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Abstract

Background: Stem cells with their tremendous differentiation and trans-differentiation potential are the cells with many appli-
cations in degenerative disease management. Isolation, characterization, and differentiation are the areas that are most widely
investigated to take the cells in clinical settings. Among many sources of stem cells, the skin is getting special attention because it
is one of the most easily accessible tissues and has high differentiation potential.
Methods: We have given a detailed description of skin tissue collection, processing, and cell culture. The RNA isolation and cell
proliferation by the MTT assay have also been elaborated.
Discussion: All the protocols detailed here were standardized in the All India Institute of Medical Sciences (AIIMS), New Delhi. We
hope the protocols will be of help to those who initiate studies of skin stem cells and new investigators who may come up with
further modifications. This will benefit advancement in this field.
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1. Background

This article is the summary of the successful culture of
human skin stem cells in the laboratory and their charac-
terization at the All India Institute of Medical Sciences (AI-
IMS), New Delhi, India. This article will be of great help to
the beginners working in the area of human skin stem cell,
regenerative biology, and tissue engineering. It may also
have a variety of other applications.

2. Methods

2.1. Collection of Skin Tissue

Healthy pigmented skin tissues were collected from
children admitted for circumcision at the Department of
Pediatric Surgery, AIIMS.

2.2. Foreskin Tissue Collection

The foreskin was circumcised following the injection
of the local anesthetic in a cleanroom facility at the Depart-
ment of Pediatric Surgery, AIIMS, and collected in a sterile
vial. The vials containing foreskins were kept in a cool pack

(4ºC) and transported to the laboratory under sterile con-
ditions. The size of the foreskin tissue biopsy was approxi-
mately 2.5 cm × 2.5 cm.

2.3. Processing of Foreskin Tissue

The foreskin tissue was incubated overnight at 4ºC in
the 10 mg/mL dispase enzyme (17105-041 Gibco, NY, USA) ob-
tained from Bacillus polymyxa. The dispase enzyme acts
on the basement membrane, i.e., the junction of dermis
and epidermis. The basement membrane zone has colla-
gen and fibronectin connections. Having collagenase and
fibronectinase activity, dispase dissociates the basement
membrane so that the epidermis can be separated from
the dermis.

After incubation, the epidermal layer was easily peeled
off from the dermis. The dermis was scratched with the
blunt face of the scalpel blade to collect basal layer cells,
which might be sticking on the dermal surface. The dermis
was discarded, and the epidermis was washed three times
with phosphate-buffered saline (PBS) for 20 min each. The
epidermis was placed into a Petri plate and then, using a
scalpel blade (No. 22, Glass Van, India), it was chopped into
small pieces of approximately 2 mm × 2 mm size. Some of
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the chopped pieces were used for explant culture. The rest
of the chopped pieces were trypsinized to prepare single-
cell suspensions.

To prepare single-cell suspensions, chopped pieces
were trypsinized (0.25% trypsin and 0.05% EDTA) at 37ºC
in a carbon dioxide incubator for 20 - 25 min. The tube
was vortexed twice (for five seconds each) during the incu-
bation period to aid mechanical dissociation. The action
of trypsin was neutralized by adding an equal volume of
trypsin inhibitor solution (T6522 Sigma, USA). The solution
was further added with 5 mL of PBS and filtered through a
70-µm cell strainer (Becton Dickinson, Sunnyvale, CA, USA).
The filtrate was centrifuged at 200 g for 5 min to obtain the
cell pellet and then reconstituted in PBS (1 mL).

2.4. Viable Cell Count in Cell Suspension Prepared from Skin Epi-
dermis

The trypan blue dye (TC L005, Hi-Media, Mumbai, In-
dia) was used to check the viability of cells. Trypan blue is
expelled out by viable cells. As the trypan blue dye cannot
penetrate the live cells, they appear bright, and the dead
cells, which take up the dye, appear blue under the bright
field microscope.

