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Research Work

Single Exposure of Human Oral Mucosa Fibroblasts 
to Ultraviolet B Radiation Reduces Proliferation and 

Induces COX-2 Expression and Activation
 

Boza Y1,2."[gÝ"T1, Rudolph MI1, Smith PC3, Oberyszyn TM4, Tober KL4, Rojas IG1

ABSTRACT

The lip vermillion constitutes a transition tissue, between oral mucosa and skin, where oral mucosal cells from epithelial and connective tissue compartments 

are exposed to ultraviolet (UV) sunlight. Fibroblasts are abundant resident cells of the connective tissue which are key regulators of extracellular matrix 

eqorqukvkqp."cu"ygnn"cu."grkvjgnkcn"cpf"gpfqvjgnkcn"egnn"hwpevkqp0"WXD"nkijv."cp"kpjgtgpv"eqorqpgpv"qh"uwpnkijv."ecwugu"ugxgtcn"cnvgtcvkqpu"kp"umkp"Ýdtqdncuvu."
kpenwfkpi"rtgocvwtg"ugpguegpeg"cpf"kpetgcugf"e{enqqz{igpcug"EQZ/4"gzrtguukqp0"Vq"cuuguu"kh"WXD"kttcfkcvkqp"jcf"ukoknct"ghhgevu"qp"Ýdtqdncuvu"fgtkxgf"
htqo"jwocp"qtcn"owequc"*JQO+."rtkoct{"ewnvwtgu"qh"JQO"Ýdtqdncuvu"ygtg"kttcfkcvgf"ykvj"c"ukping"fqug"qh"52"qt"82"oL1eo2 of UVB light or sham-irradiated. 

Fibroblast proliferation was assessed from 3 to 48 hrs after UVB-irradiation utilizing [3H]-thymidine incorporation and MTT assays. In addition, COX-2 

oTPC"gzrtguukqp"ycu"fgvgevgf"d{"TV/RET."cpf"RIG
2
 production was assessed using enzyme immunoassay from 0.5 to 24 hrs after UVB-irradiation. 

Vjg"tguwnvu"ujqygf"c"ukipkÝecpv"fgetgcug"kp"rtqnkhgtcvkqp"qh"WXD/kttcfkcvgf"JQO"Ýdtqdncuvu"cu"eqorctgf"vq"eqpvtqnu"cu"ogcuwtgf"d{"dqvj"]3H]-thymidine 

kpeqtrqtcvkqp"cpf"OVV"cuuc{u"*r>20223+0"JQO"Ýdtqdncuvu"jcf"kpetgcugf"EQZ/4"oTPC"gzrtguukqp"cv"207"cpf"34"jtu"chvgt"kttcfkcvkqp."cpf"RIG
2
 production 

ycu"gngxcvgf"cv"34"cpf"46"jtu"rquv/kttcfkcvkqp"cu"eqorctgf"vq"eqpvtqnu"*r>2027+0"Vjg"tguwnvu"ujqygf"cp"kpjkdkvqt{"ghhgev"qh"c"ukping"fqug"qh"WXD"kttcfkcvkqp"
qp"JQO"Ýdtqdncuv"rtqnkhgtcvkqp"ykvj"cp"kpetgcug"kp"EQZ/4"gzrtguukqp"cpf"cevkxcvkqp0"Vjgtghqtg."rjqvqfcocigf"Ýdtqdncuvu"oc{"rnc{"cpf"korqtvcpv"tqng"kp"
the pathogenesis of UV-induced lesions of the lip.
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INTRODUCTION

 The lip vermillion constitutes a transition tissue, between 

oral mucosa and skin, where oral mucosal cells (e.g., keratinocytes, 

Ýdtqdncuvu." ocuv" egnnu" cpf" gpfqvjgnkcn" egnnu+." ctg" gzrqugf" vq" fkhhgtgpv"
types of environmental insults including ultraviolet (UV) sunlight(1). Chronic 

exposure of the lip vermillion to sunlight results in several alterations at 

the epithelial and connective tissue compartments which are similar to 

those described in photodamaged skin(2-4). These alterations include 

hyperplasia and overexpression of p53 and cyclooxygenase COX-2 at 

vjg"grkvjgnkwo."cpf"gncuvquku"cpf" kpÞcoocvqt{" kpÝnvtcvkqp"cv" vjg" ncokpc"
propria(2,5-7).

 UVB (290-320) light is an inherent component of sunlight. 

