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Abstract
Maternal treatment with corticosteroids reduces blood-brain barrier permeability in premature ovine
fetuses and the incidence of intraventricular hemorrhage in premature infants. We tested the
hypothesis that maternally administered corticosteroids increase the expression of tight junction (TJ)
proteins in the cerebral cortex of ovine fetuses with and without exposure to in-utero brain ischemia.
Fetuses at 80% of gestation were studied 18 h after the last of four 4−6 mg dexamethasone or placebo
injections were given over 48 h to ewes. Groups were placebo/control, dexamethasone/control,
placebo/ischemic, and dexamethasone/ischemic. Ischemia consisted of 30 min of fetal carotid artery
occlusion and 72 h of reperfusion. Cerebral cortex was snap frozen. Western immunoblot was used
to measure the protein expression of occludin, claudin-1, claudin-5, zonula occludens (ZO)-1, and
ZO-2, and a TJ accessory protein annexin II. Occludin and annexin II protein expression were 48%
and 58% higher (P<0.05) in the dexamethasone/ischemic than placebo/control group, respectively.
Claudin-5 protein expression was 69% and 73% higher (P<0.05) in the placebo/ischemic and
dexamethasone/ischemic than placebo/control group. Claudin-1 expression did not differ among
groups. ZO-1 protein expression was 25%, 40%, and 55% lower in the dexamethasone/control,
placebo/ischemic and dexamethasone/ischemic than placebo/control group, respectively. ZO-2
expression was 45% and 70% lower (P<0.01) in the placebo/ischemic and dexamethasone/ischemic
than placebo/control group. We conclude that maternal corticosteroid treatment differentially
regulates the expression of component proteins of TJs in the cerebral cortex of fetuses exposed to
brain ischemia. The functional significance of this differential regulation warrants further
investigation.

1. Introduction
The blood-brain barrier (BBB) is composed of a continuous layer of cerebrovascular
endothelial cells connected by tight intercellular junctions [4]. TJs are the main structures
responsible for the properties of the BBB [21]. They are composed of transmembrane proteins
such as occludin, claudins, and junctional associated proteins that seal the inter-endothelial
space between adjacent endothelial cells [21]. Cytoplasmic proteins such as ZO-1 and ZO-2
are associated with TJs, located at the cytoplasmic surface of endothelial cells and connect TJs
to actin and other cytoskeletal proteins [21].
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Transmembrane proteins are synthesized in the cytoplasm, incorporated into the lipid bilayer
of vesicles that then fuse with cell membranes, and traffic these proteins into the membranes
[21 5]. Annexins and other accessory proteins enhance the fusion of the lipid bilayer in the cell
[27].

Corticosteroids can suppress inflammatory processes and induce maturational effects in
different tissues. Maternally administered corticosteroids are used routinely to manage women
with premature labor. This treatment enhances fetal lung maturation, and reduces the incidence
of intraventricular hemorrhage in premature infants [32]. Antenatal corticosteroids also may
accelerate microvascular maturation, because we have shown that maternal corticosteroid
administration decreases BBB permeability in preterm ovine fetuses [38-40].

In vitro corticosteroids decrease endothelial cell monolayer permeability and increase
transendothelial resistance [22], decrease paracellular permeability and increase TJ protein
expression in Schlemm's canal endothelial cells [42], and increase ZO-1 and occludin
expression in cerebral endothelial cells [15,36]. Nonetheless, information regarding the in vivo
regulation of the constituents of TJs by corticosteroids particularly in fetal subjects is sparse.

Ischemia-reperfusion injury remains a major cause of perinatal brain damage [44]. The
constituents of the BBB TJs may help to modulate the homeostasis of the central nervous
system in response to injury [21]. Hypoxic-reoxygenation and ischemic-reperfusion injury can
alter the permeability and structure of the BBB [16,30,45]. Post-ischemic inflammatory
cascades and counteracting repair processes can result in further modification of the BBB [8].
The integrity and potency of TJ proteins in sealing the space between endothelial cells may
modulate the response to these pathologic conditions [43].

The effects of antenatal corticosteroids on the response of the fetal BBB to brain ischemia-
reperfusion injury have not been examined in-utero. The objective of this study is to test the
hypothesis that maternally administered corticosteroids increase the expression of tight
junction proteins in the cerebral cortex of premature ovine fetuses with and without exposure
to in-utero brain ischemia.