Equal volumes of the trypan blue dye and cell suspen-
sion were mixed and examined microscopically (ECLIPSE,
E200, Nikon, Japan) after 3-min incubation. Then, 10 µL of
trypan blue cell mixture was loaded on the countess cell
count loading slide (C10228, Invitrogen, NY, USA). The live
and dead cells were encircled by blue and red colors, re-
spectively, by countess software.

(1)% V iability =
V iable Cell Count

Total Cell Count
× 100

2.5. Suspension Culture of Skin Stem Cells

Cells obtained after trypsinization were seeded onto a
culture dish at a density of 5,000 cells/cm2 area of the cul-
ture dish coated with fibronectin (F2006, Sigma, MO, USA)
at a concentration of 1 µg/mL in PBS. The culture dish was
added with 1.5 mL of skin stem cell culture medium and in-
cubated in a 5% CO2 incubator at 37ºC. The culture medium
was changed every three days.

2.6. Fibronectin Coating

The culture dish and the flasks to be coated were incu-
bated with fibronectin at a concentration of 1 µg/mL for
two hours at room temperature. After incubation, the fi-
bronectin solution was removed from the culture flask and
culture dish. The culture dishes and flasks were washed
with PBS, air-dried, and kept at room temperature for fur-
ther use.

2.7. Culture Media Composition

The skin stem cells culture media consisted of 3:1, Dul-
becco’s Modified Eagle’s Medium (DMEM) and Ham’s F12
nutrient mix (Sigma, MO, USA), supplemented with 10%
fetal bovine serum (Hyclone, NJ, USA), 10 ng/ml epider-
mal growth factor (PeproTech, NJ, USA), 2.8 µg/mL hydro-
cortisone, 5 µg/mL insulin, 10 µg/mL transferrin (Sigma,
MO, USA), 10 ng/mL cholera toxin (Millipore, MA, USA),
100 U/mL penicillin, and 100 µg/mL streptomycin (Gibco,
Tokyo, Japan)

2.8. Explant Culture of Skin Stem Cells

The chopped pieces of the skin epidermis, prepared,
as stated above, were used for the explant culture of skin
stem cells. About nine explants (approximately one skin
explant/cm2 area of the culture dish) were placed in a 35-
mm culture dish. Initially, a small volume of media was
added to avoid the floating of the explants. After 6 - 8 h,
approximately 1.5 mL of epidermal stem cell culture me-
dia was added slowly to avoid explant floating. The culture
dish was incubated in a 5% CO2 incubator at 37ºC. The me-
dia were changed every three days.

2.9. Feeder Layer Culture of Skin Stem Cells

Skin stem cells were seeded over the feeder layer of 3T3
mouse fibroblasts at a density of 5,000 cells/cm2. The cul-
ture dish was incubated at 37ºC in a CO2 incubator. The me-
dia were changed every three days.

2.10. Expansion of In Vitro Cultured Skin Stem Cells

Skin stem cells at 70% - 80% confluence were
trypsinized and re-plated for expansion in vitro. The
epidermal stem cells culture media were aspirated out,
and the adherent cells were washed with PBS. After wash-
ing, PBS was aspirated, and 150 µL of 0.25% trypsin - 0.05%
EDTA solution (25200056 ThermoFisher, USA) was added
to 35-mm dishes, and then incubated at room tempera-
ture for 5 min. The culture flask was given the mechanical
force (tapped with index finger) between the incubation
periods to dislodge adherent cells. The flask was observed
under an inverted microscope (Eclipse Ti, Nikon, Japan) to
visualize the full dislodgement of cells. Once the cells were
fully dislodged, a trypsin inhibitor (T6522 Sigma, USA)
in the volume equal to that of trypsin EDTA (25200056
ThermoFisher, USA) was added. The cell suspension was
collected in a 1.5-mL centrifuge tube and centrifuged at
200 g for 5 min to obtain the cell pellet. The supernatant
was discarded, and the cell pellet was reconstituted in
PBS. Finally, cells were counted for number and viability
by the trypan blue dye exclusion method. The cells were
passaged at a split ratio of 1:3.
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2.11. Characterization of Skin Stem Cells:

