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Abstract

Tight junctions of the blood-brain barrier are composed of transmembrane and associated
cytoplasmic proteins. The transmembrane claudin proteins form the primary seal between
endothelial cells and junctional adhesion molecules (JAMS) regulate tight junction formation. We
have previously shown that claudin-1, claudin-5, ZO-1, and ZO-2 exhibit differential
developmental regulation from 60% of gestation up to maturity in adult sheep. The purpose of the
current study was to examine developmental changes in claudin-3, -12, and JAM-A protein
expression in cerebral cortices of fetuses at 60%, 80%, and 90% gestation, and in newborn and
adult sheep. We also examined correlations between changes in endogenous cortisol levels and
tight junction protein expression in cerebral cortices of the fetuses. Claudin-3, -12 and JAM-A
expressions were determined by Western immunoblot. Claudin-3 and -12 were lower (P<0.01) at
60%, 80%, 90% and in newborns than in adults, and JAM-A was lower in adults than in fetuses at
80% and 90% gestation. Claudin-3 expression demonstrated a direct correlation with increasing
plasma cortisol levels (r=0.60, n=15, P<0.02) in the fetuses. We conclude that: claudin-3, -12 and
JAM-A are expressed as early as 60% of gestation in ovine cerebral cortices, exhibit differential
developmental regulation, and that increasing endogenous glucocorticoids modulate claudin-3
expression in the fetus.
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INTRODUCTION

The blood-brain barrier is a regulated interface between the peripheral circulation and the
central nervous system (CNS) (Hawkins and Davis, 2005). The blood-brain barrier develops
during fetal life (Stonestreet et al., 1996, Nico et al., 1999, Virgintino et al., 2004, Daneman,
2012) and consists of a complex cellular system of highly specialized endothelial cells
connected by intercellular tight junctions (Brightman and Reese, 1969, Engelhardt, 2003).
The endothelial cells of the blood-brain barrier are supported and regulated by pericytes
embedded in the vascular basement membrane, perivascular microglial cells, astrocytes and
neurons, which together form the neurovascular unit (Virgintino et al., 2004, Abbott et al.,
2010, Luissint et al., 2012). In addition to the blood-brain barrier, there are three other main
barriers in the brain: blood-cerebral spinal fluid (CSF) barrier, meningeal barrier, and fetal
CSF-brain barrier (Ek et al., 2012). Similar to the cellular structure of the cerebrovascular
endothelial cells of the blood-brain barrier, the ependymal cells of the choroid plexus of the
blood-CSF barrier and the outer cells of the arachnoid membrane of the meningeal barrier
are connected by tight junction proteins. The blood-brain barrier along with the blood-
cerebral spinal fluid (CSF) barrier, meningeal barrier, and fetal CSF-brain barrier maintains
the homeostasis of the central nervous system by limiting the passive diffusion of polar
substances from the blood-to-brain and maintaining optimal ionic composition necessary for
synaptic signaling function (Betz and Goldstein, 1986, Betz, 1992, Begley and Brightman,
2003, Wolburg et al., 2009, Abbott et al., 2010, EK et al., 2012, Luissint et al., 2012).

Tight junctions mediate the adhesion between adjacent cells and limit the free passage of
molecules through the paracellular pathway (Mullier et al., 2010, Abbott and Friedman,
2012). Previous studies in humans and other species demonstrate that an adult-like pattern of
the endothelial tight junctions is present by midgestation, and the paracellular pathway is
already limited early in brain development (Stonestreet et al., 1996, Virgintino et al., 2004,
Ek et al., 2006).

Tight junctions are complex molecular structures composed of transmembrane and
associated cytoplasmic proteins. The transmembrane proteins including occludins, the
claudin family, and junctional adhesion molecules (JAMs) are connected to the associated
cytoplasmic proteins, zonula occludens (Z0)-1, ZO-2 and ZO-3, etc., which stabilize the
tight junctions by connecting them to the cell structure and actin (Hawkins and Davis, 2005,
Abbott et al., 2006). More recently, claudin-3 and -12 have been identified to contribute to
the integrity of the blood-brain barrier (Wolburg et al., 2003, Neuhaus et al., 2008, Shin et
al., 2008, Milatz et al., 2010, Haseloff et al., 2015). They have been shown to participate in
tight junction formation, to establish a primary seal between the brain microvascular
endothelial cells, and to contribute to the high transendothelial electrical resistance (Abbott
et al., 2006, Schrade et al., 2012, Haseloff et al., 2015). In addition, JAM-A is involved in
the formation and maintenance of tight junctions (Abbott et al., 2006) and modulates
monocyte transmigration through the blood-brain barrier (Aurrand-Lions et al., 2002).

