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Figure 5 Multipotency of the iris stromal spheres. EGFP-positive irs stromal cells differentiated into neurons [A; BIII-tubulin
(red), D; PlIl-tubulin + EGFP (green) merge], glia [B; glial fibrillary acidic protein (GFAP) (red), E; GFAP + EGFP (green)
merge] and smooth muscle cells [C; alpha smooth muscle actin (aSMA) (red), F; aSMA + EGFP (green) merge]. Pellet culture
induced the differentiation of EGFP-positive iris cells into chondrocytes [G; Alcian blue, H; Aggecan (red), I; Typell collagen

(red)]. Nuclei were labeled with Hoechst 33342 (blue). Scale bar: 50 pm (A-F), 100 pm (G-I).

Table 1 Differentiation efficiencies of the iris stromal spheres

BIIT tublin+

Glial fibrillary acidic protein+

Alpha smooth muscle actin+

Differentiation efficiency * SE (%) 115+ 2.0 (N=28)

28.8 £ 9.6 (N = 4)

74.0 £ 9.6 (N = 4)

Differentiation efficiencies to each cell lineage from the iris stromal spheres are expressed as means * SE of 4-8 independent

samples.

In vive immunostaining for Sox10, p75NTR, and
Ki67 suggested that these neural crest-derived cells
showing in wvitro sphere-forming abilities were origi-
nally retained in the IS on a quiescent state. On the
other hand, there seemed to be some EGFP-negative
cells existing in iris stromal part although it was diffi-
cult to confirm the co-expression of EGFP, Sox10,
and p75NTR because of the differential expression, in
cytoplasm, nuclei and on cell surface, respectively. To
verify the neural crest—derived cells in adult tissue, it
may be better to use other TG mice such as Wnt-1-
Cre; EGFP mice in addition to P0~-Cre; EGFP mice
(Chai et al. 2000). At the same time, it can be thought
that if the cells are EGFP-positive in PO-Cre; EGFP
mice, they are surely originated from neural crest.

From FACS analysis, we showed that the iris tissue
consists of 39.8% EGFP-positive cells comprising iris

Genes to Cells (2011) 16, 273281

stromal cells, and EGFP-negative cells, a large part of
which were thought to be iris pigment epithelial cells.
Although both EGFP-positive and EGFP-negative iris
cells formed spheres, quantitative RT-PCR showed
EGFP-positive spheres expressed significantly higher
levels of neural crest markers such as Slug, Sox10 and
p75INTR. than EGFP-negative spheres. These data
indicated that although both IS and iris epithelium
contained cells with stem/progenitor cell like prop-
erty, the nature of each cell may be different.
Furthermore, differentiation assays showed that the
EGFP-positive spheres had the ability to differentiate
into neurons, glia, chondrocytes, and smooth muscle
cells, all of which are generated from the cranial
neural crest in normal development. In the current
culture conditions, they seemed to have high differ-
entiation capability to smooth muscle cells and chon-

© 2011 The Authors
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drocytes. Although we investigated differentiation
into melanocytes, which is of trunk neural crest
origin (Erickson & Goins 1995), only few melanocy-
tic differentiations were observed (data not shown).
Previous report showed that neural crest—derived
multipotent cells from skin could differentate into
melanocytes (Wang et al. 2006). These findings may
reflect differential characters of the crest cells between
trunk (melanocyte) and cranial (IS) origins.

In particular, eye has a lot of tissues which are
derived from neural crest. Among these tissues, cor-
neal endothelial cells and stromal cells are more
important for regenerative medicine, because both
CEnd and stroma has almost no regenerative capacity
in vivo. Corneal endothelial or stromal cells were
migrated from ‘periocular mesenchyme’ in a develop-
mental stage in the same way as irs stromal cells

Multipotent neural crest cells in iris stroma

the adult iris stromal part and can be isclated in
sphere culture. To the best of our knowledge, this is
the first report to isolate neural crest—derived cells
with multipotency from the adult mice iris.

