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Abstract
Wounds in fetal skin heal without scar, however the mechanism is unknown. We identified a novel
group of E-cadherin positive cells in the blood of fetal and adult mice and named them “Dot cells”.
The percentage of Dot cells in E16.5 fetal mice blood is more than twenty times higher compared to
adult blood. Dot cells also express integrin β1, CD184, CD34, CD13low and Sca1 low, but not CD45,
CD44, and CD117. Dot cells have a tiny dot shape between one to seven μm diameters with fast
proliferation in vitro. Most of Dot cells remain positive for E-cadherin and integrin β1 after one
month in culture. Transplantation of Dot cells to adult mice heals skin wounds with less scar due to
reduced smooth muscle actin and collagen expression in the repair tissue. Tracking GFP-positive
Dot cells demonstrates that Dot cells migrate to wounds and differentiate into dermal cells, which
also express strongly to FGF-2, and later lose their GFP expression. Our results indicate that Dot
cells are a group of unidentified cells that have strong wound healing effect. The mechanism of
scarless wound healing in fetal skin is due to the presence of large number of Dot cells.

Introduction
Scarring can be caused by traumatic injury, surgery and fibrotic disease. Patients with large
scars have life long psychological and physical burdens since no proven therapy for scarring
exists. However, observations that fetuses heal skin wounds without scar have been reported
in human, monkey, sheep and rodents [1–3]. Until now, the mechanism of fetal scarless healing
is not clear. In mice, the scarless wound healing time period is before E17.5, when hair follicles
are not fully developed and have no bulge region ready either [4].

In recent years, studies of skin stem cells suggest a potential treatment for scarring. However
most studies focus on postnatal epidermal stem cells, as these can regenerate hair or epidermis.
The niche for postnatal epidermal stem cells is suggested to be in the bulge region of hair
follicles [5–7]. However, the niche in fetal skin is unknown, as the bulge region within hair
follicles is not developed. Some researchers report that epidermal stem cells are in the follicular
epithelium in fetal skin, and relocate to the bulge area when the skin has fully developed [8].
Cell surface markers that identify epidermal stem cells include integrin β1, CD34, integrin
α6, P63 and keratin19 [5,7,9,10]. Other skin-derived precursor cells have been isolated from
neonatal and adult skin. These cells express nestin, fibronectin and βIII tubulin and can
differentiate into both neural and mesodermal cell types [11]. One group also reported that
epithelial stem cells, isolated from the fetal dermis express E-cadherin, cytokeratin-8, -18, -19,
p63 and integrin β1 [12]. In addition, participation of bone marrow (BM)- or blood-derived
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hematopoietic stem cells (HSCs) have been demonstrated in tissue development and
regeneration [13,14]. Unfractionated bone marrow cells can regenerate myocytes, neurons,
hepatocytes, smooth muscle cells, and other tissues specific cells [15–18], indicating the
presence of stem cells in BM. Most researchers believe that BM contains two types of stem
cells: HSCs and stromal stem cells. HSCs express c-kit(+) lin(−) sca-1(+) and only differentiate
to hematopoietic tissues [19–21]. Stromal stem cells undergo differentiation towards
osteogenic, adipogenic, myogenic and chondrogenic lineages. Stromal stem cells include
multipotent adult progenitor cells (MAPCs) which have been characterized as CD34(−) CD44
(−) CD45(−) c-kit(−) [22], marrow-isolated adult multi-lineage inducible (MIAMI) cells
characterized as CD29(+), CD63(+), Cd81(+), CD122(+), CD164(+), Cd34(−), Cd36(−), Cd45
(−) and c-kit(−) [23], unrestricted somatic stem cells (USSC) that express CD34(low) CD45
(−) c-kit(low) [24], and amniotic fluid-derived stem (AFS) cells that express similar surface
markers as USSCs [25]. Although attempts to isolate HSCs with multi-lineage potential have
been made for years, the results remain unclear or controversial [25,26]. The tissue repair
effects of HSCs have been found through either lineage differentiation or cellular fusion[18,
27].

