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Stem cell recovering effect of copper-free GHK
in skin
Hye-Ryung Choi,a Youn-A Kang,a Sun-Jong Ryoo,c Jung-Won Shin,a,b

Jung-Im Na,a,b Chang-Hun Huha,b and Kyoung-Chan Parka,b*
The peptide Gly-His-Lys (GHK) is a naturally occurring copper(II)-chelating motifs in human serum and cerebrospinal
fluid. In industry, GHK (with or without copper) is used to make hair and skin care products. Copper-GHK plays a phys-
iological role in the process of wound healing and tissue repair by stimulating collagen synthesis in fibroblasts. We
also reported that copper-GHK promotes the survival of basal stem cells in the skin. However, the effects of copper-free
GHK (GHK) have not been investigated well. In this study, the effects of GHK were studied using cultured normal human
keratinocytes and skin equivalent (SE) models. In monolayer cultured keratinocytes, GHK increased the proliferation of
keratinocytes. When GHK was added during the culture of SE models, the basal cells became more cuboidal than control
model. In addition, there was linear and intense staining of a6 and b1 integrin along the basement membrane. The number
of p63 and proliferating cell nuclear antigen positive cells was also significantly increased in GHK-treated SEs than in control
SEs. Western blot and slide culture experiment showed that GHK increased the expression of integrin by keratinocytes.
All these results showed that GHK increased the stemness and proliferative potential of epidermal basal cells, which is
associated with increased expression of integrin. In conclusion, copper-free GHK showed similar effects with copper-GHK.
Thus, it can be said that copper-free GHK can be used in industry to obtain the effects of copper-GHK in vivo. Further study
is necessary to explore the relationship between copper-free GHK and copper-GHK. Copyright © 2012 European Peptide
Society and John Wiley & Sons, Ltd.
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Introduction

Peptides have the potential as promising pharmacological agents
[1]. Furthermore, peptides are a rapidly expanding category of
cosmeceuticals because they can affect many processes such as
cell proliferation, inflammation, and melanogenesis [2].

The peptide Gly-His-Lys (GHK) is a naturally occurring copper
(II)-chelating motifs in human serum and cerebrospinal fluid [3]
and possesses a high affinity for copper(II) ions [4]. Copper-GHK,
which was first described as a growth factor for a variety of
differentiated cells, modulates the formation of new connective
tissue [5]. In addition, recent studies have shown that copper-
GHK plays a physiological role in the process of wound healing
and tissue repair by stimulating collagen synthesis in fibroblasts
[6]. We also reported that copper-GHK may increase the prolifer-
ative potential of keratinocytes by regulating extracellular matrix
proteins such as a6 and b1 integrins [7]. Interestingly, it is
reported that copper can alter the keratinocyte integrin expres-
sion during the re-epithelization and remodeling phases of
wound healing [8]. In industry, GHK (with or without copper)
is used to make hair and skin care products. Then, it will be im-
portant to investigate the effects of copper-free GHK (GHK).
However, the effects of GHK are not studied well. In the skin,
keratinocytes are themajor cell type of the epidermis, and integrins
are a family of cell surface receptors present on keratinocytes
that enable keratinocyte signaling and interaction with other
cells and the extracellular matrix [8]. Because of the complex-
ity of skin biology, skin equivalent (SE) models are considered
J. Pept. Sci. 2012; 18: 685–690
as an attractive model. In the present study, the effects of
GHK were studied using cultured normal human keratinocytes
and SE models.
Materials and Methods

Chemicals

Gly-His-Lys was obtained from Beadtech Co. (Seoul, Korea).
Antibodies against integrin a6 (#sc-6597), integrin b1 (#sc-9970),
p63 (4A4, #sc-8431), and actin (#sc-1616) were obtained from Santa
Cruz Biotechnology, Inc. (Santa Cruz, CA, USA). Antibody against
proliferating cell nuclear antigen (PCNA; #M0879) was obtained
from Dako (Glostrup, Denmark).
Copyright © 2012 European Peptide Society and John Wiley & Sons, Ltd.
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Cell Culture

Normal human keratinocytes and fibroblasts were isolated from
human foreskins obtained during circumcision. All samples were
obtained with informed consent. Skin specimens were processed
according to themethod described [9], asmodified in our laboratory
using thermolysin (Sigma, St. Louis, MO, USA). Keratinocytes were
cultured in keratinocyte growthmedium (KGM; Clonetics, San Diego,
CA, USA), and fibroblasts were cultured in Dulbecco’s modified
Eagle’s medium (DMEM; LM001-05, WelGENE, Daegu, Korea)
supplemented with 10% fetal bovine serum (Thermo Scientific
HyClone, Logan, UT, USA).

