]

13. LaMarca B, Wallace K, Herse F, Wallukat G, Martin JN Jr, Weimer A, Dechend R. Hypertension
in response to placental ischemia during pregnancy: role of B lymphocytes. Hypertension. 2011;
57:865-871. [PubMed: 21357287]

14. Gagnon R. Placental insufficiency and its consequences. Eur J Obstet Gynecol Reprod Biol. 2003;
110 (Suppl 1):5S99-107. [PubMed: 12965097]

15. Lin YS, Tang CH, Yang CY, Wu LS, Hung ST, Hwa HL, Chu PH. Effect of pre-eclampsia-
eclampsia on major cardiovascular events among peripartum women in Taiwan. Am J Cardiol.
2011; 107:325-330. [PubMed: 21211611]

16. ACOG practice bulletin. Diagnosis and management of preeclampsia and eclampsia. Number 33,
January 2002. American College of Obstetricians and Gynecologists. Int J Gynaecol Obstet. 2002;
77:67-75. [PubMed: 12094777]

17. Alexander GR, Himes JH, Kaufman RB, Mor J, Kogan M. A United States national reference for
fetal growth. Obstet Gynecol. 1996; 87:163-168. [PubMed: 8559516]

18. Hadlock FP, Harrist RB, Martinez-Poyer J. In utero analysis of fetal growth: a sonographic weight
standard. Radiology. 1991; 181:129-133. [PubMed: 1887021]

19. Cindrova-Davies T, Yung HW, Johns J, Spasic-Boskovic O, Korolchuk S, Jauniaux E, Burton GJ,
Charnock-Jones DS. Oxidative stress, gene expression, and protein changes induced in the human
placenta during labor. Am J Pathol. 2007; 171:1168-1179. [PubMed: 17823277]

20. Zeeman GG, Hatab M, Twickler DM. Maternal cerebral blood flow changes in pregnancy. Am J
Obstet Gynecol. 2003; 189:968-972. [PubMed: 14586336]

21. Cipolla MJ. Cerebrovascular function in pregnancy and eclampsia. Hypertension. 2007; 50:14-24.
[PubMed: 17548723]

22. Roberts JM, Pearson G, Cutler J, Lindheimer M. Summary of the NHLBI Working Group on
Research on Hypertension During Pregnancy. Hypertension. 2003; 41:437-445. [PubMed:
12623940]

23. Martin JA, Hamilton BE, Sutton PD, Ventura SJ, Menacker F, Kirmeyer S. Births: final data for
2004. Natl Vital Stat Rep. 2006; 55:1-101.

24. Levine RJ, Lam C, Qian C, Yu KF, Maynard SE, Sachs BP, Sibai BM, Epstein FH, Romero R,
Thadhani R, Karumanchi SA. Soluble endoglin and other circulating antiangiogenic factors in
preeclampsia. N Engl J Med. 2006; 355:992-1005. [PubMed: 16957146]

25. Erez O, Romero R, Espinoza J, Fu W, Todem D, Kusanovic JP, Gotsch F, Edwin S, Nien JK,
Chaiworapongsa T, Mittal P, Mazaki-Tovi S, Than NG, Gomez R, Hassan SS. The change in
concentrations of angiogenic and anti-angiogenic factors in maternal plasma between the first and
second trimesters in risk assessment for the subsequent development of preeclampsia and small-
for-gestational age. J Matern Fetal Neonatal Med. 2008; 21:279-287. [PubMed: 18446652]

26. Kusanovic JP, Romero R, Chaiworapongsa T, Erez O, Mittal P, Vaisbuch E, Mazaki-Tovi S,
Gotsch F, Edwin SS, Gomez R, Yeo L, Conde-Agudelo A, Hassan SS. A prospective cohort study
of the value of maternal plasma concentrations of angiogenic and anti-angiogenic factors in early
pregnancy and midtrimester in the identification of patients destined to develop preeclampsia. J
Matern Fetal Neonatal Med. 2009; 22:1021-1038. [PubMed: 19900040]