E-cadherin is a transmembrane protein that is mainly expressed on epithelial cells [28].
However, it is also expressed in mast cells, brain endothelial cells, and skin Langerhans cells
[29–31]. In addition, E-cadherin is expressed on embryos at the two-cell stage. E-cadherin null
embryos die due to failed implantation [32], suggesting a critical function of E-cadherin during
development. In addition, over expression of E-cadherin also repress TGF-β induced epithelia-
mesenchymal transition [33]. Here we provide evidence that a group of blood-derived E-
cadherin positive cells, Dot cells, are found in fetal dermal blood with their highest numbers
on E16.5, when scarless wound healing occurs. We also identified Dot cells from the blood of
human and mice, however, with much lower ratio of total blood cells compared to that in fetal
mice. Dot cells migrate to wounds and repair the damaged tissues through cellular
differentiation. Transplantation of isolated Dot cells to wounded adult mice induces scarless
healing, suggesting Dot cells are the fetal cells that responsible for scarless repair. Our data
are the first to describe the Dot cells and their function during tissue repair.

Material and methods
Animals and materials

Time dated sixteen-day (E16.5) pregnant Balb/C mice and GFP (FVB.Cg-Tg(ACTB-EGFP)
B5Nagy/J, Jackson Lab) mice were bred and maintained in the Stanford Animal Care
Laboratory. Mice received food and water ad libitum. All procedures with animals were
conducted in accordance with university-approved protocols according to NIH guidelines. E-
cadherin, integrin β1, PECAM-1, and c-kit antibodies were from Santa Cruz biotechnology
(Santa Cruz, CA). CD34 antibody was from Abcam. CD45, Sca-1 and c-kit antibodies were
from BD Pharmingen (San Diego, CA). Alexa Fluor goat anti-rabbit IgG was from Molecular
Probes (Eugene, OR). Rhodamine–labeled y-chromosome and FITC-labeled x-chromosome
probes were from ID Labs (Ontario, Canada). Anti-rabbit IgG-conjugated magnetic beads and
columns were from Miltenyi Biotech Inc. (Auburn, CA). Other chemicals were from Sigma
Chemical Co., (St. Louis, MI).

Cell isolation using magnetic bead sorting
E16.5 time-dated fetuses of Balb/C or GFP mice were collected. After removing the head,
limbs and intestinal organs, whole E16.5 fetuses were minced with scissors and the mixture
was then washed with PBS, centrifuged for 5 min at 35 × g to remove large tissues, and filtered
through 70 μm cell strainers. In pilot testing, flow cytometry-sorted cells were used. However,
for all reported data, cells isolated by magnetic bead sorting were used. Magnetic bead cell
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sorting was followed per manufacturer’s instructions. Briefly, isolated cells were blocked with
blocking buffer, then reacted with anti-E-cadherin antibody for 30 min and then incubated in
separation buffer for 30 min before incubation with anti-rabbit IgG-conjugated magnetic beads
for 30 min at 4°C. After labeling, cells in the 0.5 ml separation buffer were passed through a
magnetic field MACS separation MS column followed by 3 washes with 1 × PBS before
elution. About 0.4% of total cells was positive and consistently obtained each time. Postnatal
Dot cells were obtained by blood collection from 4-week old mice through cardiac puncture
and followed by cell sorting as described above. The sorting efficiency was further confirmed
by fluorescent activated cell sorting (FACS), and more than 85% cells were E-cadherin
positive.

