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Table 1. List of Genes that Had Up-Regulated (Positive) and Down-Regulated (Negative) Expression Related to EMT (PC3 Axis)
Positive Negative
Gene Gene Title Representative ‘Gene ’ Gene Title Representative
Symbol PublicID Symbol Public ID
Ceng2 | cyclin G2 U95826 Bachl BTB and CNC homology 1 NM_007520
Ceni cyclin] NM_017367 Cdc42bpa | Cded2 binding protein kinase alpha BM117074
Crgf connective tissue growth factor NM_010217 Dnml dynamin 1 L31397
Dock? Dedicator of cylokinesis 7 BB463580 Foxb] forkhead box B 190538
Dokl | docking protein | BCO06868 Gpresc | G protein-coupled receplor, fumilyC, | BC0D8228
group 5, member C
Fgfrl B Fibroblast growth factor receptor 1 M33760 1113ral interleukin 13 receptor, alpha 1 S80963 N
Gjal g:u; ju;lclicm membrane channel protein | BB039269 Kenks ;smmssium chmmel, subfamily K, member | AF319542
alpha
Gipbpd | GTPbinding protein 4 AI987834 Kifl3a kinesin fomily member 13A AB037923
Hgfac hepatocyte growth factor activator NM_019447 Kif17 kinesin family member 17 AW492270
Hoxa3 homeo box A3 BB496114 Mark2 MAP/microlubule affinity-regulating BI686265
kinase 2
I};?,xbs homeo box B8 / homeo box B7 X13721° Mef2d myocyte énhancer factor 2D NM_133665
M5ra interleukin 15 recepior, alpha chain NM_008358 MrplS1 mitochondrial ribosomal protein L51 Al594880
"mz Iroquois related homeobox 2 AF295369 Mxd4 Max dimerization protein 4 BE291523
liga5 integrin alpha 5 - BB493533 Neul neuraminidase 1 Al649303
Itgbl integrin beta | BM120341 Rel reticuloendotheliosis oncogene NM_0095044
Mapkbp | Milogen activated protein kinase bind- | BQ174980 Rgnef Rho-guanine nucleotide exchange factor BG069493
1 ing protein 1 ‘
Mdm2 transformed mouse 3T3 cell double X58876 Rps6kb2 ribosomal protein S6 kinase, polypeptide 2 | NM_021485
minute 2
Ncam] neural cell adhesion molecule 1 NM_010875 Slc24al solute carrier family 24, member | BC016094
Pdgfa platelet derived growth factor, alpha BB371842 Slc25a19 solute carrier family 25, member 19 AV338420
i Prkee prolein kinase C, gamma NM_011102 Slc25a22 solute carrier fumily 25 , member 22 AK018760
Rab23 RAB23, member RAS oncogene family | NM_008999 Slc40al solute carricr fumily 40 , member 1 AF226613
Rasa3 RAS p21 protein activator 3 NM_009025 Statl signal transducer and activator of tran- AW214029
scription 1
Rbl retinoblastoma 1 NM_009029 Tglh transforming growth factor alpha M92420
Sbnol Sno, strawberry notch homolog 1 BC023136 Ubpl upstream binding protein 1 NM_013699
Siclad solute carricr family 1, member 4 BB277461 Uspl2 ubiquitin specific protease 12 AF441835
Sic34al solute carrier family 34 , member | Al788646 T B
Slc4a7 Solute carricr family 4, member 7 AWS555750
Slc7a2 solute carrier family 7, member 2 MG2838
Ubelyl Tbiquiﬁn-aclivating ‘eﬁzyme El,ChrY | X62581
Vegfa vascular endothelial growth factor A NM_009505
Wnt6 wingless-related MMTV intcg:a—l;on NM_009526
. | siteé
Wnt7b wingless-related MMTYV integration W29605 ]
site 7B

drug delivery for specific anti-cancer drugs, especially those
affecting metastasis. Progress in understanding EMT has

been an exercise in coming to appreciate the level of com-
plexity required for changing cellular identity. The mecha-
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nism of EMT highlights an integration of nuclear regulation
and network signaling with alterations in the microenviron-
ment to create a moving cell; in this sense, basic concepts
based on EMT mechanisms would thus hold great promisc
for regenerative medicine.

GET OP9 CELLS DEAD TO RIGHTS

The concept of regencrative medicine refers to the cell-
mediated restoration of damaged or diseased tissue. Candi-
date cell sources for tissue regencration include ES cells,
fetal cells, and adult cells such as marrow stromal cells, each
of which has both advantages and drawbacks. Clinical trials
with marrow stromal cells have been performed in patients
with osteogenesis imperfecta and osteoporosis, and marrow
stromal cells are expected to be a good source of cell ther-
apy.

Bone marrow-derived stem cells can be transdifferenti-
ated into multilineage cells, such as muscle [30) from meso-
derm, lung [31] and liver {31, 32] from endoderm, and brain
[33-36] and skin [31] from cctoderm. Somatic stem cells arc
more desirable than ES cells for cell therapeutics because of
ethical considerations and the possible immunologic rejec-
tion of ES cells. Mesenchymal siem cells have become the
most popular somalic stem cclls in medicine and biology, not
least because of their high reproductive capability in vitro.

Chondrocytes differentiate from mesenchymal cells dur-
ing embryonic development [37], and the phenotype of the
differentiated chondrocyte is characterized by the synthesis,
deposition, and maintenance of cartilage-specific extracellu-
lar matrix molecules, including type IT collagen and aggrecan
[38-40]. The phenotype of diffcrentiated chondrocytes is
rapidly lost since it is unstable in culture [41-44]. This proc-
css is refoired to as ‘dedifferentiation’ and is a major im-
pediment to the use of mass cell populations for therapy or
tissue engineering of damaged cartilage. When isolated
chondrocytes are cultured in a monoluyer at low deasity, the
typical round chondrocytes morphologically transform into
flattened fibroblast-like cclls, with profound changes in bio-
chemical and genetic characteristics, including reduced syn-
thesis of type II collagen and cartilage protcins [45).