2. Results
The current study presents the results of Western immunoblot analyses of TJ protein expression
in the ovine fetal cerebral cortex with and without maternal treatment with corticosteroids, and
with and without exposure to in-utero brain ischemia. The frozen cerebral cortical samples for
the current immunoblot analyses were performed on samples obtained from fetal sheep used
for other purposes in our previous published reports [10,39]. The physiological and hormonal
values of the fetuses, and the pathological evaluations of the brains of the fetuses in the current
study have been reported [10,39] and will be briefly summarized here. The baseline physiologic
variables including the pH, blood gases, hematocrit, heart rate, mean arterial blood pressure
values and cortisol concentrations were similar between the placebo/control and
dexamethasone/control groups [39]. The baseline physiologic variables also were similar
between the fetuses in the placebo/ischemic and dexamethasone/ischemic groups [10]. After
ischemia, the physiologic variables remained similar to the baseline values with an exception
of minor decreases in the heart rate and increases in plasma cortisol concentrations in the
dexamethasone/ischemic group [10]. During ischemia, the number of fetuses with isoelectric
EcoG's was similar between the placebo/ischemic and dexamethasone/ischemic groups and
carotid blood flow immediately approached zero in the both groups of fetuses and remained
in this range during ischemia [10].
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As we previously reported, two pathologists who were not aware of the treatment groups
[10] scored the coronal brain sections for white matter and cerebral cortical lesions. The most
severely damaged area of white matter and cerebral cortex from each section then was selected
and separately scored with a grading system (0−5): 0=0%, 1=1−10%, 2=11−50%, 3=51−90%,
4=91−99%, 5=100% of the damaged area. This scoring system was identical to the scoring
system that we used in an earlier study [33]. The pathological evaluation of the brains of the
fetuses in the placebo/ischemic and dexamethasone/ischemic groups showed that white matter
(WM) and cerebral cortical scores did not differ between the groups (WM: 3.0±1.9 and 2.9
±1.7; cortex: 3.1±1.7 and 2.6±1.8, mean±S.D.) [10]. The weight of the brains in the
dexamethasone/ischemic (39.6±7.0 g) did not differ from those of the placebo/ischemic group
(43.3±9.6 g). Brain weights were not available from the fetuses in the placebo/control
dexamethasone/control groups.

Occludin protein expression was significantly higher in fetuses of the dexamethasone/ischemic
than those of the placebo/control group (Figure 1). There were no statistically significant
differences in occludin protein expression between the fetuses in the placebo/control and
dexamethasone/control or the placebo/control and the placebo/ischemic groups. Claudin-1
protein expression did not differ significantly among the groups (Figure 2). Claudin-5
expression was significantly higher in the fetuses of the placebo/ischemic and dexamethasone/
ischemic groups than those in the placebo/control group (Figure 3). There were no significant
differences in claudin-5 protein expression between the placebo/control and dexamethasone/
control or the placebo/ischemic and dexamethasone/ischemic groups.

ZO-1 is expressed as two isoforms as a result of alternative RNA splicing differing in the
presence of an 80-amino acid region referred to as &quot;motif-a&quot;: the 235 kDa upper
band corresponds to the ZO-1α+ isoform, and the 225 kDa lower band corresponds to the
ZO-1α- isoform. The expression patterns are dynamic and cell specific during development
[24,26]. The upper protein band of the ZO-1 expression was significantly lower in the fetuses
of the dexamethasone/control, placebo/ischemic and dexamethasone/ischemic groups than in
those of the placebo/control group, and in the fetuses of the dexamethasone/ischemic than those
of the placebo/ischemic group (Figure 4). The lower protein band of the ZO-1 expression was
significantly lower in the fetuses of the placebo/ischemic and dexamethasone/ischemic groups
than in those of the placebo/control group, and in the fetuses of the dexamethasone/ischemic
than in those of the placebo/ischemic group. ZO-2 protein expression was significantly lower
in the fetuses of the placebo/ischemic and dexamethasone/ischemic groups than in those of the
placebo/control group, and in the fetuses of the dexamethasone/ischemic than in those of the
placebo/ischemic group (Figure 5).