Although it affects predominantly the epidermis of the skin, UVB light 

also penetrates up to the reticular dermis, which is mainly composed of 

Ýdtqdncuvu"cpf"gzvtcegnnwnct"ocvtkz"*GEO+(8,9). Similar to skin, it is highly 

probable that the lamina propria of the lip is reached by UVB light, 

since oral mucosa has a higher capacity for UVB light absorption than 

other tissues(10)0" Kp" cffkvkqp." fkhhgtgpegu" kp"GEO"rtqfwevkqp" cpf"ocvtkz"
metalloproteinase (MMP) gene expression have been described between 

umkp" cpf" qtcn" owequc" Ýdtqdncuvu." uwiiguvkpi" c" fkhhgtgpv" Ýdtqdncuv"
phenotype depending upon the tissue of residence(11,12).

 Studies analyzing the effects of UVB light on cultured skin 

Ýdtqdncuvu"ujqygf"vjcv"tgrgcvgf"gzrquwtg"vq"uwde{vqvqzke"fqugu"qh"WXD"
induces premature senescence(13), resulting in a sharp decrease in cell 

proliferation(14)0" Kp"cffkvkqp."WXD"gzrquwtg"qh"umkp"Ýdtqdncuvu"uvkowncvgu"
the expression of several cell cycle regulatory genes, such as p53, as 

ygnn" cu." rtq/kpÞcoocvqt{" igpgu." uwej" cu" EQZ/4(14,15). UVB-induced 

EQZ/4"gzrtguukqp"kpetgcugu"vjg"rtqfwevkqp"qh"rtquvcincpfkp"G
2
"*RIG

2
) 

by catalyzing the rate limiting step in the conversion of arachidonic acid 

into PGs(3)0" Kpetgcugf" RIG
2
 production has been implicated in skin 

photodamage and photocarcinogenesis, since it stimulates generation 

qh"tgcevkxg"qz{igp"urgekgu"*TQU+."qzkfcvkxg"FPC"fcocig."mgtcvkpqe{vg"
proliferation and angiogenesis(3,16,17).

 Very few studies have analyzed the effects of UV radiation on 

qtcn"owequc"Ýdtqdncuv"hwpevkqp0"Yknnkcou"gv"cn0"*3;;4+"hqwpf"vjcv"jwocp"
ikpikxcn" Ýdtqdncuvu" kttcfkcvgf"ykvj"WXC" nkijv"jcf"c"ukipkÝecpv"fgetgcug"
in proliferation(18), and Lim et al. (2008) found that UVC radiation caused 

ikpikxcn" Ýdtqdncuv" crqrvquku(19). It is known that several factors induce 

EQZ/4" gzrtguukqp" kp" qtcn" Ýdtqdncuvu." kpenwfkpi" pkeqvkpg." ctgec" pwv"
gzvtcevu"*ctgeqnkpg+."rtq/kpÞcoocvqt{"e{vqmkpgu"cpf"NRU(20-23). However, 

the effects of UVB radiation on COX-2 expression and activation in oral 

owequc" Ýdtqdncuvu" ctg" wpmpqyp0" Vjgtghqtg." vjku" uvwf{" ycu" ckogf" cv"
characterizing the effects of a single exposure to subcytotoxic doses of 

WXD" nkijv" qp" rtqnkhgtcvkqp."EQZ/4" gzrtguukqp" cpf"RIG
2
 production by 

rtkoct{"Ýdtqdncuv"ewnvwtgu"guvcdnkujgf"htqo"jwocp"qtcn"owequc"*JQO+"
explants.

MATERIAL AND METHODS

Isolation and Culture of Oral Mucosa Fibroblasts

" Rtkoct{" Ýdtqdncuv" ewnvwtgu" htqo" jwocp" qtcn" owequc" *JQO+"
were isolated by the explant method as previously described(24)0"DtkgÞ{."
using a 6 mm punch-biopsy (Acu-punch, Acuderm, Inc., Fort Launderdale, 

FL, USA) tissue explants were obtained from the oral mucosa lining the 

inner cheek of the oral cavity, in close proximity to the lip, from three 

healthy, non-smoking volunteers, with no history of drug intake in the past 

6 months (2 females and 1 male, mean ages 22 ± 1 years). Informed 

consent was obtained from the subjects, and the surgical protocol was 

crrtqxgf"d{"vjg"Gvjkeu"Eqookvvgg"qh"Vjg"Wpkxgtukv{"qh"Eqpegrek„p0"Egnnu"
ygtg"ewnvwtgf" kp"FwndgeeqŁu"oqfkÝgf"GcingŁu"ogfkwo" *FOGO."Ikdeq/
BRL, Carlsbad, CA) supplemented with 10% fetal bovine serum (FBS, 

Ikdeq/DTN+." 322" たi1on" rgpkeknnkp1uvtgrvqo{ekp" *Ikdeq/DTN+." 322" たi1on"
hwpik¦qpg"*WU"Dkqnqikecn."Uycorueqvv."OC+"cpf"72"たi1on"qh"igpvco{ekp"
*Ukioc."Uv0"Nqwku."OQ+"cv"59³E"kp"c"7'"EQ

