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Analysis of UVB Modulated Gene Expression in Human Keratinocytes®
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Abstract : Ultraviolet light is the most important environmental insult to skin. Even single
exposure to UVB irradiation can result in inflammation and may also lead to DNA damage and apop-
tosis in the acute response of the cutaneous tissue. To elucidate the complex alterations of gene
expression in human keratinocytes underlying these UVB responses, ordered differential display
polymerase chain reaction (ODD-PCR) technology was performed in one human keratinocyte cell
line. Several genes were induced and down-regulated during 12 hours after UVB irradiation in a time-
dependent manner. Five UVB-induced ¢cDNA clones were isolated, including cDNAs for karyo-
pherin alpha 2, human mRNA for TI-227H, ribosomal protein L13a and keratin 19. Differential
expression of these genes after UVB irradiation has not been reported. Authors identified a new
sequence that is negatively regulated by UVB irradiation. In general our results showed that ODD-
PCR is a useful tool in the analysis of quantitative changes of mRNA levels in human keratinocytes
after UVB irradiation. The identification of new UVB-modulated genes offers the opportunity to

identify unrecognized molecular mechanism in response of human cells to UV irradiation
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Al B (UVB, 280-320 nm)= 2 23-& Foste] A<
DNAo| 4=t} 5ol 43 photono] DNAY| ¢
%ol F4EE AYM Ce 2&5 93 ALz
07t AdE o] glon, o) BE B FHoj 4-5
W o] =Eshe A M A A 8 FFS F
2] Zgte}. whebM A A B Abe 3l o] g%
A 87 g40ln, AAHez gF g5
AAA % E 5= Fotod FHk(erythema), A2
ZF(hyperpigmentation), 2} 85 (keratosis), T3 A
(clastosis) 59 I FHHS o7 1k ofyzt o 7
obo] QIqlo] &l 7| = $tch(Ullrich, 1995). DNAo| =g
Sk 29} A2 pyrimidine @7] ejof] &4+& F:of {A
2o F2 A WstE 2efistn, A oA A4 9
ZA S 2AFOEA HETH WG, EEH, &
o N EZAY S §E8 4 9ot Stch(Sutherland e
al., 1980). k&4 BO] A7} v & ZH A 2 of ]3]

Hope
= 4

o K
ojN o B

o
A QRIS FEote] BFFALE AT F
Z (transforming focus)S WE7| & 3}, 3
F719 M3tE doh (A3 2, 2000
2 A Ao B wFofl mhet AE3HA <l vt
golstm FAAY FHEo| FFE
(Eastman & Barry, 1992). §X 215 9] ¥& -2 phobol
ester, TPA 53t Z+-2 843} S48 o3 FEH= A
© & E3| protein kinase C (PKC)7} F#A 2} &4 3}of]
293 42 5l A0 8 BHiEo] QtH(Berraer al,
1997; Rotenberg & Sun, 1998). 1281} UVB ZALE %
= A7)0 #sh HFPol Ml gl PR
2 o5& o] Ao EFety W EHE] H
o} stcHAbts ¢ a/., 1997; Poon & Hunter, 1998; Potter
et al., 2000). A} A1 Bof| t gt Z-ASEA o] Y E3HA
S ES & A ALY Aol aet EA U
g 2os AzEr.

Aol Ale ZAZAEZFE ol &8t 294 B
Z Ao 9%t 7] BH-&(immediate response) o & K E]|
YAAG | o]27) 7] HE M FEEE f34
2 27 93 o) DD-PCR (differential display
polymerase chain reaction)?] @45 2 s} M FA 1L
ot = ordered differential display polymerase chain
reaction (ODD-PCR) (Prashar & Weissman, 1996)%
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1. Al ZESMES

olglotolo] SAHAEZE wjsto] & AHA 2
£ Ad12-SV40 (adenovirus 12-simian virus 40)0. 2 7t
AA A GE zHA A 32 RHEKL (Rhim ez al.,
1985)2 10% FBS (fetal bovine serum)7} = DMEM-
F12 (1:1) £l %A ol 10 ug/mL hydrocortisone 3} &
Aot FARAE 1% S8 F7sto] w3t oo
349 Ao 2 A2 st ‘

2. Xt2|M B X Af(irradiation).

M Z7} dfFg Al vheol] 80-90% B == A2tH,
ool g A7 e ke PBSZ 4ol 2914l BE A5
o 4941 BE 2417 & RHEKI 24 8H 28
W2zoz Agstd. AY stestdRe
of A g0l & wgutAro] 313 nmQl FSX24T12-
UVB-HO A -+(National Biological Corporation, USA)
& AHgste A BE AT 2 A2 IL1700
"t AFA| (International Light, USA)E ©]-£3}9] 310 nm
oA &Ae F zF Al Zof 200 J/m S} & T 2AL
shgict. 29l 4 B A2 & ut2 A wjA 2 o251 uj

%2 9.