Annexin-II protein expression was significantly higher in fetuses of the dexamethasone/
ischemic than those of the placebo/control group (Figure 6). There were no statistically
significant differences in annexin-II protein expression between the fetuses in the placebo/
control and dexamethasone/control or the placebo/control and the placebo/ischemic groups.

3. Discussion
Maternally administered corticosteroids have been shown to reduce the incidence of
intraventricular hemorrhage in premature infants [29] and to decrease the permeability of the
BBB in premature ovine fetuses [39,40]. Corticosteroids have been reported to increase TJ
protein expression in Schlemm's canal endothelial cells in-vitro [42], and to increase ZO-1 and
occludin expression in cerebral endothelial cells in-vitro [15,36]. Although the molecular
structure of the TJ complexes has been elucidated, there is very little information regarding
pharmacological regulation of these complexes and/or ischemia related alterations in their
molecular composition particularly in vivo and in fetal subjects [1]. Potential changes in the
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composition of TJ proteins in cerebral vascular endothelial cells could represent one of the
mechanism(s) by which maternally administered antenatal corticosteroids result in the
decreases in BBB permeability in the fetus [39,40] and reduce the incidence of intraventricular
hemorrhage in premature infants [29]. The purpose of the present study was to determine the
effects of maternal corticosteroid administration on the molecular composition of the tight
junctional complexes in the cerebral cortex of ovine fetuses with and without exposure to in-
utero brain ischemia.

The major findings of our study were that: (1) maternal dexamethasone treatment resulted in
decreases in fetal cerebral cortical ZO-1 expression, but not in changes in oocludin, claudin-1,
claudin-5, ZO-2 or annexin-II expression; (2) ischemia and reperfusion for 72 hours resulted
in increases in claudin 5, decreases in ZO-1 and decreases in ZO-2 protein expression; and (3)
ischemia-reperfusion after maternal dexamethasone treatment resulted in increases in occludin
and annexin-II protein expression, increases in claudin-5 expression that were similar to those
observed after ischemia without maternal dexamethasone, and decreases in ZO-1 and ZO-2
protein expression, which were greater than those observed after ischemia-reperfusion without
maternal dexamethasone treatment. Taken together our findings can be interpreted to suggest
that maternal corticosteroid administration modifies the response of the tight junctional
complex to the ischemia-reperfusion cascade, and differentially regulates the composition of
proteins expressed in vivo in the cerebral cortex of fetal sheep with and without exposure to
brain ischemia and reperfusion.

Carotid artery occlusion with reperfusion was used to induce comparable amounts of injury to
the fetal cerebral cortex in the groups exposed to ischemia [17]. We achieved near complete
cessation of cerebral blood flow for 30 minutes documented by carotid blood flow measured
with flow probes placed around the carotid arteries, and also documented simultaneous
isoelectric electrocorticograms in the ischemic fetuses [10]. These conditions resulted in
reproducible amounts of brain damage in the fetus [10,17,33]. In the current study, we measured
the protein composition of the TJ complexes by Western immunoblot analysis of equal amounts
protein extracted from comparable cerebral cortical regions and referenced the experimental
samples to the same internal control standard. Although we identified significant differences
in the protein composition of the TJ complexes between the placebo/ischemic and
dexamethasone/ischemic groups in the current report, we did not observe differences in the
amount of ischemic brain damage between these groups on histopathological analysis in our
former report [10].

Previous work has shown that hypoxia and ischemia result in alterations in BBB permeability,
and in the expression, phosphorylation, and localization of various TJ proteins at the BBB
[5,34,45]. Mechanisms underlying these changes potentially include: increases in oxygen free
radicals, hypoxia-inducible factor, vascular endothelial growth factor, nitric oxide, and
activation of phosphokinases, nuclear factor kappa B, adenylate cyclase and intracellular
calcium pathways, as well as direct effects of oxygen and metabolite deprivation, cessation of
shear blood flow with resultant invasion of the neurovascular unit by static leukocytes, and the
induction of local inflammatory cascades [6,9,12-14,46]. We cannot discern which of these
factors could have contributed to the changes in the composition of the TJ proteins that we
observed, because we did not measure them in our in vivo fetal sheep studies. However,
investigation into mechanism(s), which could have mediated the changes in the TJ protein
expression in our study, and the potential mechanism(s) by which dexamethasone potentially
modulates such changes, would be of great interest and warrants further investigation.