Fluorescent cell sorting (FACS)
Dot cells from either freshly sorted or collected from culture conditions were washed with PBS
and blocked with 1% normal horse serum (NHS) for one hour. Then, cells were labeled with
different antibodies in the dilution from 1:50 or 1:100 in 100 μl PBS with 1% NHS for 30 min
and followed with washes in PBS with 1% NHS and reacted with secondary antibody
conjugated with either FITC (fluorescien isothiocyanate) or PE for 30 min on ice. After
washing, the ratio of positive labeling was analyzed using the Vantage SE or DiVa Vantoo
FACS machines at the Stanford Shared FACS Facility. Flow cytometry data was then acquired
with CellQuest software (BD Biosciences) and analyzed with FlowJo software (FlowJo, Palo
Alto, CA). Isotope antibody labeled cells was used for non-specific labeling control.

Wound creation and cell transplantation
Eight to ten week-old female Balb/C mice were anesthetized. After shaving the hair, dorsal
skin was cleaned before two 0.6 cm diameter excisional wounds were made with a biopsy
punch. Five hundred thousand sorted Dot cells in 100 μl normal saline were then injected with
26-gauge needle through tail-vein in each wounded mouse. The control groups were composed
of tail-vein saline injection, same number of fetal fibroblasts or same number of E-cadherin
positive cells sorted from postnatal mice skin.

Immunohistochemistry and immunofluorescent staining
Fetuses aged from E13.5 to E18.5 were removed from the uteri and immediately fixed in 4%
paraformadehyde. All tissues were embedded in paraffin. Seven μm thickness paraffin sections
were de-waxed and re-hydrated, washed three times with PBS, and treated with proteinase-k.
Wounds collected from GFP-cell transplantation animals were embedded in OCT for frozen
section. After washing, sections were blocked and reacted with anti-E-cadherin (1:100 dilution)
overnight at 4°C and followed by VECTASTAIN ABC kit, per instructions, and then
counterstained with hematoxylin and mounted. Staining was visualized and pictured by an
Axioplan 2 microscope (Zeiss). For fluorescent studies, sections were fixed, washed, blocked
and then reacted with the different antibodies at dilutions ranging between 1:50 and 1:200 in
blocking buffer over night at 4°C. After washing, sections were counterstained with DAPI and
photographed by confocal microscopy (Leica DM IRE2) or standard fluorescent microscopy
(Axioplan 2 microscope, Zeiss). The control group was treated without primary antibody. The
scanned confocal images were further analyzed with Velocity software for 3 dimensional and
360-degree rotation movie images.

Protein preparation and immunoblot
Normal or wounded skin tissues were collected and stored immediately in liquid nitrogen until
protein analysis. Tissues were homogenized in lysis buffer. Total protein was purified by
centrifugation of tissue lysates at 12,000 g for 30 minutes at 4°C. After protein concentration
was determined, thirty μg of protein from each tissue was heated at 100°C for 5 minutes with
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loading buffer, then separated by 10% SDS-polyacrylamide gel and blotted onto a PVDF
membrane. After reaction with anti-SMA antibody at 4°C over night, membranes were washed
and reacted with HRP-conjugated secondary antibodies. After washing, bands were visualized
by blot exposure to X-ray film after 5 min reaction with ECL Western blotting detection
reagents.

Electron microscopy
Dot cells were fixed in 2% glutaraldehyde and 4% paraformadehyde in sodium cacodylate
buffer, pH 7.3, for 30 min at room temperature. After washing with in sodium cacodylate buffer,
ice cold, 1% osmium tetroxide in distilled water was added to the cell pellet, followed with
gentle shaking at 4°C for 2 hours. After washing with water, 1% uranyl acetate was added to
the cell pellet overnight. Cells were then dehydrated with serial ethanol dilutions and embedded
in Epon at 65°C for 24 hours. Ultra-thin sections were cut and doubly stained with uranyl
acetate and lead citrate followed by electron microscopy examination.

