R RS2 (R 2R
2 34 http : . Xysm. nel
J Cent South Univ ( Med Sci) 009,34(8) ttp://xbyx. xysm. net 705

Effect of UVA irradiation on proliferation and
NO/iNOS system of human skin fibroblast

CHEN Mingliang', ZHANG Guiying’, YI Mei', CHEN Xiao’, LI Ji', XIE Hongfu', CHEN Xiang'
(1. Department of Dermatology, Xiangya Hospital, Central South University, Changsha 410008 ;
2. Department of Dermatology, Second Xiangya Hospital, Central South University, Changsha 410011 ;
3. Department of Dermatology, First Hospiial of Changde, Changde Hunan 415000, China)

Abstract: Objective To investigate the effect of different dosages of ultraviolet A (UVA) on the
proliferation and inducible nitric oxide synthase (iNOS)/nitric oxide (NO) system of human skin fibro-
blasts and to study the mechanism of skin photoaging. Methods Fibroblasts from normal skin cultured in
vitro were irradiated with 1, 5, and 10 J/em” of UVA, respectively. The proliferation activity, expression
of iNOS mRNA/protein and NO production of human skin fibroblasts at different time points after irradia-
tion of different dosages of UVA were measured by MTT assay, RT-PCR, Western blotting, and Griess
reaction, respectively. Results The survival rate of normal fibroblasts with time increase during 72 h.
Low level of iNOS mRNA/protein expression and NO production was detected in normal human skin fi-
broblasts. But at each time point after 5 and 10 J/cm” dosage of UVA ,the decrease of cell survival rate
and the increase of iNOS mRNA/protein expression and NO production became more significant than
those in the control group at the same time and 1 J/cm’ UVA-irradiated group. There were significant
differences (P <0.01 or P <0.05) ,which were most significant at 24 h after UVA irradiation. There was
significant difference compared with that at 48 h and 72 h after the same UVA dosage ( P <0.01). Con-
clusion UVA can inhibit the proliferation activity of human skin fibroblasts. It might be related to the
up-regulation of iNOS gene expression and the over-secretion of NO induced by UVA.

Key words: uliraviolet A (UVA); fibroblasts; survival rate; inducible nitric oxide synthase
(iNOS) ; nitric oxide (NO)
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Uliraviolet ( UV ) is one of the essential envi-
ronmental factors that induce inflammation in skin tis-
sue. Ultraviolet A ( UVA) , though not so strong in
biological energy as ultraviolet B ( UVB ) , makes up
to 95% of ultraviolet radiation energy in the sunlight
and has better penetration capability than UVB,
which can cause injury of the cutaneous fibroblasts in
the dermis of the skin. Inducible nitric oxide syn-
thase (iNOS) , a crucial enzyme involved in inflam-
mation , exists in many kinds of cells of normal skin
tissue and exhibits a low-level activity. Once stimu-
lated by inflammatory factors, iNOS can be activated
and produce large amount of nitric oxide ( NO) ,
which is an active free radical with oxidoreduction
trait. NO can react with oxygen-derived free radicals
in vivo and generate a more active factor, ONOO ™~ |

thus results in cytotoxicity and injury''?'.

Previous
studies have reported that UVB radiation inhibits the
proliferation and facilitates the apoptosis of cultured

keratinocyte , and induces keratinocytes to synthesize

ik F
[XEHS]
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iNOS, which catalyzes NO production and release ,
and thus contributes to the injury of skin'**'. How-
ever, no studies on the effect of UVA on iNOS ex-
pression and NO production in human fibroblasts
have been reported so far. In this study, to discuss
the pathogenic mechanisms of UVA-induced skin
light -injury , we investigated the effects of UVA radi-
ation on proliferation, iINOS mRNA and protein ex-
pression , and NO production of human primary cuta-

neous fibroblasts.

