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Recent studies have suggested that bone marrow (BM) cells transdifferentiate to regenerate a variety of cellular
lineages. Due to the relatively small population of BM-derived cells in each organ, it is still controversial whether
these BM-derived cells are really present in sufficient numbers, for effective function. Conversely, it is speculated
that chemokine/chemokine receptor interactions mediate this migration of the tissue specific precursor cells from
BM into the target tissue.

Here we show that cutaneous T-cell attracting chemokine (CTACK) /CCL27 is the major regulator involved
in the migration of keratinocyte precursor cells from BM into skin. By screening various chemokine expression
patterns, we demonstrated that CTACK is constitutively expressed in normal skin and upregulated in wounds and
that approximately 20% of CD34+ BM cells expressed CCR10 the ligand for CTACK.

These results provide direct evidence that recruitment of BM keratinocyte precursor cells to the skin is
regulated by specific chemokine/chemokine receptor interactions, which makes possible the development of new

regenerative therapeutic strategies.
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FIGURE 1

Bone marrow (BM) derived keratinocytes (BMDK) were
identified and CTACK was expressed in wounded skin.

(A) Engrafted BMDK in wounded skin expressed both GFP,
as a marker of bone marrow origin (green), and keratin14,
as a marker of basal keratinocyte (red), (arrows) (e:
epidermis, d: dermis).

(B-D) Normal (N) or wounded (W) skin tissue samples were
collected and analyzed for chemokine expression as shown
in Table 1. The expressions of SDF-1a, SLC and CTACK
were detected by RT-PCR (B) and Western blot analysis (C)
in normal skin and also in skin 24 hours after wounding.
These experiments of RT-PCR and Western blot analyses
were performed in triplicate. Immunofluorescence staining
in the wound edge 3 days after wounding, particularly
CTACK expression was upregulated (green) (D). SDF-1
and SLC were weakly expressed (data not shown). Nuclei
were counterstained with propidium iodide (red) (e:
epidermis, d: dermis).
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FIGURE 2

CCR10, a receptor for CTACK, was expressed in CD34+ BM cells and these CD34+ BM cells migrated in response to

CTACK in vitro.

(A) CXCR4, a receptor for SDF-tn, CCR7, a receptor for SLC, and CCR10 expression on CD34+ BM cells were
analyzed by flow cytometry. The staining with a specific antibody for each chemokine receptor (solid line) and the
background staining with the non-specific lg antibody (negative isotype matched control; shaded profile) by the gated
CD34-positive population. CD34+ BM cells expressed CXCR4 (97.4%), CCR7 (12.9%), and CCR10 (19.1%).

(B, C) Chemotaxis assays were undertaken in vitro. Isolated CD34+ BM cells purified by FACS were added to the upper
well of a 34um pore Transwell. Recombinant SLC, SDF-1a or CTACK was added to the upper and/or lower plate. CD34+
BM cell migration rates increased in response to media containing recombinant SLC, SDF-1a or CTACK (100ng/ml) (*P
< 0.05, **P < 0.001) versus media alone (n=4) (B). CTACK (0-500ng/ml) induced CD34+ BM cell migration was in dose-
dependent manner (n=4) (*P < 0.05) (C). SDF-tt and SLC were also induced it in dose-dependent manner (data not

shown).
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FIGURE 3

CTACK specifically accumulated BMDK in wounded skin.

(A) The number of BMDK was quantified as a percentage of the total number of keratinocytes in wounded skin from
untreated mice or those treated with G-CSF for cytokine mobilization or those that received CD34+ BM cells adoptive
transfer. SLC, SDF-1a or CTACK (18 in 30u) were intradermally injected into the periphery of wounded skin (5 mice in
each group). CTACK significantly accumulated large numbers of BMDK as compared with SLC, SDF-1a and PBS (**P <
0.01). Furthermore, the number of BMDK increased in mice treated with G-CSF for cytokine mobilization or those that
received CD34+ BM cells adoptive transfer (***P < 0.005).

(B) CTACK neutralizing antibody (0-16 g in 120 ) was injected to the periphery of wounded skin. The numbers of BMDK
were decreased by CTACK neutralizing antibody in dose-dependent manner (5 mice) (*P < 0.05, ***P < 0.005).
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FIGURE 4
Increased BMDK by CTACK accelerated wound closure without angiogenesis or keratinocyte proliferation.
(A, B) Wound size was measured at 10 days after wounding and subsequent CTACK treatment (total 3ug in 100ul) or PBS (100
W), as control (6 mice in each group). Full-thickness cutaneous wounds were made and subsequently monitored daily.
Intradermal injection of CTACK significantly accelerated wound closure (*P < 0.05) (A). Representative photographs of PBS, as
control (mouse 1-3), or CTACK (mouse 4-6) treated wound appearance at 10 days after wounding (B).
(C) The numbers of capillaries in the dermis treated by CTACK (1ug in 30ul) or PBS (30u) as control vehicle at 3 days after
wounding were quantified. There was no statistical difference between CTACK and control (2 sections at each 5 mice).
(D) Keratinocytes were cultured with or without CTACK (0-100ng/ml) for 72h and viable cells were determined by proliferation
assay. There was no statistical difference in proliferation of keratinocytes between the two treatment groups (9 mice).
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