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Fig. 3. Generation of Fkhi18 KO mice. A: Generation of targeted
allele of FEhi18. Wild-type (WT) Fkhl18 locus (top), targeting vector
{middle), and targeted locus (hottom) are shown. Fkh/18 gene consists
of a single exon. Shaded and open boxes indicate coding and nonceding
regions, respectively. The Ncol/Kpnl fragment of FkhII8 gene
encoding 29th to 329th amino acid residues was replaced by IRES-
lacZ-pMClneo cassette in the targeting vector. Homologous recombi-
nation between the WT and targeting vector is expected to generate the
targeted allele lacking the Ncol / Kpnl fragment. B; BamHI, S; Scal, N;
Neol. K; Kpnl. B: Southern blotting of BarmHI digested tail DNA from
WT (+/+) and heterozygous (+/—) for Fkhi18 KO. After the BamHI
digested DNAs were separated by agarose gel electrophoresis, the
DNAs transferred to membrane were hybridized with the 5’ probe
indicated in (A). The 5' probe detected a 14-kb fragment in the WT

dark and blurred in the Fkhl18 KO testes. Thus, the
gonads were sectioned, and we found leaking of the
injected carbon ink from the testicular vessels (Fig. 4C-
¢,d) and coelomic vessel (Fig. 4C-e,f). The leakage of the
carbon ink suggested a defect in the sealing structure of
the vasculature in the FRhII8 KO mice. Further
examination of the fine structure of the testicular
vasculature by electron microscopy showed the presence
of hole in the endothelial cells of the FEAI18 KO testes;
the holes varied in size from 100 to 400 nm were devoid of
any membrane and allowed extravasation of carbon ink
(Fig. 4D). Usually, one gap was noticed in every 10
cross sections of capillaries. Obvious defect was not
observed in the periendothelial cells. Any abnormality
was never seen in the vasculature of WT.

Apoptosis of Periendothelial Cells in
Fkhl18 KO Fetal Testis

The above structural defect suggested ectopic apop-
tosis of cells in the vasculature system of the Fkhl18 KO
testis. To test this, we examined the expression of
caspase 3 in the WT and KO testes. As expected, caspase
3-positive cells (green in Fig. 5A) were found adjacent to
vascular endothelial cells (red in Fig. 5A) in the KO
testes. Considering the spatial correlation between
caspase 3-positive cells and PECAM1-positive endothe-
lial cells, we concluded that the apoptotic cells were
periendothelial cells. To confirm this, we used Fkhl18
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mouse, and both 14-kb and 17-kb fragments in the heterozygous mouse.
C: Southern blotting of Scal digested tail DNA from WT (+/+) and
heterozygous (+/—) for Fkhi18 KO. The DNAs were hybridized with the
3’ probeisindicated in (A). The 3’ probes detected a 9 kb fragment in the
WT mouse, and both 9 and 14 kb fragments in the heterozygous mouse.
D: Genomic PCR to distinguish homozygous, heterozygous, and WT for
Fkh118 KO. Genomic DNAs were extracted from tails of the fetuses and
subjected to PCR analyses using primers a and b, and ¢ and d. PCR
product of 1.4 kb length is detected in the WT (+/+), both 1.4 and 0.9 kb
are detected in the heterozygous (+/-), and 0.9 kb is detected in
homozygous (—/—) fetuses. E: RT-PCR analyses of Fkhl18 expression.
Total RNAs were prepared from E14.5 fetal testes of the WT (+/+) and
homozygous (—/—) KO, and were analyzed by RT-PCR.

KO mouse harboring #51 Tg construct (Fkhl18KO;
Fkhl18-lacZ Tg). As shown in Figure 5B, caspase
3-positive signals overlapped with lacZ staining. The
density of apoptotic cells in the KO testes was approxi-
mately threefold that in the WT (n=4 fetuses each;
Fig. 5C). These findings suggest that apoptosis of
periendothelial cells in the absence of Fkhl18 leads to
defective testicular vascular system.

Possible Involvement of Fkhl18 in Regulation of
Fas Ligand Gene Expression

Fox proteins share a winged helix DNA-binding
domain and are known to act as transcription factors.
To investigate whether Fkhl18 have a transcriptional
activity, we performed reporter gene assays using
p6 x DBE-luc containing six repeats of Fox consensus
sequence. As described previously (Furuyama et al.,
2000), both Fox03a and FoxO4 activated the trans-
cription of p6 x DBE-luc, whereas Fkhl18 did not show
any activity by itself (Fig. 6A). Therefore, we examined
whether Fkhi18 acts as a suppressor against FoxO3a
and FoxO4. When Fkhl18 was co-expressed with
Fox03a or Fox04, the activities driven by FoxO3a and
Fox04 were suppressed in a dose-dependent manner
(Fig. 6A).