2
 atmosphere. All the assays 

were performed using fibroblasts between passages 4 and 10. HOM 
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Ýdtqdncuv"ewnvwtgu"ygtg"ejctcevgtk¦gf"d{"koowpqe{vqejgokuvt{"vq"eqpÝto"
their phenotype with primary antibodies against vimentin (1:100) (Sigma, 

St Louis, MO, USA) and prolyl-4-hydroxylase (1:50) (Dako, Carpinteria, 

CA) followed by a secondary antibody coupled to an HRP detection 

system (Chemicon Int, Temecula, CA) and DAB as the chromogen 

(Vector Labs, Burlingame, CA).

Growth Synchronization and UVB Light Exposure of HOM 

Fibroblasts

" Rtgxkqwu"vq"WXD"gzrquwtg."JQO"Ýdtqdncuvu"ygtg"rncvgf"cpf"
maintained either in complete medium supplemented with 10% FBS for 

12 hrs (unsynchronized cells) or synchronized according to the protocol 

by Gilroy et al. (2001)(25)0"DtkgÞ{."egnnu"ygtg"ycujgf"ykvj"RDU."rncvgf"kp"
96-well or 100 mm plates, and then incubated in serum-free medium for 

24 hrs, followed by medium containing 2.5% FBS for 20 hrs. Previous to 

kttcfkcvkqp"ogfkwo"ycu"tgrncegf"d{"322"たn"qh"RDU"*Ikdeq+"kp"gcej"ygnn."qt"
32"on"qh"RDU"kp"vjg"322"oo"rncvgu0"Vjgp"Ýdtqdncuvu"ygtg"kttcfkcvgf"ykvj"
30 or 60 mJ/cm2"qh"WXD."gswkxcngpv"vq"4"cpf"6"okpkocn"gt{vjgocn"fqugu"
*OGFu+"tgurgevkxgn{."ykvj"Rjknnkru"HU62WXD"ncoru"*Cogtkecp"Wnvtcxkqngv"
Eqorcp{."Owttc{"Jknn."PL+"cu"rtgxkqwun{"fguetkdgf(26)0"Ncoru"ygtg"Ývvgf"
ykvj"Mqfcegn"Ýnvgtu"*Gcuvocp"Mqfcm."Tqejguvgt."P[+"vq"gpuwtg"gokuukqp"
of UVB light only (290-320). The intensity of the UVB light at the bottom 

of each well or plate was measured with a UVX Digital radiometer (UVP, 

Wrncpf."EC."WUC+0"Eqpvtqn"Ýdtqdncuvu"ygtg"ujco/kttcfkcvgf0

Cell Proliferation Assays

" Vq"cuuguu"JQO"Ýdtqdncuv"rtqnkhgtcvkqp"ykvj"vjg"]3H]-thymidine 

kpeqtrqtcvkqp" cuuc{." Ýdtqdncuvu" ygtg" ewnvwtgf" kp" ;8/ygnn" rncvgu." cv" c"
density of 0.6-1 x 104" egnnu1on0"Egnnu"ygtg"WXD/kttcfkcvgf" cpf" 207" たEk"
[3J_/vj{okfkpg"*urgekÝe"cevkxkv{."72"Ek1ooqn."Fwrqpv/PGP."Dquvqp."OC+"
was added to the culture medium for 3 to 48 hrs. After incubation, cells 

ygtg"vt{rukpkugf."xcewwogf"qpvq"rcrgt"Ýnvgtu"*67"たo"rqtgu+"cpf"rncegf"
kp"7"on"qh"uekpvknncvkqp"Þwkf"*Gequekpv"NU/493."Pcvkqpcn"Fkcipquvkeu."WUC+0"
Vjg" kpeqtrqtcvgf" tcfkqcevkxkv{" ycu" swcpvkÝgf" d{" c" uekpvknncvkqp" eqwpvgt"
(Packard 1600 TR, Packard Instruments, Downers Grove, IL, USA). 

Results were expressed as cpm/well. 

" Hqt"OVV" rtqnkhgtcvkqp" cuuc{." Ýdtqdncuvu"ygtg" ewnvwtgf" kp" ;8/
well plates, at a density of 1 x 104 cells/ml. At 6, 12 and 24 hrs post-UVB 

kttcfkcvkqp."32"たn"qh"OVV"uqnwvkqp"ygtg"cffgf"vq"gcej"ygnn."cpf"rtqeguugf"
according to the manufacturer´s instructions. Absorbance was measured 

cv"792"po"wukpi"c"oketqrncvg"tgcfgt"*Ownvkumcp"GZ."Vjgtoq"Eqtrqtcvkqp."
USA). In addition, cell viability was determined at 24 and 48 hrs post-

treatment by trypan blue exclusion assay as previously described(27). 