Results
Identification of Dot cells in fetal mouse skin

We found a group of small cells that heavily express E-cadherin and are located in the dermis
of fetal mice. Figure 1 shows small cells that express E-cadherin in the dorsal skin of embryonic
day E14.5 to E18.5 mice. On E14.5 and E15.5, only a few scattered small cells stained densely
for E-cadherin in the dermal area (arrows). On E16.5, these small cells grouped together in
clustered patterns (arrows) without clear cell-cell boundaries with dense E-cadherin staining
in the dermis. Meanwhile, epithelial cells also expressed E-cadherin, but relatively weak. By
E18.5, only few E-cadherin positive cells were detected in the dermal area, but epithelial cells
were now strongly expressing E-cadherin.

Dot cells are located in blood
Using a whole E16.5 fetal section (Figure 2A), we found that clustered cells which strongly
express E-cadherin were located in the dermal area (1), muscle areas (2) and adjacent to
cartilage (3). To further identify the location of the dermal E-cadherin positive cells,
immunofluorescent labeling for both E-cadherin and PECAM-1, a marker for endothelial cells,
was examined using confocal microscopy. Figure 2B shows the merged images of
immunofluorescent staining for E-cadherin and PECAM-1 in dermis of E16.5 skin section. E-
cadherin positive cells (red, arrows) were present in a clustered pattern with small nuclei located
adjacent to PECAM labeled blood vessel cells (green). The nucleus size of E-cadherin positive
cells was significantly smaller compared to other unstained cells.

Blood derived E-cadherin positive cells have a “Dot” shape
Subsequently, these previously unidentified, blood-derived E-cadherin positive cells were
cultured in non-feeder-layer conditions. Figure 3A shows that Dot cells were in tiny dots shape
in culture. Their sizes ranged between two to seven μm in vitro. Dot cells formed tight cell-
cell connections inside colonies. After one month in culture, more than seventy percent of
cultured Dot cells were still expressing E-cadherin. Figure 3B shows E-cadherin staining of
confocal merged images of cultured Dot cells. FACS analysis for E-cadherin on cultured cells
also confirmed that more than seventy percent cells were still positive for E-cadherin after one
month in culture (Figure 3C).

Dot cells are present in blood of both postnatal mice and humans
To further confirm the presence of Dot cells in blood, we collected blood through
cardiovascular puncture and bone marrow from 4-week old adult mice. E-cadherin sorted cells
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were cultured, and Dot cells were identified with inverted microscopy. In addition, human
blood was collected from a 48 year-old volunteer man to examine the presence of Dot cells in
human blood. Figure 4 shows that Dot cells were also present in the blood (m-Blood) and bone
marrow (m-BM) of 4-week old mice. Dot cells were found in human blood (h-Blood). We
further compared the ratio of Dot cells in E16.5 fetal, 4-week-old and 34 week-old mouse
blood. The chart in Figure 4 shows the fold of ratio of Dot cells in E16.5 fetal mice and 4-
week-old mice compared to 34-week old mice. The isolation rate of Dot cells in the total blood
of E16.5 fetal mice (0.46±0.029% of the total cells, n≥6) was about twenty times higher than
that in 4-week old mice (0.023±0.002% of the total cells, n=4) and 25 times higher than that
in 34-week old adult mice (0.02±0.001% of the total cells, n=3).

Dot cells also express integrin β1, CD34 and CD184
To further characterize the surface markers of Dot cells, sorted Dot cells were examined by
FACS analysis. Figure 5A shows that Dot cells also expressed integrin β1 (CD29), partly CD34
(50–60%), CD184. About 15% of Dot cells also expressed CD13 and few of them (~5%)
expressed Sca1. However, Dot cells did not express CD45, CD44 and CD117 (c-kit). Dot cells
were cultured on cover slides and their surface marker expression was further examined using
immunofluorescent staining and a confocal microscopy. Figure 5B shows an electron
microscopy image of a Dot cell that was freshly sorted. This cell was about 5 μm in diameter
and had a large nucleus with few cellular organelles and almost no cytoplasmic components.
Cultured Dot cells were stained with integrin β1, CD34 and CD184 (Figure 5C). Integrin β1
stained as rode shape on Dot cells.

