










in G2/S were undetectable. These results strongly suggest that
SP cells isolated from lens epithelial cells are stem cells.

Using fluorescence microscopy and two filter sets that
were specific for Hoechst 33342 blue and red fluorescence,
we analyzed the location of SP cells in the mouse lens.

Figure 4. Localization of side population (SP) cells in the lens epithelium. Mouse lenses were incubated in DMEM containing Hoechst 33342
for 90 min and then fixed. A shows Hoechst blue fluorescent image and B shows Hoechst red fluorescent image of the same mouse lens
epithelium. The “+” in (A) indicates the center of the lens epithelium. C shows the result of fluorescent intensity analysis using Image Master
software. The cells with the lowest levels of fluorescence intensity, shown in the green spot in E, can be seen as green cells highlighted with
a green square in C. D shows high magnification images of the cells within the areas marked by black square in C. SP cells localized around
the germinative zone of the lens epithelium. The scale bar represents 100 µm. E shows a plot of the cells at the indicated levels of intensity
of Hoechst blue (vertical axis) and red fluorescence (horizontal axis).
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Following Hoechst staining, lenses were photographed using
a digital camera, and then the images were analyzed using
Image Master software. SP cells in the lens epithelium
localized around the germinative zone and were undetectable
in the central region. Stem cells are believed to exist in a
special microenvironment termed niche. The niche provides
signals to the stem cells that regulate self-renewal, cell
division, and differentiation [30]. Lens epithelial cell division
occurs at the germinative zone. Our results suggest that lens
stem cells located around the germinative zone are the source
of dividing cells in this area.

The stem cell niche is a specific microenvironment in
which adult somatic stem cells reside within their tissue of
origin. The niche is needed to maintain the self-renewing
capacity of stem cells as well as their multilineage potential.
Separation from the niche compartment induces stem cell
differentiation. In general, the niche is believed to be a highly
organized microenvironment in which a variety of factors,
including secreted cytokines, extracellular matrix
interactions, and cell–cell adhesion, function cooperatively to
maintain the undifferentiated stem cell phenotype [31]. β
integrins are present in many organs and function in the

Figure 5. Localization of side population (SP) cells in the porcine lens. The fluorescent images of Hoechst blue (A) and red (B) fluorescence
in the porcine lens epithelium were analyzed using Image Master software. C: Cells with the lowest levels of blue and red fluorescence are
visible as green cells. The scale bar represents 200 µm.

Figure 6. Semiquantitative reverse
transcriptase (RT)-PCR analysis. The
expression of the stem cell markers
ATP-binding cassette transporter G2
(ABCG2), cell surface antigen Sca-1,
p75 neurotrophin receptor (p75NTR),
β-1 integrin, B-cell lymphoma 2 (Bcl2),
and  nestin in SP and  non-SP cells  was
analyzed by semiquantitative RT-PCR.
Open  bars  indicate  mRNA  levels  in
non-SP cells; gray bars indicate mRNA
levels in SP cells. SP cells express more
ABCG2 than non-SP cell. All stem cell 
markers were expressed at higher levels
in SP cells than non-SP cells. Stem cell
antigen  1  was   expressed   at  26  fold
higher levels in SP cells than in non-SP
cells.
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attachment of cells to the extracellular matrix. In stem cells, β
integrins are thought to maintain the microenvironment of the
basement membrane. We showed that β-1 integrin is
expressed in SP cells at much higher levels than in non-SP
cells, which suggests that β-1 integrin maintains the stem cell
phenotype of SP cells in the lens and thus the source of
dividing cells in the lens.
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