The ovine fetus has been widely used to investigate the development of the brain (Gunn et
al., 1997, Stonestreet et al., 2000, Back et al., 2006) because the neurodevelopment of the
immature ovine brain is similar to that of premature infants with respect to the time course
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of neurogenesis, onset of cerebral sulcation, and detection of cortical auditory evoked
potentials (Barlow, 1969, Cook et al., 1987, Back et al., 2006). The sheep brain at 80% to
85% gestation is generally thought to be similar to that of a near term newborn infant
(Barlow, 1969, Back et al., 2006).

We have previously shown ontogenic decreases in blood-brain barrier permeability with
development from 60% of gestation up to maturity in adult sheep, and that endogenous
increases in cortisol concentrations are associated with decreases in blood-brain barrier
permeability during normal fetal development (Stonestreet et al., 2000). We also previously
reported differential developmental regulation of occludin, claudin-1 and -5 and zonula
occludens (Z0)-1 and ZO-2 in sheep cerebral cortex (Duncan et al., 2009).

The hypothalamic-pituitary-adrenocortical matures during fetal development and
endogenous cortisol concentrations increase markedly in the latter part of part of gestation
(Wintour, 1984). Glucocorticoids have been shown to have an important role in modulating
blood-brain barrier function during development and affecting the expression of some tight
junction proteins during normal and pathological conditions (Stonestreet et al., 2000,
Stonestreet et al., 2003, Malaeb et al., 2007, Duncan et al., 2009).

The purpose of the current study was to extend our previous work to examine ontogenic
changes in some of the more recently identified tight junction proteins including claudin-3,
claudin-12, and the tight junction associated protein, JAM-A, in the cerebral cortices of
fetuses at 60%, 80%, and 90% gestation and in newborn and adult sheep. We also examined
associations between endogenous increases in plasma cortisol concentrations during
gestation and changes in the expression of these tight junction proteins during fetal
development.

EXPERIMENTAL PROCEDURES

Animal Preparation and Experimental Design

This study was conducted after approval of the Institutional Animal Care and Use
Committees of The Alpert Medical School of Brown University and Women & Infants
Hospital of Rhode Island, and in accordance with the National Institutes of Health
Guidelines for the use of experimental animals.

The plasma and cerebral cortical tissue samples for the present study were obtained from
placebo treated control subjects in our former studies (Stonestreet et al., 2000, Sysyn et al.,
2001, Ron et al., 2005, Sadowska et al., 2006). The surgical procedures and physiological
measures were performed as previously described in detail (Stonestreet et al., 2000, Sysyn et
al., 2001, Sadowska et al., 2006). Briefly, under 1-2% halothane anesthesia, polyvinyl
catheters were placed into a brachial vein of the fetuses and newborns for isotope
administration and the thoracic aorta via the brachial artery for blood sample withdrawal for
the previous studies, which were designed to quantify blood-brain barrier permeability
(Stonestreet et al., 2000, Sysyn et al., 2001, Sadowska et al., 2006). The fetal sheep at 60%
were 87-90 days (n=4-7), 80% were 118-120 days (n=3-5), and 90% were 135-138 days
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of gestation (n=5), newborn lambs were 4—6 days (n=6) and adult sheep were 3 years (n=3)
of age at time of study. Full term gestation in fetal sheep is 147 days.

Western Immunoblot Detection and Quantification of Claudin-3, -12, and JAM-A

Samples from the cerebral cortex were extracted in Triton/Deoxycholate/SDS (100 mM
NaCl, 1% Triton X, 0.5 Sodium Deoxycholate, 0.2% SDS, 2 mM EDTA, 1 mM
benzamidine) with 1% of complete protease inhibitor cocktail (Sigma, St. Louis, MO). The
total protein concentrations of the homogenates were determined with a bicinchoninic acid
protein assay (BCA, Pierce, Rockford, IL).