Next, we examined the DNA binding activity of
Fkhl18 by EMSA (Fig. 6B). In vitro synthesized myec-
tagged Fkhl18 bound to Fox consensus sequence (WT)



but not to mutated sequence (mut), and this binding
signal disappeared in a dose-dependent manner follow-
ing the addition of nonlabeled WT oligonucleotides. The
results of the in vitro EMSA study suggest that the
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transcriptional suppression by Fkhl18 is due to com-
petitive binding between Fkhl18 and FoxOs, although
it was unknown whether Fkhl18 is localized in the
nucleus or not. To check this, we examined intracellular
distribution of myec-tagged Fkhl18 (Fkhl18-myc) in
cultured cells. As shown in Figure 6C, FoxO3 and FoxO4
were localized exclusively in the nucleus, while Fkhl18
was localized predominantly in the nucleus. Together
with the results of the reporter gene assays, it is likely
that Fkhl18 suppresses the activities of other Fox
proteins possibly through competitively occupying the
target site on gene promoters.

As described above, our study showed that disruption
of Fkhl18 resulted in ectopic apoptosis of periendothelial
cells. Considering the suppressive function of Fkhl18,
we assumed that genes necessary for the occurrence of
apoptosis would be suppressed in WT. Consistent with
this assumption, it was reported that FasL gene
expression is activated by Fox proteins (Brunet et al.,
1999). Therefore, we investigated whether Fkhl18
suppresses human and mouse FasL promoter activities.
As we expected, Fkhl18 suppressed, dose-dependently,
human and mouse FasL promoter in bovine vascular
smooth muscle cells (Fig. 6D). Considered together,
these results suggest that Fkhl18 potentially sup-
presses proapoptotic signals by associating the Fox
consensus element in FasL promoter.

DISCUSSION

Development of the vascular system of animals starts
at fetal age. Primitive vasculature consisting of small
capillaries develops from blood vessel precursor cells,
and the primitive vessels expand progressively, produc-
ing branches to form the vascular tree. At the early stage
of blood vessel formation (angiogenesis and arterio-
genesis), periendothelial cells as well as endothelial cells
are required for generation of a functional vascular
system (Carmeliet, 2003, 2005). The requirement of
endothelial and periendothelial cells is strongly sugges-
tive of a functional correlation between the two cell types
during blood vessel development. In the present study,
we demonstrated the expression of Fkh!18 in periendo-
thelial cells encircling the endothelial cells in the

Fig. 4. Testicular vasculature abnormalities in Fkh/18 KO mice.
A: Appearance of dissected fetal testes of WT and Fkhl18 KO. Note the
accumulation of blood cells in the central part of the Fkh{18 KO testis
(arrowheads). B: Frequency of blood accumulation examined in 14 WT,
26 heterozygous (+/—) and 12 homozygous (—/—) testes. Frequency (%)
of testes showing blood accumulation relative to total number of testes
examined are shown. C: Visualization of the vasculature structure
using carbon ink. Carbon ink was injected into the testes through the
umbilical vein. The whole views of the WT (a) and Fkhl18 KO testes (b)
are shown. The WT (c, e) and Fkhi18 KO (d, f) testes were sectioned.
Areas containing inner testicular vessels (itv; ¢, d) and coelomic vessels
(cv; e, f) are enlarged in insets. As indicated by arrowheads in insets of
(d) and (), leakage of the injected ink was noted around the vessels of
Fkh18 KO testes. Scale bars= 100 pum, scale bars in insets =50 pm.
D: Electron microscopic view of a representative Fkhi18 KO testis.
The area enclosed by the rectangle is enlarged as the inset. Arrows
indicate a gap in endothelial cells in KO testis. En; endothelial cell,
P; periendothelial cell, Er; ervthrocyte. Scale bars = 500 um, scale bars
in insets = 100 pm.
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Fig. 5. Marked apoptosis of periendothelial cells in Fkhl18 KO
testis. A: Expression of caspase 3 in the Fkhi18 KO fetal testis. Fkhi18
KO E14.5 testis was immunostained with caspase 3 antibody (green)
and PECAM (red). As indicated by arrows, caspase 3-positive cells are
localized adjacent to PECAM-positive endothelial cells (red). Nuclei
were counterstained with DAPI (blue). Scale bars=50 pm.
B: Expression of caspase 3 in periendothelial cells of the Fkh/18 KO
fetal testis. Double immunostaining for lacZ and caspase 3 was
performed in E14.5 testes of Fkhl18KO; Fkhl18-lacZ Tg mice. As
indicated by arrowheads, caspase 3-positive cells (green) overlapped
with Fkhl18-positive cells (red). Scale bars =50 um. C: Apoptosis of
vascular periendothelial cells. Caspase 3-positive cells adjacent to
endothelial cells were counted in WT and Fkhl18 KO fetal testes. Data
are mean =+ SD numbers of caspase 3-positive cells per unit area (mm?).
*P < 0.02.