MTT Assay

To test the cytotoxicity of GHK, cells (4� 104 cells/well) were
seeded into 24-well plates. After 24h serum starvation, cells were
then incubated with GHK (0.1, 1, and 10mM) for 24 h at 37 �C.
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide
(MTT solution; 100ml of 5mg/ml) was then added, after which the
plates were incubated for an additional 4 h. The supernatant was
then removed, and the formazan crystals were solubilized in
dimethylsulfoxide (1ml). Next, the optical density was determined
at 540 nm using an ELISA reader (TECAN, Salzburg, Austria).

Keratinocytes Proliferation Assay

To test the proliferative effects of GHK on keratinocytes, cells
were incubated with 0.1–100mM of GHK for 72 h at 37 �C. In addi-
tion, long-term proliferation assay was performed. Second pas-
sage keratinocytes were cultured in KGM (Clonetics), and GHK
was added at a concentration of 1mM. When the cells reached ap-
proximately 80% confluence, they were detached and cultured
into new dishes. To prevent GHK from having an effect on the at-
tachment of cells or trypsin treatment, GHK was added 1 day after
splitting the cells. Each time the samples were split, the total cell
numbers were determined using a hemocytometer.

5-Bromo-20-deoxyuridine Incorporation Assay and Propidium
Iodide Staining

Keratinocytes (1� 106 cells) were plated onto 100mm culture dish.
After 24 h, cells were starved for another 24 h. Cells were treated
with or without GHK (1mM) for 4 h prior to 5-bromo-20-deoxyuridine
(BrdU; 1mM, 203806, Merck Millipore Calbiochem, Darmstadt,
Germany) treatment. After 72 h, trypsinized cells were fixed in
cold 70% ethanol at 4 �C for 1 h. For BrdU detection, cells were
incubated with fluorescein isothiocyanate (FITC) mouse anti-BrdU
or FITC mouse IgG1 isotype control (FITC mouse anti-BrdU set,
556028, BD Biosciences Pharmingen, San Diego, CA, USA) at RT for
30min. Then, for apoptosis detection, cells were incubated at
RT for 30min in the buffer containing 5mg/ml propidium iodide
(Sigma), 5mM MgCl2, 10mM Tris-HCl (pH7), and 25mg/ml RNase
A. Stained cells were analyzed by flow cytometry (FACSCalibur
System, BD Biosciences).

Construction of Three-dimensional Skin Models

Skin equivalents were constructed following our previous method
[10]. Briefly, dermal substitutes were prepared according to the
method described with some modification [11]. Type I collagen
was extracted from the tendons of rat tails. Dermal substitutes
were then made by mixing eight volumes of type I collagen with
wileyonlinelibrary.com/journal/jpepsci Copyright © 2012 European Pe
one volume of 10� concentrated DMEM and one volume of neu-
tralization buffer (0.05N NaOH, 0.26mM NaHCO3, and 200mM
4-(2-Hydroxyethyl)piperazine-1-ethanesulfonic acid (HEPES)) and
then adding 5� 105 fibroblasts. After gelling in a 30mm polycar-
bonate filter chamber (3.0mm Millicell; Millipore, Bedford, MA,
USA), human keratinocytes (1� 106 cells) were then seeded onto
the dermal substitute. After 1 day in a submerged state, they were
cultured at the air–liquid interface for 12 days. The growth medium
consisted of DMEM and Ham’s nutrient mixture F12 at a ratio of
3 : 1, supplemented with 5% fetal bovine serum, 0.4mg/ml hydro-
cortisone, 1mM isoproterenol, 25mg/ml ascorbic acid, and 5mg/ml
insulin. A low concentration of Epidermal Growth Factor (EGF)
(1 ng/ml, Invitrogen Co., Carlsbad, CA, USA) was also added
during the submerged culture, and a higher concentration of EGF
(10 ng/ml) was added during the air–liquid interface culture. The
medium was changed three times per week, and all experiments
were repeated at least twice under the same conditions. In
addition, GHK (1mM) was added 1day after air exposure, and fresh
peptides were added each time when the medium was changed.