We cstablished scveral stromal cells from murine bone
marrow cultures [46]. One of them, KUSA-A1 cells, displays
osteogenetic characteristics in vitro and in vivo. In order to
clarify the specific gene expression profilc of KUSA-A1,
other established stromal cclls, KUMS, 9-15¢, KUSA-O, H-
1/A [47], and mousc embryonic fibroblasts, we compared the
expression levels of approximately 23,000 gencs by using
the Affymetrix gene chip oligonucleotide arrays. Of the
23,000 genes represented on the gene chip, chondrocyte-
specific or -associated genes such as type II collagen al,
type XI collagen al, Sox9, proline arginine-rich end leucine-
rich repeat, and cartilage oligomeric matrix protein are more
strongly expressed in KUMS cells than in other marrow-
derived mesenchyinal cells. Does a gene expression patiern
reflect the character of the cells i vitro and/or in vivo? — The
answer is yes: KUMS cells generate hyaline cartilage and
exhibit endochondral ossification in vitro (Fig. (3B)) and in
vivo {48].
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Surprisingly, OP9 cells [49] also express these chondro-
cyte-specific or -associated genes at higher levels: the type II
collagen al, and type XI collagen al genes are expressed in
OP9, cells at more than 10-fold higher levels than in 9-15¢,
KUSA-O, H-1/A, primary embryonic fibroblasts, or even
KUMS chondroblasts. In addition, expression of ‘structural
proteins’ on Gene Ontology, inciuding the extracellular ma-
trix, is much higher by OP9 and KUMS cells than by non-
chondrogenic cells such as KUSA-AIl, H-1/A, and 9-15¢,
implying that the OP9 and KUMS cells are mainly engaged
in synthesizing extracellular matrix. We also performed hier-
archical clustering and PCA, based on the microarray data
(Fig. (3A)). KUMS and OP9 cells are grouped into the same
subcalegory and can clearly be separated from other stromal
cells based on the expression data of cell surface markers
and cell-type-specific genes, implying that KUMS and OP9
cells have chondrogenic potential,

Are OP9 cells chondroblasts in vitro and/or in vivo? - the
answer, again, is yes; OP9 cells are induced into the chon-
drogenic lineage by the pellet culture methed (Fig. (3C)),
and the OP9 pellets (micromasses) implanted in mice form
the type 11 collagen-positive hyalinc cartilage [48). OP9 cells
are derived from macrophage colony-stimulating factor-
deficient osteopetrotic mice, and have also been used as
feeder cells for embryonic stem cells [50-52]. The cells iden-
tified as a key participant in regulating the number of adult
stem cells or hematopoictic stem cells are now considered to
be of an osteoblastic lineage [53, 54]. OP9 cells have been
recognized as a niche-constituting preadipocyte; however
their true face is a chondroblast. We have two diffcrent types
of cells, ostcoblasts (KUSA-A1) and chondroblasts (OP9 and
KUMS), showing distinctive in vivo characteristics. The
unique characteristics of these cells provide an opportunity
to analyze the process of membranous ossification and en-
dochondral ossification. These cells are useful candidate cell
sources, in addition to dedifferentiated chondrocytes ob- -
tained from cartilage for transplantation in osteoarthritis and
rheumaloid arthritis.

GENE EXPRESSION PROFILING AND MEDICAL
SCIENCE

Recently, gene cxpression profiling has been successfully
used to predict outcomes in some types of malignant diseases
[55-61] and, additionally, to assess drug discovery screening
[62]. In reproductive and regenerative medicine, it is impor-
tant to identify biomarkers that will establish the isolalion,
selection and expansion of stem cells in vitro to allow their
use for cell therapy. On the road map for translational medi-
cine-- often referred to as bench to bedside rescarch--, stem
cell therapy is a prime destination. Stem cells have not taken
on the identity of any specific cell type and are not yet com-
mitted to any dedicated function; they can divide extensively
or indefinitely, and may be induced to give rise to one or
more specialized cell types. Stem cells derived from bone
marrow can replace heart musclc lost as a result of a heart
attack, and can improve cardiac function. Injecling bone-
marrow siem cells into an injured heart potentially repre-
sented new therapy, triggering the launch of numerous clini-
cal studies to investigate the effect of directly injecting these
cells into the damaged heart muscle of patients following a
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Fig. (3). Expression profiling and ién vitro chondrogenesis of KUMS and OP? cells,

A. Dendrogram revealing clustering profile of six marrow stromal cells and mouse embryonic fibroblast (MEF) using 244 surface marker

genes.

B. a, b: Toluidine blue stained section of KUMS chondrogenic nodules in the pellet culture exposed TGF-B3 and BMP-2 for 1 (a) or 3 (b)
weeks. Scale bars: 500 pm. ¢: Higher magnification of KUMS chondrogenic pellet exposed to TGF-$3 and BMP-2 for 3 wecks. Left panel:
hematoxylin and cosin stain; center panel: toluidine blue stain; right panel: alcian blue stain, Scale bars: 100 pm.
C. a, b: Toluidine blue stained section of OP9 chondrogenic nodules in the pellet culture exposed TGF-3 and BMP-2 for 1 (a) or 3 (b)
weceks. Scale bars: 500 pm. c: Higher magnification of OP9 chondrogenic pellet exposed to TGF-f3 and BMP-2 for 3 wecks. Left panel:
hematoxylin and eosin stain; center pancl: toluidine blue stain; right pancl: alcian blue stain, Scale bars: 100 pm.

(Modified from Sugiki er al. J Cell Biochem, 2007, 100, 1240 [48]).

heart attack [63]. The scientific underpinnings of the ongoing
human studies haye been established. Now is the time to
search for the presence of naturally occurring, authentic
pluripotent cells and to identify and dissect the signals that
guide their migration, self-renewal and differentiation. Fur-
thermore, we need to commit the necessary time and re-
sources lo identify the best stem cells for cell therapy to
translate.