A number of in vivo BBB permeability studies after ischemia-reperfusion in adult and newborn
subjects reported biphasic temporal patterns of barrier reopening during reperfusion [2,8,16,
18,20,25,28,30]. An initial early phase occurs during the first few hours, which includes
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vasogenic cerebral edema and disruption of the BBB resulting in increases permeability to
solutes and markers such as Evans Blue. Potential mechanisms include reactive tissue
hyperperfusion after ischemia, induction of inflammatory cascades, activation of matrix
metalloproteases, and digestion of the BBB extracellular matrix with weakening of the BBB,
alterations in transport mechanisms across the BBB such as transcytosis, transporter
recruitment, and acute changes in the phosphorylation state and localization of tight junctional
proteins. During a second phase, BBB permeability decreases over the next 24−48 hours toward
the baseline values. Next in a late third phase, the BBB reopens with a second peak of increased
permeability. The mechanisms that underlie this phase may include ongoing activation of
inflammatory cascades and secretion of substances such as CCL-2 and other molecules by
endothelial cells, astrocytes, and other cells that could alter BBB permeability, as well as,
changes in TJ protein expression and localization. After this third phase, repair mechanisms
by constituent cells of the BBB may facilitate restitution of BBB function closer to homeostatic
conditions. Studies of in vivo models of the BBB have demonstrated alterations in the
expression of constituent proteins in patterns that suggest restitution of the vasculature during
reperfusion after ischemia [19]. The changes in the composition the TJ proteins that we
observed most likely reflect the later phases when the endothelial cell machinery has been
activated to increase the production of constitutive proteins to potentially repair BBB damage
caused by ischemia-reperfusion. The observed increase in annexin II expression along with
occludin supports this contention particularly because annexins appear to enhance the fusion
of the lipid bilayer in cells [27]. Whether other cytoplasmic TJ proteins are concomitantly up
regulated to match the increases in the membrane bound TJ proteins and, consequently,
compensate for the observed decreases in the ZO-1 and ZO-2 expression cannot be determined
by our study.

We have previously shown that endogenous increases in plasma cortisol concentrations are
associated with ontogenic decreases in barrier permeability during gestation, and that
exogenous antenatal corticosteroids decrease BBB permeability at 60% and 80% of gestation
in ovine fetuses [38-40]. Several in vitro and in vivo studies have demonstrated structural and
functional changes in the TJs of endothelial cells after corticosteroid exposure, which
correlated with decreased permeability across the cell layers [7,11,15,22,42]. Corticosteroids
also could modulate several of the processes involved in the pathophysiology of BBB
disruption during ischemia-reperfusion. Betz and Coester [3] reported decreases in BBB
permeability four hours after focal cerebral ischemia in dexamethasone pretreated rats
compared with placebo treated rats. Our findings in the ovine fetus support the contention that
maternal treatment with corticosteroids modifies the response of the proteins in the tight
junctional complex to ischemia-reperfusion.