Histology and Immunohistochemistry

After 13 days, SEs were fixed in Carnoy’s solution (ethanol/
chloroform/acetic acid, 6 : 3 : 1) for 30min and then processed for
conventional paraffin embedment. Briefly, 4- to 6-mm-thick sections
were prepared and stained with hematoxylin and eosin. For
immunohistochemical analysis, the sections were processed using
the avidin–biotin–peroxidase complex technique (Dako).

Western Blot Analysis

Second passage keratinocytes were detached and cultured into new
dishes. One day after splitting, GHK (1mM) was added, and the cells
were then incubated for an additional 3 days. Next, the cells were
lysed in cell lysis buffer [62.5mM Tris-HCl (pH6.8), 2% SDS, 5%
b-mercaptoethanol, 2mM phenylmethylsulfonyl fluoride, protease
inhibitors (CompleteTM, Roche, Mannheim, Germany), 1mM Na3VO4,
50mM NaF, and 10mM EDTA]. Some 10mg of protein per lane were
then separated by SDS-polyacrylamide gel electrophoresis and
blotted onto polyvinylidene difluoride membranes, which were
saturated with 5% dried milk in Tris-buffered saline containing
0.4% Tween 20. Blots were then incubated with the appropriate
primary antibodies at a dilution of 1 : 1000, followed by additional
incubation with horseradish peroxidase-conjugated secondary anti-
body. Bound antibodies were detected using an enhanced chemilu-
minescence plus kit (Amersham International, Little Chalfont, UK).

Immunocytochemistry

Keratinocytes (3.5� 104 cells) were plated onto two-well chamber
slides (154852, Thermo Scientific Nunc, Rochester, NY, USA) and
cultured for 24 h. Cells were treated with or without GHK (1 mM)
for 48 h. Cultured cells were fixed in 4% paraformaldehyde in
phosphate-buffered saline for 10min and were blocked with
peroxidase block solution (K4005, Dako, Carpinteria, CA, USA) for
5min. Slides were then incubated with an integrin b1 antibody
(sc-9970, Santa Cruz Biotechnology) at a dilution of 1 : 100 for
30min. Integrin b1 was detected with a peroxidase-labeled
polymer conjugated antibody and 3-Amino-9-ethylcarbazole
(AEC) + substrate-chromogen solution (K4005, Dako) according
to the manufacturer’s protocol. Slides were counterstained with
Mayer’s hematoxylin solution.
ptide Society and John Wiley & Sons, Ltd. J. Pept. Sci. 2012; 18: 685–690
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Statistics

Data were compared using a student’s t-test, and p< 0.05 was
considered to be statistically significant.
Figure 2. The long-term effect of GHK on the proliferation of keratinocytes.
Cells were treated with GHK, as described in the Materials and Methods
Section. The results are shown as the number of cells that were counted
at each passage. Initially, 2.1� 106 cells were split for each treatment.
At the final harvest, the number of cells in the group that was treated
with GHK was significantly higher than the number of cells in the
control group (GHK, 6.30� 108; control, 5.46� 108). All experiments
were repeated twice, and the values shown are from a representative
experiment.
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Results

The Effects of GHK on Cultured Keratinocytes

Cultured cells were treated with GHK (0.1, 1, and 10mM) for 24 h
and then analyzed using an MTT assay. The results showed that
GHK was not cytotoxic to keratinocytes or fibroblasts in these
range of concentration (data not shown).

Keratinocyte Proliferation Assay

The proliferative effects were tested by adding 0.1–100mM of GHK
(Figure 1). The results revealed dose-dependent stimulatory effects
in response to treatment with GHK. Then, long-term proliferation
assays were conducted using a concentration of 1mM GHK.
Treatment with GHK increased the number of keratinocytes when
compared with control cells. Specifically, the total number of
keratinocytes after six passages was 260 times that of the initial
seeding in the control group but 300 times greater than the initial
seeding in the GHK group (Figure 2)

5-Bromo-20-deoxyuridine Incorporation Assay

Results showed that the treatment of GHK significantly increased
the stainability of BrdU (Figure 3(B, D)).