Gzrgtkogpvu"ygtg"tgrgcvgf"cv"ngcuv"vjtgg"vkogu"ykvj"7/:"ygnnu1itqwr0

Reverse Transcription-Polymerase Chain Reaction (RT-PCR) 

" Vqvcn" TPC" ycu" kuqncvgf" htqo" Ýdtqdncuvu" uggfgf" qpvq" 322"
mm plates (0.6 x 106 cells/plate) with Trizol (Invitrogen, Rockville, MD), 

according to manufacturer´s instructions (n=6-7 plates/group at each 

vkog/rqkpv+0"TPC"eqpegpvtcvkqp"cpf"pwengke"cekf"rwtkv{"ycu"fgvgtokpgf"
spectrophotometrically by UV absorbance. RT-PCR for COX-2 and 

GAPDH was performed as previously described(5)0" DtkgÞ{." 32" たi" qh"
vqvcn" TPC" ycu" tgxgtugf" vtcpuetkdgf" wukpi" qnkiq/fV" rtkogtu" cpf"COX"
tgxgtug" vtcpuetkrvcug" *Rtqogic." Ocfkuqp"YK+" cpf" 3" たn" qh" eFPC" htqo"
gcej"ucorng"ycu"cornkÝgf"d{"RET0""Gcej"RET"ycu"ecttkgf"qwv"kp"47"たn"
of a reaction mix containing 10 mM Tris-HCl, 50 mM KCl, 3 mM MgCl

2
, 

204"oO"qh"gcej"fPVR."206"たO"qh"gcej"ugpug"cpf"cpvkugpug"rtkogt"cpf"
qpg"wpkv"qh"Rncpvkpwo"Vcs"FPC"rqn{ogtcug"*Kpxkvtqigp."Ectnudcf."EC+0"
C"pgicvkxg"eqpvtqn."yjgtg" vjg"eFPC"ycu"qokvvgf"htqo"vjg"tgcevkqp"okz"
ycu"twp"hqt"gcej"cornkÝgf"igpg0"Vjg"hqnnqykpi"rtkogt"ugswgpegu"ygtg"
used: COX-2 sense 5´-GGT CTG GTG CCT GGT CTG ATG ATG-3´ and 

antisense 5´-GTC CTT TCA AGG AGA ATG GTG C-3´, product size 724 

bp(28) and GAPDH sense 5´-CGG AGT CAA CGG ATT TGG TCG TAT-3´ 

and antisense 5´-GCC TTC TCC ATG GTT GGT GAA GAC-3´, product 

size 301 bp(29)0"Vjg"tgcevkqp"okzvwtg"ycu"kpewdcvgf"hqt"3"okpwvg"cv";6³E."
cornkÝgf" hqt" 57" RET" e{engu" cpf" gpfgf" d{" kpewdcvkqp" cv" 94³E" hqt" 32"
okpwvgu0"Gcej"RET"e{eng"eqpukuvgf"qh"fgpcvwtkpi"hqt"67"ugeqpfu"cv";6³E."
cppgcnkpi"hqt"67"ugeqpfu"cv"82³E."cpf"gzvgpfkpi"hqt"4"okpwvgu"cv"94³E0"
CornkÝgf"ucorngu"ygtg"xkuwcnk¦gf"chvgt"gngevtqrjqtguku"qp"307'"cictqug"
gels and staining with ethidium bromide, with a gel photodocumentation 

system (Vilber Lourmat, Marne La Vallee, France). Band densitometry 

was performed with Image J Program (Bethesda, MD).

Prostagandin E
2
 Assay

" JQO"Ýdtqdncuvu."rncvgf"kp"322"oo"rncvgu."ygtg"u{pejtqpk¦gf"
and UVB irradiated. At 12 and 24 hrs after irradiation, supernatants were 

eqnngevgf"cpf"vjg"coqwpv"qh"RIG
2
 secreted was determined by enzyme-

linked immunosorbent assay according to manufacturer´s instructions 

(Cayman Chemical, Ann Arbor, MI, USA). Results were expressed as 

ogcp"ł"UF"qh"vjg"rgtegpvcig"qh"RIG
2
 production (pg/ml) as compared to 

control.

Statistical Analyses

" Uvcvkuvkecn" vguvu" ygtg" rgthqtogf" wukpi" LOR/KP" 60206" *UCU"
Kpuvkvwvg" Kpe0." Ect{." PE." WUC+0" Fkhhgtgpegu" dgvyggp" itqwru" ygtg"
examined using Mann-Whitney or t-test, according to data distribution. 