There are several limitations to our study. The dexamethasone/control and dexamethasone/
ischemic groups were not compared because the dose of dexamethasone differed between the
groups. However, we did compare the experimental groups with the placebo/control group
because the treatment of the ewes was similar, the number of injections and volume of placebo
were the same as the volume of dexamethasone or placebo given to the dexamethasone/control,
placebo/ischemic and dexamethasone/ischemic groups. The brains of fetuses exposed to
ischemia were examined 88 hours after the last of four injections of placebo or dexamethasone,
whereas the brains of the fetuses that were not exposed to ischemia were examined 18 hours
after the last of four injections of placebo or dexamethasone. Nonetheless, changes in the
protein expression between the placebo/control and the experimental groups are not likely to
result from the small differences in the gestational ages, i.e. 2−4 days, or differences in the
timing of the placebo injections before the samples were obtained. Although examination of
the fetal sheep brain at different intervals after ischemia also would have been of great interest,
we were not able to study a sufficient number of fetuses in this large animal model to examine
different intervals of reperfusion.
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There appears to be differential regulation of the expression of the different proteins
constituting the TJ complex after dexamethasone treatment with and without exposure to brain
ischemia and reperfusion. The membrane associated TJ proteins such as occludin and claudins
are up regulated, whereas some cytosolic TJ proteins such as ZO-1 and ZO-2 are down
regulated. Whether other cytoplasmic TJ proteins are concomitantly up regulated to match the
increases in the membrane bound TJ proteins and, consequently, compensate for the observed
decreases in the ZO-1 and ZO-2 expression cannot be discerned by our study. We also have
not presented immunohistochemical data on the tight junctional complexes, as we did not have
cerebral cortical tissue appropriately preserved for this purpose from our previous work [10,
39] and we did not measure BBB permeability in the animals exposed to brain ischemia. In
the absence of this additional data, the functional significance of the differential changes in the
composition of the TJ proteins cannot be elucidated and warrants further investigation. In spite
of the potential limitations of our study, we observed significant changes in protein expression
among the experimental groups ranging from 48% to 70%.

In summary, our study was the first to examine the expression of proteins in the tight junctional
complex after cerebral ischemia-reperfusion in the fetus. Our findings suggest increases and
decreases in certain key proteins in the TJ complex in the fetal cerebral cortex after maternal
treatment with antenatal corticosteroids and ischemiareperfusion injury. We conclude that
maternal corticosteroid treatment differentially regulates the expression of component proteins
of the TJs in the cerebral cortex of ovine fetuses exposed to brain ischemia. The functional
significance of this differential regulation of TJ protein expression warrants further
investigation.

4. Experimental Procedure
This study was conducted after approval by the Institutional Animal Care and Use Committees
of Brown University and Women and Infants' Hospital of Rhode Island and according to the
National Institutes of Health Guidelines for use of experimental animals.

Study groups.
The twenty-five fetuses of mixed breed ewes were examined from one of four study groups.
Seven non-ischemic fetuses of placebo treated ewes were assigned to a placebo/control group;
eight non-ischemic fetuses of dexamethasone treated ewes were assigned to a dexamethasone/
control group; five ischemic fetuses of placebo treated ewes were assigned to a placebo/
ischemic group; and five ischemic fetuses of dexamethasone treated ewes were assigned to a
dexamethasone/ischemic group. The tissue samples for this study were obtained from animals
in our previous reports examining the effects of antenatal corticosteroids on BBB permeability
[39], and the effects of antenatal corticosteroids upon pathological ischemic brain injury the
ovine fetus [10].

Animal preparation.
The details of the surgical preparation for the study groups summarized above have been
previously reported [10,39]. Briefly, surgery was performed for the placebo/control and
dexamethasone/control groups under halothane anesthesia on 15 mixed breed ewes at 112−113
days of gestation as previously described [39]. Full term gestation is 150 days. Catheters were
placed in the fetuses in the ascending aorta for blood samples, descending aorta for heart rate
and blood pressure and amniotic fluid for pressure monitoring, and in ewes into a femoral artery
[39]. In fetuses in the placebo/ischemic and dexamethasone/ischemic groups, surgery was
performed as described above at 112−117 days of gestation. In addition, bilateral inflatable
occluders (In Vivo Metric, Healdsburg, CA) and flow probes (Transonic Systems, Ithaca, NY)
were placed around the carotid arteries [10]. Two pairs of screws (Small Parts, Miami Lakes,
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FL) also were placed onto the dura and connected to a recorder by insulated wires (Alpha Wire,
Elizabeth, NJ) to measure the electrocorticogram (EcoG) [10]. The EcoG was measured to
determine if the fetal cerebral cortical brain wave pattern became isoelectric during ischemia
[10].