27. Dechend R, Luft FC. Angiogenesis factors and preeclampsia. Nat Med. 2008; 14:1187-1188.
[PubMed: 18989301]

28. Ness RB, Roberts JM. Heterogeneous causes constituting the single syndrome of preeclampsia: a
hypothesis and its implications. Am J Obstet Gynecol. 1996; 175:1365-1370. [PubMed: 8942516]

Hypertension. Author manuscript; available in PMC 2013 February 01.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Leeetal.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Page 10

Redman CW, Sargent IL. Placental stress and pre-eclampsia: a revised view. Placenta. 2009; 30
(Suppl A):S38-S42. [PubMed: 19138798]

Hankins GD, Wendel GD Jr, Cunningham FG, Leveno KJ. Longitudinal evaluation of
hemodynamic changes in eclampsia. Am J Obstet Gynecol. 1984; 150:506-512. [PubMed:
6496581]

Zeeman GG, Cunningham FG, Pritchard JA. The magnitude of hemoconcentration with eclampsia.
Hypertens Pregnancy. 2009; 28:127-137. [PubMed: 19437224]

Ladner HE, Danielsen B, Gilbert WM. Acute myocardial infarction in pregnancy and the
puerperium: a population-based study. Obstet Gynecol. 2005; 105:480-484. [PubMed: 15738011]

Melchiorre K, Sutherland GR, Baltabaeva A, Liberati M, Thilaganathan B. Maternal cardiac
dysfunction and remodeling in women with preeclampsia at term. Hypertension. 2011; 57:85-93.
[PubMed: 21098311]

Gary Cunningham, F.; Leveno, Kenneth J.; Bloom, Steven L.; Hauth, John C.; Rouse, Dwight J.;
Spong, Catherine Y., editors. Williams Obstetrics. New York, NY, USA: McGraw-Hill
Companies, Inc; 2010. Pregnancy Hypertension; p. 721-724.

Sibai BM, Mercer B, Sarinoglu C. Severe preeclampsia in the second trimester: recurrence risk and
long-term prognosis. Am J Obstet Gynecol. 1991; 165:1408-1412. [PubMed: 1957870]

Irgens HU, Reisaeter L, Irgens LM, Lie RT. Long term mortality of mothers and fathers after pre-
eclampsia: population based cohort study. BMJ. 2001; 323:1213-1217. [PubMed: 11719411]

Xiong X, Demianczuk NN, Saunders LD, Wang FL, Fraser WD. Impact of preeclampsia and
gestational hypertension on birth weight by gestational age. Am J Epidemiol. 2002; 155:203-209.
[PubMed: 11821244]

Groom KM, North RA, Poppe KK, Sadler L, McCowan LM. The association between customised
small for gestational age infants and pre-eclampsia or gestational hypertension varies with
gestation at delivery. BJOG. 2007; 114:478-484. [PubMed: 17378821]

Phillips JK, Janowiak M, Badger GJ, Bernstein IM. Evidence for distinct preterm and term
phenotypes of preeclampsia. J Matern Fetal Neonatal Med. 2010; 23:622-626. [PubMed:
20482241]

Huppertz B. Placental origins of preeclampsia: challenging the current hypothesis. Hypertension.
2008; 51:970-975. [PubMed: 18259009]

von DP, Magee LA, Roberts JM. Subclassification of preeclampsia. Hypertens Pregnancy. 2003;
22:143-148. [PubMed: 12908998]

Ness RB, Sibai BM. Shared and disparate components of the pathophysiologies of fetal growth
restriction and preeclampsia. Am J Obstet Gynecol. 2006; 195:40-49. [PubMed: 16813742]
Villar J, Carroli G, Wojdyla D, Abalos E, Giordano D, Ba’ageel H, Farnot U, Bergsjo P, Bakketeig
L, Lumbiganon P, Campodonico L, Al-Mazrou Y, Lindheimer M, Kramer M. Preeclampsia,
gestational hypertension and intrauterine growth restriction, related or independent conditions?
Am J Obstet Gynecol. 2006; 194:921-931. [PubMed: 16580277]

