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Figure 4 GFP expression in OECs from Wnt1-Cre/Floxed-EGFP mice. a, Anti-GFP DAB-nickel-staining of the olfactory system reveals GFP
expression in areas populated by OECs. The white arrow indicates the olfactory nerve traversing the cribriform plate from the olfactory mucosa
to the olfactory bulb. The white arrowhead indicates the outer layer of the olfactory bulb with GFP™ cells. Note that the skeletal system and the
meninges, which are derived from the neural crest, are also positive for GFP. The yellow asterisk indicates the area observed in d-f, which
corresponds to the groove in the cribriform plate where the olfactory nerves pass before crossing the cribriform plate and the black asterisks
indicate the nasal cavity. b-c, Confocal images of the olfactory system showing direct GFP fluorescence and immunostaining for Blil-tubulin. The
arrow indicates the olfactory nerve passing through the cribriform plate and the arrowhead indicates the outer layer of the olfactory bulb with
GFP* cells. d-f, Cross-section images of the olfactory nerve before it passes through the cribriform plate, displayed as Z-stack confocal images
with corresponding x- and y-axes, showing GFP fluorescence and immunostaining for OEC markers p75 (d), GFAP (e), and S100B (). All images
are oriented with the olfactory mucosa above and the olfactory bulb below the shown area. g, Primary OEC cells cultured from the olfactory
mucosa and verified by muitiple OEC markers were positive for GFP, verifying their neural crest origin. h-i, Venus fluorescence in Sox10-Venus
mice verifies the expression of Sox10, a neural crest marker, in OECs at E14.5 (h) and E15.5 (i) The asterisk indicates the nasal cavity. OE: olfactory
epithelium, LP: lamina propria, OB: olfactory bulb, NS: nasal septum, CP: cribriform plate. Scale bars: (a, h, i) 200 um, (b, ¢) 100 pm, (d-g) 50 pm.
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Figure 5 Neural crest progenitor cells of the olfactory mucosa. a, b, Neural crest spheres cultured from single cells of the olfactory mucosa
of PO-Cre/Floxed-EGFP (a) and Wnt1-Cre/Floxed-EGFP (b) mice in medium containing 1% methlylcellulose. ¢, RT-PCR analysis. for the indicated
neural crest markers from the following: E14.5 frontonasal tissue containing neural crest cells (frontonasal tissue), neurospheres prepared from
E14.5 striatum of PO-Cre/Floxed-EGFP mice (CNS sphere), flow-cytometry-sorted GFP* cells of the olfactory mucosa (OM primary), and cultured
spheres from the olfactory mucosa (OM sphere) of postnatal 4 week PO-Cre/Floxed-EGFP mice. d, Neurons, glial cells, and myofibroblasts
differentiated from clonal olfactory mucosa spheres, confirming the multipotency of the cells constituting these spheres. e, Cells from clonally
cultured olfactory mucosa spheres were differentiated and stained for cell type markers: Bllil-tubulin® neurons, GFAP™ glial cells, and SMA™
myofibroblasts. The frequency of spheres that differentiated solely into neurons (N), glia cells (G), myofibroblasts (M) or into a combination of the
three is presented as a percentage of the total number of spheres examined. Each bar represents the mean + SD of three independent
experiments, counting at least 20 spheres per experiment. f, Immunocytochemistry of cells differentiated from an olfactory mucosa sphere for
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root ganglion spheres (74.6 + 1.0%) which generally
demonstrate a neuron-dominant differentiation pattern
[24]. On the other hand, olfactory mucosa spheres demon-
strated a glia-dominant differentiation pattern (GM 27.1 +
5.5%; NG 10.0 + 2.2%; G 14.3 £ 2.1%; M 14.3 + 2.1%;

no NM or N). Cell-intrinsic differences have been shown
to determine the differentiation characteristics of NC
stem/progenitor cells [44], and our results indicate that
the olfactory mucosa contains NC stem progenitors that
are predisposed to a glial lineage. Furthermore,
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immunocytochemistry of differentiated cells revealed the
presence of cells that were positive for OEC markers (Fig-
ure 5f), suggesting that the NC progenitor cells of the
olfactory mucosa spheres are able to produce OECs. Most
cells were found to be p75*, possibly reflecting their NC
origin, since p75 has consistently been observed to mark
NC stem cells in the gut [45-47] and other tissues. Cells
double positive for p75 and S100p generally had a flat
morphology while p75 and GFAP double-positive cells
had spindly bipolar, tripolar, or stellate morphologies.

Discussion

The olfactory placode has been described as one of the
most versatile placodes, being unique in its capacity to
give rise to glial cells and stem cells capable of generat-
ing various differentiated cell types of the OE through-
out life. However our findings suggest that the unique
properties that have been attributed solely to the olfac-
tory placode may in part be properties endowed by
NC-derived cells. In this study, we demonstrate the pre-
sence of postmigratory NC progenitor cells within the
olfactory mucosa and show that OECs are derived from
the NC. Furthermore, even though the majority of cells
in the OE are derived from the olfactory placode, we
demonstrate the capacity of NC-derived cells to give rise
to all cell types of the OE.