Experimental protocol and methodology.
Two-four days after recovery from surgery in the non-ischemic placebo/control and
dexamethasone/control groups, the ewes were given either four 6 mg dexamethasone (4 mg/
ml, Fujisawa, USA, Deerfield, IL, n=8) or placebo (1.5 ml of 0.9% NaCl, n=7) by intramuscular
injections every 12 hours for 48 hours. The dose of dexamethasone used in these studies was
based upon recommendations for fetal maturation in pregnant women with premature labor
[31]. Dexamethasone was used because it is one of the most extensively used corticosteroids
for accelerating fetal maturation, has been widely used in studies of the central nervous system
(CNS), and is also used to treat CNS disorders [40]. The final injection of placebo or
dexamethasone was given 18 hours before the tissue samples were obtained at 117−120 days
of gestation. The ewe was given intravenous pentobarbital (15−20 mg/kg) to achieve a surgical
plane of anesthesia. A hysterotomy was performed, the fetus was withdrawn from the uterus,
and the brain removed for the tissue samples. Then, the ewe was killed with pentobarbital (100
−200 mg•kg−1). A portion of the frontal cerebral cortex was snap frozen and stored at −80°
until analysis.

The ewes in the placebo/ischemic and dexamethasone/ischemic groups were given either four
4 mg dexamethasone (Fujisawa, USA, Deerfield, IL n=5) or placebo (0.9% NaCl, n=5) by
intramuscular injections every 12 hours for 48 hours. The final injections in these groups were
given 12 hours before the onset of the studies at 120−124 days of gestation. Although we used
the 6 mg dexamethasone dose as described above in the non-ischemic groups, we used a 4 mg
dose in the ischemic groups, because we found that fetuses of ewes exposed to the 6 mg dose,
surgery and brain ischemia aborted [10]. Therefore, it was not possible to treat the ewes with
the 6 mg dose in the dexamethasone/ischemic group [10]. Briefly, in the placebo/ischemic and
dexamethasone/ischemic groups, after baseline physiologic measurements were obtained,
brain ischemia was induced for 30 min by inflating the carotid occluders with 0.9% NaCl as
previously described [10]. The 30-minute interval of ischemia was based upon studies
demonstrating that this was optimal for the development of brain ischemia, and that neuronal
rescue remained possible after this duration of occlusion [17,35]. During the bilateral carotid
artery occlusion, the EcoG and carotid blood flow were recorded [10]. Then, the occluders
were deflated and reperfusion continued for 72 hours. Measurements for the previous study
were repeated at 0.25, 1, 2, 24, 48, and 72 hours of reperfusion [10]. The ewe was treated as
above and the frontal cerebral cortex was snap frozen as above.

Western immunoblot protein detection and quantification.
The abundance of occludin, claudin-1, claudin-5, ZO-1, ZO-2, and annexin-II were measured
by Western immunoblot. Frontal cerebral cortical samples were homogenized in Triton/
Deoxycholate/SDS (100mM NaCl, 1% Triton X, 0.5 Sodium Deoxycholate, 0.2% SDS, 2 mM
EDTA, 1 mM benzamidine) buffer containing 1% protease inhibitor cocktail (Sigma, Saint
Louis, Missouri) and 1% Phenylmethylsulfonyl Fluoride (PMSF, Calbiochem, San Diego, CA)
solution on ice for 10 minutes, and centrifuged at 1.4 × 104 rpm for 30 minutes to extract the
membrane-associated proteins i.e. occludin, claudin-1, claudin-5 and annexin-II. Urea buffer
(6 M urea, 150 mM NaCl, 5mM MgCl2, 5 mM EGTA, 10 mM Tris, pH 8.0, 1% TX-100) was
used to extract intra-cytoplasmic proteins i.e. ZO-1 and ZO-2. The total protein concentration
of the supernatant was determined by a bicinchoninic acid protein assay (BCA-200 protein
assay kit, Pierce, Rockford, IL).
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Aliquots adjusted for equal loading of 50 μg of protein in 50 μl of solution were loaded on
SDS-polyacrylamide gel and immunoblotted to PVDF membranes (polyvinylidene diflouride,
0.2 micron, Bio-Rad Laboratories, Hercules, CA) using a semi-dry technique. Ten percent
polyacrylamide gels were use for occludin, 16% for claudin-1 and claudin-5 and seven percent
for ZO-1 and ZO-2 and 12 % for annexin II. The membranes were blocked with ten percent
non-fat milk in TBST (Tris-buffered saline with Tween) buffer for one hour at room
temperature washed in TBST three times for ten minutes per wash, and incubated overnight at
4°C with the appropriate primary antibody solution. The proteins were probed with the
following primary antibodies: occludin with polyclonal rabbit anti-human (Zymed, South San
Francisco, Calif.) at a dilution of 1:2500; claudin-1 with polyclonal rabbit anti-human (Zymed)
at a dilution of 1:6000, ZO-2 with polyclonal rabbit anti-human (Zymed) at a dilution of 1:5000;
and claudin-5 with monoclonal mouse anti-human (Zymed) at a dilution of 1:5000, ZO-1 with
monoclonal mouse anti-human (Zymed) at a dilution 1:5000, and annexin-II with monoclonal
mouse anti-human (Zymed) at a dilution of 1:5000. Detection of the band was dependent on
incubation with primary antibody, omission of which resulted in the absence of the
chemiluminescent signal.