Xiao R, Sorensen TK, Williams MA, Luthy DA. Influence of pre-eclampsia on fetal growth. J
Matern Fetal Neonatal Med. 2003; 13:157-162. [PubMed: 12820837]

Robb SA, Hytten FE. Placental glycogen. Br J Obstet Gynaecol. 1976; 83:43-53. [PubMed:
943172]

Bloxam DL, Bullen BE, Walters BN, Lao TT. Placental glycolysis and energy metabolism in
preeclampsia. Am J Obstet Gynecol. 1987; 157:97-101. [PubMed: 3605274]

Arkwright PD, Rademacher TW, Dwek RA, Redman CW. Pre-eclampsia is associated with an
increase in trophoblast glycogen content and glycogen synthase activity, similar to that found in
hydatidiform moles. J Clin Invest. 1993; 91:2744-2753. [PubMed: 8514882]

Leonce J, Brockton N, Robinson S, Venkatesan S, Bannister P, Raman V, Murphy K, Parker K,
Pavitt D, Teoh TG, Regan L, Burchell A, Steer P, Johnston DG. Glucose production in the human
placenta. Placenta. 2006; 27 (Suppl A):S103-S108. [PubMed: 16618444]

Shenoy V, Kanasaki K, Kalluri R. Pre-eclampsia: connecting angiogenic and metabolic pathways.
Trends Endocrinol Metab. 2010; 21:529-536. [PubMed: 20646932]

Hypertension. Author manuscript; available in PMC 2013 February 01.



Leeetal. Page 11

Hypertension. Author manuscript; available in PMC 2013 February 01.



1X31-)lew1a1ems 1X31-){Jewiaremsg

1Xa1-)lewarems

Leeetal. Page 12

80- P<0.001

@
e

Plasma GPBB Concentration (ng/ml)
N
8 8

Non-pregnant Pregnant
women women

Figure 1.

Plasma GPBB concentration in pregnant women. Median GPBB plasma concentration was
higher in pregnant women with a normal pregnancy outcome (n=151) than in non-pregnant
women (n=33) (A<0.001). Plasma GPBB concentrations were shown as median and
interquartile ranges.
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Figure2.
Maternal plasma GPBB concentration as a function of gestational age. There was no
difference in the maternal plasma GPBB concentration as a function of advancing gestation.
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Figure 3.

Comparison of maternal plasma GPBB concentration according to the presence or absence
of labor. Maternal plasma GPBB concentration tended to be higher in patients in labor at
term (n=65) than in those not in labor at term (n=57), but the difference was not statistically
significant (P=0.157). Maternal plasma GPBB concentrations were shown as median and
interquartile ranges.

TNL: term not in labor, TIL: term in labor
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Figure 4.
Comparison of maternal plasma GPBB concentration according to preeclampsia and small-

for-gestational-age (SGA) neonates in preterm and term gestations. A, Maternal plasma
GPBB concentration was higher in preterm preeclampsia patients (n=74) than in gestational-
age-matched pregnant women with a normal pregnancy outcome (n=33) (£=0.001), while
there was no difference between patients with preterm SGA neonates and no preeclampsia
(n=28) and preterm controls. B, There was no difference in the maternal plasma GPBB
concentration among normal term cases (n=122), term preeclampsia cases (n=72), and
patients with term SGA neonates and no preeclampsia (n=38). Maternal plasma GPBB
concentrations were shown as median and interquartile ranges.

SGA, small-for-gestational-age
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Figure5.

Placental expression of GPBB. A, GPBB was readily detected in the villous placenta of all
cases with immunoblotting. B, Placental GPBB was less abundant in preterm preeclampsia
cases (n=9) than in preterm labor and delivery cases (n=9), in term preeclampsia cases
(n=9), and in normal term delivery cases (n=18) (/<0.01, for each) as shown by
densitometric analysis. C, Distinct GPBB immunoreactivity in the syncytiotrophoblast and
villous cytotrophoblasts of a representative case of normal term delivery at 40 weeks. GPBB
expression is observed in the syncytiotrophoblast and villous cytotrophoblasts.

TNL: term not in labor, TIL: term in labor, PE: preeclampsia, PTL: preterm labor.
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