Fkhhgtgpegu"ygtg"eqpukfgtgf"uvcvkuvkecnn{"ukipkÝecpv"yjgp"r>20270

RESULTS

Effects of UVB on Proliferation of Fibroblasts Derived from Human 

Oral Mucosa 

" Rtkoct{" Ýdtqdncuv" ewnvwtgu" ygtg" qdvckpgf" htqo" jwocp" qtcn"
mucosa explants and characterized by immunocytochemistry. Greater 

than 95% of the cells stained positive for vimentin and prolyl-4-hydroxylase 

(Figure 1).

 After 12 hrs of cell plating in 96-well plates at a density of 0.6 

x 104 cells/well, growth medium was replaced by a thin layer of PBS 

cpf"JQO"Ýdtqdncuvu"ygtg"uwdlgevgf"vq"52"qt"82"oL1eo2 of UVB light or 

sham-irradiation. Proliferation was assessed from 3 to 48 hrs after UVB 

irradiation with the [3H]-thymidine incorporation assay. Analysis of the 

results showed that UVB irradiation, at both 30 and 60 mJ/cm2, caused 

c" ukipkÝecpv" fgetgcug" kp"JQO"Ýdtqdncuv" rtqnkhgtcvkqp" htqo"8" vq" 6:" jtu"
chvgt" WXD" kttcfkcvkqp" *r>2027." CPQXC" (" Vwmg{/Mtcogt" vguvu+" *Hkiwtg"
2). Analysis of cell viability by trypan blue exclusion assay showed no 

increase in cell death (more than 95% cell viability) at 24 and 48 hrs after 

UVB exposure with 30 and 60 mJ/cm2 (data not shown). Therefore, the 60 

mJ/cm2"fqug"qh"WXD"kttcfkcvkqp"ycu"wugf"kp"vjg"uwdugswgpv"gzrgtkogpvu0

Figure 1. Rjgpqv{rke" ejctcevgtk¦cvkqp" qh" rtkoct{" Ýdtqdncuv" ewnvwtgu" kuqncvgf"
from human oral mucosa (HOM). Phase-contrast microscopy of plated HOM 
fibroblasts (A and B) and immunodetection of vimentin (C) and prolyl-4-
hydroxylase (D) expression in HOM fibroblasts.
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Ukping"Gzrquwtg"qh"Jwocp"Qtcn"Owequc"Hkdtqdncuvu"vq"Wnvtcxkqngv"D"Tcfkcvkqp"Tgfwegu"Rtqnkhgtcvkqp"cpf"Kpfwegu"EQZ/4"Gzrtguukqp"cpf"Cevkxcvkqp

 The effects of UVB on HOM proliferation was also assessed 

qp" rtgxkqwun{" u{pejtqpk¦gf" Ýdtqdncuvu" wukpi" dqvj" ]3H]-thymidine 

incorporation and MTT assays, at 6, 12 and 24 hrs after UVB irradiation 

with 60 mJ/cm20"Ukoknct""vq"pqp/u{pejtqpk¦gf"egnnu."c"ukipkÝecpv"fgetgcug"
kp"rtqnkhgtcvkqp"qh"WXD/kttcfkcvgf"JQO"Ýdtqdncuvu"ycu"qdugtxgf"cv"cnn"vjg"
vkog" rqkpvu" cpcn{¦gf" cu" eqorctgf" vq" ujco/kttcfkcvgf" Ýdtqdncuvu." ykvj"
dqvj"cuuc{u"*r>2027."v/vguv"cpf"Ocpp"Yjkvpg{+"*Hkiwtg"5+0

Effects of UVB Irradiation on COX-2 mRNA Expression by 

Synchronized HOM Fibroblasts

" Vq" cuuguu"EQZ/4" cv" vjg"oTPC" ngxgn."JQO"Ýdtqdncuvu"ygtg"
synchronized in their cell cycle in order to avoid changes in COX-

2 expression that were not related to UVB radiation, as previously 

described(25)0"Vqvcn"TPC"ycu"uwdugswgpvn{"gzvtcevgf"cv"207."8."34"cpf"46"
hrs after UVB irradiation (60 mJ/cm2) and subjected to RT-PCR. Samples 

were visualized in agarose gels stained with ethidium bromide (Figure 

4A) and analyzed by densitometry. Analysis of densitometric units of 

EQZ/4" dcpfu" pqtocnk¦gf" vq"ICRFJ" ujqygf" c" ukipkÝecpv" kpetgcug" kp"
vjg"rgtegpvcig"qh"tgncvkxg"EQZ/4"oTPC"gzrtguukqp"cv"52"okp"cpf"34"jtu"
chvgt"WXD" kttcfkcvkqp"cu"eqorctgf" vq"ujco/kttcfkcvgf"eqpvtqnu" *r>2027."
t-test) (Figure 4B).