Reconstruction of SEs and the Effect of GHK

For the treatment of SE models, 1 mM of GHK was used. Histologic
findings showed characteristic multilayering and stratification
of the epidermis in all SE models. There was no significant
difference in the thickness of the epidermis (Figure 4). However,
the basal cells were more cuboidal when GHK was added
(Figure 4(C), inset). Integrin a6 is a marker of extracellular adhe-
sion receptors that is distributed along the dermal epidermal
junction and indicates the existence of hemidesmosomes [12].
Integrin b1, which is expressed throughout the basal cell membrane,
plays a role in cell–matrix and cell–cell interactions [13].
Figure 1. The effect of GHK on keratinocytes. Cells were treated with
GHK (0.1–100mM) for 72h at 37 �C under 5% CO2, as described in the Materi-
als and Methods Section. The results are shown as the optical density value
or absorbance value (O.D.) following MTT assay. The values shown are the
means� SD of triplicate wells. *p< 0.05, **p< 0.01 compared with control.
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Figure 3. 5-Bromo-20-deoxyuridine (BrdU) incorporation assay. Cells
were treated with or without GHK (1 mM) for 4 h prior to BrdU, as described
in the Materials and Methods Section. Results (B and D, lower table)
showed that the treatment of GHK significantly increased the stainability
of BrdU [(A) IgG1 Isotype CTL/PI stained non-treated cells, (B) BrdU/PI
stained non-treated cells, (C) IgG1 Isotype CTL/PI stained GHK-treated
cells, and (D) BrdU/PI stained GHK-treated cells]. The results shown are
representative of experiments that were conducted in duplicate.
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Figure 4. Histology of normal skin (A) and SEs [(B) control SE, (C) SE with GHK]. SE were treated with GHK (1mM) as described in the Materials and Methods
Section. Following hematoxylin and eosin staining, epidermal thickness and the shapes of basal cells were observed by microscopic examination. There was
no significant difference in epidermal thickness, but the basal cells appeared to be more cuboidal in GHK-treated models (�200).
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Immunohistochemical staining also revealed linear and intense
staining of a6 and b1 integrin along the basement membrane in
GHK-treated models (Figure 5).
Figure 5. Immunohistochemical findings of GHK-treated three-dimensional SE
of a6 and b1 integrin was significantly increased by the addition of GHK (�200).
response to treatment with GHK. Experiments were repeated at least twice, an

wileyonlinelibrary.com/journal/jpepsci Copyright © 2012 European Pe
p63 is a potential stem cell marker that belongs to a family that
includes two structurally related proteins, p53 and p73 [14]. It is
also known that PCNA is present throughout the cell cycle in
models as described in the Materials and Methods Section. The expression
The number of p63 and PCNA positive cells was also significantly increased in
d the results shown are a representative data.

ptide Society and John Wiley & Sons, Ltd. J. Pept. Sci. 2012; 18: 685–690
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proliferating cells and a marker of proliferating cells [15].
Immunohistochemical staining for p63 and PCNA was performed,
and the number of p63 and PCNA positive cells was counted in
randomly selected five different high power fields. Results
showed that the number of p63 and PCNA positive cells was
significantly higher in GHK-treated SEs than in control SEs (Figure 5).
All experiments were repeated at least twice.
GHK Increased the Integrin Expression

Western blot analysis revealed that GHK led to increase expression
of both integrin a6 and b1 at passage 3 (Figure 6(A)). Furthermore,
third passage keratinocytes, cultured on a chamber slide, express
more b1 integrin when GHK was added (Figure 6(C)).
Discussion

Gly-His-Lys is a tripeptide with affinity for copper(II) ions, and
copper-GHK stimulates collagen synthesis by fibroblasts [4].
Therefore, copper-GHK is frequently used to make skin and hair
care formulations. However, to the best of our knowledge, the
effects of copper-free GHK have not been studied well. The
epidermis is the outermost layer of the skin. Thus, it is essential for
the epidermis to be able to continually self-renew and regenerate
following injury. These characteristics are critically dependent on
the ability of the principal epidermal cell type, the keratinocyte, to
proliferate and to respond to differentiation cues [16]. In this study,
the effect of GHK was tested using cultured normal human
keratinocytes and cultured SEs. We investigated the effects of
GHK on keratinocytes and found that it increased the proliferation
and the number of keratinocytes after repeated passages of culture
(Figures 1 and 2). These results suggest that GHK can act as a
growth factor for keratinocytes. Then, three-dimensional skin
models were constructed to study the effects of GHK. When GHK
was added to the SEs, the basal cells became cuboidal (Figure 4
(C), inset). In normal skin, basal cells are cuboidal in shape, with their
long axes aligned perpendicular to the dermoepidermal junction
(Figure 4(A), inset). These cuboidal keratinocytes become flattened
as differentiation progresses [17]. Thus, it can be said that cuboid
basal cells have greater potential of proliferation than flattened
cells. Accordingly, our findings showed that treatment with GHK
Figure 6. (A) Cultured keratinocytes were treated with or without 1mM GH
conducted as described in the Materials and Methods Section. Equal protein
the control were determined by densitometric analysis. The result shown is
were also cultured for 1 day on chamber slides. Then, cells were treated with o
Section. GHK-treated cells express more b1 integrin. Experiments were repea