CONCLUSION

Here, the expression pattern has been correlated with mo-
lecular structure descriplor; this consistency indicates that
the expression profiling is valid. Consequently, understand-
ing the global gene network that governs the pluripotency
and self-renewal of stem cells is an important first step to-
wards the experimental manipulation of cellular develop-
mental potency. The cell potency is a fundamental concept in
developmental biology and stem cell biology, providing a
conceptual framework of sequential transition from totipo-
tent fertilized cggs to pluripotent embryonic stem cells and
stem cells to terminal differentiated cells. The global expres-
sion profiling can help to delineate the global architecture

and dynamics of a gene regulatory nelwork such as Oct4-
regulated gene networks in mousé ES cells [64].
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FOOTNOTE

Fig. (1) is prepared from ref. [18] with permission from
Elsevier.
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Fig. (3) is prepared from ref. [48] with permission from

Wiley-Liss, Inc.
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capacitation, and is completely inhibited by mitochondrial
translation inhibitors but not by a cytoplasmic translation
inhibitor (Gur and Breitbart, 2006). Therefore, it is apparent
that mitachondrial ribosomes are actively involved in pro-
tein translation in spermatozoa.

The first mRNA that was identified in human mature sper-
matozoa was the c-Myc mRNA (Kumar et al., 1993). The
existence of a complex population of mRNAs in ejaculated
human mature spermatozoa was shawn by expression profil-
ing using oligo DNA microarrays (Ostermeier et al., 2002).
Although these mRNAs were previously thought to be
non-functional remnants of stored mRNAs that are synthe-
sized at earlier stages of spermatogenesis, Ostermeier
et al. proposed that a specific set of functional RNAs may
be delivered into oocytes and support early embryonic
development (Ostermeier et al., 2004). Although the spe-
cific functional significance of these mRNAs in mature ejac-
ulate spermatozoa remains poorly investigated; they have
been demonstrated to influence the phenotypic traits of off-
spring (Miller and Ostermeier, 2006). The poor developmen-
tal ratios relative to normal of both parthenogenetic
embryos and cloned embryos obtained from somatic-cell
nuclear transfer, are consistent with a developmental role
for spermatozoal mRNAs. A

Garcia-Herrero et al. used microarrays to investigate
spermatozoal RNAs (this issue; Garcia-Herrero et al., 2011).
They compared the profile gene of expressicn in spermatozoa
that achieved pregnancy (group P) through an ICSl cycle inan
oocyte donation program with the profile of those that did
not achieve pregnancy (group NP) (Garcia-Herrero et al.,
2011). In order to reduce female infertility as a bias factor,
all of the oocytes originated from young female donors. Fur-
thermore, the coupled pairs of women (pregnant and non
pregnant) received the oocytes from the same donor. The
total number of expressed transcripts detected in fresh
sperm samples was 19,229. Of those transcripts, 16,035
(83.4%) were expressed in both groups, P and NP. Among
these commonly expressed transcripts, only 44 sequences
were overexpressed in group P versus NP and five in group
NP versus P. Notably, the 44 differentially-expressed genes
in group P included four cathepsins and six metallothioneins.
Cathepsins are a family of cysteine proteases andare likely to
prevent atrophy of seminiferous tubules and support sper-
matogenesis to pachytene spermatocytes (Gye and Kim,
2004; Wright et al., 2003). Metallothioneins function as
detoxicants to prevent damage of the testes by heavy metals
{Kusakabe et al., 2008). An ontology analysis by DAVID
(http://david.abcc.ncifcrf.gov/home.jsp) of 1358 exclu-
sively-expressed transcripts in group P, found the term
‘embryo development ending in birth or egg hatching’ as
one of the highest-ranked gene ontotogy (GO) terms. The
exclusively-expressed genes corresponding to this GO term
include adducin 1 (ADD1), activin A receptor type-l like 1
(ACVRLT), androgen receptor (AR), and aryl-hydrecarbon
receptor nuclear translocator (ARNT). All of these genes
are potential pregnancy success markers rather than
potential fertilization makers. In fact, because ICSI removes
the physiological process of sperm entry, spermatozoal fer-
tilization factors may not be necessary for pregnancy after
ICSI. These highly expressed RNAs in group P may partially
represent spermatozoal extra-genomic components that

are required for successful pregnancies. In addition, DAVID
also analyzed frozen spermatozoa used in ICS) in the same
way, and demonstrated that the RNA profile of frozen sper-
matozoa was considerably changed by the sperm cryopreser-
vation procedure.

Several other studies have profiled spermatozoal RNAs in
clinical samples with the aim of finding a marker RNA or a
distinctive expression pattem to represent sperm quality.
A cross-platform microarray strategy was used to assess
the profile of human spermatozoal transcripts from 13 fer-
tile males who had fathered at least one child compared
to those from eight teratozoospermic individuals (Platts
et al., 2007). This analysis successfully distinguished
between the normal and teratozoospermic groups using
unsupervised hierarchical clustering. The teratozoospermic
group lacked the RNAs of genes related to the ubiquitin-pro-
teasome pathway and those genes transcribed at late stages
of spermatogenesis including; an egg-activating sperm fac-
tor, PLCZ1; acrosomal proteins, ACRV? and SPAM1; and
non-tubulin components of sperm tails, ODF7-4. These
changes in gene expression are indicative of the failure of
late-stage spermatogenesis in teratozoospermia. In a study
by Latancette et al., the spermatozoal RNAs of 24 healthy
donors were expression profiled and a series of invariable
transcripts were consistently present in all of the donor
samples (Lalancette et al., 2009). Based on the expression
of these consistently-expressed genes, only a single donor
sample was not well correlated with the other 23 samples,
suggesting that spermatozoal RNA profiling could be clini-
cally applied to mark outliers, Furthermore, Garcia-Herrero
et al. compared the transcriptomic profiles of sperm sam-
ples that achieved pregnancy after the first IUI to those that
did not (Garcia-Herrero et al., 2009). They identified 756
genes that were significantly preferentially expressed in
the pregnant group, and 194 genes that were significantly
preferentially expressed in the non-pregnant group (Gar-
cia-Herrero et al., 2009). interestingly, these 756 genes
include 20 of the 44 genes that were overexpressed in group
P (pregnant after an ICSI in oocyte donation program) in the
current study by the same group described in this volume of
Reproductive BioMedicine Online. These 20 genes out of the
756 genes could be considered as potential pregnancy suc-
cess markers rather than potential fertilization makers.