Fifty micrograms of total protein per well were fractionated by SDS-PAGE and transferred
onto polyvinylidene diflouride membranes (0.2 um, Bio-Rad Laboratories, Hercules, CA)
using a semi-dry technique. Membranes were blocked with 10% nonfat milk (Bio-Rad) for 1
h at room temperature and then washed in Tris-buffered saline with 0.1% Tween 20 (TBST)
three times for 10 min per wash. Membranes were probed with primary rabbit polyclonal
antibodies for claudin-3 (Zymed, San Francisco, CA), claudin-12 (Bios, Woburn, MA) and
for JAM-A (Zymed) at the dilution of 1:5000. Vinculin was probed with primary mouse
monoclonal antibody (Thermo Scientific™ Pierce, Waltham, MA) at a dilution of 1:10,000.
Membranes were incubated with primary antibodies overnight in 4°C. After three washes in
TBST, the membranes were incubated for 1 h at room temperature with goat anti-rabbit (San
Antonio, TX) for claudin -3, -12 and JAM-A or goat anti-mouse Life Technologies, Grand
Island, NY) for vinculin at the dilution 1:10000 for all of the examined proteins. After four
additional washes, binding of the secondary antibody was detected with enhanced
chemiluminescence (ECL Prime, Western Blotting Detection reagents, GE Healthcare Bio-
Sciences, Pittsburgh, PA) before an exposure to autoradiography film (Phenix, Candler,
NC).

Rat lung lysate served as a positive control for claudin-3, rat brain for claudin-12 and human
colorectal adenocarcinoma cells (Caco-2, ProSci, Poway, CA) for JAM-A. Detection of the
claudin-3, claudin-12, and JAM-A was dependent on incubation with the primary antibody,
the omission of which eliminated the signal (data not shown).

All experimental samples were normalized to an internal control standard protein sample
obtained from a single adult sheep brain. For the purpose of this report, we refer to these
samples as internal control samples. As previously described, (Duncan et al., 2009, Malaeb
et al., 2009, Sadowska et al., 2009, Sadowska et al., 2010, Chen et al., 2012, Sadowska et
al., 2012, Spasova et al., 2014) the internal control samples were included in three lanes on
each immunoblot and served as a control for the quality of loading, transfer of samples,
normalization of densitometric values, and to permit accurate comparisons among the
different immunoblots. The experimental protein autoradiographic integrated optical density
(10OD) values were expressed as a ratio to the internal control protein values, thus facilitating
normalized comparisons among different groups and immunoblots. The use of internal
control protein sample is unique to our laboratory and was developed to allow for
comparisons among large numbers of study subjects and immunoblots (Spasova et al.,
2014). This procedure was necessary because initial studies in our laboratory showed that
most of the traditionally used housekeeping protein standards varied during development in
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sheep. Therefore, they could not be used as control protein standards during ovine
development. The experimental values in this study represented the average values from 2-8
different immunoblots. Vinculin was also used as a loading control to ensure that equal
amounts of protein were applied to each lane.

The plasma cortisol samples were collected immediately before sacrifice and obtaining the
cerebral cortical tissue samples. Plasma cortisol values were determined in the fetal sheep at
60%, 80%, and 90% of gestation as previously described.(Sadowska et al., 2006) The total
cortisol concentrations were measured in duplicate using the Clinical Assays™
GammaCoat™ Cortisol 125]-radioimmunoassay (DiaSorin, Stillwater, MN). The
GammaCoat™ antiserum exhibits 100% cross reactivity with cortisol (Stonestreet et al.,
1999, Stonestreet et al., 2000, Sadowska et al., 2006). The observed coefficient of variation
for inter- and intra-assay precision was 10.1 and 7.9%, respectively (Stonestreet et al., 1999,
Stonestreet et al., 2000, Sadowska et al., 2006).

Densitometric Analysis

Band intensities were analyzed with a Gel-Pro Analyzer (Media Cybernetics, Silver Spring,
MD). As we formerly described, we used the average of the three internal control values on
each immunoblot to normalize the experimental samples densitometry readings (Duncan et
al., 2009, Sadowska et al., 2009, Sadowska et al., 2010, Chen et al., 2012). The final values
represented an average of the 10D values obtained from the different immunoblots and are
presented as a ratio to the internal control sample.

Statistical Analysis

RESULTS

All results are expressed as means + standard deviation (M+SD). One-way ANOVA was
used to compare values among different age groups. If a significant difference was found by
ANOVA, the Fischer’s protected least-significant difference (LSD) post hoc test was used to
detect specific differences among the study groups.