1 MATERIALS AND METHODS

1.1 Reagents

Dulbecco ’ s modified eagle medium ( DMEM )
and calf serum were purchased from Gibco Company ,
USA. Trizol reagent was obtained from Invitrogen
Company , USA. MTT reagent was obtained from
Sigma- Aldrich Company, USA. Reverse transcrip-

tion kit was purchased from Ferments Company,
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Lithuania. Polymerase chain reaction kit was ob-
tained Tianwei Times Technology Company in Bei-
jing, China. NO reagent kit was purchased from
Jiancheng Biochemical Company in Nanjing, China.
Rabbit anti-human iNOS polyclonal antibody , rabbit
GAPDH  monoclonal

mouse anti-rabbit HRP-IgG were obtained from San-

anti - human antibody , and
ta Cruz Company, USA.

1.2 Methods

1.2.1
blasts

Primary culture of human skin fibro-

Human skin fibroblasts isolated from children
foreskins after circumcision surgery were routinely
cultured in DMEM. Cells were harvested with
trypsinase when they got 80% confluence and placed
in 6-well plates at a density of 1 x 10’ cells/ well.
After incubated for 48 h, the culture medium was
removed. Keratin and vimentin were confirmed by
immunocytochemistry. Cells were cultivated success-
fully and stocked in nitrogen canister. Cells ranged
4 ~10 passages were used in our experiments.
1.2.2 [Ultraviolet radiation

Cells were irradiated using a UVA desktop
equipment ( Sigma-Aldrich, USA ) which releases
UVA wave ranged from 320 to 400 nm. Exposure
distance is 15 ¢m. UVA dosage = UVA radiation in-
tensity X time ( s) ( single exposure ). We set UVA
dosages as 1, 5, and 10 J/cm’ according to the
reference'®’ .

1.2.3 Cell culture and treatment

Fibroblast cells were cultured in 100 mm cul-
ture dishs at a density of 2 x 10°/mL in a humidi-
fied incubator containing of 5% CO, at 37°C. Cells
were assigned to 4 groups when they got 80% con-
fluence. (1) control group ( UVA untreated ; 24,
48, and 72 h), (2) 1 J/em® UVA exposure
group (24, 48, and 72 h), (3) 5 J/em® UVA
exposure group (24, 48, and 72 h), (4) 10 ]J/
em® UVA exposure group (24, 48, and 72 h).
Before UVA exposure , the culture medium was re-
moved and a little PBS was added, then cells were
place right under the UVA light. After the expo-

sure , fresh medium was added and continue cultured

for 24, 48, and 72 h, respectively. The culture
medium was centrifuged and the supernatant was col-
lected and stocked for measuring NO content. At the
same time, cells were collected for extracting RNA
and protein.
1.2.4 Cell viability measurement ( MTT assay )

Cells were seeded at a density of 5 x 10° cells/
well into 96 -well plates. Grouping was the same as
1.2.3. Each sample has 6 repeated wells. Cells in
the control group were covered with tin foil paper.
MTT solution (5 g/L, 20 L ) was added to each
well , and the plate was incubated for 4 h. Subse-
quently the medium was discarded, and 150 pL of
dimethylsulfoxide ( DMSO ) was added into each
well. After shaking for 10 min, the absorbance val-
ue at the wavelength of 570 nm ( Ay, ) was deter-
mined by Microplate EL309 Reader.
rate (% ) = [ ( Ay, of sample — Ay, of the blank ) /
(Agy of the control — Ay, of the blank ] x 100% .
1.2.5 RNA extraction and RT-PCR

Total cellular RNA was extracted using TRlzol
c¢DNA was obtained by RT-PCR. Primer
sequences were as follows ; iNOS forward 5'-CGGT-
GCTGTATTTCCTTACGAGGCGAAGAA-3 ',
5"-GGTGCTGCTTGTTAGGAGGTCAAGTAAAGG -3’
(259 bp). GAPDH forward 5'-TGGATATTGTTGC-
CATCAATGACC-3 ", 5'-GATGGCATG-
GACTGTGGTCATG-3" (460 bp ). The parameters

The survival

reagent.