Thus far, microarray technologies have been used to
assess the profiles of human spermatozoal RNAs and the util-
ity of spermatozoal RNAs as clinical markers of male infer-
tility. An appropriate study design with a considerable
number of biological replicates {(sperm samples) is neces-
sary to validate the accuracy and reproducibility of these
microarray data. If the genes identified as sperm quality
markers by microarray studies are successfully attributed
to the pathogenesis of male infertility, then the microarray
strategy may be used as a clinical diagnostic tool for male
infertility, On the other hand, spermatozoal RNAs may
contain not only RNAs left over from failed or abnormal
spermatogenesis, but also RNAs that may contribute extrag-
enomically to early embryonic development. Therefore,
spermatozoal RNA profiling may enable a better understand-
ing of what is contributed to the oocyte by sperm, in
addition to their genome, to facilitate early embryonic
development.
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Introduction

Problem

Preeclampsia is a pregnancy disorder characterized by systemic inflam-
mation. High mobility group box 1 (HMGBI1) is a molecule known to
act as a ‘danger signal’ by participating in various inflammatory pro-
cesses, but data in regard to preeclampsia are sparse. The aim of this
study was to analyze placental and serum HMGBI levels in normal
pregnancy and preeclampsia.

Method of study

Sera were collected from women with preeclampsia soon after the mani-
festation of the disease and before commencing any medication. Placen-
tal samples were collected immediately after delivery. Expressed
isoforms of HMGB1 (28- and 30-kDa) in the placenta were evaluated by
Western blot analysis. Serum HMGBI1 concentrations were measured
using enzyme-linked immunosorbent assays (ELISA).

Results

Two isoforms of HMGBI1 are expressed by the human placenta. The
28- and 30-kDa HMGBI isoforms were expressed highly in preeclamptic
placental tissue; however, compared with normotensive control tissue,
differences in detected expression levels did not reach statistical signifi-
cance. No significant dilference was observed in serum HMGBI levels
between control and preeclampsia.

Conclusion

Inflammation provoked by HMGB1 is likely to be involved in the proin-
flammatory process in preeclamptic placenta. Further studies are needed
to elucidate the precise role of HMGB1 in preeclampsia.

the biology of preeclampsia is still poorly under-
stood.”

Preeclampsia is a placenta-originated disorder and
affects 3-5% of all pregnancies. It remains as one
of the leading contributors to maternal and fetal
morbidity and mortality.! It is a disorder character-
ized by intravascular inflammation and endothelial
cell dysfunction. Despite recent progress in research,
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High mobility group box 1 (HMGBI), a non-his-
tone chromatin-associated protein, was discovered
three decades ago as a nuclear protein that migrates
quickly during electrophoresis and was named
according to this property.> HMGB1 is released
from damaged cells and acts as a ‘danger signal’ by
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participaling in various inflammatory processes,
including maturation of immune cells, release of
cytokines and other inflammatory mediators, and tis-
sue remodeling.** HMGB1 mediates its inflammatory
responses by signaling via receptors such as the recep-
tor for advanced glycation end products (RAGE)® and
toll-like receptor (TLR) 2 and TLR4.” Ligation for
these receptors results in activation of nuclear factor
kappa B (NFkB), which induces upregulation of leu-
kocyte adhesion molecules and the production of pro-
inflammatory cytokines in both hematopoictic and
endothelial cells, thereby promoting inflammation.

It has been demonstrated that HMGBI is involved
in the pathogenesis of a variety of both infectious
and non-infectious inflammatory conditions. Ele-
vated levels of HMGBI1 in serum and tissues are
observed during infection and tissue injury, and tar-
geting HMGB1 with specific antagonists can have
protective elfects in established inflammatory dis-
eases. For instance, circulating HMGBI1 levels are
markedly increased during severe sepsis,® pneumo-
nia,” systemic lupus erythematosis,'® and in the
synovial fluid of patients with rheumatoid arthritis."’
Administration of HMGBI1 antagonists has been
reported to decrease organ damage and mortality in
models of systemic inflammation such as sepsis,'*'?
brain infarction,'® arthritis,'> acute pancreatitis,'®
and lung inflammation.'”

Preeclampsia is characterized by an inflammatory
state that includes elevated levels of proinflammato-
ry molecules in the placenta and maternal serum.'®
The expression of RAGE, one of the receptors for
HMGR1, was reported to be significantly higher in
preeclamptic placenta when compared with normal
placental tissue.'®?® TLR4, also a receptor for
HMGBI, is expressed higher in trophoblasts from
patients with preeclampsia compared to normal
pregnancies.’’** As for HMGBI1, Holmlund et al.*?

demonstrated its expression in the trophoblasts by-

immunohistochemistry. Further immunohistochemi-
cal analysis demonstrated higher expression levels of
cytoplasmic HMGBI1 in the decidua from women
with preeclampsia compared with normal preg-
nancy, but the difference was not conclusive in
trophoblasts.?> The circulating level of HMGBI in
pregnant women has never been elucidated.

In this study, we measured HMGBI1 levels in the
placenta and serum in normal pregnancies and preg-

nancies complicated by preeclampsia to ascertain-

whether this molecule is involved in the pathogene-
sis of preeclampsia.

Materials and methods

Serum and Tissue Collection

The study was approved by the ethical committee of
the University of Tokyo and Musashino Red Cross
Hospital, and written informed consent was obtained
from all women. Placentas and maternal venous
blood were obtained from women with uncompli-
cated, normotensive pregnancies and pregnancies
complicated by preeclampsia. Preeclampsia was
diagnosed by the presence of hypertension (an abso-
lute blood pressure 2140 mmHg systolic and/or
90 mmHg diastolic after 20 weeks of gestation) with
proteinuria (2300 mg/24-hr). Patients with pre-
eclampsia did not have any prior history of hyper-
tension or renal disease. All women in control group
did not show clinical or pathological signs of
preeclampsia, infections, or any other maternal or
placental disease.

Blood samples were collected from women with
preeclampsia soon after the manifestation of the dis-
ease and before commencing any medication. Sera
were separated by centrifugation and stored at
~70°C before use. Placental samples were collected
immediately after delivery. Placental tissue was
taken from the middle part of the placenta to avoid
amnion and decidual tissue contamination. All sam-
ples were stored at —70°C until assayed.