The OE, with its capacity for continual neurogenesis
in adults, has long been a hotspot for the study of neu-
roscience. However, identifying different progenitors in
the embryonic or adult OE has been historically challen-
ging due to the difficulty in distinguishing distinct
embryonic and adult olfactory epithelial progenitors,
expanding them in vitro, and demonstrating their devel-
opmental potential in vivo. With the development of
sophisticated transgenic mouse technologies, it has
become possible to demonstrate the relationship
between progenitors and its descendants and to tempo-
rally map the progeny derived from a progenitor in fine
developmental time windows. By utilizing transgenic
mice that express Cre recombinase behind one of two
promoters (derived from the Wntl or PO gene) known
to be active in migrating NC cells, we demonstrated the
presence of NC-derived cells in the embryonic and post-
natal OE.

Clusters of GFP* cells spanning the epithelium were
observed from E10.5, and generally gradually increased
in number during the embryonic period. In the mouse
OE, neurogenesis during embryonic establishment (E10
- E18.5), postnatal expansion (PO - P30), and adult
maintenance (P30-) proceed with distinct, spatiotem-
poral patterns and different cellular and extracellular
environments. During embryonic OE development,
there is a dramatic expansion of epithelial cells that is
brought about by proliferating cells that are equally
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distributed between the apical and basal OE during
early embryonic stages, but become largely located at
the basal area by late embryonic stages [48]. The
observed increase in GFP™ cells during the embryonic
period suggests that NC-derived cells may support cell
expansion during the early embryonic period.

We found that a subset of cells in the embryonic
olfactory mucosa expressed Sox10, which has been
shown to be required for the survival and maintenance
of multipotent NC cells. Sox10 is also required for spe-
cification of NC cells to the glial lineage, since
peripheral glia is absent in Sox10-deficient mice [49,50].
Further studies are required to elucidate the characteris-
tics of the Sox10-expressing cells in the olfactory sys-
tem, but these cells may be multipotent NC progenitor
cells or mature olfactory cells that have differentiated
into OECs or SUS cells, because Sox10 has been shown
to be expressed in Schwann cells after specification to
the glial lineage [51].

The presence of scattered clusters of GFP” cells in the
postnatal mice OE with morphologic and antigenic
properties identical to olfactory placode-derived epithe-
lial cells demonstrate that NC-derived cells retain the
potential to give rise to epithelial cells in adults. Unlike
the NC-derived cells in the embryonic OE that seem to
participate in the expansion of OE cells, NC-derived
cells in the postnatal OE were often observed as clusters
of GFP™ cells. The clusters of GFP* cells were often
comprised of HBCs, SUS cells, and Bowman’s gland/
duct cells, and the presence of GFP* GBCs along with
B-galactosidase” ORNs in PO-Cre/Floxed-LacZ mice
were also observed. HBCs are relatively quiescent, and
do not take part in the normal maintenance of the OE
or the replenishment of the OE after olfactory bulbect-
omy, in which GBCs lead the repopulation effort. How-
ever in extensive epithelial lesions following methlyl
bromide exposure, HBCs demonstrate a multilineage
potential that regenerates all cell types of the epithelium
[33]. Since GFP" HBCs were frequently observed in the
sporadic GFP* cell patches of the postnatal Wnt1-Cre/
Floxed-EGFP and P0-Cre/Floxed-EGFP mice OE, NC-

derived cells may give rise to HBCs that later generate

other cells of the epithelium. This hypothesis may be
examined through methlyl bromide lesion experiments
with Wntl-Cre/Floxed-EGFP and PO-Cre/Floxed-EGFP
mice. The fact that HBCs in culture have demonstrated
the capacity to generate OECs along with neurons and
other non-neural cells verifies another characteristic of
HBCs that may be related to the NC [52].

The multipotent developmental capacity of NC cells
to differentiate into both neuronal and mesenchymal
derivatives [22,53-55] has resulted in the NC being
considered a fourth germ layer. The multipotency and
self-renewal of NC cells from various embryonic sources



Katoh et al. Molecular Brain 2011, 4:34
http://www.molecularbrain.com/content/4/1/34

in vitro demonstrated the presence of NC stem/progeni-
tor cells. With the discovery of multipotent NC stem/
progenitor cells not only in late gestation embryonic tis-
sues but also in adults, the possibility of therapeutic
applications has initiated intense studies to identify and
characterize NC stem/progenitor cells in multiple
NC-derived adult tissues. Here, we demonstrate the
capacity of NC-derived cells of the olfactory mucosa to
generate spheres in vitro, a characteristic of proliferative
NC-derived cells. Furthermore, when placed on serum-
containing differentiation medium, these spheres exhib-
ited a trilineage differentiation potential by giving rise to
neurons, glial cells, and myofibroblasts, thus indicating
the presence of NC progenitor cells in the olfactory
mucosa. The frequency of olfactory mucosa spheres
with a trilineage potential was 27.1%, which is consider-
ably lower than that of NC progenitor cells derived
from the dorsal root ganglion (74.6%). A series of our
recent reports on NC stem/progenitor cells has shown
that their self-renewal capacity is reflective of their dif-
ferentiation capacity [24], providing a possible explana-
tion for the limited expansion capacity of olfactory
mucosa-derived NC progenitor cells compared to dorsal
root ganglion-derived NC progenitor cells. The differen-
tiation characteristic of olfactory mucosa-derived NC
progenitor cells demonstrated a glia-dominant differen-
tiation pattern, confirming the in vivo data from the
transgenic mice demonstrating the higher tendency of
NC-derived cells to give rise to OECs and SUS cells.
Although we have not examined the relationship
between the olfactory mucosa-derived NC progenitor
cells that we isolated and the progenitors of the OE, our
study suggests the possibility that cells derived from the
NC may be involved in the remarkable regenerative
capacity of the OE.