developing fetal testis. Fkhl18-deficient mice displayed
the following testicular abnormalities during fetal life;
(1) accumulation of blood cells in the central part of the
fetal testis, (2) presence of gaps, measuring 100—400 nm
in diameter, in endothelial cells, allowing leakage of
injected carbon ink from the testicular vessels, and
(3) aberrant apoptosis of periendothelial cells. These
features strongly suggest the importance of FRhlI8
expression in the periendothelial cells for development
of the testicular vascular system through direct and
indirect regulation of the functions of periendothelial
and endothelial cells, respectively.

This indirect function of Fkhl18 indicates a functional
interaction between endothelial and periendothelial
cells. The importance of interactions between the two
cell types for vascular maturation has been examined by
gene knockout studies. For example, angiopoietin-1 is
expressed in periendothelial cells, while its receptor
TIE-2 is expressed in endothelial cells. In the absence of
periendothelial angiopoietin-1, endothelial cells do not
properly recruit and associate with periendothelial
supporting cells (Suri et al., 1996). This ligand/receptor
interaction represents a signaling pathway from peri-
endothelial to endothelial cells. As a reciprocal signaling
pathway, functional correlation between platelet-
derived growth factor (PDGF)-BB expressed in endo-
thelial cells and PDGF receptor B (PDGFRp) in peri-
endothelial cells was demonstrated (Hellstrom et al.,
1999). Recruitment of periendothelial cells expressing
PDGFRf was affected when PDGF-BB gene was
disrupted. Unlike the KO mice described above, recruit-
ment of periendothelial cells did not seem to be affected
in the fetal testes of Fkhl18 KO mice. Interestingly,
however, marked apoptosis of periendothelial cells was
observed; with resultant focal and transient loss of
periendothelial cells. Since FkhlI8 is not expressed in
endothelial cells, the structural defect induced in endo-
thelial cells possibly resulted from weakened interaction
with the affected or decreased periendothelial cells.

Male-specific patterning of the vasculature in the
developing testis is induced by Sry (Buehr et al., 1993;
Martineau et al., 1997; Capel et al., 1999; Tilmann and
Capel, 1999; Brennan et al., 2002, 2003). Following the
expression of Sry, endothelial cells are recruited
vigorously to the testis from mesonephros to develop
the male specific coelomic vessel. Thereafter, the vessel
branches from the coelomic vessel and extends pro-
gressively between testicular cords. Although blood
vessels are also formed in the ovary, such active event
of blood vessel formation never occurs in the ovary at
the fetal stage. In this study, we noticed blood cell
accumulation in the central part of the fetal testis in
most Fkhl18 KO fetuses. However, such defect was
never seen in the female KO ovary (data not shown).
This sexually dimorphic defect seems to correlate with
the differential development of blood vessels in the two
sexes. Moreover, the expression of Fkhl18 in the testis is
significantly higher than in the ovary. Taken together,
higher amount of Fkhl18 would be required for the
active organization of the vasculature system.

Reporter gene assays revealed that Fkhl18 sup-
presses transcription mediated by FoxO3a and FoxO4.
Since Fkhl18 can bind to consensus DNA binding
sequence for Fox, it potentially represses transcription
by competing for binding sites with other Fox proteins.
Considering the suppressive function of Fkhl18, it is
interesting to note that FoxOs mediate proapoptotic
gene expression. For example, overexpression of FoxOs
resulted in apoptosis through direct induction of tumor-
necrosis factor-related apoptosis-inducing ligand
(TRAIL) in prostate cancer (Modur et al., 2002). In
neurons deprived of nerve growth factor (NGF), FoxO3a
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Fig. 6. Possible transecriptional suppression of Fas ligand gene by
Fkhl18. A: Transcriptional suppression by Fkhl18. Expression vectors
for Fkhll8 (400 ng) or Fox(O3a (100 ng), FoxO4 (100 ng) were
transfected into U20S cells with p6 x DBE-luc reporter gene contain-
ing six repeats of consensus binding sequence for forkhead proteins
(200 ng), and [i-galactosidase (25 ng). For effects of Fkhl18 on FoxOs'
activity, increasing amounts of Fkhi18 (200, 400 ng) were transfected
with FoxO3a (100 ng) or Fox(O4 (100 ng). Results are mean = SD of
triplicate transfections, Data represent the ratio of luciferase activity
normalized by [}-galactosidase activity to basal reporter activity.
B: EMSASs performed with WT and mutated Fox consensus sequences.
In vitro synthesized Fkhl18-myc was incubated with WT and mutated
oligonucleotides (mut). Fifty or 100-fold excess amount of unlabeled