Effects of UVB on PGE
2
 Production by Synchronized HOM 

Fibroblasts

" RIG
2
" rtqfwevkqp" ycu" ogcuwtgf" d{" GKC" htqo" vjg"

supernatants of synchronized HOM fibroblasts at 12 and 24 hrs 

after UVB irradiation. The results showed a significant increase in 

RIG
2
 production by HOM fibroblasts at both 12 and 24 hrs after UVB 

kttcfkcvkqp"cu"eqorctgf"vq"eqpvtqnu"*r>2027"cpf"r>2023"tgurgevkxgn{."
Mann Whitney) (Figure 5).

Figure 2. Ghhgev"qh"c"ukping"fqug"qh"WXD"tcfkcvkqp"qp"rtqnkhgtcvkqp"qh"JQO"Ýdtqdncuvu0 
Cells grown at a density of 0.6 x 104 cells/well for 12 hrs, were exposed to one 
single dose of 30 or 60 mJ/cm2 of UVB, and proliferation was assessed from 3 to 48 
hrs after UVB -or sham-irradiation (control) with [3H]-thymidine incorporation assay. 
Results are expressed as mean ± SD of one representative experiment (n=8 wells/
group) of at least 5 independent experiments.
,r>2027"*CPQXC"cpf"Vwmg{"Mtcogt" vguv+" hqt"ujco/kttcfkcvgf"JQO"Ýdtqdncuvu"cu"
eqorctgf"vq"WXD/kttcfkcvgf"Ýdtqdncuvu"*52"cpf"82"oL1eo2).

Figure 3. Ghhgev"qh"c"ukping"fqug"qh"WXD"tcfkcvkqp"qp"rtqnkhgtcvkqp"qh"u{pejtqpk¦gf"
JQO"Ýdtqdncuvu0 Cells grown at a density of 1 x 104 cells/well, were synchronized in 
their cell cycle and exposed to one single dose of 60 mJ/cm2 of UVB. Proliferation 
was assessed at 6, 12 and 24 hrs after UVB exposure or sham-irradiation (control) 
with [3H]-thymidine incorporation (A) and MTT (B) assays. Results are expressed 
as mean ± SD of one representative experiment repeated at least three times with 
similar results (n=8 wells/group at each time point).
A)",,r>20223"*Ocpp"Yjkvpg{+"hqt"WXD/kttcfkcvgf"Ýdtqdncuvu"cu"eqorctgf"vq"eqpvtqnu"
cv"8"jtu0",,,r>202223"*v/vguv+"hqt"WXD/kttcfkcvgf"Ýdtqdncuvu"cu"eqorctgf"vq"eqpvtqnu"
at 12 and 24 hrs.
B)",,r>20223"*v/vguv"cpf"Ocpp"Yjkvpg{+"hqt"WXD/kttcfkcvgf"Ýdtqdncuvu"cu"eqorctgf"
to controls at 6, 12 and 24 hrs.

Figure 4. Ghhgev" qh" c" ukping" fqug"qh"WXD" tcfkcvkqp"qp"EQZ/4"oTPC"gzrtguukqp"
d{"u{pejtqpk¦gf"JQO"Ýdtqdncuvu0"Vqvcn"TPC"ycu"gzvtcevgf"htqo"WXD"/cpf"ujco/"
kttcfkcvgf"*eqpvtqn+"JQO"Ýdtqdncuvu"*8"z"325 cells/plate) and subjected to RT-PCR 
vq"cuuguu"EQZ/4"*946"dr+"cpf"ICRFJ"*523"dr+"oTPC"gzrtguukqp0"Rtqfwevu"ygtg"
visualized in 1.5% agarose gels stained with ethidium bromide. Representative 
gels of one of the experiments for 0.5 and 12 hrs after UVB irradiation are shown 
in (A). Relative densitometric units of COX-2 bands (normalized to GAPDH) were 
calculated. Results are expressed in percentage of corresponding control as mean 
ł"UGO"qh"vyq"rqqngf"gzrgtkogpvu"*p?9"rncvgu1"itqwr"cv"207"cpf"34"jtu."p?8"rncvgu1
group at 6 and 24 hrs) (B).
,r>2027"*v/vguv+"hqt"WXD/kttcfkcvgf"Ýdtqdncuvu"cu"eqorctgf"vq"eqpvtqnu"cv"207"cpf"34"
hrs after UVB exposure.
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DISCUSSION

 The results of this in vitro study showed that exposure of 

JQO"Ýdtqdncuvu" vq"c"ukping"uwde{vqvqzke"fqug"qh"WXD" nkijv" *82"oL1eo2) 

ukipkÝecpvn{" tgfwegf" egnn" rtqnkhgtcvkqp" fwtkpi" vjg" Ýtuv" 6:" jtu" chvgt" WXD"
exposure as assessed by [3H]-thymidine incorporation and MTT assays. 

