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Abstract

Glycolic acid (GA) has been widely used in cosmetic agents and superficial
chemical peeling in recent years. Clinically, sunlight exposure would enhance the
photosensitivity of skin. However, investigation for the pathogenesis of photosensitivity of
glycolic acid is limited. We demonstrated that glycolic acid and lactic acid could induce
apoptosis on human Kkeratinocyte cell line (HaCaT) (data not published), and the
mechanism of apoptosis is through mitochondrial pathway.
Materials and methods: In our study, we used human keratinocyte cell line (HaCaT) as the
cell model to investigate the effects of UVB co-treated with GA on human keratinocyte.
We used phase microscope to observe morphological changes of the cells, and used flow
cytometry to detect cell viability, cell cycle, and mitochondrial membrane potential. DAPI
stain and comet assay were used to detect cell damage, agarose gel electrophoresis to
investigate DNA damage, western blot to detect the activities of apoptosis-related protein
such as Bax, Bak, Bcl-2, p53, p21 and the activities of caspase 3, 8, 9, 12, and EndoG. We
detected intracytoplasmic reactive oxygen species (ROS) and calcium level change; we
also used microarray analysis to evaluate the genes responsible for the apoptotic effects.
Results: (1) Inhibition of cell proliferation: both glycolic acid and UVB could inhibit
cells proliferation in a dose-dependent manner. However, glycolic acid caused a significant
enhancement in the antiproliferative response of UVB on HaCaT cells. (2) Induction of
cell cycle arrest: DNA cell cycle analysis revealed that GA didn’t induce cell cycle arrest.
UVB induced HaCaT cells accumulated at G2-M phase, but co-treatment of UVB+GA
induced cell shift at S phase, and the modulator proteins of S phase such as Cdc25A, cyclin
A and cyclin E were decreasing while increasing doses of UVB irradiation. (3) Induction
of apoptosis: all of the treatment of GA, UVB, or UVB+GA on HaCaT cells could induce
apoptosis in a dose-independent manner, and no syndergistic effect of apoptosis by

co-treatment of UVB+GA. However, we suggested that co-treatment of UVB + GA
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induced apoptosis are via multiple pathways including caspase-dependent and
caspase-independent pathways. The increase of caspase 3, 8, 9, 12, and EndoG, and no
significant change of fas, indicated that the mechanism of co-treatment of UVB+GA
induced apoptosis on HaCaT cells may via endoplasmic reticulum and mitochondrium
pathway. Further studies are needed to clarify the cell signaling of fas-ligand pathway.

In conclusion, we demonstrated that GA could incused apoptosis but had no effect on cell
cycle in HaCaT cells; UVB would induce cell cycle arrest and apoptosis in a
dose-dependent manner. Co-treatment of UVB + GA on HaCaT cells, the cell cycle was
arrest at S phase, in contrast to the G2-M arrest by UVB treatment alone. The mechanisms
of apoptosis induced by co-treatment of UVB+GA are via multiple pathways, including
caspase-dependent and caspase-independent pathways. We establish a model to investigate
the effects of GA and UVB on HaCaT cells. Our investigations are beneficial to a better
understanding of the mechanism of the photo-sensitivity of UVB and GA on human

keratinocytes.

Key words: Glycolic acid, Alpha-hydroxyacids (AHAs), Ultraviolet B (UVB), HaCaT cell,

Cell cycle, Apoptosis, Caspase, Mitochondrium, Endoplasmic reticulum
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Legends to Figures

Fig.1(a) GA Fig.1(b) UVB Fig.1(c) UVB+GA
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Fig. 1 The cell viabilities of HaCaT cells treated with glycolic acid, UVB irradiation, and

co-treatment with UVB and GA.

(a) HaCaT cells were incubated with varying concentrations of glycolic acid (0, 5, 10, 15,
20, and 25 mM) for 24 hours, and the viability of HaCaT cells revealed a
dose-dependent manner (90, 75, 65, 76, 43, and 40%, respectively).