The immunoblots were washed in TBST three times for ten minutes per wash and then
incubated for one hour at room temperature with goat anti-rabbit secondary antibodies (Alpha
Diagnostic, San Antonio, Texas) at dilution of 1:5,000 for occludin and 1:10,000 for claudin-1
and ZO-2, and goat anti-mouse secondary antibodies (Zymed) at a dilution of 1:10,000 for
claudin-5, ZO-1 and annexin II. The immunoblots were again washed four times in TBST for
ten minutes per wash. Binding of the secondary antibody was detected with enhanced
chemiluminescence (ECL-plus) Western blotting detection reagents (Amersham Pharmacia
Biotech, Inc., Piscataway, NJ) before exposure to Hyperfilm ECL (Amersham Pharmacia
Biotech, Inc., Piscataway, NJ).

All experimental samples were normalized to a reference protein standard that had been
obtained from a homogenate pool from the cerebral cortex of one adult sheep. As we have
previously described, these samples served as internal control reference standards for quality
control for loading, transfer, verification of potential internal variability across the gel, and for
normalization of the cerebral cortical densitometric values to permit accurate comparisons
against a single internal control among the different immunoblots and groups [23]. For the
purpose of this report, we refer to the internal control reference standards from the adult sheep
cerebral cortex hereafter as the internal control samples.

Each immunoblot included four series of samples with each series containing one sample from
each experimental group and one internal control sample. We calculated a coefficient of
variation for the internal control samples on each immunoblot. The values for the experimental
samples in this study were accepted as valid only if the percent coefficient of variation for the
internal control samples on each immunoblot was less than 20%. The final values represented
an average of the densitometry values obtained from the different immunoblots. We have
previously shown that this method correlates well with values that have been normalized as
ratios to β-actin [23]. We also have used a similar normalization technique to examine the
ontogeny and effects of corticosteroid pretreatment on aquaporin water channels in the ovine
cerebral cortex [37]. Uniformity in inter-lane loading was also established by Coomassie blue
(Sigma, St. Louis, MO) staining of the polyacrylamide gels, and uniformity of transfer to the
PVDF membranes confirmed by Ponceau S (Sigma, St. Louis, MO) [41].

MDCK (BD Biosciences, San Diego, CA) was used as a positive control for occludin,
claudin-1, ZO-1 and ZO-2 and rat lung for claudin-5 and annexin II. Western immunoblots
preformed without the primary antibodies were used to rule out non-specific binding. Detection
of the occludin, claudin-1, claudin-5, ZO-1, ZO-2 and annexin II bands at 22, 22, 220 and 210
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(ZO-1), 160 and 36 kDa, respectively, were dependent on incubation with primary antibody,
omission of which resulted in the absence of this signal.

Densitometric analysis.
Hyperflilm ECL (Amersham Pharmacia Biotech, Inc.) film was scanned and the densitometries
of the bands measured with Gel-Pro Analyzer software (Media Cybernetics, Silver Spring,
MD). The final values represented an average of the normalized values of each experimental
sample on different immunoblots.