Transplantation of Dot cells to wounded adult mice reduces scar
The effects of Dot cells on postnatal wound repair were examined. Five hundred thousand
freshly sorted E16.5 Dot cells in 100 μl saline were injected to each wounded postnatal mouse
through its tail vein. Figure 6 shows trichrome stained wound sections collected on day 5 (A),
day 7 (C), day 15 (E) and day 20 (G) after Dot cell-transplantation. The wounds in saline
injected control group were collected on the same days (B, D, E, H). Images were taken with
a conventional microscopy with bright field light. Significantly less scar tissue was observed
in the Dot cell-transplanted group. In addition, control E16.5, passage 3, dermal fibroblasts
were transplanted via tail vein injection into wounded adult mice. This group had similar
scarring as the saline control group (data not shown).

Dot cell-transplanted wounds express less type-I collagen and smooth muscle actin
Five hundred thousand epithelial E-cadherin positive cells isolated by FACS from postnatal
mice skin were transplanted to each wounded adult mouse, and compared to Dot cell-
transplanted wounds. Figure 7A shows both H&E stain and immunofluorescent-labeled
collagen expression on 8-day wounds. Less fibrotic tissue and less collagen were observed in
the Dot cell-transplanted wounds compared to the epithelial E-cadherin positive cell
transplanted wounds; the repaired dermal tissue formed a reticular network structure in the Dot
cell-transplanted wounds. Because smooth muscle actin (SMA) is expressed by myofibroblasts
that release type-I collagen and exhibit strong contraction ability and scarring [34, 35], the
expression of SMA in the wounded tissue was examined using immunoblot in wounds collected
from E16.5 Dot cell-transplanted (E1–E7) and fibroblast-transplanted (F1–F7) groups (Figure
7B). Lower SMA expression in Dot cell-transplanted wounds was detected on day 7 in two
separated groups (Figure 7C). Also postnatal Dot cells, collected from adult mouse blood, were
transplanted to wounded mice. The expression of SMA in wounds from Dot cell-transplanted
(DC) was compared to saline-injected groups (con), and significantly decreased SMA
expression was detected from 8 day and later (Figure 7D).
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Dot cells restore dermal tissue and blood vessels
The location of transplanted Dot cells in wounds was examined using E16.5 Dot cells freshly
isolated from GFP-transgenic mice (Figure 8). On day 1, GFP-labeled cells were observed at
both sides of the wound (8A–8D). The majority of bright GFP-staining cells are small in size.
However, some bright GFP stained large cells can also observed in wounds, indicating these
cells are differentiate dermal cells. On day 3, GFP cells were detected in the dermal wound
bed (8E–8H) and a GFP-positive circle could also be detected (arrow in 8G), indicating Dot
cells also can differentiate to blood vessel in wounds. On day 7, wounds had reepithelialized,
and the newly formed dermis had a reticular cellular network structure; GFP cells were found
mainly at the center of the wound bed, indicating the center area was not fully repaired (8I–
8L). By day 15 (8M–8P), when the wound defects were totally repaired, few small GFP-labeled
Dot cells were detected. However, the majority of differentiated dermal cells in wounds still
weakly express GFP.

Differentiated Dot cells express FGF-2
The scarless healing mechanism of Dot cells was further examined through their FGF-2
expression. FGF-2 is an antagonist to fibrosis through its function of inducing cell proliferation
and decreasing cell differentiation. Figure 9 shows FGF-2 (red) immunofluorescent staining
in 7-day wound sections. These wounds were collected from GFP-labeled Dot cell-transplanted
mice. Some brightly labeled GFP smaller cells do not express FGF-2. However, differentiated
larger cells with relatively weaker GFP labeling also co-express FGF-2. These data indicate
that some dermal repair cells were derived from differentiation of Dot cells, which appear to
express FGF-2 only after they have differentiated in the microenvironment.

