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Abstract  : Stem cells are very promising for regenerative medicine due to their self renewal
and differentiation potentials.  To be used for patients the stem cells should be fully
characterized. Characterization of the stem cells includes visualization of cell morphology
whether in fresh conditioned, in situ staining or staining of cell suspension. Moreover,
visualization gives an insight of cell property whether the cells are adherent or non adherent,
and whether the cells are forming clones or a monolayer. Surface marker or senescent staining
combined with visualization may determine the type of stem cell or senescent condition, and
visualization of induced stem cells can show their differentiation capacity.
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Introduction

Stem cells are very promising for regenerative medicine due to their self renewal and differentiation
potentials. A growing body of evidence showed that stem cells might cure various kind of degenerative diseases
or conditions involving cell/tissue damages such as stroke, myocardial infarct, liver cirrhosis, ankylosing
spondylitis, osteoarthritis, diabetes, and inherited disease such as thalasemia.1-6 Stem  cells  can  be  used  in
various methods, including cell replacement therapy, activation of resident stem cells by paracrine secretion,
and  tissue engineering.7 There are various kinds of stem cells, and characters of those different stem cells need
to be elucidated to regard them as a certain stem cell, e.g. mesenchymal,8 hematopoietic,9 and neural stem cell.10,

11

Stem  cell  based  therapy  needs  a  lot  of  stem  cells,  and  thus  the  stem  cells  need  to  be  propagated  by
culturing them to certain passages. Culture conditions and passage number might influence the character of the
stem cells.  Therefore,  to  be used for  patients  the stem cells  should be fully characterized.  Characterization of
stem cells involved various criteria, including cell morphology, property, surface markers, differentiation
capacity, and senescence. For the purpose of characterization, visualization is an important part, especially in
stem cell mass production that involved high passage number. Therefore, this mini review deals with the role of
visualization in various aspect of stem cell characterization that is indispensable in stem cell production.

Visualization of cell morphology and property

In stem cell characterization, visualization plays a substantial role to elucidate cell morphology, which
can be conducted in fresh conditioned (Figure 1A, 1B), in in situ staining (Figure 2) or staining of cell
suspension. Visualization of cell suspension after harvesting can be done by making spot specimens, which can
be stained. Using this method, change in morphology due to differentiation can be visualized (Figure 3).12

Further, using a special program, the outline of cells can be demarcated so that the area (size) of the cells can be
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computed (Figure 4).13 Under the microscope cell property can be visualized, whether the cells are adherent to
the culture plate (Figure 1A, 1B) or non adherent (Figure 5), forming clones (Figure 6), monolayer, multiple
layer, micro masses (Figure 7), or forming spheres such as in cancer stem cells.14 Morphology of adherent cells
in culture might be fibroblastic such as fibroblasts and  mesenchymal stem cells (MSCs) (Figure 1A); diamond
shape that suggests epithelial cells such as keratinocytes (Figure 1B); neuron like, etc. Sprouting of MSCs from
explants can also be visualized, 15 and visualization is also useful to monitor viable cells when stem cells are
grown on a scaffold.16, 17

A B
Figure 1. Cell morphology of attached cells in fresh condition (Nikon inverted microscope
and Axiocam digital microscope camera)
A. Adipose derived MSCs at 95% confluent, B. Foreskin derived keratinocytes.

Figure 2. In situ Giemsa staining of
adipose derived stem cells (Nikon
inverted microscope and Nikon camera) 18

Figure 3. Giemsa staining of adipose derived
stem cells in spot method (light microscopy
and Optilab digital camera) 19
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Figure 4. Cell size computation (Axiocam
computer program) 13

Figure 5. Non adherent stem cells (Nikon
inverted microscope and Axiocam digital
microscope camera)

Figure 6. A large clone of bone marrow
derived MSCs (Nikon inverted microscope
and Axiocam digital microscope camera)

Figure 7. Micro masses of adipose derived
stem cells  (Nikon inverted microscope and
Nikon camera)

Adherent to plastic is a special property of MSCs, when they are cultured in serum containing medium,
20 as serum contains attachment factor. However, when commercial media are used, most commercial media do
not contain attachment factors, and for MSCs to grow, the culture flask/plate should be coated by extracellular
matrix, such as collagen, fibronectin, or laminin.21 On the contrary, hematopoietic stem cells are non adherent
and appear floating in the medium (Figure 5).22
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When MSCs or  other  attached cells  are  cultured in a  few numbers,  they will  form clones that  derived
from one single cell. This clone forming property is usually used to assess the number of stem cells in a tissue
derived suspension, such as stromal vascular fraction or processed lipoaspirate, namely the colony forming unit
assay, or serial dilution assay.23 However, when MSCs are seeded in large number, they will form a monolayer
network, which later will become confluent.

Visualization of cell surface makers protein expression

Surface marker staining using fluorescent dye tagged antibody can be used to visualize the surface
markers on the cells using fluorescent microscopy. Visualization may apply either on single cell in suspension
or in cells that are located in between of other cells in a certain tissue. Visualization of surface markers is also
available on light microscopy, but the specimen should be stained by immunocyto- or immunohisto-chemistry
method.24 Figure 7 shows immunohisto- and immunocyto- chemistry staining of CD34 on endothelial cell
membrane  in  paraffin  section  compared  to  cultured  cells  that  were  detached  to  make  a  spot  specimen.  In
addition, visualization by immunohisto-chemistry is useful to observed protein expression such as collagen
type-1 and osteocalcin by differentiating mesenchymal stem cells.25

A B

Figure 8. CD34 immunocyto-chemistry staining (light microscopy and
Optilab digital camera)
A= a paraffin section shows CD34 positive endothelial cells,  B= spot
specimen shows a CD34 positive lipoaspirate derived MSCs

Visualization of cell differentiation

To prove differentiation capacity, the stem cells are induced using special medium and the result can be
seen by various modes, and one of the modes are by staining either the cells or matrix that is produced by the
cells. Especially for MSCs, differentiation into adipocytes can be visualized using a staining method i.e. by oil
red O staining to visualize the lipid droplets inside the cells. Further, differentiation into chondrocytes and
osteocytes can be detected by low pH alcian blue26 and alizarin red26, 27 or von Kossa staining to visualize
cartilage matrix and calcification, respectively (Figure 8).26 Differentiations into chondrocytes28, 29 and
adipocytes in adipose derived MSCs can also be achieved by prolonged culture.29



Jeanne Adiwinata Pawitan et al /International Journal of PharmTech Research, 2016,9(8),pp 214-220.  218

Figure 9. Umbilical cord derived MSC differentiation into three lineages (Nikon inverted microscope and
Axiocam digital microscope camera) 18

Visualization of cell senescence

Adult stem cells have limited capacity of cumulative doublings and will achieve replicative senescence
after  a  certain number of  cumulative doublings.  Senescent  cells  are  not  appropriate  to  be used in regenerative
medicine, and therefore the cells should be ascertained that they have not undergone senescence. Senescent
cells produce β galactosidase, which activity can be visualized by cytological staining. Moreover, aging cells
tend to be larger in size (Figure 10). 13

.

Figure 10. Senescent staining of umbilical cord derived MSCs (Nikon inverted microscope and Axiocam
digital microscope camera) 13

Conclusion

Visualization plays a substantial role in characterization and assuring the quality of stem cells.
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