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Abstract: Epidermis is continuously regenerated by keratinocyte stem cells (KSCs) residing in basement membrane,
which is critical to the survival of an organism. KSCs are believed to persist during the whole lifetime and generate
an enormous number of keratinocytes, required for the maintenance of epidermis, through transit amplifying cells
dividing definite times until they become differentiated. In this report, we have developed a phenolic compound,
paeonol, purified from Moutan Cortex, as a KSC proliferation activator, by screening about 350 herbal compounds. The
cell proliferation activation by paeonol is specific for KSC not for keratinocyte, and no significant difference in the
expression of p63 protein, a KSC marker, in KSCs treated with paeonol was observed in FACS analysis with anti-p63
antibody. In the colony forming assay, paconol-treated KSC showed improved colony forming activity more than 1.3
fold. In addition, the result of PCR array shows that the activity of paeonol is through several signal pathways involv-
ing stem cell functions. These results suggest that paconol could enhance KSC proliferation activity without reduction
in stemness and could be applied to cosmetics as a KSC activating ingredient.
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Figure 1. The activator of proliferation of keratinocyte stem
cell was found in the chemical library as described in (A).
(A) The screening scheme of keratinocyte stem cell
proliferation activator. (B) Chemical structure of paeonol
discovered as the activator of proliferation of keratinocyte
stem cell.
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Figure 2. The proliferation activity of keratinocyte stem cell
was induced by paeonol. (A) The viability of keratinocyte
stem cell was determined with treatment the indicated amounts
of paeonol. (B) Keratinocyte stem cell proliferation was
measured in basal media containing paeonol (20 ug/mL) using
CCK-8. KSCM, complete media for keratinocyte stem cell,
was used as positive control. (C) Cell proliferation of
epidermal keratinocyte was measured as described in (B) and
DMEM media containing FBS was used as positive control.
Each bar in the graph represents mean = S.D. ('p < 0.05,
“p < 0.01).
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Figure 3. Paconol accelerated cell cycle progression of
keratinocyte stem cell. (A) DNA replication rate was detected
in keratinocyte stem cell through BrdU assay. KSCM and
bFGF (100 ng/mL) was used as positive control. (B) Cell
cycle progression of keratinocyte stem cell was determined
through FACS analysis with BrdU labeling. KSCM and EGF
(100 ng/mL) + bFGF (100 ng/mL) were used as positive
controls. Each bar in the graph represents mean + SD. (p <
0.05, "p < 0.01).
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Figure 4. The differentiation of keratinocyte stem cell to
keratinocyte was not induced by paconol. (A) Expression of
p63 protein was measured using FACS system. (B) Western
blotting analysis with anti-p63 (4A4) antibody in keratinocyte
stem cell treated with indicated materials. Paeonol (20
pug/mlL), HA (10 ug/mL), and EGF (100 ng/mL) were used as
positive control.
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Figure 5. Paeonol induced the colony formation activity of
keratinocyte stem cell. After keratinocyte stem cell was
cultured in KSCM with or without paeonol for 14 days, and
then the plate was took a picture and colonies were counted
using Fusion Fx 5 image system. Numbers at the bottom
right corner of picture indicate detectable colonies.
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Table 1. Down-regulated and Up-regulated Genes in Keratinocyte Stem Cell by Treatment with Paeonol

Gene name Fold Function
ALDH2 0.63 Metabolic marker
Down-regulated genes -
COL2Al 0.5 Mesenchymal cell lineage marker
CTNNA1 0.63 Cell adhesion molecules
DLL1 0.63 Cell-cell communication (notch)
ACAN 1.6 Mesenchymal cell lineage marker
ACTC1 1.6 Embryonic cell lineage marker
ALPI 1.6 Mesenchymal cell lineage marker
AXIN1 1.6 Regulation of the cell cycle
BMP1 1.59 Cytokines & growth factor
BMP2 1.6 Cytokines & growth factor
BMP3 1.56 Cytokines & growth factor
CD3D 1.6 Hematopoietic cell lineage marker
CD4 1.6 Cell adhesion molecules
CDSA 1.53 Hematopoietic cell lineage marker
CD8B 1.6 Hematopoietic cell lineage marker
COLOYAL1 1.6 Cell adhesion molecule
CXCL12 1.6 Cytokines & growth factor
DHH 1.55 Symmetric & asymmetric cell division
DLL3 1.6 Notch signaling
DTX1 1.6 Notch signaling
DTX2 1.59 Notch signaling
Up-regulated genes EP300 1.6 Regulation of the cell cycle (notch)
FGF3 1.6 Regulation of the cell cycle
FGF4 1.6 Regulation of the cell cycle
GDF2 1.6 Cytokines & growth factors
GDF3 1.6 Cytokines & growth factors
GJB1 1.6 Cell-cell communication
GIB2 1.59 Cell-cell communication
IGF1 1.6 Cytokines & growth factors
KAT2A 1.6 Chromatin modification enzymes & remodeling factor (notch)
KAT7 1.6 Self-renewal marker
MYOD1 1.6 Embryonic cell lineage marker
NEUROG2 1.6 Self-renewal marker
PDX1 1.6 Embryonic cell lineage marker
PPARD 1.6 WNT signaling
S100B 1.6 Neural cell lineage marker
SOX1 1.58 Self-renewal marker
SOX2 1.6 Self-renewal marker
TERT 1.6 Chromatin modification enzymes & remodeling factors
TUBB3 1.58 Neural cell lineage marker
WNT1 1.6 WNT signaling

Transcription of stem cell-related genes in keratinocyte stem cell was analyzed through RT® Profiler PCR Arrays (Qiagen).
Genes that were down-regulated less than 0.65 fold or up-regulated more than 1.5 fold are listed.
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