Western Blot Analysis

Placental tissues were homogenized and then soni-
cated in lysis buffer [10 mm Tris=HCI, 50 mm NaCl,
2 mm EDTA, 1% Triton X-100, (pH 7.0)] with prote-
ase inhibitor cocktail (Roche Diagnostics GmbH,
Mannheim, Germany). The protein concentration
was determined using a modified Bradford protein
assay with bovine serum albumin (Sigma-Aldrich, St
Louis, MO, USA) as a standard. Thirty micrograms of
protein was separated on 12.5% sodium dodecyl sul-
fate polyacrylamide electrophoresis gel and then
transferred onto polyvinylidene fluoride (PVDF)
transfer membranes (Amersham Biosciences, Piscata-
way, NJ, USA). Protein extracted from human endo-
metrium was used as a positive control.** The blots
were blocked in tris-buffered saline — 0.1% Tween-20
containing 5% nonfat milk and then incubated with
antibodies at 4°C overnight. The membranes were
incubated with primary antibodies: anti-human
HMGBI antibody (final concentration 2 pg/mL; R & D
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systems, Minneapolis, MN, USA) or goat anti-human
actin antibody (1/1000; Santa Cruz Biotechnology,
Inc. Santa Cruz, CA, USA) as a loading control.
Normal mouse IgG2B (Amersham Biosciences, Little
Chalfont, UK) was used as an isotype control. The
secondary antibody was horseradish peroxidase-
conjugated anti-mouse (1/1000; Amersham  Bio-
sciences) or anti-goat (1/5000; Santa Cruz) IgG,
which was incubated for 1 hr at room temperature.
Signals were developed using ECL Western blotting
system (Amersham Bioscicnces). Densitometric anal-
ysis was performed using IMAGEJ IMAGE Software
(National Institutes of Health, Bethesda, MD, USA).
Each HMGBI band was normalized to the densito-
metric value obtained from the same lane by blot-
ting for actin, the internal reference.

Enzyme-linked Immunosorbent Assay (ELISA)
Measurement of HMGB1

The concentration of HMGBI in serum was measured
in duplicate by a spedific ELISA kit (Shino-test Corpo-
ration, Kanagawa, Japan). The minimum detectable
dose of HMGBI was 1 ng/mL. The intra- and inter-
assay coclficients of variation were all <10%.

Statistical Analysis

Data analysis was performed using the statistical
software package sess for Windows (Chicago, IL,
USA). All data were checked for their normal distri-
bution by submission to the Kolmogorov—Smirnov
test, and if significant, non-parametric statistical
analysis was applied. Parametric variables underwent
the Student’s t-test. Statistical significance was con-
sidered as P < 0.05.

Results
We firstly analyzed HMGB1 expression in the pla-

centa. Western blot analysis showed that the human

term placenta expresses HMGBI1 and is detected as a
28- and 30-kDa band corresponding to two distincl
isoforms of the molecule (Fig. 1). The latter band
corresponds to biologically active acetylated iso-
form.*>?*

We then compared the placental expression levels
of the two isoforms between normal pregnancy and
pregnancy complicated by preeclampsia. Maternal
age, gestational age, parity, and mode of in delivery
were comparable in both groups (Table I). Compared
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Fig. 1 A representative result of Westemn blot analysis in the placenta
in preeclampsia (1, 4), normal pregnancy (2, 5) and human endome-
trium as a positive controf (3, 6) for anti-high mobility group box 1
(HMGB1) or anti-actin antibody (1, 2, 3) and isotype negative control
{4, 5, 6). Note Lhere are two bands (28 and 30-kDa) specific for
HMGBI1.

Table | Clinical Backgrounds and Serum High Mobility Group
Box 1 (HMGB1) Concentrations In Women With or Without
Preeclampsia

to normal pregnancy, the level of 28- and 30-kDa
HMGB1 expression was higher in preeclampsia, espe-
cially in the 28-kDa isoform (normal versus pre-
eclampsia:  0.176 + 0.112  versus  0.363 + 0.296,
0.463 + 0.332 versus 0.581 = 0.379; 28-, 30-kDa,
respectively: mean + S.D.), although the difference
did not reach statistical significance (P = 0.087,
P =0.471; 28-, 30-kDa, respectively) (Fig. 2, Table 1I).

Secondly, we measured the level of serum
HMGB1 in normal pregnancy and pregnancy com-
plicated with preeclampsia. As shown in Table I,
maternal age and gestational age were comparable
between the normal and preeclampsia group. When
we compared serum HMGBI concentrations, there
was no significant difference between controls and
women with preeclampsia.

Fig. 3 shows the correlation between serum
HMGB1 concentration and gestational ages for both
groups. There was no correlation between gestational
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Fig. 2 A scalter plot of placental high mobility group box 1 (HMGB1) protein expression level in both 28- and 30-kDa bands in normal pregnancy
and pregnancy complicated with preeclampsia. The data are presented as arbilrary densitometric units {A.U.). The horizontal bars indicate the
mean. The expression level of HMGB1 protein in both isoforms was higher in preeclampsia, although the difference did not reach statistical signifi

cance (P = 0,087, P = 0.471; 28-, 30-kDa, respectively).

age and serum HMGBI level in normal pregnancies
(Pearson correlation, r=-0.338, P =0.058) or in
women with preeclampsia (r = 0.002, P = 0.993).

Discussion

In the present study, we showed that the expression
of HMGB1 in the placenta was higher in preeclamp-
sia compared with normal pregnancy, although the
difference did not reach statistical significance. There
was no difference in serum HMGBI levels between
groups. These findings add to our understanding of
the possible involvement of HMGBI in the pathol-
ogy of preeclampsia.