directly activated bim (Bcl-2 interacting mediator of cell
death) promoter via conserved Fox binding sites (Gilley
et al., 2003). Moreover, Akt activated by survival factors
phosphorylated FoxO3a and thereby prevented the
association of FoxO3a to FasL promoter (Brunet et al.,
1999). Based on the results published so far, we
hypothesized that the marked apoptosis of periendothe-
lial cells in Fkhl18 KO testes is caused by defective
proapoptotic gene transcription, which is normally
attenuated by Fkhl18. As expected, Fkhl18 suppressed
transcription from FasL gene promoter in cultured
smooth muscle cells prepared form bovine blood vessels,
although such suppression seemed inefficient. We
assumed that the inefficient suppression was due to
cellular condition since normally FasL gene expression
should be activated by apoptotic signal. Therefore, we
carried out the reporter gene assays using cells treated
with okadaic acid, which is known to activate the
apoptotic process (Rossini et al.,, 1997; Goto et al.,

oligonucleotide (WT) was used as a competitor. Arrowhead indicates
retarded signal. C: Intracellular localization of Fkhl18. Fkhl18-myc
(green), FoxO3-HA (HA-tagged Fox03), and FoxO4-HA (HA-tagged
Fox(04) were transfected into U208 cells and their intracellular
distribution was examined. Cells were counterstained with DAPI
(blue). D: Suppressive effect of Fkhl18 on FasL, promoter. Increasing
amount of Fkhl18 expression vector (100, 200, 400 ng) were transfected
into bovine vascular smooth muscle cells with human or mouse
FasLpro-luc reporter gene (200 ng), and p-galactosidase (20 ng).
Results are mean=SD of three independent experiments. Data
represent the ratio of luciferase activity normalized by B-galactosidase
activity to basal reporter activity.

2002; Fujita et al., 2004). Unfortunately, however, the
reporter gene was probably abnormally transcribed,
most likely because of the toxicity of okadaic acid
(Rossini et al., 1997). Therefore, although the reason
for the ineffective suppression by Fkhl18 remains to be
clarified, it is possible that Fkhl18 modulates tran-
scription driven by other Fox transcription factors in
periendothelial cells.

In the present study, we focused on the function of
Fkhi18 during blood vessel formation of the fetal testis;
blood vessel development in the ovary remains to be
investigated. Likewise, we have not examined whether
the blood vessels in tissues other than the gonads are
affected by FkhlI8. Considering that FkhIIS is
expressed in periendothelial cells of other tissues, the
defects seen in the fetal testis could be also seen in other
tissues. However, obvious accumulation of blood cells
was not observed in any tissues other than the testis,
strongly arguing against a major defect of blood vessel
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development in these tissues. Together with the highest
expression of Fkhl18 in the developing testis, it is
conceivable that Fkhi18 plays a unique role in the
development of the testicular vasculature system.
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Abstract

Lectin-like oxidized low-density lipoprotein receptor-1 (LOX-1) is one of the scavenger
receptors that recognizes oxidized low-density lipoprotein as a major ligand. The placenta is a
major source of prooxidant during pregnancy, and the level of placental oxidative stress
increases rapidly at the end of the first trimester and tapers off later in gestation. In our study,
we evaluated placental expression of LOX-1 during different gestational stages in the mouse
and human. We used immunohistochemistry and in situ hybridization to identify
LOX-1-expressing cells in murine and human placentas. In both species, higher expression of
LOX-1 mRNA during early to midgestational stages compared with late gestation
—corresponding to the increased oxidative stress in early pregnancy— was revealed by
real-time reverse transcription-polymerase chain reaction. In murine placenta, we
demonstrated that LOX-1-expressing cells were fibroblast-like stromal cells in metrial glands
and decidua basalis and that they were glycogen trophoblast cells in the junctional and
labyrinth zones. In the human, LOX-1 expression was detected in villous cytotrophoblasts in
both of first trimester and term placentas. These localization patterns of LOX-1 in murine and
human placentas suggest the possible involvement of LOX-1 in high oxidative stress

conditions of pregnancy.