To examine relationships between tight junction protein expression and endogenous
glucocorticoid concentrations during normal fetal development, tight junction protein
expression as a ratio to the internal control samples was compared to plasma cortisol
concentrations using the least-squares regression analysis. In this analysis, we examined
fetal groups 60%, 80%, and 90% of gestation because of the importance of glucocorticoids
during fetal development. Least-squares linear regression analysis was also used to compare
our normalization method using the internal control samples with the ratio of study samples
to vinculin. A P-value of <0.05 was considered statistically significant.

We have previously shown direct linear correlations between 10D values normalized to the
internal control samples and those normalized to -actin in newborn lambs (Kim et al.,
2006). In order to validate further the use of the internal control protein standard (Duncan et
al., 2009, Malaeb et al., 2009, Sadowska et al., 2009, Sadowska et al., 2010, Chen et al.,
2012, Sadowska et al., 2012, Spasova et al., 2014), we compared claudin-3 expression
normalized as the ratio to the internal control standard with values normalized as ratios to
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vinculin, and found that the values demonstrated an excellent correlation (Figure 1, r=0.91,
n=22, P<0.001).

Claudin-3 protein expression demonstrated a gradual steady increase during development
(Figure 2, ANOVA, main effects; F=29.7, P<0.001) and was higher in the adult sheep than
in the fetuses at 60%, 80%, and 90% of gestation and in the newborn lambs. Claudin-12
protein expression also was higher in the adult sheep than in the fetuses at 60%, 80%, and
90% of gestation and in the newborn lambs (Figure 3, ANOVA, main effects; F=7.46,
P<0.001). However, the increases did not appear as gradual during development as those of
claudin-3. In contrast, JAM-A protein expression was higher in the fetal sheep at 80% and
90% of gestation compared with the adult sheep (Figure 4, ANOVA, main effects; F=3.7,
P<0.03).

Claudin-3 protein expression exhibited a direct linear correlation with endogenous increases
in fetal plasma cortisol concentrations (r=0.60, n=15, P=0.02, Figure 5). However,
correlations were not observed between claudin-12 or JAM-A and endogenous changes
plasma cortisol concentrations.

DISCUSSION

The purpose of the present study was to examine changes in claudin-3, -12 and JAM-A
protein expression in cerebral cortices during development from 60% of gestation up to
maturity in adult sheep. Claudin-3, -12 and JAM-A have not been previously examined
systematically during development in the brain of a large vertebrate animal species. There
are three main findings of our study: 1) claudin-3, -12 and JAM-A are expressed in the
cerebral cortex early in fetal life and throughout development; 2) each of the proteins
demonstrates a unique pattern of expression during development; 3) increases in endogenous
glucocorticoids correlate with increases in claudin-3 protein expression in the fetal cerebral
cortex.

The early expression of the tight junction proteins that we observed in the ovine fetal
cerebral cortex is consistent with the timing of tight junction development and organization
in the human fetal cerebral cortex (Virgintino et al., 2004, Virgintino et al., 2007). Although
tight junctions are present from early on in brain development, blood-brain barrier
permeability decreases over an extended gestational interval, suggesting progressive
maturation of the blood-brain barrier over a prolonged period of development (Kniesel et al.,
1996, Stonestreet et al., 1996, Anstrom et al., 2007). In this study, we have shown that the
expression levels of claudin-3 protein increase progressively from 60% gestation up to
maturity in adult sheep. Our findings concur with previous studies showing that claudin-3
protein expression is associated with blood-brain barrier maturation during development in
rodents (Kniesel et al., 1996, Liebner et al., 2008, Kratzer et al., 2012). Although the exact
role of claudin-3 at the blood-brain barrier during development is not fully established,
claudin-3 induces an increase in tight junction formation at the protoplasmic (P)-face of
vascular brain endothelium during maturation (Kniesel et al., 1996, Furuse et al., 1999,
Pfeiffer et al., 2011). Claudin-3 may also be important in tightening the paracellular cleft
because paracellular permeability decreases and transcellular electrical resistance increases
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after claudin-3 transfection into renal tubular cells (Milatz et al., 2010). Increases in
claudin-3 expression have also been shown to be associated with reductions in tight junction
permeability, (Coyne et al., 2003), and claudin-3 expression along with localization at cell-
cell contacts increases during development in embryonic and postnatal stages, thus
supporting the importance of claudin-3 in blood-brain barrier induction and maintenance
throughout development (Wolburg et al., 2003, Liebner et al., 2008). Although tight
junctions are most likely enriched in the ependymal lining of the cerebral cortical ventricles
(Kratzer et al., 2012, Liddelow et al., 2013), we did not have the ependymal sheet from the
cerebral cortical ventricles saved from our previous studies. Therefore, the expression of
claudin-3 in ependymal cells during the development cannot be ascertained from our study
and requires further investigation. Moreover, the cerebral cortical samples that we used in
the current study represented frozen samples primarily from the outer portion of the cerebral
cortex and, therefore, were unlikely to contain large contributions from the ependymal lining
of the cerebral ventricles.