J. Pept. Sci. 2012; 18: 685–690 Copyright © 2012 European Peptide Society a
increased the proliferative potential of basal cells. Furthermore,
our results showed an increased expression of a6 and b1 integrin
along the basement membrane when SEs were treated with GHK
(Figure 5). It is known that integrin expression is reduced in stan-
dard SE models compared with normal skin [17]. Then, our findings
showed that GHK improved the microenvironment of epidermal
basal cells, which is associated with the modulation of integrin
expression. As already mentioned, p63 is known as a putative stem
cell marker of skin. In normal skin, expression of p63 was noticeable
in the nuclei of cells in the basal and suprabasal layers of the
epidermis [18]. Our results revealed that GHK increased the number
of p63 positive cells (Figure 5). These findings suggest that GHK
promotes the survival of basal stem cells in SEs. Then, PCNA
positive cells were counted and found to increase by the addition
of GHK (Figure 5). These results showed that the number of
proliferating cells is also increased by the addition of GHK (Figure 5).
All these findings are exactly consistent with results that were
obtained by long-term culture experiment (Figure 2) or flow
cytometry analysis using BrdU staining (Figure 3). It means that
addition of GHK increased the stemness and the proliferative
potential of epidermal basal cells.

Integrin a6b4 plays a positive role in the maintenance of basal
keratinocyte properties and epidermal homeostasis [12]. Then,
cells were treated with GHK, and western blot analysis was
performed to study the effects of GHK on integrin expression.
Results showed that the integrin a6 and integrin b1 levels
were increased in response to treatment with GHK (Figure 6(A)).
Slide culture experiment also showed that GHK increased the
expression of integrin b1, which is also known as a putative stem
cell marker (Figure 6(C)).

In summary, our results showed that addition of copper-free
GHK increased the expression of both a6 and b1 integrins. In
addition, the increased number of p63 and PCNA positive cells
was observed in response to treatment with GHK. Therefore, it
can be said that copper-free GHK increased the stemness and
the proliferative potential of epidermal basal cells.

Previously, we reported that copper-GHK increases integrin
expression and p63 positivity in three-dimensional SE models [7].
However, the present study showed that copper-free GHK also
has beneficial effects on keratinocytes even without copper ions.
Although the exact composition of KGM (Clonetics) is not known,
the presence of copper in culture medium is suspected. Then, trace
K for 3 days. The cells were then lysed, and western blot analyses were
loadings were confirmed using anti-actin antibody. Fold increases over

representative of experiments that were conducted in triplicate. (B) Cells
r without GHK (1mM) for 2 days as described in the Materials and Methods
ted twice, and the results shown are a representative data.
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amount of copper in the medium may bind GHK and can show
these effects. This study provided evidences that copper-free GHK
can be beneficial in various biological conditions, but further study
is necessary to explore the relationship between copper-free GHK
and copper-GHK.
Acknowledgements

This study was supported by grants (A100179 and A103017) from
the Korea Healthcare Technology R&D Project, Ministry of Health
& Welfare, Korea.

References
1 Witt KA, Gillespie TJ, Huber JD, Egleton RD, Davis TP. Peptide drug

modifications to enhance bioavailability and blood-brain barrier
permeability. Peptides 2001; 22: 2329–2343.

2 Zhang L, Falla TJ. Cosmeceuticals and peptides. Clin. Dermatol. 2009;
27: 485–494.

3 Trapaidze A, Hureau C, Bal W, Winterhalter M, Faller P. Thermodynamic
study of cu2+ binding to the DAHK and GHK peptides by isothermal
titration calorimetry (ITC) with the weaker competitor glycine. J. Biol.
Inorg. Chem.: JBIC: a publication of the Society of Biological Inorganic
Chemistry 2012; 17: 37–47.