Discussion
In the present study, we introduced a new group of small cells, Dot cells that were detected
within both of fetal and adult mouse blood. We believe that Dot cells are a previously
unidentified group of cells since no other reports have described a similar cell morphology or
marker profile. Dot cells strongly express to E-cadherin, integrin β1, CD184. They have weaker
to CD34, CD13 and low to Sca1 expression. Because E-cadherin is expressed mainly by
epithelial cells, and integrin β1 is a well-known epidermal stem cell marker, the strong
expression of both E-cadherin and integrin β1 by Dot cells in unwounded E16.5 mouse skin
are likely targeted to epidermal development. We believe that Dot cells are relatively primitive
cells or stem cells due to their unusually small size and the fact that they express stem cell
markers such as E-cadherin, integrin β1 and CD34.

Our data show that Dot cells have a strong homing effect to sites of injury for tissue
regeneration. They specifically migrate to wounds and differentiate into dermal cells, which
release less interstitial collagen and reduce scar. We believe that the mechanism for Dot cell
migration to the damaged area could be due to the presence of CD184, a seven-transmembrane
G-protein coupled receptor, which functions as a receptor for stromal cell-derived factor-1
(SDF-1), an important chemokine for heart development [36] and stem cell migration [37].
The release of SDF-1 is upregulated at sites of tissue injury. The increased SDF-1, in turn,
leads to the homing of circulating stem cells [38]. The fibroblast-transplanted group did not
show the same scarless repair effect as seen in the Dot cell-transplanted group. This indicates
that transplanted fibroblasts do not home to damaged tissue. This phenomenon has also been
described by other reporters [39].

Our data also show one mechanism of Dot cell tissue repair occurs by differentiation of Dot
cells within wounds to dermal and endothelial cells. The differentiation of Dot cells is a rapid
process that results the repairing tissues derived all from Dot cells differentiation (Figure 8).
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We used Dot cell-transplantation method instead of topic application of Dot cells to the wound
bed in our experiments. Because Dot cells are blood-derived and very small, so it is easier and
more physiological to apply them through circulation. In addition, blood-transplantation is
easier to control the cell numbers without loosing cells that could be happened in wound topic
application. One mechanism of Dot cell-induced scarless healing could be their lack of some
cytokine expression. For example, the differentiated Dot cells strongly express FGF-2, which
function to increase proliferation of the Dot cell-derived fibroblasts. Their rapid proliferation
may have anti-differentiation effects, such as reduction of latent local TGF-β, since TGF-β is
pro-fibrotic. FGF-2 may function to reduce fibroblasts differentiation into myofibroblasts, the
cells that release large amounts of interstitial collagens and induce strong tissue contraction,
i.e. resulting scarring. Because all wounds in the present study were made in 6 mm diameter,
we only detected only a small of accelerated wound healing by Dot cells. However, we believe
that Dot cells can also increase healing speed, and my help in the healing of diabetic wounds.
These hypothesis need to be investigated in the future studies.

Dot cells function during early stages of repair, which may be requisite to scarless healing. We
observed that the scar on saline control wounds remodels after day 20 when there were no
significant differences of scaring between Dot cells and saline injected wounds. The recovery
of saline-injected group by 20 days could be explained by host stem cells in saline-injected
mice also migrate to the wounds and repair tissue, however, in a slower way, due to the smaller
number of stem cells in saline-injected mice compared to the Dot cell-transplanted wounds.

The ratio of Dot cells in E16.5 fetal mouse blood is more than twenty times higher than that
of adult mice, suggesting Dot cells may be the key for scarless healing. To determine if the
higher Dot cell number enhances tissue repair, we transplanted 500,000 isolated Dot cells into
each wounded adult mouse. The Dot cell number for transplantation was calculated as 40% of
the total number Dot cells in one recipient animal, i.e. 1.5 (ml of blood in one mouse) × 4
×109 (total blood cells per ml) × 0.02% (the ratio of adult Dot cells within total blood cells) =
500,000. Our data suggest that a 40% increase in the number of Dot cells can induce scarless
healing. The ratio of Dot cells in E16.5 fetal mice is twenty times higher than in adult mice,
the high number of Dot cells in fetus maybe the key for scarless wound healing.