The isolation of NC-derived progenitor cells from the
olfactory mucosa, with an established method for ampli-
fication as spheres and the ability to differentiate into
OECs, opens the door to possible clinical applications.
OECs, with the unique ability to guide axons into the
CNS, have attracted the attention of researchers study-
ing therapy strategies for neurotrauma, and cultured
OECs have been shown to be beneficial for the treat-
ment of peripheral and CNS ailments [56,57]. NC-
derived stem cells identified in numerous tissues have
rapidly asserted its presence as a potential source for
transplantation. Unlike embryonic stem cells that are
hindered by ethical issues, NC-derived stem cells allow
for autologous transplantation, and several NC-derived
stem cells have been demonstrated to have a beneficial
effect after transplantation into peripheral and CNS
lesions. One of the well-documented and promising can-
didates is the NC-derived stem cell found in the hair
follicle. Nestin® stem cells isolated from the hair follicle
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can be cultured as spheres, and have demonstrated the
ability to differentiate into neurons, glia, keratinocytes,
smooth muscle cells, and melanocytes in vitro [58-61].
Subsequent studies showed that transplanted hair follicle
stem cells could enhance the regrowth and functional
rejoining of the severed sciatic and tibial nerves [62], as
well as the severed spinal cord [63,64], in immunocom-
petent mice. Although the capacity to generate OECs
makes olfactory mucosa-derived NC progenitor cells an
appealing transplantation candidate, the studies con-
ducted with hair follicle stem cells clarifies the futures
studies required to investigate the characteristics and
therapeutic potential of this progenitor cell.

The cephalic sensory system develops through an
intricate collaboration between sensory placodes and
NC cells, and our results demonstrate that the role NC
cells play in the development of the olfactory system is
greater than previously reported. Our findings indicating
a dual origin for cells of the OE inspire a resurgence of
developmental research, and provide further evidence of
the versatility and morphogenic capacity of NC cells.

Methods

Mouse lines

The PO-Cre mouse was obtained from Dr. K. Yamamura
(Kumamoto University, Japan). Wnt1-Cre mouse and
LacZ mice were purchased from The Jackson Labora-
tory. The CAG-CAT-EGFP mouse was obtained from
Dr. J. Miyazaki (Osaka University, Japan). Wntl-Cre and
PO-Cre mice were crossed with CAG-CAT-EGFP trans-
genic mice to produce Wntl1-Cre/Floxed-EGFP and PO-
Cre/Floxed-EGFP mice, respectively. PO-Cre mice were
crossed with LacZ mice to produce PO-Cre/Floxed-LacZ
mice. All experimental procedures and protocols for ani-
mals conformed to the National Institutes of Health
Guide for the Care and Use of Laboratory Animals and
were approved by the Animal Care and Use Committees
of Keio University.

Immunohistochemistry

Embryonic mice were anesthetized in ice, decapitated,
and fixed overnight in 4% paraformaldehyde (PFA) in
0.1 M phosphate buffered saline (PBS). After sequential
treatment in a graded series of 10% and 30% sucrose in
PBS at 4°C, the head was embedded in optimal cutting
temperature (OCT) compound and sectioned on a cryo-
stat at 15 um. All mice over 2 weeks of age were deeply
anesthetized, transcardially perfused with 4% PFA in 0.1
M PBS and decapitated. After postfixation in 4% PFA
overnight at 4°C, the skull was decalcified for 7 days in
0.5 M EDTA (Decalcifying Solution B, Wako), and
sequentially soaked in a graded series of 10% and 30%
sucrose in PBS at 4°C. The head was embedded in OCT
compound and sectioned on a cryostat at 20 ym.
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Immunostaining was performed with the following
primary antibodies: rabbit anti-fibronectin (Chemicon),
mouse anti-Mashl (R&D Systems), mouse anti-cytokera-
tin 5/14 (Chemicon), mouse anti-cytokeratin 18 (Chemi-
con), goat anti-olfactory marker protein (OMP, Wako),
mouse anti-BIII-tubulin (TuJ-1, Babco), rabbit anti-glial
fibrillary acidic protein (GFAP, Dako), mouse anti-a
smooth muscle actin (SMA, Sigma-Aldrich), rabbit anti-
p75 low affinity nerve growth factor-receptor (p75, Che-
micon), mouse anti-S100p (Sigma-Aldrich), and rabbit
anti-Bgal (Sigma). The competence of all immunohisto-
chemisry procedures was confirmed with a negative
control in which primary antibodies were omitted.
Staining of Mashl required an antigen retrieval proce-
dure with 10 min 105°C autoclave in Target Retrieval
Solution (TRS, Dako) followed by indirect immunoper-
oxidase amplication procedures using ABC-Elite (Vector
Laboratories) and TSA (Perkin Elmer), in which case
GFP was stained with anti-GFP polyclonal antibody
(Chemicon). Staining of Bgal was also amplified with
TSA (Perkin Elmer). Nuclei were counterstained with
Hoechst 33342 (Molecular Probes). Images were
obtained by fluorescence microscopy (Axioskop 2 Plus,
Carl Zeiss) or confocal microscopy (LSM700, Carl Zeiss)
and assembled using Adobe Photoshop.

