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Recently we demonstrated the participation of whole bone marrow cells from adult mice in the reconstitution
of skin including the epidermis and hair follicles (Kataoka et al., Am J Pathol 163:1227-1231, 2003). To get an
insight into cell populations that give rise to the epithelial components of the reconstituted skin, we fractionated
bone marrow cells derived from green fluorescent protein-transgenic mice by density gradient. Unexpectedly,
we found that a substantial amount of mononucleated cells ("30%) was recovered in the pellet fraction and that
the cells in the pellet fraction preferentially differentiated into epithelial components of skin than the cells
in the mononuclear cell fraction. The pellet fraction contained more CD45-negative (thus uncommitted to the
hematopoietic cell lineage) cells than the mononuclear cell fraction. These results indicate that the density
gradient fractionation results in significant loss of specific progenitor cells into the usually discarded pellet

fraction.
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Figure 1 Skin reconstitution assay using a silicon chamber. Bone marrow cells
from adult GFP-transgenic mice were fractionated by density gradient
centrifugation, mixed with embryonic mouse skin cells, and transplanted into skin
defects made on the backs of nude mice. MNC, mononuclear cells.
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Figure 2 Density gradient fractionation of adult mouse bone marrow cells. (A) Density
gradient fractionation divides the bone marrow cells into four fractions. Most of the
nucleated cells were recovered in the MNC fraction (low density) and pellet fraction
(high density). (B, C) Flow cytometric analysis of the MNC and pellet fractions. The
abscissa and ordinate are forward scatter and side scatter, respectively. GFP-positive
cells (viable nucleated cells) are indicated in red. GFP-negative large (viable nucleated
cells) and small cells (erythrocytes and dead cells) are indicated in blue and black,

respectively.



aAX X AT MRS Vol.14, 2006

1000

A B ____MNC

800
1

SSC-H
SI?U

400
1

Super

200
L

]

0 200 400 600 800 1000

MNC | C g Pellet
Interme

600
!

SSC-H

400
1

Pellet |

200
1

o]

0 200 400 500 800 1000
FSC-H

Figure 3 Immunohistochemistry showing multipotent differentiation capacity of
bone marrow cells. (A) Cells composing hair follicles formed by transplantation of
the pellet fraction. Co-localization of GFP signal (A2) and cytokeratin expression
(A3). Nuclei were stained with DAPI (A2). (B) Peri-sebaceous gland cells after
transplantation of the pellet fraction. (B1), DAPI staining with dotted lines
indicating the sebaceous glands; (B2), GFP signal present in the outer layer of
sebaceous glands; (B3), a merged image of GFP and Qil red O staining. (C)
Endothelial cells after transplantation of the MNC fraction. GFP signal (C1) was
co-localized with von Willebrand factor (C2) as indicated by arrowheads.
Erythrocytes were observed in the vessel lumen (¥).

Figure 4 Fluorescent-activated cell sorter analysis of the cells recovered in the
MNC and pellet fractions after density gradient fractionation. The antibodies
against CD45 was conjugated with fluorescein isothiocyanate (green; detected
by FL1 covering 515 to 545 nm) and the antibodies against CD117 (c-kit) and
CD200 were conjugated with phycoerythrin (red; detected by FL2 covering 653
to 669 nm).
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Table |. Differentiation of bone marrow cells into various cell types in skin

Incidence of

differentiation events

No. of GFP-positive cells

Whole MNC Pellet MNC Pellet
No. of experiments 7 12
No. of GFP(+) cells counted 100% 100%
(Total number of cells counted) (2,455) (1,5679)
Epidermal keratinocytes 2/7 1/12 2/8 0.3% 0.5%
Hair follicle cells 4/7 2/12 8/8 4.9% 23.1% *
Sebaceous gland cells 3/7 3/12 7/8 3.3% 8.3% **
Dendritic gland cells 77 11/12 8/8 4.3% 4.1%
Endothelial cells 4/7 12/12 3/8 2.6% 0.9% k%
Muscle cells - 2/12 3/8 0.3% 0.6% #) MNC<Pellet p<0.0
Adipocytes - 2/12 0/8 0.6% 0.0% #) MNC<Pellet  p<0.0
Spindle cells 717 12/12 8/8 58.4% 52.7% #44) MNC>Pellet  p<0.0
Round cells 77 12/12 8/8 25.9% 9.8% (Mann-Whitney test)
Table Il. Percentage of cells positive for expression of cell surface
markers in the MNC and pellet fractions.
MNC Pellet No. of experiments

CD45 85.7 +/-2.3 35.5 +/-4.4 4 %

CD90 45 +/- 1.8 2.6 +/- 0.2 4

YOTCR 12.0 +/- 1.9 74 +/-14 3k

CD34 1.2 +/-1.3 1.5 +/- 0.7 4

CD29 95.2 +/-2.7 94.0 +/- 0.7 4

CD49f 13.7 +/-2.3 9.0 +/-2.2 4 # MNC>Pellet  p<0.001

CD200 28.4 +/-0.4 9.3 +/-0.5 3 Ok #) MNC>Pellet p<0.05

CD117 14.0 +/-2.5 4.9 +/-1.3 9 (ANOVA method)
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