In our transplantation model, we found that GFP-labeled Dot cells lose their GFP expression
in wounds after the dermal structure is fully restored. This suggests that the self-renew of Dot
cells population is well regulated, which effectively limit their proliferation rate in vivo. Dys-
regulation or other damage during self-renewal could cause hyperproliferation of the
transplanted stem cells, and thus cause them to become ‘cancer stem cells’ in recipients [40,
41]. We believe that after wound has healed, Dot cells stay in the circulation in the number as
same as the normal unwounded mouse.

Our data provide evidence that Dot cells have a major role in repairing wounded dermis to
reduce scar formation. We believe the high number of circulating Dot cells in fetal blood is
the key for fetal scarless wound healing. In contrast, scarring in adults could be due to the lower
number of Dot cells in blood and BM in adults. However, the mechanism of tissue repair by
Dot cells is still unclear and further studies on the skin progenitor effects of Dot cells need to
be performed.
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Figure 1.
Localization of E-cadherin positive cells in fetal mouse skin. Dorsal skin was collected from
E14.5 to E18.5 fetal mice and the expression of E-cadherin was analyzed by IHC. The control
section was stained without primary antibody. Arrows indicate E-cadherin-positive cells, with
the highest number of dermal E-cadherin cells occurring on E16.5 compared to the other ages.
By E18.5, E-cadherin was expressed strong in epithelial cells. Bars = 40 μm.
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Figure 2.
Dermal E-cadherin positive cells are blood-derived. 2A shows E-cadherin immuno-staining
on an E16.5 fetal mouse whole section. The epidermis had weak staining, however, strongly
stained and clustered E-cadherin positive cells were scattered in the dermis (1), muscle (2) and
in areas adjacent to cartilage (3). 2B shows E-cadherin and PECAM-1 immunofluorescent
staining with examination by confocal microscopy. The merged image shows that the clustered
small E-cadherin positive (red) cells (arrows) in the dermis are located next to PECAM-1
(green) positive cells. Bar = 300μm in A; Bar = 25 μm in B.
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Figure 3.
In vitro culture and characterization of Dot cells. Dot cells sorted with anti-E-cadherin antibody
and magnetic beads were isolated from E16.5 and 4-week old mouse blood. Sorted cells were
cultured on collagen-coated plates in α-MEM with 20% FBS and antibiotics. Figure 3A and
3B show the cultured tiny dot-shaped cells imaged by inverted microscopy using phase contract
light. In 3A, a fibroblast (thin arrow) is identified for Dot cell size comparison. 3B shows Dot
cells forming tight cell-cell connection in monolayer with an undistinguishable cell membrane
boundary. Figure 3C shows E-cadherin staining of cultured Dot cells. Cultured Dot cells were
fixed and immuno-stained for E-cadherin (red), and examined by confocal microscopy. E-
cadherin localizes both on the cell membrane and intracellularly. 3D shows FACS analysis for
E-cadherin expression in cultured Dot cells. More than 70% of cells were positive for E-
cadherin in four separate experiments after one month in culture (N ≥ 4). Bar = 100 μm in A
and B; Bar = 10 μm in C.
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Figure 4.
Dot cells are present in peripheral blood and bone marrow of adult mice as well as in humans.
Adult mouse blood was collected through cardiac puncture. Bone marrow from adult mice was
collected through long bone perfusion followed with centrifugation. In addition, human
peripheral blood was collected from a 48-year old man. Dot cells were sorted and cultured and
images taken using an inverted microscopy. Dot cells are present in adult mouse blood (m-
blood), mouse bone marrow (m-BM) and human blood (h-blood). The chart in figure 4 shows
the comparison ratios of Dot cells in E16.5 fetal mouse, 4-week old and 34-week old mouse
blood. The ratio of Dot cells in E16.5 fetal blood compared to 34-week old blood is more than
twenty times greater (ratio of 34-weeks was calculated as 1).