Cell tracing of neural crest cells in chick embryo
Fertilized eggs were incubated at 38°C in a humid incu-
bator to stage 8 according to Hamburger and Hamilton
[65]. Embryos were exposed by making an opening at
the sharp edge of the egg shell. DNA solution including
2 mg/ml pCAGGS-TP, 4 mg/ml pT2AL200R175-
CAGGFP [29], and 1% fast green in TE buffer was
injected to the anterior neural fold, which will give rise
to the midbrain and anterior hindbrain. A pair of plati-
num electrodes CUY611P3-1 (Nepagene, Ichikawa,
Japan) was placed on the vitelline membrane beside the
embryos. Five square pulses (9 V, 25 msec each) after a
high-voltage pulse (50 V, 0.05 msec) were charged by an
electroporator CUY21EX (Bex, Tokyo, Japan). After
electroporation, the opening was sealed with Scotch
tape (Scotch 313), and the embryos were reincubated at
38°C until the desired stages. The embryos were dis-
sected, fixed in 4% PFA overnight at 4°C, and sequen-
tially soaked in a graded series of 10% and 30% sucrose
in PBS at 4°C. The embryo was embedded in OCT com-
pound and sectioned on a cryostat at 20 pum.

Olfactory mucosa cell preparation

Animals were deeply anesthetized, killed by cervical dis-
location and decapitated. The olfactory mucosa was
carefully dissected into ice-cold media hormone mix
(MHM) [66], washed twice in Hanks’ Balanced Salt
Solution (HBSS, calcium- and magnesium-free;
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Invitrogen) and incubated for 20 min at 37°C in Dispase
IT (Boehringer Mannheim). The tissue was then digested
in 0.5% collagenase type IA (Sigma-Aldrich) in MHM
for 20 min at 37°C and mechanically dissociated. Cells
were passed through an 80 pm cell-strainer-mesh and
resuspended in MHM.

Primary OEC preparation

The olfactory mucosa was treated as above with Dispase
IT and the superficial portion of the epithelium was shed
off. The remaining tissue was collected in HBSS and
centrifuged. The cell pellet was digested in 0.5% collage-
nase type IA in DMEM/F12 for 20 min at 37°C and dis-
sociated. The cells were collected in DMEM/F12 +10%
fetal bovine serum (FBS), spun down, and resuspended
in culture medium. The culture medium consisted of
DMEM/F12 supplemented with 10% FBS. Cells were
fixed with 4% PFA for 10 min for immunostaining.

Sphere forming cultures

Olfactory mucosa cells were resuspended in MHM [66]
supplemented with recombinant human EGF (100 ng/
ml, Pepro Tech), recombinant human FGF-2 (100 ng/
ml, Pepro Tech), B27 supplement (Invitrogen), and
Antibiotic-Antimycotic (Invitrogen). For clonal sphere
formation, cells were plated at a density of 8.0 x 10*
cells/well (6-well plates) in culture medium containing
1% methylcellulose. Spheres from CNS were prepared as
described previously [67].

Clonal analysis

Each sphere was individually plated in a chamber of
poly-D-lysin/laminin (Sigma-Aldrich/Invitrogen)-coated
8-well chamber slides (Iwaki) and cultured for 14 days
in MHM supplemented with 10% FBS, without any
growth factors. Differentiated cells were fixed with 4%
PFA in PBS, boiled for 5 min to inactivate GFP-fluores-
cence, and pretreated with PBS containing 0.3% Triton-
X100 for 5 min at room temperature before immunos-
taining. The samples were mounted and observed with a
universal fluorescence microscope (Axioskop 2 Plus,
Carl Zeiss).

RT-PCR

RNA was prepared using Trizol (Invitrogen) for primary
GFP" cells sorted from the olfactory mucosa, and
RNeasy mini kit (Qiagen) for the other samples. RNA
was treated with RNase-free DNase and ¢cDNA was gen-
erated using oligo (dT) primers and SuperScript II RT
reverse transcriptase (Invitrogen) as directed by the
manufacturer. The following primers were obtained
from Takara: Snaill, MA030195; Snail2, MA030179;
p75, MA004379; Pax3, MA026554; p0, MA026318; and
Actb, MA023938. For detection of Sox9 and Sox10,



Katoh et al. Molecular Brain 2011, 4:34
http://www.molecularbrain.com/content/4/1/34

primers were designed as follows: Sox9-F, 5'-
CAAGTGTG TGTGCCGTGGATAG-3"; Sox9-R, 5'-
CCAGCCACAGCAGTGAGTAAGAA-3’; Sox10-F, 5-
ACGCACTGAGGACAGCTTTGA-3’; and Sox10-R, 5-
ATGAGGTTA TTGACAGCTTTGA-3'.

Flow-cytometric isolation of GFP* cells
PO-Cre/Floxed-EGFP mice (postnatal 4 weeks) were
killed and olfactory mucosa cells were collected as
described above. Cells were stained with PI and sub-
jected to flow-cytometry using Vantage (BD Biosciences)
to sort out GFP™ cells and eliminate PI" dead cells. Col-
lected cells were immediately subjected to RNA
preparation.