Firstly, a quantitative evaluation of HMGBI
expression in the placenta by Western blot demon-

'.E!" 181« control
5 * Preeclampsia .
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Fig. 3 A scatter plot of serum high mobility group box 1 (HMGB1)
levels versus gestational age (weeks) in normal pregnancy (blue dia-
mond dots) and women with preeclampsia (pink square dots). No sta-
tistically significant correlation was found between gestational age and
serum HMGB1 level in either normal pregnancy (broken line;
r=-0.338, P =0.058 or women with preeclampsia (unbroken line;
r =0.002, P = 0.993).

strated that the expression of 28- and 30-kDa iso-
types in the placenta from women with
preeclampsia was higher compared to healthy preg-
nancies, although the difference did not reach statis-
tical significance. A variety of factors are reported to
induce the expression of HMGB1 such as necrosis,>
apoptosis,® oxidative stress,?” and hypoxia,'® which
are all known to be enhanced in the placenta in pre-
eclampsia. Therefore, we speculate that the expres-
sion of HMGBI1 is increased in the damaged
preeclamptic placenta as a ‘danger signal’, further
enhancing the immune response.
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Given the observation that placental HMGBI1 is
higher in preeclampsia, together with the fact that
its receptors, RAGE and TLR4, are upregulated in
the placenta in preeclampsia,'®2%?22% we suggest
that the proinflammatory axis provoked by HMGB1
is enhanced in the preeclamptic placenta. Indeed,
changes that may be induced by HMGB! include
NFxB activation, followed by the production of pro-
inflammatory cytokines such as TNF alpha,® IL-6,°
and endothelin,*’ or induction of apoptosis*>>* are
all events observed in the preeclamptic placenta.
Although other endogenous and exogenous factors
besides HMGBI may also bind to RAGE and TLRs,
such as advanced glycation end products (AGE) to
RAGE, lipopolysaccharides and heat-shock protein
70 to TLR4, or peptidoglycan to TLR2, our result
suggests that HMGBI1 is one of the contributors
modulating the development of preeclampsia.

There are several explanations for the lack of signif-
icant difference in placental HMGBI1 levels between
preeclampsia and control. Firstly, the sample number
in this study was so small that the statistical study was
underpowered. It is also possible that Western blotting
followed by densitometry analysis has a limitation in
detecting subtle difference. Another explanation
could be that even in the healthy condition, the pla-
centa is exposed by a mild inflammation, which is a
nature of normal pregnant uterine environment,*’
and HMGBI1 is constitutively expressed regardless of
whether healthy or preeclamptic condition.

We then measured the circulating levels of
HMGBI in pregnancy. Our observation that placen-
tal HMGB1 is slightly higher in preeclampsia, and
given a greater amount of trophoblast [ragments are
detected in the maternal circulation in preeclampsia
compared to normal pregnancy,’® prompted us to
hypothesize that the circulating level of HMGBI is
higher in preeclampsia. Contrary to our hypothesis,
there was no difference in the serum level of
HMGBI1 between normal pregnancy and pregnancy
complicated by preeclampsia. One explanation could
be that the level of circulating HMGBI1 does not
reflect its release from the placenta. This is partially
supported by our finding that serum HMGBI levels
did not positively correlate with gestational age, yet
HMGBI levels should be in proportion to placental
size and the number of shedding trophoblasts enter-
ing the maternal circulation. It is also possible that
some component present in serum may bind
HMGBI1 and interfere with the ELISA system, as
reported by Urbonaviciute et al.'® Indeed, this inter-
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ference resulted in an underestimation of serum
HMGBI levels in rheumatoid arthritis.>® In addition,
soluble RAGE (sRAGE), which is reported to capture
and eliminate circulating HMGB1,>” may have
affected our results because circulating SRAGE levels
are known to be elevated in preeclampsia.?® There-
fore, our results do not exclude the possibility that
circulating HMGBI1 is elevated in preeclampsia and
could be a therapeutic target for preeclampsia.

In summary, we have demonstrated that the levels
of HMGBI in the placenta were slightly higher in
preeclampsia. Inflammation provoked by HMGBI1 is
likely to be involved in the proinflammatory event,
which is a prominent feature found in preeclamptic
placenta. Further studies are needed 1o elucidate the
precise role of HMGBI in preeclampsia.
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Introduction

Proper transition from follicular growth to luteiniza-
tion is an essential event in the ovulatory follicle for
an achievement of pregnancy. In a phase of follicular

Problem ;
A growing body of evidence indicates that bone morphogenetic protein
(BMP) cytokines play a key role in female fertility in mammals. BMP-2
is known to be expressed in the ovary of many species. In the present
study, we examined the expression and function of BMP-2 in the
human ovary.

Method of Study

BMP-2 mRNA expression in the human ovary was evaluated by in situ
hybridization. Human granulosa cells were obtained from in vitro fertili-
zation patients. Human granulosa cells were cultured with recombinant
BMP-2 or human chorionic gonadotrophin (HCG), followed by RNA
extraction.

Results

BMP-2 expression was detected in granulosa cells of antral follicles but
not of corpus luteum. The in vitro study showed that BMP-2 induced
follicular stimulating hormone (FSH) receptor and aromatase expression,
while decreasing luteinizing hormone (LH) receptor and steroidogenic
acute regulatory protein expression in human granulosa cells. HCG
decreased gene expression of BMP-2 and increased BMP and activin
membrane-bound inhibitor (BAMBI), an antagonist of BMP-2.

Conclusion

Expression and disappearance of BMP-2 might contribute to folliculo-
genesis and luteinization by regulating gonadotropin receptor expression
in human granulosa cells. HCG can modulate BMP-2 function by con-
trolling BMP-2 and BAMBI expression.

growth, granulosa cells (GC) express follicular stimu-
lating hormone (FSH) receptor and proliferate under
the stimulation of FSH.! When the follicle appro-
aches ovulation, the luteinizing hormone (LH) recep-
tor is increasingly expressed in GC. The increased LH
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receptor makes GC sensitive to LH surge that cues
luteinization of these cells. Progesterone, produced
by luteinized GC, sustains the initiation and mainte-
nance of pregnancy. Any perturbation of these
events, such as premature luteinization and luteini-
zation failure, can impair reproduction.>?

A growing body of evidence indicates that bone
morphogenetic protein (BMP) cytokines, members of
the TGF-R superfamily, play a key role in female fer-
tility in mammals.**> Each molecule shows a spatio-
temporally different expression and a specific effect
in the ovary. For example, we have reported that
BMP-7 and BMP-6 are expressed in theca cells
and GC, respectively, in the human ovary, and both
substances increase FSH receptor and decrease LH
receptor expression in GC.*” Others have demon-
strated that BMP-15 and GDF-9 are expressed in oo-
cytes and that mutation of these genes leads to
folliculogenesis arrest in human.®

Given the importance of BMP cytokines in the
human ovary, comprehensive studies of BMP [amily
are needed to understand ovarian physiology and
pathology. Other than BMP cytokines described
earlier, BMP-2 is also thought to play a role in the
ovary. In rat, BMP-2 is expressed in GC, and its
expression decreases after ovulation. BMP-2
suppresses progesterone production of GC in sheep?
and rat,'® and human granulosa cell-like tumor cell
line, KGN cell.'' According to these findings, we
hypothesized that BMP-2 might play a role in
regulating luteinization.