2.11.1. Methodology of Total RNA Isolation from Expanded Skin
Stem Cells

Confluent cultures of EpiSC growing in T25 flasks were
trypsinized. The collected cells were centrifuged at 200 g
to pellet down the cells. Cells were transferred to 1.5-mL
centrifuge tubes. Then, 1000µL of Tri Reagent (TR 118, MRC,
USA) was added to the cell pellet, triturated with a pipette
for 10 min, and incubated at room temperature for 5 min.
After incubation, 200 µL of chloroform was added, hand
vortexed for 30 s, and incubated at room temperature for 3
min. After incubation, the tube was centrifuged at 12,000
g for 15 min at 4ºC. Centrifugation separated the aqueous
phase and organic phase, with RNA remaining in the aque-
ous phase. The aqueous phase was taken carefully into a
fresh 1.5-mL centrifuge tube, followed by adding 500 µL
of isopropyl alcohol and incubating at room temperature
for 10 min. After incubation, the tube was centrifuged at
12,000 g for 10 min at 4ºC. Isopropyl alcohol precipitated
the RNA, and a transparent pellet was formed. The super-
natant was discarded, and the pellet was washed with 75%
ethanol by centrifugation at 7,000 g for 5 min at 4ºC. The
RNA pellet was air-dried, dissolved in 20µL of nuclease-free
water (ML024, Himedia, India), and stored at -80ºC.

2.11.2. Quantification of Total RNA

The RNA was quantified using a nanophotometer (Im-
plen, Germany). First, a blank was set for RNA using
nuclease-free water. Then, 1 µl of RNA was placed in the lid
factor of 50 and mounted on the holder. The absorbance
was measured at 260 and 280 nm. The quantity of RNA per
µL of the solution was calculated using nanophotometer
software.

2.11.3. Preparation of cDNA from Total RNA (Reverse Transcrip-
tase PCR)

In this method, 1 µg of RNA was taken, and 0.5 µg of
the oligo (dT)18 primer was added to the reaction mixture.
Then, DEPC water (HiMedia, India) was added to reach a
volume of 15 µL and incubated at 70ºC for 5 min to break
RNA secondary structures. After incubation, the sample
was snap chilled to stop the formation of RNA secondary
structures. Next, the following components were added
to the primary mixture: 4.0 µL RiboLock RNase Inhibitor
(EO0381, Thermofisher, USA), 0.5 µL (20 units) dNTP mix
(10 mM each) (U1511, Promega, USA), and 2.5 µL (1 mM final
conc.) M-MuLV RT enzyme (M1701, Promega, USA).

Finally, 1 µL (200 units) DEPC water (ML024, Himedia,
India) was added to make up the total volume of 25µL. The
total reaction mixture was incubated at 42ºC for 60 min
and finally at 72ºC for 10 min to terminate the reaction.

The PCR was performed following standard protocols
in a 25-µL reaction mixture volume with sequence-specific
primers (sequence of primers) (DNA Engine, BIO-RAD,
USA). The 25-µL reaction volume included 0.5 µL dNTPs (10
mM) (U1511, Promega, USA), 2.0 µL MgCl2 (25 mM) (A3511,
Promega, USA), 2.0 µL Taq Buffer (10X) (M8901, Promega,
USA), 2.0 µL primers (1 µL Forward + 1 µL Reverse), 0.2 µL
Taq polymerase (M8291 Promega, USA), and 1.0 µL cDNA.
Nuclease free water (ML024, Himedia, India) was added to
make the final volume of 20µL. All reagents were added in
0.2-mL PCR tubes and reactions were performed under the
following PCR conditions: Initial denaturation at 94ºC for
5 min, denaturation at 94ºC for 1 min, primer-specific an-
nealing, extension at 72ºC for 1 min to 1.5 min, and a final
extension at 72ºC for 7 min.

The expression of respective gene transcripts was
quantified relatively. The cDNA concentration of samples
was optimized to equilibrate the GAPDH expression in
each batch of samples. Electrophoresis (Bio-Rad, USA) was
performed by loading 10-µl PCR products on a 2% agarose
gel (Himedia, India) with ethidium bromide to check gene
expression, followed by visualizing in the gel documenta-
tion system (Alpha DigiDoc, ImageTech, USA).