Keywords: LOX-1, placenta, glycogen trophoblast cells, fibroblast-like stromal cells
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Introduction

Placental oxidative stress has been implicated in the pathogenesis of pregnancy-related
complications such as miscarriage, preterm delivery, and preeclampsia (Hubel 1999; Burton
and Jauniaux 2004). Highly reactive products of lipid peroxidation are formed when free
radicals attack polyunsaturated fatty acids or cholesterol in lipoproteins. Oxidized low-density
lipoprotein (ox-LDL) is a major product of lipid peroxidation. Elevated levels of antibodies to
ox-LDL in women with established preeclampsia and in pregnant women with a history of
repeated abortion indicate that uncontrolled lipid peroxidation and impaired ox-LDL
elimination may induce cellular dysfunction and damage in the placenta (Branch et al. 1994;
Tulppala and Ailus 1995). In isolated normal trophoblasts and placental macrophages, cellular
uptake and degradation of modified LDL (scavenger receptor activity) were 20-fold higher
than those of LDL (Bonet et al. 1995). Such scavenger receptor activity in the placenta may
function to degrade modified lipoproteins and prevent toxic effects on placental cellular
function and fetal growth and development (Bonet et al. 1995).

Lectin-like ox-LDL receptor-1 (LOX-1) is one of the scavenger receptors that is mainly
expressed in vascular endothelial cells (Sawamura et al. 1997). It was initially cloned from
bovine aortic endothelial cells and from human lung as a novel receptor for ox-LDL
(Sawamura et al. 1997). LOX-1 shows strong activity for binding, internalizing, and degrading
ox-LDL (Moriwaki et al. 1998). It is induced by stimuli including angiotensin II (Li et al.
1999), tumor necrosis factor-a (Kume et al. 1998), and advanced glycation end products (Chen
et al. 2001) as well as ox-LDL itself (Aoyama et al. 1999). LOX-1 is involved in
ox-LDL-induced apoptosis of vascular endothelial cells via intracellular production of reactive

oxygen species (L1 and Mehta 2000).
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LOX-1 is expressed not only in vascular endothelial cells but also in monocyte-derived
macrophages, vascular smooth muscle cells, and chondrocytes (Yoshida et al. 1998; Moriwaki
et al. 1998; Draude et al. 1999; Aoyama et al. 2000, Nakagawa et al. 2002). Northern blot
analysis of human tissues detected LOX-1 mRNA in vascular-rich organs such as placenta,
lung, brain, and liver (Sawamura et al. 1997). Among these tissues, the placenta had the highest
expression of LOX-1 mRNA (Sawamura et al. 1997), which indicated the crucial role of
LOX-1 in placental function. It is suggested that LOX-1 might be involved in trophoblast
invasion in early pregnancy (Pavan et al. 2004; Fournier et al. 2007) and accelerated
trophoblast apoptosis in preeclampsia (Lee et al. 2005). Immunohistochemical studies of
human placenta showed that LOX-1 localized in extravillous trophoblasts of first trimester
placenta (Pavan et al. 2004; Fournier et al. 2007) and in syncytiotrophoblasts of normal and
preeclamptic term placentas (Lee et al. 2005). However, localization of LOX-1 in animals,
especially the mouse—the best-studied mammalian experimental model system—has not been
reported. In the present study, we describe the clear localization of LOX-1 in murine placenta,
as determined by using immunohistochemistry and in situ hybridization, and we compared

these results with data for human placenta.
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Materials and methods

Sample collection

C57BL/6 mice were purchased from Japan Crea (Tokyo, Japan). Mice were bred in the
Animal Resource Facility at Kumamoto University under specific-pathogen-free conditions.
All animal procedures were approved by the Animal Research Committee at Kumamoto
University, and all procedures conformed to Regulations for animal experiments of
Kumamoto University. Adult female mice (2-5 months old) were mated with males in the
evening and were monitored, starting the next morning, for the appearance of a vaginal plug.
Noon on the day in which a vaginal plug was found was said to be 0.5 embryonic day (E0.5).
Placentas were isolated at various developmental stages between days E10.5 and E18.5. For
better tissue orientation, endometrial and myometrial components were not dissected away
from placental disks during dissection. For investigation of the adult tissue distribution of
LOX-1 mRNA, tissues were obtained from 8-week-old male mice.

Human placental tissues at 6-41 weeks of gestation were obtained from healthy pregnant
women. Before collecting any such samples, we obtained signed informed consent, with
consent documents written according to the Declaration of Helsinki, from all pregnant women
in this study. First trimester placentas (6-12 weeks of gestation) and term placentas (37-41
weeks of gestation) were obtained from legal elective abortions and spontaneous vaginal

deliveries, respectively.