reverse

reverse

were pre-denaturation at 94 C for 5 min, cycle
times were 1 min at 94 °C, 1 min at 55 C and 2
min at 72 C for 32 cycles and a final extension at
72 C for 10 min. PCR products (10 pL) were
electrophoresed and the gray-scale ratio was calculat-
ed using digital gel image analysis system.
1.2.6 Western blot

Equal amounts of denatured cell lysates (40 pg
protein ) were resolved by 10% sodium dodecyl sul-
fate polycrylamide gel electrophoresis ( SDS-PAGE )
and transferred onto nitrocellular membranes (0. 45
pmol /L) . After incubation in 0. 1% Tween-PBS
containing 5% milk for 1 h, the membranes were
immunoblotted antibodies

overnight with primary

against iINOS or GAPDH at 1:1 000 dilution at
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4 °C. Then
0. 1% Tween-PBS for 3 times and incubated 1.5 h at

room temperature with horseradish peroxide ( HRP) -

the membranes washed 5 min with

conjugated secondary antibody (1:2 000 dilution ) .

After washing 5 min with 0. 1% Tween-PBS for
3 times, the membranes was exposed on film using
enhanced chemoluminescence system. The density
ratio of iNOS/ GAPDH was quantified by digital gel
image analysis system.
1.2.7 NO concentration measurement

The NO content ( wmol/ L) in the culture me-
dium of each group was measured according to the
protocol of the NO testing kit purchased from
Jiancheng biochemical company in Nanjing, China.
1.3 Statistical analysis

All experiments were repeated at least 4 times.
Data were expressed as mean = standard deviation
(x +s) and analyzed by SPSS13. 0 software. One-
way ANOVA was used for inter-group comparison
and single factor analysis of variance was used for

group comparison. P <0.05 was considered statisti-

cally difference.

2 RESULTS

2.1 UVA irradiation effects on proliferation of
human skin fibroblast

We found that the survival rate of cells treated
with 1 J/em® UVA at different time points (24,
48, and 72 h)

compared to the control cells at the

showed no significant difference
same time
points. While survival rate of cells treated with 5 or

10 J/em® UVA significant lower than that of the

control cells (P < 0. 01). The survival rate de-
UVA dose dependent
(P<0.01). The survival rate of cells 24 h after
exposure to 5 and 10 J/em® UVA is much lower
than that of 48 and 72 h (P <0.05, Tab. 1).

2.2 UVA irradiation effects on iNOS mRNA

expression in human skin fibroblast

creased in an manner

At the same time point after various doses of
UVA irradiation , the expression of iNOS mRNA was
raised with the dose of UVA increasing ( P <0.05) .
While at the same dose of UVA irradiation, the ex-
pression of iNOS mRNA at 24 h was higher than that
in other time points ( P <0.01, Fig. 1, Tab. 2).
2.3 UVA irradiation effects on iNOS protein
expression in human skin fibroblast

iNOS protein was poorly expressed in control
group at each time point, while expressed in experi-
mental group at each time points. At the same time
point, the iNOS protein expression was increased
with the dose of UVA increasing ( P < 0. 01 ).
While at the same dose of UVA exposure , the iNOS
protein expression at 24 h was higher than that in
other time points (P <0.01, Fig. 2, Tab. 3).
2.4

in human skin fibroblast

UVA irradiation effects on NO production

NO contents in supernatant at each time point
(24, 48, and 72 h) were increased compared to
control group (P <0.01). At the same time point ,
the NO production was increased with the dose of
UVA increasing (P <0.01). While at the same
dose of UVA exposure, the NO production at 24 h
was higher than that in other time points ( P < 0.01 ,
Tab. 4).

Tab. 1 Survival rate of human fibroblasts after different doses of UVA irradiation at each time points (x +s,n=6,%)

Groups 24 h 48 h 72 h

Control 81.22 £4.92 85.91 +5.01 91.61 +2.31
UVA 1 J/em? 76.61 £4.76 81.14 +3.85 85.02 £4.04
UVA 5 J/cm? 56.92 £4.45" " 65.18 £5.65* * 2 73.93 £5.16* * 4

UVA 10] /cm? 39.08 £2.86* **

46.04 £1.18 * *#2 54.40 £2.45 % *HL

Compared with the group of control and 1 J/cm? UVA at the same time point, # # P <0.01; compared with 5 J/cm? UVA at the same time point,

##P <0.01 ;compared with the 24 h group of the same dose of UVA, AP <0.05.
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Fig. 1 Fibroblast iNOS/GAPDH gene product RT-PCR gel electrophoresis after various doses of UVA irradiation at each

time points.