WXD/kttcfkcvgf" JQO" Ýdtqdncuvu" cnuq" jcf" kpetgcugf" EQZ/4" oTPC"
expression at 0.5 and 12 hrs after UVB exposure and enhanced COX-2 

cevkxkv{."cu"tgÞgevgf"d{"cp"kpetgcug"kp"RIG
2
 production at 12 and 24 hrs 

after irradiation.  

 Very few studies have assessed the effects of UV light on 

rtqnkhgtcvkqp" qh" Ýdtqdncuvu" htqo" vjg" qtcn" ecxkv{(18). Williams et al. (1992) 

showed that UVA light, with exposure times ranging from 15 seconds to 

36"okpwvgu."ukipkÝecpvn{"fgetgcugf"]3H]-thymidine incorporation by gingival 

Ýdtqdncuvu(18). On the other hand, the effects of UVB light on proliferation of 

dqvj."nwpi"owequc"cpf"umkp"Ýdtqdncuvu"ctg"ygnn"mpqyp(30-32). Straface et al. 

*4229+"hqwpf"vjcv"gctn{"gzrquwtg"qh"nwpi"owequc"Ýdtqdncuvu"*rcuucigu"4/6+"
to a single subcytotoxic dose of UVB (200 mJ/cm2+"tguwnvgf"kp"c"ukipkÝecpv"
fgetgcug"kp"egnn"rtqnkhgtcvkqp."ukoknct"vq"pqp/kttcfkcvgf"nwpi"Ýdtqdncuvu"htqo"
later passages (greater than 11 passages)(30). Chainiaux et al. (2002) using 

jwocp" fkrnqkf" umkp" Ýdtqdncuvu" gzrqugf" vq" tgrgcvgf" uwde{vqvqzke" WXD"
doses (62.5 mJ/cm2) also found decreased proliferation, as assessed by 

[3H]-thymidine incorporation(31). Therefore, UVB irradiation had a similar 

kpjkdkvqt{"ghhgev"qp"qtcn"owequc"Ýdtqdncuv"rtqnkhgtcvkqp"cu"rtgxkqwun{"ujqyp"
hqt"umkp"cpf"nwpi"Ýdtqdncuvu0
 Since the MTT assay allows determination of both, cell 

proliferation and cytotoxicity(33), the results may also suggest that the 

rtqnkhgtcvkqp"kpjkdkvkqp"kp"JQO"Ýdtqdncuvu"kttcfkcvgf"ykvj"82"oL1eo2 was 

due to reduced cell viability. Previously, mild to moderate cell cytotoxicity 

ycu" fguetkdgf" hqt" umkp" Ýdtqdncuvu" cv" 46" jtu" chvgt" kttcfkcvkqp" ykvj" WXD"
doses of 40 and 60 mJ/cm2(32). However, in this study, no increase in cell 

death was found, as assessed by trypan blue exclusion assay, at 24 and 

48 hrs after UVB irradiation (more than 95% viability), suggesting higher 

tgukuvcpeg"qh"qtcn"owequc"Ýdtqdncuvu"vq"WXD"gzrquwtg"cu"eqorctgf"vq"
umkp"Ýdtqdncuvu0"

 Increased COX-2 expression has been described for UVB-

kttcfkcvgf"umkp"Ýdtqdncuvu(15). It has been shown that transcriptional control 

qh"EQZ/4"ku"cuuqekcvgf"ykvj<"vjg"rtqnkhgtcvkqp"uvcvwu"qh"Ýdtqdncuvu0"EQZ/4"
wr/tgiwncvkqp"ycu" qdugtxgf" kp" swkguegpv" egnnu."yjgtgcu"EQZ/4" fqyp/
tgiwncvkqp" ycu" hqwpf" kp" rtqnkhgtcvkpi" Ýdtqdncuvu(25,34). In a similar way, 

WXD/kttcfkcvgf"qtcn"owequc"Ýdtqdncuvu."yjkej"rtgugpvgf"cp"kpjkdkvkqp"qh"
their proliferative response, also had and increase in COX-2 expression 

cpf"cevkxcvkqp0"Vjgtghqtg."vjg"kpjkdkvkqp"qh"Ýdtqdncuv"rtqnkhgtcvkqp"d{"WXD"
irradiation may have both, a protective effect by reducing expansion of 

rjqvqfcocigf" Ýdtqdncuvu" cpf." qp" vjg" qvjgt" jcpf." c" rtqectekpqigpke"
effect by increasing COX-2 expression and activation. 