To address the roles of BMP-2 in follicular growth
and luteinization in the human ovary, we studied its
expression and its effect on the expression of FSH
receptor, LH receptor, aromatase, and steroidogenic
acute regulatory protein (StAR) in human GC. To
understand the function of BMP-2, we also studied
the expression of BMP and activin membrane-bound
inhibitor (BAMBI), a molecule that resembles the
type-I receptor and interferes with BMP-2.

Materials and methods

Reagents and Materials

Hyaluronidase, fetal bovine serum (FBS), Dulbecco’s
minimum essential medium (DMEM}/Ham's Fl2
(F12) and antibiotics (mixture of penicillin, strepto-
mycin, and amphotericin B) were purchased from
Sigma (St. Louis, MO, USA). Recombinant human
BMP-2 was purchased from R&D Systems (Minne-
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apolis, MN, USA). Human chorionic gonadotrophin
(HCG) was purchased from Mochida (Tokyo, Japan).

Collection of Ovarian Tissues and In sili
Hybridization for BMP-2

Tissue specimens of human ovaries were obtained
under signed informed consent from seven women
(age range, 28-40 years old) who underwent sal-
pingo-oophorectomy for a treatment of uterine cer-
vical cancer. All patients had normal ovarian cycles
prior to the surgery, and no histological abnormality
was observed in ovarian tissues. Among seven
patients, four were in follicular phase and three
were in luteal phase. The experimental procedure
was approved by the institutional review board.
Ovarian tissues were fixed in neutral-buffered for-
malin and embedded in paraffin blocks. In situ
hybridization was performed using an ISHR Starting
kit (Nippon Gene, Toyama, Japan) according to the
manufacturer’s instructions. To prepare the digoxige-
nin (DIG)-labeled RNA anti-sense probes for BMP-2,
a primer set (NM_001200: 1022-1041 and 1298-
1279) was used. Sense probe hybridization was used
as a control for a background level.

Cell Culture of Human Luteinized GC

The method to obtain and culture human luteinized
GC was described previously.®'? Briefly, follicular flu-
ids with luteinized GC were aspirated from patients
undergoing oocyte retrieval for in vitro fertilization
(IVF). The clinical indications for IVF in these patients
were primarily male factor or tubal factor infertility.
Patients with ovarian dysfunction were excluded
from the study. The experimental procedures were
approved by the institutional review board, and
signed informed consent for use of GC was obtained
from each patient. All of the follicular aspirates from
each patient were mixed and centrifuged at 200 x g
for 5 min, resuspended in PBS with 0.2% hyaluroni-
dase, and incubated at 37°C for 30 min. The suspen-
sion was layered onto Ficoll-Paque and centrifuged at
150 x g for 20 min. The GC were collected from the
interphase, washed with PBS, and cultured in
DMEM/F12 media supplemented with 5% FBS and
antibiotics (100 U/mL penicillin, 0.1 mg/mL strepto-
mycin, and 250 ng/mL amphotericin B) for 15 min at
37°C, to remove contaminating macrophage cells
from GC. Using this method, GC were remained in
the supematant while macrophages were attached to
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" the culture dish. The collected GC were cultured in
DMEM/F12 containing 5% FBS and antibiotics in
12-well plates at a density of 2 x 10° cells/mL and
kept at 37°C in a humidified 5% C0,/95% air
environment for 5 days. All of the GC used for the
experiments were precultured for 5 days prior to
treatments to allow the GC to regain sensitivity to
FSH stimulation.””> Media were changed at 48 -hr
intervals. To evaluate the effect of BMP-2, human GC
were cultured with or without BMP-2 (100 ng/mL)
for 24 hr. To investigate the effect of HCG, GC were
cultured with HCG (10 IU/mL) for up to 48 hr.

Recombinant BMP-2 was dissolved in 0.1% BSA +
4 mm HCI as a vehicle. The same amount of vehicle
was used for a control.

Reverse Transcription and Quantitative Real-time
PCR Analysis

Total RNA was extracted from GC, using the RNA-
casy minikit (Qiagen, Hilden, Germany). Reverse
transcription was performed using Rever Tra Dash
(TOYOBO, Tokyo, Japan). One microgram of total
RNA was reverse transcribed in a 20-uL volume. For

@ ] ®)
Follicular [
antrum
1.0 mm 1.0 mm

(d) i ¥ “V::

4
1

(e) ; (U]
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200 um 200 um
— —1
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Fig. 1 In situ hybridization of bone morphogenetic protein-2 (BMP-2) mRNA of human ovary. Normal human ovaries were examined for BMP-2
MRNA expression. Ovarian tissues were fixed in neutral-buffered formalin and embedded in paraffin blocks. In situ hybridization was performed
using the digoxigenin (DIG)-labeled RNA antisense probes for BMP-2 or sense probe for negative control. Representative data from seven speci-
mens were shown. (a—d): antral follicle, the follicular size was 10 mm in diameter (e and f): corpus luteum; (3, ¢, and e): BMP-2 anti-sense probe,
(b, d, and f): sense control; (a and b): lower magnification (x40), {c-f): higher magnification (<200), GC: granulosa cell layer, TC: theca cell layer.
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the quantification of various mRNA levels, real-time
PCR was performed using LightCycler (Roche Diag-
nostic GmbH, Mannheim, Germany), according to
the manufacturer’s instructions. PCR primer sets
were designed to span intron to discriminate PCR
products that might arise from possible chromosomal
DNA contaminants. The primer sequences were as
follows, BMP-2 (NM_001200: 1022-1041 and 1298-
1279), BAMBI (NM_012342: 711-730 and 984-965),
StAR (NM_000349: 171-190 and 551-532), ESH
receptor (NM_000145: 174-196 and 510-492), LH
receptor (NM_000233:747-767 and 981-962), and
aromatase (NM_031226: 1864-1883 and 2105-
2086), GAPDH (NM_002046: 628-648 and 1079-
1060). PCR conditions were as follows, BMP-2: 43
cycles of 95°C for 10's, 65°C for 10's, and 72°C for
12s, BAMBI: 31 cycles of 95°C for 10s, 60°C
for 10 s, and 72°C for 11 s, StAR: 35 cycles of 95°C
for 10 s, 55°C for 10 s, and 72°C for 15 s, aromatase:
30 cycles of 95°C for 10 s, 62°C for 10 s, and 72°C
for 10 s. After amplification, melting curve analysis
was followed. PCR conditions for FSH receptor and
LH receptor and GAPDH were described in else-
where.®” The expression of each mRNA was normal-
ized by GAPDH mRNA.