3. Ordered Differential Display Polymerase

Chain Reaction

RHEK! HJZ 304 2|4l BE RALSEA] 2 A
o} 2L A BE ARG & Zhz) 3|7, 641 2L, 12417 &
oF ujo¥st M| ZE oA RNAZol B (TEL Test inc,
USA)E o] &3te] ZA| RNAS F&51%th cDNA &
A& Ystof 247t 2 ugd] AA RNAE £ 2.8 ALE
st oo, ¢cDNA 34l 7] E(Perkin Elmer, USA)Q} T-
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o4 2087t Fol HBATA7| 1L ofets Mo R
@ ozl ¢DNA A#H 59 adaptor-L, adaptor-SE 7}3}
of 16 Tl TA A& ligation) A ZH T} HHd+E 7}
3}01 ;Hb—l-g_on 0 1:52 _,]/\42:5_}: _§‘_ 1 ﬂL% zsélg_i 6‘]—
o] OU (adaptor-L 9] nfZ-Z it At A Q) 4 d)9 T
prlmer— 0| &-3}o] PCR 8182 435t 9ict PCR &
2= A8kl HA Aol cDNA2 523 off A% adaptor
—1 cohesive-end & A7) 913l 72 Coll A 10£ 7} ub-3
A7 395 TollA] 30%, 65 T 30&, 72 T 15 3029
AL 203 PCR ¥H22 433319}, Subsetd] &
Z2 125579 primer 23-& o] 235t} T4 polynu-
cleotide kinase & o]&3}o] Z+2H9] InExx pnmer (In
primer €0 ¥ 742 A7) & 2 ¥ oo ﬂz‘*l A=
37 A A [y-32PIATPL. 2 30E87F £2 A 7] & 100 Coﬂ
A 1870 S 24 A2 B oS POR B8o1%} 4
& F 95 CollA 1287 HEE 7H3Fo] 95 TollA 30,
69 T 30%,73 C 123029 AR 233 PCRE 4=
gato] FE3. =2 AHEL 5% polyacry-
lamide Z(Sigma, USA)o| A} A 7] JE8 & 70 ol A]
Az 712, X-A Fgof 24417 & A
A7HEAAZI 02 RE BojHog
HEg AzE Ao A 22y o] DNAE
%E‘} DNAE 95 CollAl 387 9h-g-A1%1 &, 95 T 30
5T 30%,72C 183029 2422 203 PCR
%% YT T 1% agarose A of| A7) G 53to] &3l
dct. 2Z = ¢cDNA AHE2L Geneclean 11 kit
(BIO101, USA)E agarose A Alof| 4] E&]dt & Pst 12
2 37ToAA 17 5o Adstdt. ofets2 A
s}o] Pst 12} alkaline phosphataée—i— A 2] ¢t pBlue-
sips SK()9 18 DA 4 A9 42 AU
DHS5qol 82 15}/\\53@ FEAAGA S sty
A7]& &2l F sequenase version 2.0 DNA seque-
ncing kit (USB, USA)& o] &35}o] g7|gE& BA5
Atk Primere] 4714 % Bl Bata AL 3
primer 24 o] % cloneQl7tE &3t
basic local alignment search tool (BLAST) =3
databaseo]} QJ= HE &

mlo

Cg e H« 4>1' r_E.

AHEE

4. Northern blot hybridization
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Sholl M A’ A A

A4 B7F A=A &

1 B 5ol FHxt AA 2 &

< ZASA 2o} Bl A Fo]
Ao 2 HHE =712 3olsty] ¢35} northern blot
hybridizationg A A|SHEch 2+ A B& 24 A
ZASHA] R MEZEAA 2T A4 RNAE 0.66
mol formaldehyde-0.8% agarose 7o 7] %4 53}
hybond N 1} Y4 &2 (Amersham, UK)Oﬂ A & =
80 T oA 2A17F F¢F A 2lsto] vt Eutof] P AIF
oh. ol A B2l Ao d B EolH FAAE
Megaprime DNA #F X A 2 8l(Amersham, UK)& o] &
3to] [a-32P]dCTPE A% T} &
hybridization& A A3} t}. L}Y E2t2 hybridization
Lolo] Woi 42 T A 34| 7F S ¢t prehybridization A]
&, £ probeE H7t3to] 42 Coll A whAY gL
Atk o] F UAEE 65 TAA 2 x SSCE 30
S ¥l whEstol MHS F 02 x SSC2 3027
A A8t X-A FE o EAH T

B
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5. Reverse Transcription Polymerase Chain Reaction

ODD-PCRE M ZZoj A ¢& 2ol & Hole
DNA 4 &8 22 cloning $F A3 o 22 200 bp o]
9] 2 x7+E & northern blot hybridization2] probe
2 w2 Agahe Ot B A 2 cloneZ 9| ¢
FAREY A Bl A PCR primer
278kl RT-PCRE A A8k o},
et TU HHO R cDNAE §Astgon, PCRE
95 Tl A 10£2
Z A3} annealing &= A 30%, 72 CollA 4029 =
A2 30 WA 35 3] WHE $ opwko 2 72 CoflA] 5
&3t A 25t gt