Additional material

Additional file 1: PCR confirms Cre recombination in GFP* cells. a,
Schematic diagrams of the CAG-CAT-EGFP transgene cassettes in the
transgenic mice. The Cre recombinase excises the loxP-flanked CAT
reporter gene resulting in GFP expression. The arrows under the gene
constructs indicate the position and direction of the primers used for
PCR. pA is a polyadenylation signal. The sizes of the PCR products are
indicated under each gene construct. b Genomic PCR of GFP-positive or
negative cells sorted from the olfactory mucosa of PO-Cre/Floxed-EGFP
mice with the primer sets shown in a confirms Cre-mediated
recombination in GFP* cells. The sequence of the primers are: CAGp F,
5-CTGCTAACCATGTTCATGCC-3'; EGFP R1, 5-TGGTGCAGATGAACTTCAGG-
3" EGFP F, 5-AGCACGACTTCTTCAAGTCC-3; EGFP R2, 5-
TGAAGTTCACCTTGATGCCG-3'.

Additional file 2: Clonal sphere culture in medium containing 1%
methylcellulose. To determine cell density required for clonal culture,
cells from the olfactory mucosa of GFP and RFP mice were equally
mixed and cultured at a density of 80 x 10* cells or 1.6 x 10° cells per
well in 6-well plates. The culture medium contained 1% methylcellulose
to inhibit sphere migration and fusion. a, Formed spheres. Most spheres
were of a single color but a small percentage of spheres were mixed (2.3
+ 40% at 80 x 10* cells/well, 147 + 85% at 1.6 x 10° cells/well). b,
Percentage of single and mixed-color spheres. Values represent mean *
SD (n=13).

Abbreviations

OE: olfactory epithelium; OEC: olfactory ensheathing cell; NC: neural crest; PO:
protein zero; (E)GFP: (enhanced) green fluorescent protein; p75: p75 low
affinity nerve growth factor receptor; PE: post-electroporation; HBC:
horizontal basal cell; GBC: globose basal cell; SUS: sustentacular (cell); ORN:
olfactory receptor neuron; CNS: central nervous system: GFAP: glial fibrillary
acidic protein; EGF: epidermal growth factor; FGF: fibroblast growth factor;
OM: olfactory mucosa; SMA: smooth muscle actin; PFA: paraformaldehyde;
OCT: optimal cutting temperature; PBS: phosphate buffered saline; MHM:
media hormone mix; DMEM: Dulbecco's Modified Eagle’s Medium; FBS: fetal
bovine serum.
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MicroRNAs (miRs) are ~ 22 nucleotide non-cording forms of RNA and exhibit tissue or developmental stage
specific expression patterns. Recent findings show taht the expression of miR-140, which is specifically ex-
pressed in chondrocytes, is reduced in OA chondrocytes. Furthermore, knockdown of miR-140 in mice chon-
drocytes promotes arthritis in mice. In addition to this, several other miRs have also been shown to play im-

portant roles in chondrocytes. Thus, miRs should be critical factors for cartilage development and homeostasis.
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1. Whole mount in situ hybridiza-
tion (WISH) ZH W& F#4E - w1t
BT 3EEEFLAY VT —Z7 DR

RAR X" AR sh "

Cutting edge on research of cartilage metabolism.
Analysis of molecular network in chondrocytes by WISH.

The Scripps Research Institute.
Shigeru Miyaki

National Research Institute for Children and Development /” The Scripps Research Institute.
Hiroshi Asahara

One postgenomic strategy used to identify molecular networks functioning in tissue development is mi-
croarray analysis of individual cell types or tissues followed by in sifu hybridization to identify temporal and
spatial gene expression patterns. Compared with microarray analysis, the systematic in situ hybridization da-
tabase presented here provides more detailed information on the spatial regulation of gene expression and al-
lows identification of discrete clusters of transcribed genes. We created a whole-mount in situ hybridization
(WISH) database, containing expression data of transcription factors, cofactors and microRNA expressed in
mouse embryos a highly dynamic stage of skeletogenesis. Our approach, WISH provided us new regulators

as a critical effector in a myogenic feedback mechanism, tendon development and cartilage homeostasis.

YA YT ARER =T VY —F TV I— b (BPE - LITB)
CENREMEER L X — VAT LFE - BEEEWERN - R/ A2 Y SAMERN - EEMRER (B3I 5 - 03L)
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& MBABMEDRAR

EIJU&HC

BYWEIED, MEOBIL DIcEELKLE %
RALTV03, ZR@Z, JRKUER BT OMBIH
R, WEHS, BEREREEOBEDIDICY,
HEFRE - 2 LOSTHEYHEN LI 55 09EH3
MEEINTVS, L2}, HBICBLTED
BELEBEERTCTHS Sox9 13, ZOTHRBET
BELOESICHBL TV, E0LS 4%y
N7 —2 2R LT, ERHIRRRAY S & OE R
HICEDKRET 2025 L, RIEWALIICE
TEVgy, £2iE, SRORANF ) LT
ZPHFEDHLCEFEAL, FhbEHATDESEZ
T, MEFEICEEL BRI R R THERE -
SR RETHIEE Ay VU~ I fEAZAEL,
PRoO7Fa—F%{7>T 5,

(1) 2BEEHERT B L O microRNA (AR
mRNAE B T) LT, BMEECHET S
Whole mount in situ )N TV XA ¥—3 > (P
T WISH™ & Gik) 2170, F— X _R— 2 2 5,