4 Pollard JD, Quan S, Kang T, Koch RJ. Effects of copper tripeptide on
the growth and expression of growth factors by normal and irradiated
fibroblasts. Arch. Facial Plast. Surg.: official publication for the
American Academy of Facial Plastic and Reconstructive Surgery, Inc
and the International Federation of Facial Plastic Surgery Societies
2005; 7: 27–31.

5 Wegrowski Y, Maquart FX, Borel JP. Stimulation of sulfated glycosami-
noglycan synthesis by the tripeptide-copper complex glycyl-L-histidyl-
L-lysine-cu2+. Life Sci. 1992; 51: 1049–1056.

6 Maquart FX, Pickart L, Laurent M, Gillery P, Monboisse JC, Borel JP.
Stimulation of collagen synthesis in fibroblast cultures by the tripeptide-
copper complex glycyl-L-histidyl-L-lysine-cu2+. FEBS Lett. 1988; 238:
343–346.
wileyonlinelibrary.com/journal/jpepsci Copyright © 2012 European Pe
7 Kang YA, Choi HR, Na JI, Huh CH, Kim MJ, Youn SW, Kim KH, Park KC.
Copper-GHK increases integrin expression and p63 positivity by
keratinocytes. Arch. Dermatol. Res. 2009; 301: 301–306.

8 Tenaud I, Sainte-Marie I, JumbouO, Litoux P, Dreno B. In vitromodulation
of keratinocyte wound healing integrins by zinc, copper andmanganese.
Br. J. Dermatol. 1999; 140: 26–34.

9 Rheinwald JG, Green H. Serial cultivation of strains of human epidermal
keratinocytes: the formation of keratinizing colonies from single cells.
Cell 1975; 6: 331–343.

10 Kim DS, Cho HJ, Choi HR, Kwon SB, Park KC. Isolation of human
epidermal stem cells by adherence and the reconstruction of skin
equivalents. Cell. Mol. Life Sci.: CMLS 2004; 61: 2774–2781.

11 Bell E, Ivarsson B, Merrill C. Production of a tissue-like structure by
contraction of collagen lattices by human fibroblasts of different
proliferative potential in vitro. Proc. Natl. Acad. Sci. U.S.A. 1979; 76:
1274–1278.

12 Sonnenberg A, Calafat J, Janssen H, Daams H, van der Raaij-Helmer
LM, Falcioni R, Kennel SJ, Aplin JD, Baker J, Loizidou M, Garrod D.
Integrin alpha 6/beta 4 complex is located in hemidesmosomes,
suggesting a major role in epidermal cell-basement membrane
adhesion. J. Cell Biol. 1991; 113: 907–917.

13 Grose R, Hutter C, Bloch W, Thorey I, Watt FM, Fassler R, Brakebusch C,
Werner S. A crucial role of beta 1 integrins for keratinocyte migration
in vitro and during cutaneous wound repair. Development
(Cambridge, England) 2002; 129: 2303–2315.

14 Pellegrini G, Dellambra E, GolisanoO, Martinelli E, Fantozzi I, Bondanza S,
Ponzin D, McKeon F, De Luca M. P63 identifies keratinocyte stem cells.
Proc. Natl. Acad. Sci. U.S.A. 2001; 98: 3156–3161.

15 Bravo R, Frank R, Blundell PA, Macdonald-Bravo H. Cyclin/PCNA is the
auxiliary protein of DNA polymerase-delta. Nature 1987; 326: 515–517.

16 Ivanova IA, D’Souza SJ, Dagnino L. Signalling in the epidermis: the E2f cell
cycle regulatory pathway in epidermal morphogenesis, regeneration
and transformation. Int. J. Biol. Sci. 2005; 1: 87–95.

17 Wha Kim S, Lee IW, Cho HJ, Cho KH, Han Kim K, Chung JH, Song PI,
Chan Park K. Fibroblasts and ascorbate regulate epidermalization in
reconstructed human epidermis. J. Dermatol. Sci. 2002; 30: 215–223.

18 Kim SY, Cho HJ, Kim DS, Choi HR, Kwon SB, Na JI, Jeon HC, Huh CH,
Youn SW, Cho KH, Park KC. Differential expression of p63 isoforms
in normal skin and hyperproliferative conditions. J. Cutan. Pathol.
2009; 36: 825–830.
ptide Society and John Wiley & Sons, Ltd. J. Pept. Sci. 2012; 18: 685–690