Statistical analysis.
Two-way analysis of variance (ANOVA) was used to compare the values among the fetuses
in the placebo/control, dexamethasone/control, placebo/ischemic and dexamethasone/
ischemic groups (Statistica Software, Stat Soft Inc., Tulsa, OK). If a significant difference was
found by ANOVA, the Fisher least significant difference test was used to detect specific
differences among groups. The dexamethasone/control and dexamethasone/ischemic groups
were not compared statistically because the dose of dexamethasone differed between the
groups. However, the placebo/control group was compared with the dexamethasone/control,
placebo/ischemic, and dexamethasone/ischemic groups because the treatment of the ewes was
similar, the number of injections and the volume of 0.9% NaCl were the same as the volume
of dexamethasone administered to both the dexamethasone/control and dexamethasone/
ischemic groups. Values are expressed as mean±SEM. Differences are considered statistically
significant at P<0.05.
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Figure 1.
Panel A shows a representative Western immunoblot of occludin protein expression in the
cerebral cortex of the fetuses of placebo (Placebo) and dexamethasone (Dex) treated ewes in
the non-ischemic groups on the left, and ischemic groups on the right. An internal control
sample from the adult brain pool is also shown. Densitometry values from each animal
represent the combined densitometry values of both bands of the phosphorylated and non-
phosphorylated isoforms of the occludin protein added together. Panel B shows the occludin
protein expression in the cerebral cortex plotted as a ratio of the densitometry values in fetuses
of the placebo and dexamethasone treated ewes from non-ischemic and ischemic groups to the
internal control samples. The open bars represent fetuses of the placebo/control group (n=7),

Malaeb et al. Page 12

Brain Res. Author manuscript; available in PMC 2008 July 30.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



the hatched bar the dexamethasone/control group (n=8), the gray bar the placebo/ischemic
(n=5) and the solid bar the dexamethasone/ischemic group (n=5). *P<0.05 versus the to
placebo/control group.
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Figure 2.
Representative Western immunoblot and bar graph of claudin-1 protein expression in the
cerebral cortex of the fetuses of placebo (Placebo) and dexamethasone (Dex) treated ewes in
the non-ischemic groups on the left, and ischemic groups on the right. Bars legend as for figure
1. Open bar n=5, hatched bar n=5, gray bar n=6, and solid bar n=5.
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Figure 3.
Representative Western immunoblot and bar graph of claudin-5 protein expression in the
cerebral cortex of the fetuses of placebo (Placebo) and dexamethasone (Dex) treated ewes in
the non-ischemic groups on the left, and ischemic groups on the right. Bars legend as for
figure1. Open bar n=5, hatched bar n=6, gray bar n=5 and solid bar n=5. *P<0.05 versus the
to placebo/control group.
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Figure 4.
Representative Western immunoblots and bar graphs of the upper and lower protein bands of
ZO-1 expression in the cerebral cortex of the fetuses of placebo (Placebo) and dexamethasone
(Dex) treated ewes in the non-ischemic groups on the left, and ischemic groups on the right.
ZO-1 is expressed as two isoforms as a result of alternative RNA splicing differing in the
presence of an 80-amino acid region referred to as &quot;motif-a&quot;: the 235 kDa upper
band corresponds to the ZO-1α+ isoform, and the 225 kDa lower band corresponds to the
ZO-1α- isoform. The expression patterns are dynamic and cell specific during development
[24,26]. Bar legends as for figure 1. Open bars n=6, hatched bars n=6, gray bars n=6 and solid
bars n=5 for the upper band and n=6 for the lower band. There were no statistical differences
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in upper/lower band ratios among the experimental groups (Data not shown).*P<0.05 versus
the to placebo/control group. +P<0.05 versus the placebo/ischemic group.
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Figure 5.
Representative Western immunoblot and bar graph of ZO-2 protein expression in the cerebral
cortex of the fetuses of placebo (Placebo) and dexamethasone (Dex) treated ewes in the non-
ischemic groups on the left, and ischemic groups on the right. Bars legends as for figure 1.
Open bar n=6, hatched bar n=6, gray bar n=6 and solid bar n=6. *P<0.05 versus the to placebo/
control group.+P<0.05 versus the placebo/ischemic group.
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Figure 6.
Representative Western immunoblot and bar graph of annexin-II protein expression in the
cerebral cortex of the fetuses of placebo (Placebo) and dexamethasone (Dex) treated ewes in
the non-ischemic groups on the left, and ischemic groups on the right. Bars legends as for
figure1. Open bar n=5, hatched bar n=6, gray bar n=6 and solid bar n=5. *P<0.05 versus the
to placebo/control group.
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