Experimental procedures
Animals

Transgenic mice expressing the Cre enzyme driven by
the myelin protein zero (PO) promoter were crossed with
the CAG-CAT-EGFP TG line (Yamauchi ef al. 1999). In
P0O-Cre/floxed-EGFP double TG (P0-Cre; EGFP) mice,
neural crest~derived cells were identified by evaluating
EGFP expression after PO-Cre-mediated DNA recombination
(Iwao et al. 2008). To eliminate pigmentation in the iris tis-
sue of the double TG lines, these mice, originally of

C57/BL6J background, were crossed with mice of an ICR
background (Japan Charles River, Tokyo, Japan) for 5-6
generations. The P0-Cre recombinase TG mice were kindly
provided by Dr K. Yamamura (Kumamoto University, Ku-
mamoto, Japan). The CAG-CAT-EGFP TG mice were
kindly provided by Dr J. Miyazaki (Osaka University,
Osaka, Japan). All experimental procedures described in this
study were approved by the Ethics Committee for Animal
Experiments of Tohoku University Graduate School of
Medicine.

(Saika et al. 2001; Jin et al. 2002). So cell lineages of
these tissues are thought to be developmentally close.
Furthermore, the iris can be safely isolated by routine
ophthalmologic surgery. These facts suggested that
the multipotent neural crest—derived cells in IS have
great potential as a cell source for the regenerative
medicine of damaged these corneal tissues.

Taking altogether, we showed that ‘neural crest—
derived multpotent cells’ are specifically retained in

Table 2 List of primers used for RT-PCR with corresponding amplicon sizes

Gene Primer sequence (5'-3") Product size (bp)

Sox2 Forward CCGTTTTCGTGGTCTTGTTT 313
Reverse ATACATGGATTCTCGGCAGC

Nestin Forward AACTGCCCTAGAGACGGTGTCT 206
Reverse TCCCATTCACTTGCTCTGACTC

Musashil Forward GAGTTACACAGGCCTTGCCC 413
Reverse CCTCCTCCCTGTTTCAGTGG

Snail Forward GAGGACAGTGGCAAAAGCTC 423
Reverse CTTCACATCCGAGTGGGTTT

Slug Forward GCACTGTGATGCCCAGTCTA 347
Reverse AGCAGCCAGACTCCTCATGT

p75NTR Forward CTGCTGCTTCTAGGGGTGTC 359
Reverse GAGAACACGAGTCCTGAGCC

Sox9 Forward AGCTCACCAGACCCTGAGAA 368
Reverse GATTCTCCAATCGTCCTCCA

Sox10 Forward GACTGAGCTGGCAAAGGAAG 332
Reverse GCGGAGAAAGGATCAGAGTG

AP-2a Forward GCTGGGCACTGTAGGTCAAT 372
Reverse TGAGGTAAGGAGTGGATCGG

AP-28 Forward CAGACGTGACAGCACCTGTT 393
Reverse TAGCAAGAAATCCAAAGCCG

GAPDH Forward CCCACTAACATCAAATGGGG 324
Reverse ATCCACAGTCTTCTGGGTGG

© 2011 The Authors
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Cell culture

Iris were enucleated from adult P0-Cre; EGFP mice (4-
8 weeks) and digested in Dulbecco’s modified eagle medium
(DMEM) containing collagenase (Sigma-Aldrich, St Louis,
MO, USA), trypsin (Nacalai tesque, Kyoto, Japan) and DNase
I (Sigma-Aldrich) for 20 min at 37 °C. Isolated iris cells were
cultured in  DMEM/F-12 (1 :1), supplemented
20 ng/mL epidermal growth factor (EGF; Sigma-Aldrich),
20 ng/mL basic fibroblast growth factor (bFGF; Invitrogen,
Carlsbad, NM, USA), B27 supplement (Invitrogen) and
10* U/mL leukemia inhibitory factor (LIF; Chemicon Interna-
tional, Temecula, CA, USA) at 37 °C, 5% CO,. The cells
were seeded onto non-adhesive 96-well culture plates (Cell-
Seed, Tokyo, Japan) and cultured for 5-7 days. To obtain sec-
ondary spheres, primary iris spheres were dissociated with
0.05% trypsin/0.53 mm EDTA-4Na (Invitrogen) into a single-
cell suspension and then re-seeded into fresh medium. Mouse
MSCs were prepared from bone marrow according to previous

with

report (Tsuchiya ef al. 2003).