Reverse transcription-polymerase chain reaction (RT-PCR)
RNA isolation and RT were performed as previously described (Kobayashi et al. 2007). A
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I-mg sample of total RNA was used to produce cDNA with an Omniscript RT Kit (Qiagen,
Valencia, CA, USA). The sequences of PCR primers used were as follows: mouse LOX-1
(522-bp product): forward primer: 5'-GAGCTGCAAACTTTTCAGG-3', reverse primer:
S'-GTCTTTCATGCAGCAACAG-3'; human LOX-1 (193-bp product): forward primer:
5'-TTACTCTCCATGGTGGTGCC-3', reverse primer:
5'-AGCTTCTTCTGCTTGTTGCC-3"; and glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) (392-bp product): forward primer: 5'-GGAAAGCTGTGGCGTTGGCGTGAT-3',
reverse primer: 5'-CTGTTGCTGTAGCCGTATTC-3'. These PCR primers were
custom-made by Invitrogen (Carlsbad, CA, USA). The primers for GAPDH were designed to
be available for both mouse and human.

The PCR cycle parameters were as follows: 15 min at 95 °C, three-step cycling
(denaturation at 94 °C for 30 s; annealing at 55 to 60 °C for 30 s; and extension at 72 °C for |
min), and 10 min at 72 °C using an i1Cycler™ Thermal Cycler (Bio-Rad Laboratories, Hercules,
CA, USA). Thirty cycles were used for LOX-1; 28, for GAPDH . Annealing temperatures for
LOX-1 and GAPDH were 55 °C and 60 °C, respectively. A 10-ml aliquot of each PCR product
was then subjected to electrophoresis on 2% (w/v) agarose gel containing 0.1 mg/ml ethidium

bromide.

Real-time PCR analysis

To quantify LOX-1 mRNA levels in murine and human placental tissues, real-time PCR
was performed with an ABI PRISM®7700 Sequence Detection System (Applied Biosystems,
Foster City, CA) as described earlier (Tsujita et al. 2007). A standard curve was constructed by

plotting the relative amounts of a serial dilution of placental cDNA. Mouse placentas were
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taken from at least 3 animals at each gestational age of E10.5, E11.5, E13.5, E14.5, E15.5,
E16.5,E17.5 and E18.5. For human samples, first trimester placentas (6-12 weeks of gestation,
n = 8) and term placentas (37-41 weeks of gestation, n = 5) were compared. For measurements,
villi were separated from decidua and other components of first trimester placenta by using
stereoscopic microscopy. Chorionic villi of central cotyledons were collected from term
placentas. All experiments were performed in duplicate. Thermal cycler conditions consisted
of 2 min at 50 °C (with uracil N-glycosylase for prevention of carryover contamination) and 10
min at 95 °C (for hot start PCR), followed by 40 cycles of 15 s at 95 °C and 1 min at 60 °C.
Quantitative values of expression of target genes were determined as relative to endogenous

18S rRNA gene expression.

In situ hybridization

cRNA probes for mouse and human LOX-1 were synthesized from PCR-generated cDNA
as described previously (Divjak et al. 2002) with minor modifications. PCR amplification of
template PCR-generated cDNA (2.5 ml) was perfc;rmed by using PrimeSTAR™ HS DNA
Polymerase (Takara, Kyoto, Japan) with the following primer pairs: T7 mouse LOX-1 primer

(544-bp product), 5'-CTTAATACGACTCACTATAGGGGAGCTGCAAACTTTTCAGG-3'

(forward primer) and

5-CTTAATACGACTCACTATAGGGACAGATGTCAAGGCCAACA-3'(reverse primer);

T7 human primer (544-bp product),

5'-CTTAATACGACTCACTATAGGGCTGGAGGGACAGATCTCAGC-3' (forward

primer) and 5'-CTTAATACGACTCACTATAGGGTTTCCGCATAAACAGCTCCT-3'

(reverse primer). PCR products were purified by using a High Pure PCR Product Purification
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Kit (Roche Diagnostics, Mannheim, Germany). Next, purified PCR products were transcribed
in vitro by means of T7 RNA polymerase and were labeled with digoxigenin (DIG)-dCTP via a
DIG In Vitro Transcription Kit (Roche Diagnostics) to produce sense and antisense cRNA
probes. Finally, cRNA probes were purified using a mini Quick Spin RNA column (Roche
Diagnostics). Purified cRNA probes were mixed with equal volumes of deionized formamide
(Wako, Osaka, Japan).