Tab. 2 Fibroblast iINOS/GAPDH mRNA gray-scale ratio after various doses of UVA radiation at each time points(x +s,

n=4)
Groups 24 h 48 h 72 h
Control 0.009 +0.004 0.018 +0.006 0.014 +0.008
UVA 1 J/cm? 0.467 £0.015 0.313 £0.01442 0.122 £0.0214%4
UVA 5 J/cm? 0.910 +£0.013 * 0.530 £0.012* 44 0.217 £0.020 * 24
UVA 10 J/em? 1.672 £0.024 ** 0.968 +0.021 **44 1.017 0. 104 *#44

Compared with the group of control and 1 J/cm? UVA at the same time point, % P <0.05; compared with 5 J/cm® UVA at the same time point,
#P <0.05; compared with the 24 h group of the same dose of UVA, A AP <0.01.

Control 1 J/em? 5 J/em? 10 J/em?

24 h 48 h 72h  24h 48 h 72h  24h 48 h 72h  24h 48 h 72 h

" 1T S X R Znhd
ol [ o e - -
e . ] s . iaes

Fig. 2 iNOS Western blot analysis of gel electrophoresis after various doses of UVA radiation at each time points.

Tab. 3 Human fibroblasts iNOS/GAPDH protein gray-scale ratio after various doses of UVA radiation at each time points

(xxs,n=4)

Groups 24 h 48 h 72 h

Control 0.012 +0.003 0.003 +0. 000 0.001 +0.000

UVA 1 J/cm? 0.163 £0.012 0.058 £0.0084% 0.028 =0.00144
UVA 5 J/cm® 0.269 £0.016 * * 0.121 +0.009 * * 224 0.051 £0.003 * * 24
UVA 10 J/em? 0.446 £0.011 * ** 0.273 £0.012 * *#An 0.237 £0.008 * * 24

Compared with the group of control and 1 J/cm? UVA at the same time point, % # P <0.01; compared with 5 J/cm? UVA at the same time point,

##P <0.01; compared with the 24 h group of the same dose of UVA, A AP <0.01.

Tab. 4 UVA irradiation effects on NO production in human skin fibroblast (¥ +s,n =4, pmol/L)

Groups 24 h 48 h 72 h

Control 4.39 £0.55 5.04 £0.16 5.81 £0.39

UVA 1 J/cm? 11.05 £1.31 7.81 £1.034%4 6.53 £0.6442
UVA 5 J/cm? 24.66 +3.58* " 14.69 £1.56* * 24 10.84 +£1.26* * 44
UVA 10 J/em? 39.84 £3.34 % *# 25.4 +£3.03 * *#LL 22,15 £1.34 % *#LL

Compared with the group of control and 1 J/cm? UVA at the same time point, % % P <0.01; compared with 5 J/cm® UVA at the same time point,

##P <0.01; compared with the 24 h group of the same dose of UVA, A AP <0.01.
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3 DISCUSSION

Fibroblasts are the main cell components for the
repairment of injury in skin tissue. Under normal
conditions , they are in the resting state. In case of
skin injury or pathological lesions, fibroblasts exhibit
abnormalities in proliferation and metabolism, as
well as changes of gene expression. Therefore , cul-
turing primary cutaneous fibroblasts provides an im-
portant tool for studying skin photoaging and other
diseases related to fibroblast disfunction.