Immunohistochemistry

Cultured cells and frozen tissue sections were fixed with 4%
paraformaldehyde and then stained with the following primary
antibodies: anti-Nestin (G-20; Santa Cruz Biotechnology, CA,
USA), ant-Sox2 (Y-17; Santa Cruz Biotechnology), anti-
Sox10 (N-20; Santa Cruz Biotechnology), anti-Ki67 (Abcam,
Cambridge, UK), anti-alpha smooth muscle actin (0SMA;
Abcam), anti-p75NTR. (Abcam), and-AP-2f (Cell Signaling
Technology, Danvers, MA, USA), anti-BIlI-tubulin (Tuj-1;
R&D Systems, Minneapolis, MN, USA), anti-collagen type 11
(Chemicon), anti-aggrecan (Chemicon), anti-glial fibrillary
acidic protein (GFAP; Chemicon) and anti-GFP antibody
(MBL, Nagoya, Japan). After washing with Tris-buffered
saline, the slides were stained with Alexa Fluor-488 or Alexa
Fluor-568 conjugated secondary antibodies (Invitrogen).
All  sections counterstained with Hoechst 33342
(Invitrogen).

were

Flow cytometric analysis and cell sorting

For flow cytometry and cell sorting, a FACSAria (BD Bio-
sciences, San Diego, CA, USA) was used. Sorted EGFP-posi-
tive and EGFP-negative cells were resuspended in sphere
culture medium and cultured in non-adhesive 96-well culture
plates.

Reverse transcription-polymerase chain reaction

Total RINA was obtained from harvested EGFP-positive,
EGFP-negative spheres and MSCs using the RNeasy rtotal
RINA micro kit (Qiagen, Valencia, CA, USA). Reverse tran-
scription was performed with the SuperScript First-Strand Syn-
thesis System for RT-PCR. (Invitrogen), according to the

Genes to Cells (2011) 16, 273-281

manufacturer’s suggested protocol. The RT-PCR. thermocycle
program consisted of an initial cycle at 94 °C for 5 min and
33 cycles at 94 °C for 30 s, 60 °C for 30 s and 72 °C for 30 s
(PCR. Thermal Cycler MP; Takara Bio, Shiga, Japan). Primer
pairs are shown in Table 2. Quantitative real-time RT-PCR.
was performed using the ABI Prism 7900HT Sequence Detec-
tion System (Applied Biosystems Inc., Foster City, CA, USA),
according to the manufacturer’s suggested protocol. Primer
pairs and TaqMan® MGB probes were designed with Assay-
by-Design™ (Applied Biosystems).

Differentiation culture

To induce neurogenic and glial differentiation, EGFP-positive
iris spheres were cultured in the sphere culture medium
without bEGF, EGF, or LIF for 7 days on dishes coated with
ornithine and laminin. For chondrogenic differentiation, the
spheres were cultured with hMSC Differentiation Bulletkit,
Chondrogenic (Takara Bio) according to the manufacturer’s
protocol. Chondrogenic differentiation was observed by evalu-
ation of the expression of type II collagen and aggrecan
(Chemicon International), and staining with alcian blue (Diag-
nostic Biosystems, Pleasanton, CA, USA). Smooth muscle dif-
ferentiation was induced in DMEM/F12 containing 2% FBS
and 10 ng/mL TGFB1 (R&D Systems) for 7 days.

Statistical analysis

Data are expressed as means * SE. Statistical analysis was per-
formed using the Mann—Whitney rank sum test, and statistics
were calculated using SiemaStar 3.5 (SPSS, Chicago, IL,
USA).
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