Murine and human placentas were fixed in 4% paraformaldehyde solution at 4 °C overnight
and were then embedded in paraffin. Paraffin sections (3 mm) were deparaffinized in xylene
and rehydrated in graded alcohols. Sections were treated with 10 mg/ml proteinase K (Roche
Diagnostics) for 10 min at 37 °C and were postfixed in 4% paraformaldehyde, treated with 0.1
N HCI, and acetylated with 0.25% acetic anhydride in 0.1 mol/l triethanolamine (pH 8.0) for
10 min. Sections were then dehydrated in graded alcohols and air dried. Samples (50 ng) of
cRNA probes were mixed with a 50-fold volume of hybridization buffer containing 50%
formamide, 10 mM Tris-HCI (pH 7.5), 200 mg/ml tRNA, 1 x Denhardt's solution, 600 mM
NaCl, 0.25% SDS, 1 mM EDTA (pH 8.0), and 10% dextran sulfate. The hybridization mixture
was heat denatured, applied to dried sections, and covered with Parafilm. Hybridization was
performed at 50 °C for 18 h in a humidified chamber. After hybridization, Parafilm was
removed by a brief washing in 5 x SSC (1 x SSC: 150 mM NaCl plus 15 mM sodium citrate).
Sections were then washed in 50% formamide plus 2 x  SSC for 30 min at 50 °C. After the
sections were washed in TNE (10 mM Tris-HCI pH 7.5, 0.5 M NaCl, 0.5 mM EDTA) for
10 min at 37 °C, they were treated with 10 mg/ml RNase A (Roche Diagnostics) for 30 min at
37 °C. They were again washed in TNE for 10 min at 37 °C and were then stringently washed

sequentially, once in 2 x SSC and twice in 0.2 x SSC for 20 min at 50 °C. Sections were
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washed in buffer 1 (100 mM Tris-HCI pH 7.5, 150 mM NaCl) for 5 min, were incubated with
1.5% blocking reagent (Roche Diagnostics) diluted in buffer 1, and were incubated for 30 min
at room temperature (RT) with alkaline phosphatase-conjugated rabbit anti-DIG F(ab')
fragment antibody (Roche Diagnostics) diluted 1:500 in buffer 1. After sections were washed
twice in buffer 1 for 15 min and once in buffer 2 (100 mM Tris-HCI pH 9.5, 100 mM NaCl, 50
mM MgC12) for 5 min, they were covered with 200 ml of buffer 2 containing nitroblue
tetrazolium and 5-bromo-4-chloro-2-indolyl phosphate (Roche Diagnostics) and were placed
in humidified chambers. Color development was monitored via a light microscope. Dark blue
indicated a positive reaction. After a brief washing in tap water, sections were mounted in
permanent aqueous medium (Nichirei, Tokyo, Japan). Counterstaining was not performed.

Sections incubated with the sense probe served as negative controls.

Histology and immunohistochemistry

Formalin-fixed paraffin sections were stained with hematoxylin and eosin. Paraffin
sections 3 mm thick were used to localize mouse desmin. Endogenous peroxidase activity in
murine placental sections was blocked with 0.3% H202 in 100% methanol for 30 min at RT,
after which sections were incubated for 90 min at RT with anti-human desmin rabbit
polyclonal antibody (1 mg/ml, RB-9014-P; Lab Vision Ltd., Suffolk, UK), which cross-reacts
with mouse desmin. An incubation for 30 min at RT with goat anti-rabbit Ig-conjugated
peroxidase-labeled polymer amino acid (Nichirei) followed. Peroxidase activity was
visualized by using 3,3'-diaminobenzidine tetrahydrochloride (Dojin Chemicals, Kumamoto,
Japan) as the substrate. Meyer’s hematoxylin was used as the counterstain. As a negative

control, normal rabbit IgG (10 mg/ml; Santa Cruz Biotechnology, Santa Cruz, CA, USA) was
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used instead of the primary antibody.

For immunohistochemical studies of LOX-1, murine and human placental tissues were
fixed with freshly prepared periodate-lysine-paraformaldehyde (PLP) fixative for 6-8 hours at
4 °C, after which they were washed with a graded series (10-20%) of sucrose in 0.1 M PBS.
Fixed tissues were embedded in tissue-embedding media, frozen in liquid nitrogen, and cut
into 6-mm-thick sections. Endogenous peroxidase activity in the murine placental sections
was blocked as described above, followed by incubation of the sections for 90 min at RT with
anti-mouse LOX-1 rat monoclonal antibody (JTX-58, rat IgG, Smg/ml). Sections were then
incubated for 30 min at RT with goat anti-rat Ig-conjugated peroxidase-labeled polymer amino
acid (Nichirei). Visualization of peroxidase activity and counterstaining were performed as
Jjust described. As a negative control, normal rat IgG (10 mg/ml; Santa Cruz Biotechnology)
was used instead of the primary antibody.