(2) i S hicBETOKRER2E 279
ChIP on Chip # & t* ChIP-Sequence fi##f, />
A ZN—Ty NBIETEANBEN O 2 DORA N
S Iwv T Iua—FEWLL, ) LTA KD
T 7 AT

FDRPTHWISHIC L EHBDO—H%E2Z i
W35,

I Whole mount in situ hybridization (WISH)

RANF ) AFFROBELZFETHH 22D
STHBEDMIHIC BT, ZOHMND TOEAN
SBT3 HBORTERZ ORFINE(LZI0ET 2
Tl RRCBETELOBHRE LT, &
7o, B2 OBHETHTAY NT—2OFE, BT
BT, BPOEB30TEHRALTERTS
NTOBRENEETHBH, BN T & FEIIC

FREZRTEETHESETSZILT, v b
U= llbENTRMRLAZY) -2 7T
&5,

1. WISH O#s5
RORTEORERRLHER, PikzRO
ROk, BETFRIOREZRA2855E,
FOTUF AT~ T RO insiu NA T
VEAE—a VEREERTI, Ui,
% HY U T O YIWiE T O I & 73 MR Tk
&, BELIMZHOC2FICB0 2 3B ZH~
BAR—LTT U MNEEICRNTE S, BifE, &%
SERETNVEYEHOIBETFRIT— 2 ~_—
ZNEEDIEMATEITITH D, BIZE, v1 2
07 VA EERHOIRET— 2=, &#
W TR, HAVEARC L DFEREEET—X
zE@lL, SESELMELLFHIAT S,

LLEDE, IHhb6DTF—F_—210%, 4l
BB ARET 2 L BWEETHE VIR
B35, FRUSHANT, insitu A7) XA B—
va TR, ML ~OL T OWYNG FEHATE £
THENCHEETE3 LI HA»H 2, PTH
WISH %%, » 5 © 2% - lEsRick 02 %8 %
1, 1RO THEZZIEMNTEE LD
T, ®A4 2707 VA BTN SR 2 5681
fEEHZ G2 T NE, ThETIC, WO
DIN—TICkY, SFSEHETVEYERO
IEWISHBICE B T — A R— AP I TE
2o UL, THHEDELIL, S S LTRHE
WEBTEMMNITHDE I enb, EHREMEI—F
Ti3%& <, HE - R L Ve 0 S EATIH -
72

2. WISH F—IX—2AMD1EHE
Z 2T, BLAQBETRIZHET 224 v F

WISH : whole-mount in situ hybridization (FEF& (285073 whole-mount in site /\A T ) A EF—23 )
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Topics 1. Whole mount ir situ hybridization (WISH) ZBWVCEBRBREE - MLICHITDELFR Y MO — VDR

EH ) RERE B RICTIEGR TR (B5RT,
g7 77 2—) OWBENGFEBGEN 2~ X
JREHOTITo/. COHKLZPMAEICIT 2
WISH 7— & ~—Z{E8L, BHERTHOY A b
el K I L 20, Fa—FERIC vz cDNA
oru—F, 1,670 7a—cELK, 7
o— J{E#L EOFME XM E S ML T E
T2, 2o 1,600 BEOEERFICDNT
WISH #17 o 7258, Bk TH s O
W e S A3 b 2 WG K113 962 B1ZAF, I3
WHRRBDZEERTE 691 BETFICKAT,

F2ly, TOF—E~—A% [EMBRYS] L @i#
L, 25,000 % ML & bICA—T T2
t2E LTEMHBICARL TV 5 (http://embrys.

jp/embrys/html/MainMenu.html) . (B1)

F 432D EMBRYS %@L T, HOFREAE - 7
LD~ 2 X —8{E-F T b % ¥ 5 FH T MyoD X My-
ogenin & [a] UFEHIR X % 7R L 725 4IHIRF T d
% RP58 % [EliE L7zs T D RP58 DIRREIX, I1d2/3
PRUOE LM EOBRICRE L 4 2 B{E- TR
DHEEMHENCH & THS, ThETHMLNT
V72 MyoD — Myogenin— i & s LB FHI &
Vo, “IED” BETRIAHIAZ—FICMZT,
MyoD %3 RP58 D3 #FE L, RP58 #31d2/3 D
FEENHT LD, "B BETHEOS Y
h 7 =2 MyoD & O FHR O Hi LB 718
TEHEIERBBLIEY, 351, BICBT3HH
DB KT Mohawk (Mkx) Z#EEL, 2D/ v 7

E9.5 E10.5 E11.5

E9.5 EL0.5 ELLS

Cartilage like(digit regeon) ¢ - G~
. 0

B1 WISHF—9~X—2X EMBRYS DfE%
A. B2F=TMVIRED WISH fl, BBV Y —EBEEF Sox9

B. Sox9 CEHALTHIRL TLH2ESHIER 7

(http://embrys.jp/embrys/html/MainMenu.html & 1))
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HE  RERHATDORBR