(b) HaCaT cells exposed with different doses of UVB (0, 200, 300, 400, and 500 mj/cm®)
for 24 hours, and the viability of HaCaT cells revealed a dose-dependent manner (93,
62, 45, 40, and 37%, respectively).

(c) The viability of HaCaT cells which were treated with different doses of UVB (0, 200,
300, 400, and 500 mj/cm?), and a fixed concentration of glycolic acid (20 mM). The
viability decreased more prominently than the cells UVB-treated alone.
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Fig.2(a) GA Fig.2(b) UVB

— el ke
e
¥ Lperes
— R I ¥
S P
I £ =
& .
3,
: i—1 } 3 — e .
] {—*_ : f A -
i T ¢ =
= T . . P
= — e
5 3 - ,-<;. - > -
E { b - - r ™ \‘.- e £
H ) - E o o
i Jf E - p -
2 H p .,
'S
- — - w
] m 1
I atiws nl ghane ) TR ]
o=ty
L]
- F_ * - -{
= 7
@
1 -
: Ty
' y: i l
= Py T I
b F ey — "
£ o
n Th AT i
D e

Fig. 2 The cell cycles of HaCaT cells treated with glycolic acid, UVB irradiation, and
co-treatment with UVB and GA.

(@) The HaCaT cells incubated with varying doses of glycolic acid (0, 5, 10, 15, 20, and 25
mM) showed no significant changes of cell cycle.

(b) The cell cycle of HaCaT cells treated with different doses of UVB (0, 200, 300, 400,
and 500 mj/cm®) showed G2/M phase arrest.

(c) The cell cycle of HaCaT cells treated with different doses of UVB (0, 200, 300, 400,
and 500 mj/cm?) and a fixed concentration of glycolic acid (20 mM) showed S phase
arrest.
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Figure 3 The effects of cell cycle protein expression by co-treatment with UVB and GA on
HaCaT cells.

HaCaT cells were treated with different doses of UVB (0, 200, 300, 400, and 500 mj/cm’)

and a fixed concentration of glycolic acid (20mM). In contrast to the consistent levels of

3 -actin, the expression levels of cdc25A, cyclin A and cyclin E decreased with increasing

doses of UVB irradiation, indicating cell cycle arrest at S phase.
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Figure 4 The effects of apoptosis protein expression by treatment with UVB irradiation

on HaCaT cells.
The HaCaT cells were treated with different doses of UVB (0, 200, 300, 400, 500 mj/cm?).
UVB induced the increase of EndoG, caspase 12, and caspase 9 and decrease of procaspase
3 and procaspase 9, indicating that the mechanism of apoptosis in HaCaT cells being
through multiple pathways, including caspase-dependent and caspase-independent pathway.
The expression of P21 was reduced by the treatment of UVB irradiation
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Figure 5 The expressions of apoptosis-related proteins on HaCaT cells with co-treatment
with UVB and glycolic acid (GA)

The HaCaT cells were treated with different doses of UVB (0, 200, 300, 400, 500 mj/cm?)
and a fixed concentration of glycolic acid (20mM). Co-treatment with UVB and GA
induced the increase of EndoG, caspase 12, and caspase 9 and decrease of procaspase 3
and procaspase 9, indicating that the mechanism of apoptosis in HaCaT cells being through
multiple pathways, including caspase-dependent and caspase-independent pathway. The
P21 level was reduced by co- treatment of UVB and GA.
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Fig. 6 The scheme of the molecular pathways leading to cell cycle arrest and apoptosis on

HaCaT cell co-treated with UVB and glycolic acid.
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Table 1. Summary of the mechanisms of the apoptotic
effects of glycolic acids and ultraviolet B irradiation on

human skin keratinocytes

UVEB GA UVB+ GA
Cell
survival 4' ¢ 44
Cell cycle G2-M phase — S phase
arrest
Apoptosis + + +
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