" Kp"vjg"ncuv"fgecfg."Ýdtqdncuvu"jcxg"gogtigf"cu"etwekcn"tgiwncvqtu"
qh"grkvjgnkcn"cpf"gpfqvjgnkcn"egnn"hwpevkqp."cu"ygnn"cu."GEO"eqorqukvkqp(35). 

Fwtkpi"ectekpqigpguku."uvtqocn"Ýdtqdncuvu"wpfgtiq"ugxgtcn"ejcpigu"vjcv"
tcpig" htqo"cp"cevkxcvgf" vq"c"o{qÝdtqdncuv"rjgpqv{rg0"Vjgug"ejcpigu"
are strongly correlated with tumor progression(35). Increased COX-2 

gzrtguukqp"d{"uvtqocn"Ýdtqdncuvu"jcu"dggp"fguetkdgf"kp"nct{pigcn."nwpi"
and colon carcinogenesis with a direct association with prognosis(36-38). 

Several carcinogens increase COX-2 expression in oral mucosa 

Ýdtqdncuvu." kpenwfkpi" pkeqvkpg" cpf" ctgec" pwv" gzvtcev(20,22). The present 

study showed that UVB radiation, which is a complete carcinogen, also 

kpfwegu" EQZ/4" gzrtguukqp" cpf" cevkxcvkqp" kp" qtcn" owequc" Ýdtqdncuvu0"
Future work should focus on elucidating the signal transcription pathways 

that participate in UVB-induced COX-2 upregulation in oral mucosa 

Ýdtqdncuvu." yjkej" oc{" kpxqnxg" PH/κB activation as has already been 

fguetkdgf" hqt" WXD/kttcfkcvgf" umkp" Ýdtqdncuvu." cpf" pkeqvkpg/vtgcvgf"
ikpikxcn"Ýdtqdncuvu(15,21). 

 Previous studies describing COX-2 overexpression at the 

epithelium of photodamaged lips(5), as well as, the present results 

ujqykpi"kpetgcugf"EQZ/4"gzrtguukqp"kp"WXD/kttcfkcvgf"JQO"Ýdtqdncuvu."
uvtqpin{"uwiiguv" vjcv"EQZ/4"oqfwncvkqp"oc{"dg"qh"enkpkecn"ukipkÝecpeg"
for prevention and treatment of lip carcinogenesis. It has been already 

shown that selective COX-2 inhibitors, such as Celecoxib, are effective 

kp" tgfwekpi"WXD/kpfwegf" ejtqpke" kpÞcoocvkqp" cpf" vwoqt" hqtocvkqp" kp"
the skin(26,39)0"Grkfgokqnqikecn"uvwfkgu"jcxg"ujqyp"vjcv" nkr"ecpegt"jcu"c"
higher metastasis occurrence than skin cancer(40), which may be due to 

phenotypic differences between epithelial and stromal cells from skin and 

lip tissues(11,12). Future studies should continue to investigate the role of 

Ýdtqdncuvu"cpf"vjgkt"kpvgtcevkqpu"ykvj"uvtqocn"egnnu"fwtkpi"nkr"rjqvqfcocig"
cpf" ectekpqigpguku." cu" ygnn" cu." vjg" vjgtcrgwvke" dgpgÝv" qh" oqfwncvkpi"
Ýdtqdncuv" hwpevkqp"cpf"rjgpqv{rg" kp" vjg" vtgcvogpv"qh"rtgocnkipcpv"cpf"
malignant lesions of the lip.
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Figure 5. Ghhgev" qh" c" ukping" fqug" qh" WXD" tcfkcvkqp" qp" RIG
2
 production by 

u{pejtqpk¦gf"JQO"Ýdtqdncuvu0"RIG
2
"ngxgnu"*ri1on+"ygtg"cuuguugf"d{"GKC"cv"34"cpf"

46"jtu"chvgt"WXD"kttcfkcvkqp"htqo"uwrgtpcvcpvu"qh"u{pejtqpk¦gf"JQO"Ýdtqdncuvu"*8"
x 105 cells/plate). Results are expressed in percentage of corresponding control as 
ogcp"ł"UGO"qh"vyq"rqqngf"gzrgtkogpvu"*p?9"rncvgu1itqwr"cv"34"jtu"cpf"p?8"rncvgu1
group at 24 hrs).
,r>2027"cpf",,r>2023"*Ocpp"Yjkvpg{+"hqt"WXD/kttcfkcvgf"Ýdtqdncuvu"cu"eqorctgf"
to sham-irradiated at 12 and 24 hrs after UVB exposure, respectively.
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