Aging of the skin is a complex pathophysiologi-
cal process that influences multi-layers of the skin
structure , among which the most obvious changes
occur in the dermis layer. And fibroblasts are the
most important cell components in the dermis, form-
ing the main structural basis of the dermis function.
Studies have validated that UVA radiation can cause
injury to nuclear and mitochondrial DNA ;| induce
apoptosis of multi-types of cells and influence the
expression 1CAM -1 and
MMPs"®*" | as well as cytokines such as IL-6"""
and TL-10""

hancement of apoptosis in human cutaneous fibro-

of genes such as
Leccia, et al. '™’ observed the en-

blasts with UVA radiation treatment by examining cy-
toplasmic nucleosomes with ELISA methods , which
was the first report to verify the apoptosis-inducing
effect of UVA on normal human cutaneous fibro-
blasts. Investigations by domestic researchers'”'®! in
the recent years have found that UVA can also cause
damage to collagen synthesis in primary - cultured
dermis fibroblasts , cause cell crenation, decrease
proliferation , induce apoptosis, and induce overex-
pression of 5-lipoxygenase mRNA in these cells.
However, study on the effect of UVA on iNOS ex-
pression and NO production in cutaneous fibroblasts
has been rare. Moreover, even in the few studies
on this problem, the dosage of UVA radiation used
was overload , and the observation was not succes-
sive. Our results showed that UVA radiation could
decrease the proliferation of fibroblasts, induce the
overexpression of iNOS, and enhance NO production

in fibroblasts. These effects exhibited a correlation

with the dosage of UVA radiation and cultured time
period post-radiation. These data indicated that
UVA radiation could not only damage the prolifera-
tion capability of fibroblasts but also activate the iN-
0S/NO pathway in fibroblasts. The iINOS/NO path-
way exists in all kinds of cells in the skin including
keratinocytes , melanocytes , Langerhans cells, fibro-
blasts , and endothelial cells, and participates in in-
flammation and immune response of the skin. The
failure of NO signal cascade is implicated in inflam-
autoimmune skin diseases ,

mation , hypertrophy ,

and skin cancer''’. As a dual-function free radical
with  both
effects, NO exhibits either effect depending on the

apoptosis -inducing and  anti - apoptosis
concentration of NO, the type of target cells, and
the pathophysiological environment of the cells.
Namely , in low concentration, NO has anti-apopto-
sis effect, whereas in high concentration, NO in-
duces cell apoptosis by facilitating the generation of

ONOO ™.
and the enhancement of iNOS/NO system of human

In this study, the decrease of proliferation

skin fibroblast was most significant at 24 h after
UVA radiation, which was coincident with the dy-
namic characteristics of the appearance of sunburn
peak at 24 h and continuing 2 ~ 3 d. It indicated
that the inhibition of fibroblast proliferation by UVA
might be related to the stimulation of iNOS/NO
pathway by UVA which causes NO overproduction

1. 177 ohserved

and leads to apoptosis. Choe, et a
that NO donor could increase the expression levels of
MMP-1 and MMP-2 by 153% and 243% , re-
spectively in cutaneous fibroblasts, and NOS inhibi-
tor could decrease the synthesis of MMP-1 and
MMP-2 in UV -irradiated human cutaneous fibro-
blasts. This suggested that NO might degraded rele-
vant matrix via promoting the expression of MMP-1
and MMP-2 leading to connective tissue changes ob-

81 i denti-

served in photoaging. Greenacre, et al.
fied iNOS overexpression and NO overproduction in
inflammatory skin of mice , which led to the genera-
tion of nitric peroxide , the reaction product of super-
oxide and NO, and promoted plasma outleakage and

inflammatory edema of the skin. Therefore, we con-

clude that the UVA-induced acute and chronic skin
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light -injury might be

at least partly, a conse-

quence of INOS overexpression and NO overproduc-

tion in cutaneous fibroblasts ,

which inhibits the pro-

liferation and induces the apoptosis of fibroblasts ,

and increases the expression of MMP-1 and MMP-

accelerating the aging of the skin.

leading to degradation of dermis matrix and thus

Our results also

suggest that intervention of iNOS or interference of

NO synthesis might defer the photoaging of skin,

providing experimental evidence for investigating the

mechanisms of skin photoaging and for developing

novel anti-aging skin care products.
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