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Figure 5.
Dot cells express stem cell markers. 5A shows FACS analysis of stem cell markers on Dot
cells. Freshly sorted Dot cells with E-cadherin were reacted with other stem cell marker
antibodies as described in the methods section. The expression of each marker was analyzed
using FlowJo software. More than 85% of Dot cells express integrin β1 and CD184. About
50% express CD34, and 15% express CD13. The detailed morphology of Dot cells was also
examined by electron microscopy. 5B shows a sorted Dot cell with a 5 μm diameter size, having
a large nucleus but small cytoplasm. This cell also has some intracellular organelles, but no
significant number of cytoplasm components. The stem cell marker expression on Dot cells
was also examined using fluorescent-staining by a confocal microscopy (Figure 5C). Dot cells
express positive to CD34, CD184 and integrin β1. Bar = 10 μm.
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Figure 6.
Wound repair function of Dot cells. Five hundred thousand freshly sorted Dot cells in 100 μl
saline were injected by tail vein into mouse with fresh dorsal skin wounds. Wounds were
collected on day 5 (A), day 7 (C), day 15 (E) and day 20 (G). Control saline-injection wounds
were collected on the same days (B, D, E, H). Fibrotic tissue expression in wounds was
examined using trichrome stain, and images were taken using conventional microscopy with
bright field light. Bar = 400 μm.
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Figure 7.
Expression of type-I collagen and SMA in wounds. Five hundred thousand E-cadherin positive
cells sorted from postnatal mouse skin or the same number of Dot cells were transplanted via
tail vein injection into each wounded mouse. Wounds were collected and sections were stained
with H&E or type-I collagen antibody. 7A shows H&E staining (upper panel) and fluorescent
FITC-labeled collagen expression (lower panel). Less fibrotic tissue and less collagen
expression was observed in Dot cell transplanted wounds (left panel) compared to postnatal
skin E-cadherin positive cell-transplanted wounds (right panel). Bar = 400 μm. 7B shows an
immunoblot of SMA expression in the Dot cell-transplanted group from day 1 to day 7 (E1–
E7) wounds compared to the same number of E16.5 fetal fibroblast-transplanted wounds (F1–
F7). Decreased SMA was detected in the Dot cell-transplanted group on day 7 (E7). The
densitometry analysis of two separate immunoblot experiments demonstrated a decreased
expression of SMA in Dot cell transplanted wounds on day 7. Figure 7C shows an immunoblot
of SMA expression in wounds collected after transplantation of Dot cells from adult mouse
blood (DC) compared to the control saline injected group (Con). Reduced SMA expression in
the adult Dot cell transplanted wounds was observed from day 8 and thereafter.
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Figure 8.
Dot cells repair wounded dermal tissue. Five hundred thousand Dot cells freshly sorted from
E16.5 GFP fetuses were transplanted via tail vein injection to each wounded Balb/C adult
mouse. Wounds were collected on day 1 (A–D), day 3 (E–H), day 7 (I–L) and day 15 (M–P).
The images in B–D, F–H, J–L and N–P are the enlargement of the square images in A, E, M,
and I respectively. In 1 and 3-day wounds, GFP cells were located at the edge of the damaged
area. By day 7, when the reepithelialization was finished and the majority of the dermal
structure was restored, GFP cells still located in the center of the wound bed in order to restore
the dermal structure. After 15 days, only a small number of GFP positive cells remained, and
the restored tissue showed very week GFP expression.
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Figure 9.
Dermal cells derived from Dot cells express FGF-2. FGF-2 expression was examined using
fluorescent staining on 7-day wounds after GFP-labeled Dot cell-transplantation. Smaller, but
bright GFP positive cells did not show FGF-2 expression. However, the majority of large
differentiated cells expressed both FGF-2 (red) and relatively weaker GFP. Bars = 100 μm.
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