Claudin-12 remains a less well-described member of the claudin family. Although the amino
acid sequences of claudins-1, -3, and -5 are very homologous, suggesting similar properties,
the claudin-12 sequence differs (Haseloff et al., 2015). Claudin-12 is mainly observed at
tight junctions of brain blood vessels during murine development and appears to contribute
to the unique function of the barrier (Nitta et al., 2003, Wolburg et al., 2003, Abbott et al.,
2006, Krause et al., 2008, Daneman et al., 2010, Pfeiffer et al., 2011, Schrade et al., 2012).
Similar to claudin-3, claudin-12 localizes at cell-cell contacts with immunofluorescence
staining of mouse brain capillaries showing expression and co-localization with ZO-1 in
brain endothelial cells supporting the presence of well-formed tight junctions at early stages
of brain vascularization (Nitta et al., 2003). To the best of our knowledge, our study
provides the first evidence to show that claudin-12 expression increases during development
in ovine cerebral cortex. Previous work has suggested that claudin-12 may function as a
molecular sieve to allow only small molecules (molecular weight cut-off less than 800
dalton) to cross tight junctions in claudin-5 knock-out brain blood vessels (Nitta et al.,
2003). However, determination of the precise function of claudin-12 during development in
the blood-brain barrier requires further investigation.

Similar to the claudins proteins, JAM-A is expressed at the cell-to-cell junctions of
endothelial and epithelial cells. It regulates occlusion of the paracellular space of brain
endothelial cells (Fraemohs et al., 2004). JAM-A localizes to the lateral membrane of brain
endothelial cells, exhibits continuous staining on the inter-endothelial cell border, and co-
localizes with claudin-5, occludin, and ZO-1 (Stamatovic et al., 2012). In the present study,
we showed JAM-A expression was present very early in the ovine gestation, which is
equivalent to approximately 24 weeks of the human gestation. However, significant
differences in JAM-A expression were not observed among fetuses at 60%, 80%, and 90%
gestation and newborn lambs in the ovine cerebral cortex. Our findings are consistent with
previous work, in which JAM-A expression was observed in human fetuses by 16 weeks of
gestation, but significant changes in JAM-A expression were not observed in germinal
matrix vasculature compared with cortex and white matter during gestation (Ballabh et al.,
2005). In addition, JAM-A expression in fetuses compared with premature infants did not
differ significantly (Ballabh et al., 2005). Our study actually showed that JAM-A protein
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expressions at 80% and 90% of gestation were higher than in the adult ovine cerebral cortex.
Our finding that JAM-A protein expression was lower in the adult sheep compared to fetal
sheep at mid and late gestation is unique. However, the significance of this finding remains
to be determined.

The integrity of tight junctions is the key to maintaining the physiological functioning of the
blood-brain barrier during development and in adults. We have previously shown that
claudin-1, claudin-5, ZO-1, and Z0O-2 expression exhibit differential developmental
regulation, exogenous glucocorticoids regulate claudin-5 and ZO-2 in vivo at some, but not
all ages in sheep, and that increases in endogenous fetal glucocorticoids are associated with
increases ZO-2 expression in ovine cerebral cortices (Duncan et al., 2009). The current
study extends our previous work and shows that claudin-3 and claudin-12 also show
ontogenic increases from early in fetal life up to maturity in adult sheep, but that, in contrast,
JAM-A expressions are lower in adults than in fetuses. The increases in claudin-3 and -12
expression after birth are consistent with the lower barrier permeability that we previously
reported in sheep (Stonestreet et al., 1996). In the current study, we were not able to
establish correlations between claudin-3, claudin-12 or JAM-A with blood-brain barrier
permeability (K;) values measured with a-aminoisobutyric acid in the fetal, newborn and
adult sheep (Stonestreet et al., 2000, Sysyn et al., 2001, Sadowska et al., 2006). This finding
could be because 1) the cerebral cortex exhibits relatively small differences in the K; values
between 60% of fetal gestation and adult sheep as a result of its unique cellular composition
(Stonestreet et al., 1996, Duncan et al., 2009); 2) in our former work, we observed larger
developmental decreases in barrier permeability in the more caudal brain structures
(Stonestreet et al., 1996), unfortunately, we did not have caudal brain regional tissue
remaining from our prior studies; 3) the amount of protein expression may not be the
primary determinant of the barrier permeability properties in vivo (Duncan et al., 2009); 4)
more likely, the proteins of the tight junction complex work together to create an effective
barrier (Abbott et al., 2006, Abbott et al., 2010).