Statistical Analysis

All results are shown as mean + SEM of data from
al least three separate experiments, each performed
in triplicate. Data were analyzed by Student’s t-test
for paired comparison and one-way ANovA with post
hoc test for multiple comparisons using STATVIEW
software (SAS Institute Inc., Cary, NC, USA). A
P-value of less than 0.05 was considered statistically
significant.

Results

Localization of BMP-2 in the Human Ovary

The expression of BMP-2 mRNA in the human
ovary was examined by in situ hybridization. BMP-2
mRNA was barely detectable in GC of primordial,
primary, and secondary follicles (data not shown)
but detected in GC of antral follicles. Follicular size
of antral follicles was from 2.5 mm to 10 mm in
diameter. The representative data of an antral follicle
with 10 mm in diameter were shown (Fig. 1a-d). In
the corpus luteum, BMP-2 mRNA expression in GC
was extremely low (Fig. 1e-f).

424

(@) 14, BMP2 , :
12
T
5
< 08
=
T 06
[
o 04
g 02
L
3hr 8 hr 24 hr 48 hr
oCont
*
(b)  BAMBI WHCS
3 r
2 a5t
= & * *
2 -
s
“E‘ 15}
:
g o5t
O~ Zhr 8hr 2ahr 48hr

Fig. 2 Effect of HCG on bone morphogenetic protein2 (BMP-2) (a),
and BMP and activin membrane-bound inhibitor (BAMBI) {b) mRNA
expression. The human granulosa cells (GC) were cultured with human
chorionic gonadotrophin (HCG, 10 IU/mL) for 348 hr. Total RNA was
extracted from the GC and subjected to realtime polymerase  chain
reaction {(PCR) Lo determine the mRNA levels. Data were normalized
to GAPDH mRNA levels. Representative data from three different
experiments were represented as mean + SEM relative to an adjusted
value of 1.0 for the mean value of the each control. *P < 0.05 (versus
control).

The Effect of HCG on BMP-Related Molecules in
GC

To investigate the effect of HCG on BMP-2 and
BAMBI mRNA in human GC, cells were cultured
with HCG (10 IU/mL) for 3—48 hr (Fig. 2). Notably,
HCG significantly decreased BMP-2 mRNA expres-
sion from 24 hr onward. On the other hand, HCG
significantly increased BAMBI mRNA expression
from 3 hr onward.

The Elfect of BMP-2 on Folliculogenesis-Related
Molecules in GC

In human GC, BMP-2 (100 ng/ml.) significantly
increased FSH receptor and aromatase mRNA
expression (Fig. 3a,e), while BMP-2 significantly
decreased LH receptor and StAR mRNA expression
(Fig. 3b,c). BMP-2 decreased the expression of
StAR in a dose-dependent manner (Fig. 3d)
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Fig. 3 Effect of bone morphogenetic protein-2 (BMP-2) on FSH receptor (a), LH receplor (b), SLAR (c, d) and aromatase (e) mRNA expression. The
human granulosa cells (GC) were cultured with BMP-2 (a-c, e: 100 ng/mL, d: 0-300 ng/mL) for 24 hr. Total RNA was extracted from the GC and
subjected to real-time polymerase chain reaction (PCR) to determine the mRNA levels. Data were normalized to GAPDH mRNA levels. Data from
three different experiments were combined and represented as the mean + SEM relative to an adjusted value of 1.0 for the mean value of the

each control, *P < 0.05 (versus control).

(0-300 ng/mL). The dose-dependent changes by
BMP-2 were also observed in FSH receptor, aroma-
tase, and LH receptor expression (data not shown).

Discussion

In the present study, we found that BMP-2 mRNA
was expressed in GC of antral follicles whereas its
expression was almost undetectable in the corpus
luteum. In the functional analysis using human GC,
HCG decreased BMP-2 mRNA but increased BAMBI
mRNA. BMP-2 up-regulated FSH receptor and aro-
matase mRNA, whereas it down-regulated LH recep-
tor and StAR mRNA.

LH receptor is a key factor in the ability of GC to
undergo luteinization.'*'> StAR, which mediates
translocation of cholesterol from the outer to the
inner mitochondrial membrane, is one of the rate-
limiting factors in progesterone production.'®
Accordingly, the present finding that BMP-2
suppresses the gene expression of these molecules
indicates that BMP-2 may play a role as an anti-
luteinization factor in the ovary. In contrast, the
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finding that BMP-2 up-regulated FSH receptor and
aromatase gene expression suggests that it promotes
follicular growth. Given the expression of BMP-2
exclusively seen in antral follicles, it is plausible that
BMP-2 promotes follicular growth and prevents pre-
cocious luteinization by regulating the expression of
these molecules in GC. On the other hand, the van-
ishing of BMP-2 expression in the corpus luteum
would facilitate luteinization.

In view of BMP-2 cffects on GC shown in the
present study, the regulation of BMP-2 expression in
GC seems to have an impact on the appropriate
transition from the growing follicle to the corpus lut-
cum. Our finding that HCG suppressed BMP-2
expression in cultured GC suggests that BMP-2
expression might be attenuated in GC in response to
the LH surge in vivo. The remarkable decrease in
BMP-2 expression in the corpus luteum is consistent
with this finding. In this context, it should also be
noted that HCG induced expression of BAMBI in
GC. BAMBI has a structural feature that resembles
type-I receptors but lacks the intracellular serine/
threonine kinase domain. BAMBI can compete with
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