Sox9 Col2al

miR-140

B2 VORREMCHITD MR-140 DEREKEI
ESETF Sox9 (A, D) & Col2al (B, E), miR-140 (C, F) OHERHFXOLLE (E11.5), ERICHITD

miR-140 DFEIRZ{L (E11.5 ~E14.5),

77 b (KO) v Rttt B eBR I THIE L7,
D Mkx KO w0 A3, £HICBT 3HEOEEK
NEERIEShE LS, ThE TROEE -
AL ST 2 — o T X VIEESET, Scx
DOBREICINZ T, T Mkx %35, ROFAE, BHA
BIOBEEHRT S oA HeR - LBETIC
nH WIS,

l microRNAs

HEE, ZLOEYEN T o AP REICHED >
Tws&3d3hsd/>a—74 7 RNATH?3
microRNA &, 2L DHFHFTEEIN TV S,
miRNAs &, #2878 %a— LW ES T
RNATHY, b bTIRIH T 500 EEM L
O miRNADRIES N T 5, THbHD miRNA
&, BRI E % 2 EEOBIETF O 2 MRy H
WyalermbhThBY, HickhflEETFTH
52N> TE&I, LT, 290D

(BEOREM)

miRNA (AR R 2 X 2R L, ZOM
BERSCHEREICIRS WE T L THE -2 R
FHREEIFIFLEGHFCEIEEGTE L
DRSS TETHBY,

L& L, miRNA C & % 8 A4 # A BE HE oD A
BOFERHLLICE>TERY, F4E, WISH
ZHOTO L DO miRNA (2D T Z DFHMRE
ME{To7- 25, MBRE -FECLHETHS
5 5 K T Sox9 & [A] B 2 Fe B R % 7R 9 miR-140
WHEALZE2), 2O miRNA R, ¥T75 74w
T ARy AL BV TIE BRI R
WCHERT 2 MBI N— T b bHEENT
AT RN

1. miR-140 DB TDHEIR

Fxld, b MREMEE v N BB R R R
Mg (LT MSCH** L 597 (251 5 miRNAs DF
B % miRNA v 4 7 a7 v A f@ric & o gL/

MSC : mesenchymal stem cell (BAERE#R)
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Topics 1. Whole mount in situ hybridization (WISH) ZBW-EBHEYE - KLICHITDELGFRY FO—DDRRE

A, MBHBETREFEEHLTEBY, MSC L0l
TROFEBEDD % miRNA & UTH miR-140 3
RE NIz, TD miR-140 1%, MSC (2 & 28F 01k
FHEICE BB, Sox9 R Col2al D & 5 EEH
b~ —H —BEFOFEBRR & FRE 2 FBL DM
i Llce &z, MEMEOB ALY, ZD
8B Col2al ¢ £ LHIFRICHEAD LTz, B2, Z
DERFER miRNA TH % miR-140 & BT
EOMbY BRANB IO, BRMEBEEE T
OA L) WEICEB T S miR-140 DFEBL & AN
foo FODFER, miR-140 DFHZ, EFHBICH

A. WT miR-140KO

miR-140KO

N, OA BEHEDHMBTZOREIHAMBETL TS
&, Fio, BMIRADIL-1B fI¥IE, miR-140
DFEUZETIEEILHRL, OAEBETHL
NZBIETREOEECHS T 2HEL
72¥,

llipolis 5 &, EHEBSKE L OA BEHRD
B %M\ miRNA a7 74 ) > 7 i OA
WETHEOETLT W 720 miRNAs O
D—D, LT miR-140 %R L72%, Th b DEH
3, miR-140 DEREFFE - /b OA RIEICH A
LRSS H B L #RB LI,

OAX7
o NwWHROION

;V:‘ : 8 12
E#(1R)

(127 B

(37AE)

B3 miR-140 /v o7k (KO) ROADNEIIC & SBREHRBOERLMREEME (OA) KA
A. miR-140 KO ¥ RIF, MEICEEBNTOTFAIUADETHETL 12 HBEBTIIRBRIEN A

5Nnd,

B. M&ICKD WT & 140 KO Y RMD OA A7 LE#,

C. mR-140KO ¥vD X (3/1B#) DBEME TS, ADAMTS-5 OFEIRAMEML TS,

(EBENTZ—T STV 5HER)

(3B 12 L WThE)

OA : osteoarthritis (ZR 4 EIEHAE)

CLINICAL CALCIUM Vol21, No.6, 2011 ' 39 (835)

Downloaded from www.iyaku-j.com by FFFBAZ on June 12, 2012

Copyright 2011 lyaku(Medicine and Drug) Journal Co., Ltd. All rights reserved.
FIOSAVARTv—FIb



BE  RENHMEORAR

2. miR-140 /YO 7D YO ADERRR

2T, #2EE miR-140 OBIETHRE YT R
FAERIL, B FAS® OA BIENDB G % M@t L
7zo EAEIICEBIT S miR-140 KO v 7 Aid, B
REREELRERALNG o, HERL A
A & TICRG ROUT A B B % D B 2 Ji%
HERRE L, COFRO—DE LT, #EHT
DEHHEEHRB S hichs, BfigrzRLoL
L-BHORESCHEICIRENALNE» S
7oo TME T, OAFAE, HEATICE, FCMEC
LBMBOEEWE (TFRY w7 EHERY v )
NGV ADEAL, WEREICEDZ A=A
VADKER, BENICEBT A2 REL EVEETH
2LEZLNTVSE, 22T, KO®UAZH»
TMEET IV, WHEYRRICEEZ A= IV A MY
AMERET IV, RIEFHEETTIVIC & 2 RBIE %
R L 72,