Many factors are involved in tight junction modulation during CNS development including
G-protein signaling, extracellular matrix, and glucocorticoids (Stonestreet et al., 2000,
Wolburg and Lippoldt, 2002). In our previous studies, we have demonstrated that
endogenous increases in cortisol concentrations are associated with decreases in the
permeability of the blood-brain barrier and that glucocorticoids are associated with changes
in some but not all tight junction proteins (Stonestreet et al., 2000, Malaeb et al., 2007,
Duncan et al., 2009). In the current study, protein expression of claudin-3, but not
claudin-12 or JAM-A, demonstrated a significant positive correlation with increasing
endogenous cortisol concentrations during development.

There are several limitations to our study. The tight junction proteins are major structures in
both endothelial cells of blood-brain barrier and ependymal cells of blood-CSF barriers. The
blood-CSF barrier also plays a key role in the CNS development processes and physiology,
of which the ependymal cell polarity is maintained by the tight junctions (Jimenez et al.,
2014). Due to the limitations in this large animal resource, the ontogenetic changes of tight
junction protein in ependymal cells was not examined in this present study. Moreover, the
remaining cerebral cortical tissue that we had from our former studies was not appropriately
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preserved to perform immunohistochemical analysis, and therefore, we could not examine
the localization and structural organization of the studied proteins in the blood-brain or
brain-CSF barriers. However, these are important considerations for future work. There
potentially could be many other contributors to barrier tightening during development that
are important components of the neurovascular unit (Abbott et al., 2006, Abbott et al., 2010,
Abbott and Friedman, 2012). The developmental trajectory of additional components of the
neurovascular unit would also be an important area for future investigation.

CONCLUSIONS

Findings from the present study provide first evidence for unique ontogenic patterns of
claudin-3, claudin-12, and JAM-A expression during ovine development. These findings
extend our previous work (Duncan et al., 2009) and suggest that the developmental patterns
of expression for each tight junction protein are unique to each member of the tight junction
protein family. Moreover, consistent with our previous work increases in endogenous
glucocorticoids appear to influence the expression of some but not all of the tight junction
proteins (Duncan et al., 2009).
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e Claudin-3, -12 and JAM-A are expressed as very early in ovine gestation.

e Claudin-3, -12 and JAM-A each exhibit differential developmental regulation in
sheep.

» Increasing endogenous glucocorticoids modulate claudin-3 expression in the
fetus.
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Fig. 1.
Claudin-3 protein expression plotted as the ratio to the internal control standard plotted

against claudin-3 values normalized as ratios to vinculin, r=0.91, n=22, P<0.05.
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Fig. 2.
Representative Western immunablots and bar graphs of claudin-3 expression in cerebral

cortex of the ovine fetuses at 60% (n=7), 80% (n=5) and 90% of gestation (n=5), newborn
lambs (n=6) and adult sheep (n=3). Mean + SD, *P<0.05 versus 60%, 80% and 90% of
gestation and newborn sheep.
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Fig. 3.

Representative Western immunoblots and bar graphs of claudin 12 expression in cerebral
cortex of the ovine fetuses at 60% (n=7), 80% (n=3) and 90% of gestation (n=5), newborn
lambs (n=6) and adult sheep (n=3). Mean £ SD, *P<0.05 versus 60%, 80% and 90% of
gestation and newborn sheep.
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Fig. 4.

Representative Western immunoblots and bar graphs of JAM-A expression in the cerebral
cortex of the ovine fetuses at 60% (n=7), 80% (n=3) and 90% of gestation (n=5), newborn
lambs (n=6) and adult sheep (n=3). Mean + SD, *P<0.05 versus Adult.
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Fig. 5.
Claudin-3 protein expression in the cerebral cortex of the ovine fetuses at 60%, 70%, and
90% of gestation plotted against plasma cortisol concentrations, r=0.60, n=15, P<0.05.
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