2.12. Cell Proliferation Assay

A 96-well culture plate was used to culture skin
stem cells (5,000 cells/well) with skin stem cell cul-
ture media. The MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay was done on days 1,3,
5, 7, 10, and 12. 50 µL of the MTT reagent (5 mg/mL in PBS)
was added to the wells in triplicate and incubated at 37ºC
for 3.5 h. After incubation, formazan crystals were formed
that were dissolved by adding 300 µL of dimethylsulfox-
ide (D4540 Sigma, USA) to each well. A new 96-well culture
plate was used to read the colored solution at 570 nm in a
plate reader (EL 800, Biotek, USA).

2.13. Ethical Clearance

Studies that involve human subjects need ethical clear-
ance from the Institutional Human Ethics Committee and
the Stem Cell Ethics Committee of the Institute, in coordi-
nation with the National Ethics Committee or as per the
ethical guidelines of the country in which the Institute is
located. At the AIIMS, New Delhi, we needed to take permis-
sion from the Institutional Ethics Committee (IEC) and the
Institutional Committee for Stem Cell Research (IC-SCR).
Tissue samples were collected after getting informed con-
sent of the patients, approved by the IEC and IC-SCR of AI-
IMS. The IC-SCR needs to provide all the data related to eth-
ical practices followed to the National Apex Committee for
Stem Cell Research and Therapy (NAC-SCRT).
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3. Discussion

This study aimed to establish a protocol for the cul-
ture and characterization of epidermal stem cells of hu-
man skin origin. These cells have huge potential in clinical
settings and research on the basic biology of stem cells (1-
5). The foreskin tissue is widely used for skin cell culture.
The foreskin and facial biopsy were used by Eisinger and
Marko for the culture of melanocytes in vitro, as followed
by several other scientific groups (6-11).

For the culture and expansion of skin, three prevail-
ing methodologies are adopted: (I) suspension culture
over fibronectin-coated plates, (II) explant culture over
fibronectin-coated plates, and (III) feeder layer culture over
3T3 fibroblast. The suspension culture of skin cells has also
been tried previously for the generation of skin spheres
and hair spheres (12, 13). Recently, the suspension cul-
ture has been used for the culture of Dermal Stem Cells
(DSCs) (14-16). The use of feeder cells in the cell culture was
first reported by Puck et al. (17). The successful culture
of human keratinocytes was pioneered by Rheinwald over
the feeder layer of murine 3T3 fibroblasts. Rheinwald re-
ported that the culture of keratinocytes over the 3T3 feeder
layer enhanced the growth (18-21). Balasubramanian et al.
showed that the culture of limbal corneal epithelial cells
over murine 3T3 feeder cells enhanced the stemness for
longer periods in-vitro (22). Moreover, hair follicle explant
culture was reported by Zhang et al. (23).

There is no definitive marker to characterize epidermal
stem cells of the skin. The lack of specific markers has been
a major obstacle (24, 25) in the characterization of skin
stem cells. Therefore, a panel of markers should be em-
ployed for skin stem cell characterization by immunoflu-
orescence and RT-PCR (12, 21, 26-35).

The field of skin stem cell identification, characteriza-
tion, and application has shown great progress in regen-
erative biology and tissue engineering due to the ease of
skin tissue access and development of tissue culture tech-
niques, but still, many queries need to be answered. Skin
stem cells are being employed in the management of pig-
ment disorder and burns by expanding small biopsies into
a large number of cells, thereby covering a large surface
area of the affected skin (36). The cultured skin stem cells
are also being used in genetic engineering experiments,
which is opening its way in the management of various ge-
netic disorders (37-39).

With recent developments in the field of animal cell
culture and tissue engineering, skin stem cells are being
employed in a wide variety of applications. These novel
technological approaches will further enhance our under-
standing of the basic and applied biology of skin stem
cells, which will open unlimited possibilities in the ad-

vancement of regenerative biology and technology devel-
opment.
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