RGO C & ICHIE T TIVIC BT 2 R0 E
3, SHABTY ACBOTHELICHERETH
275X 70 OKTFHEESH, 8K
TETaT AT A ORT %D WEEMELE
LT, &5 12 ZAM~Y AT, BWL
WIEEDBIEI NI (B3). A=AV R
LVABERETVCEOTH KO®Y 2, HE
H(WT) (CHARTEHEREPARICET TS L
ZiRLTZ,

3. miR-140 & OA

Kz, —EEOREFEIHEET VB TSH KO
TR, FARICHARTHEEELETL T,

o 7, HIREH I &I miR-140 % BE FEH
?‘6 TG v v AL, FARICHAREEEEDET

DI E T 7z,

TR KO v 2, OABRDIERZRL
DTHHID? DA ALEBHLIZT S
BHIZ, miR-140 V3 Z OB 2 WHIMICERHT 2
EHEET2RET2 I 3EERERY 525

LEZLbNG, HxlE, WI=o2k KOvo A
DBz Mol A Z7a7 v—@ift ks & U
HHBEE T FHl 7L TY X4 “TargetScan” % & %
MW T miR-140 OBERELE T & 2 2 M 280
AATE,

OA@%E@%%EET@%?D%ﬁJUﬁy

BUHETHY, 2070 T4 7Y o E20@T5
Iiﬁ@%?&b) ADAMTS-5Th %, D Adamts-5
KO+voRAZ 0A %5 &R I3 Eh 5, OA
128135 ADAMTS-5 OBEEMERI i 0,
F 213 T D Adamts-5 HY miR-140 OREHFYE G T
Holchs L wBDF, FOFEMEHFH NI L
I3, miR-140 DEHEETO—D L L THEHEW
IZ Adamts-5 ZHIIL T3 &ic kY, TasF
TV AORBHERRIEL TSI L %L
PUC L7z,

D% Y, miR-140 KO v 2%, M A A=
HNVANVA, RELZEICLZHBICHBTEAAR
Ry 7 RTFOBREHETELL LY, BE
REDOEENNS VAZRET I LICE>T OAD
FRET 2 & RBIFLIY

4. miR-140 OFIRFHIEH

FRTE, 2O mR-140 DFEREFIED L H
FREINTEDES S H, miR-140 DI,
WISH D585 5 & Sox9 DIEBIEH 2> 5 /4 L
NTHERAENERIAKRKXEZRTI LS
SOX9 = & B HA DA REVEIC DV T#NRz, Z0D
TR, miR-140 QML BIS E D FEFE 12 SOX9 K
G % 3DOEEL, OO SOX9 %7212
SOX5, SOX6 MV A &2 BEEHEINREH
foo F72, TOfER LacZ © ERICHEE S ¥
NOUAT Ly U AL, WERRI B
BRERT 5, ZOFEAD SOX9 DFEE
¥, miR-140 2 BFHFRACHBL I L2012
BELFIETH L LIRS BRFEERD) .,
%72, Dudek 5, miR-675 »EE R EAYFEIR
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Topics 1. Whole mount ir situ hybridization (WISH) ZBUWVCEBBRE - MMUICHIFBDELRITRY MO — D DR

RRE—2BRL, WEMROBSILIZ LD ZD%
HERYIEEIEHR LI, ZLT, 2O miR-
675 OFEHIL, SOX9 i Lk > THIME 1, Col2al
DFEFE MIR-675ICE > TRY T 4 TICHIW X
NBZEeEHFELTVE Y, T L5 SOX9
X, Col2al D& 5 W EEESY I—F¥5BIEF
BEA EERICHET 2720 TR <, miRNA O &
S/ ra—74 7 RNAOHEB %2 LHIEL,
Ay NT—2BBHRT 5 L THENEE &
CHEHEEZR>TVE I EVHALPICHE>TE
720

5. miRNA IZEXDMBOEGZFRY bD—5

SOX9 %L T2 MERE - Hbick T2
B3y b —=2%mRNADE D%/ >a—F4
> 7 RNA % G @i 5 EY I DT, ChIP-Se-
quence # L 1@ PHIAN—ZAD T AT
T4 v I IRBETHRIEAZ ) —= 7 REET S
2rT, ThECOEDBETHIL A —F
KA T, S TEL o TR d >RSI
AT miRNA W &% “BO7 BETFHEA Y b
T—7DFEE ZOEEND, S8, REICHL
P ->TL B THAH, MBICHETBEIET
2y MU= ORI, BEERStzET >
TFILRHEHER RO FIVORER B X
L, WEETAREBEREOFELEVOALEHN
FiR B ORIFE Y — ZOHRPHAERRIC HFLST
&5LERD,

l BHOIIC

RANF LRI TR, BEETOEE
TFIHEBEEBGZLNIZEICLY, TAHEET
OBEZTFOHEZEMEY, LHEFRHENLEE? 24
{EMTEB LD ol ¥4 70T VA
27T, fAELv VT ORETFHREBHPEE T
BEERAL TORRBMBHVEZL L ->TETY
2, bI0VEDD KRN LW B, £

mohTwarolcBETH, I/ >a—
T4 7 RNAICRE S NEH LB THAE
¥R, BATEIETHAI, ThHDDHIL
WIS E LS 5 LT, FlRBmEOREE
EPBREO S FREMBIAL»ICR Y, D0 TiE
BET R OEAE - HEEFRICOHEMTES LD
55 EWHIRENG,

X o
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