To stain human LOX-1, frozen sections of human placental tissues were incubated for 90
min at RT with biotinylated anti-human LOX-1 mouse monoclonal antibody (JTX-92, mouse
[gG, 6.9 mg/ml). Sections were then incubated for 30 min at RT with avidin-biotin complex
(VECTASTAIN® Elite ABC kit, Vector Laboratories, Inc., Burlingame, CA, USA).
Peroxidase activity was visualized as described above. As a negative control,
biotin-conjugated normal mouse IgG (10 mg/ml; Santa Cruz Biotechnology) was used instead

of the primary antibody.

Electron microscopy and immunoelectron microscopy
Electron microscopic observation was performed as described previously (Komohara et al.

2005). For immunoelectron microscopy, frozen sections of PLP-fixed murine placentas were
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incubated overnight at 4 °C with anti-mouse LOX-1 monoclonal antibody (JTX-58). The
sections were washed with PBS, after which they were incubated for 2 h at 4 °C with
peroxidase-conjugated anti-mouse IgG [(F(ab’)2] (Amersham, Buckinghamshire, UK).
Peroxidase activity was visualized in the same way as noted above. Then samples were
processed as previously described (Komohara et al. 2005). Ultrathin sections were evaluated

via a Hitachi H-7500 electron microscope (Hitachi, Tokyo, Japan) without counterstaining.
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Results
Expression of LOX-1 mRNA in murine organs

By using RT-PCR, we examined the expression of LOX-1 mRNA in various organs of the
mouse (Fig. 1A). The placenta had the highest level of LOX-1 mRNA expression. Lung and
aorta showed moderate expression, and expression in other organs was weak or absent. To
compare the level of LOX-1 mRNA expression in the placenta at various developmental
stages, placental tissues from E10.5 to E18.5 were examined by means of real-time RT-PCR.
Expression of LOX-1 mRNA peaked at midgestation (E14.5 to E15.5) and decreased

thereafter (Fig. 1B).

Compartment-specific expression of LOX-1 mRNA in murine placenta

Because strong LOX-1 mRNA expression was observed during midgestational days,
placental tissue at E14.5 was used to examine the localization of LOX-1 protein and mRNA.
The fundamental morphology of murine placenta is completed by midgestation, with the
tissue being compartmentalized into four distinct regions: metrial glands (MQG), decidua
basalis (DB), junctional zone (JZ), and labyrinth zone (LZ) (Georgiades et al. 2002). The MG
and DB belong to the maternal side, whereas the LZ and JZ belong to the fetal side. To
examine the compartment-specific expression of LOX-1 mRNA, we separated pregnant uterus
and placenta at E14.5 into four parts: myometrium, MG + DB, JZ + LZ, and yolk sac + amnion.
RT-PCR analysis revealed stronger expression of LOX-1 mRNA in the MG + DB and LZ +JZ

compared with the other two parts (Fig. 2).

Localization of LOX-1 protein and mRNA in different compartments of murine placenta
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At E14.5, the four compartments of the murine placenta have distinct histological features
(Fig. 3A). To clarify the precise localization of LOX-1 expression in each compartment, we
utilized immunohistochemistry and in situ hybridization. In agreement with results of RT-PCR
analysis, LOX-1 protein was detected in these compartments, with distinct localization
patterns. Diffuse LOX-1 staining was observed in the MG and the outer part of the DB (Fig.
3B). Strong cord-like staining in the JZ and faint diffuse staining in the LZ were also seen (Fig.
3B). No positive staining was observed in a negative-control section (Fig. 3C). In situ
hybridization demonstrated clear co-localization of mRNA with the protein in all
compartments (Fig. 3D). An in situ hybridization control section, with the sense probe,

showed no positive signal (Fig. 3E).

Cellular localization of LOX-1 protein and mRNA in different compartments of murine
placenta

In the mouse MG at midgestation, the major cellular components are granulated metrial
gland (GMG) cells, also known as uterine natural killer (NK) cells, and fibroblast-like stromal
cells. These two cell types are closely associated, with the fibroblast-like cells surrounding
large, plump GMG cells (Fig. 4A). In immunohistochemical studies, LOX-1 was localized in
the fibroblast-like cells but not in GMG cells (Fig. 4B). In situ hybridization clearly
differentiated these two cell types: LOX-1 mRNA was detected in the cytoplasm of the
fibroblast-like stromal cells surrounding the GMG cells (Fig. 4C). The expression pattern of
LOX-1 mRNA in the fibroblast-like cells was in agreement well with that of desmin protein, a
marker for this type of cell (Fig. 4D). Ultrastructural observation confirmed the intimate

association of the fibroblast-like cells and the GMG cells (Fig. 4E). Immunoelectron
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