Moo
1. ODD-PCRof| 2|3t R Xt Wi ol Hlm
Ab Z- A 2391 RHEK19] 200 J/me &) %o =}

2 BE R UA AL 6417, 12417 At Al 2E
oM dE e Aol & Holz {FHAE Ftot7] ¢ sl
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471 % o #|gates FAA= oh&3 2ok ODDI1E karyo-
% 43, o= 7“ Zd og 749 cDNA 2753 pherin alpha 2 (KPNA2)9t 22 A @& Hith. ODD2
o 2539

gholdh 4= Qlolet. o] F 52 7+& Aol A5 F3) + TI-227HE] YREo¢l 0w A} mitochondria
t}, Zxx 27ZHE2 100-200 bp ALY Zo]E 71X A 21 9] 16S ribosomal RNAQIE 98% 9] FUAIS B4
T Yok AZEs cDNA 2ZHEL cloningdt & t}. ODDI2E= 293 2L eyt ¢H44E 28
71 QS 243t t}-& BLASTY 42} databaseof 4] 4 9lolt}. ODD34= keratin 19 (KRT19)2] 3t R E o]
AR5 A A0 598 G7AES M= 24 9l 21, ODD36b: ribosomal protein L13a (RPL13A)
55 7;%—"— Ath(Table 1). W& 9| 2}o]E Hoj= ot FYg AE S etlth

o
-l
Z.
>
l-d il
N
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e ¥

ODD: olF& Fo#eHd, 44

Table 1. Summary of UVB-modulated differential display clones

Clone Sire - Homology
(bp)
ODDI1 100 100% to karyopherin alpha 2 (RAG cohort 1, importin alpha 1)(KPNA2)
ODD2 83 100% to human mRNA for T1-227H
98% to human 168 ribosomal RNA, mitochondrial gene
ODD12 131 None
ODD34 193 100% to human keratin 19 (KRT19)
ODD36b 184 99% to human ribosomal protein L.13a (RPL13A)
2. Northern blot 24 : Ohr 3hr 6hr 12hr 0ODD2
Cloning3t 2}7+9] ODD ¢DNA 2258 probe 2 3} A

o 2t AESoIA B A RNAS O 2 north-
em blorg 18]t} 753 3 9ol = 23] wsho] 24
&ttt ODD2 ¢ ODDI12E djAte 2 Ao A wd

B —288

o Aol & 4 et A FHA YHYEL 28

RNA9Q =9 B g gto g 33t ODD2& %€

A ZAF 3 34| 7o) A ek o] 7‘3_/,:5}0:11;].7} o] & Z7} Fig. 1. Confirmation of differential expression of
e DD12 A A} 5 3 ODD2 by northern blot analysis. A:
s} th(Table 2, Fig. 1). ODD12& A4l 24} £ 34 Hybridization of ODD2 to 10g total RNA from
Zba} 6A) 77 A 'wE o] ZAE| Thrb 124 7o) 3] B 5 UV-irradiated RHEK1 cells cultivated for dif-
ol th(Table 2, Fig. 2). ferent periods of time after irradiation and unir-

radiated controls. B: Ethidium bromide staining
of 285 RNA is shown as loading and integrity
control.
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Ohr 83hr 6hr

12 hr  ODD12

—28S

Fig. 2. Confirmation of differential expression of
ODD12 by northern blot analysis. (A). B:
Ethidium bromide staining of 28§ RNA

3.RT-PCRZ 0|25t 2t QMRS W 24

Cloning%t cDNA ZZ}-& 0|43} northern blot £-4]
A% RE o 22 A4S UL
259 0017} FopH FANE AL
golAs Ay} A 2 HHY Aot g 22 4
go]7] W Zo 2 HZtE et o] gt EAE
2t 2t cDNA 22451 5948 Yedle f434&89
A A cDNA A9 G471 <GS A0 2 primer3 soft-
ware S 0] §3tof Z} f A xE it A A primerg A
A8t3 RT-PCRE 231} 33] whEaho] 4AlAahgnt
W A= GAPDHS RT-PCRY AIE 7|08
A A 522 A4ttt ODD1e] 8%
KPNAZE 2194 B 24 & A4H 08 Zas)
(Table 2, Fig. 3). KRT19(ODD34)= 2} 9] 41 Boj

ol
4

32
e e
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H o $o] Fx 1 gdo] Zadte FAS R
(Table 2, Fig. 3). ODD36bo]| s F3l=
GAE I ohg A 3A 7 A Setchr)
o] A X8| ZFA38H ) (Table 2, Fig. 3).

Ohr 8hr 6hri2hr

0DD34

ODD36b

GAPDH

Fig. 3. RT-PCR amplification of ODD1, ODD34 and
ODD36b in RHEK1 at different time Points
after UVB irradiation. Amplification of a
GAPDH specific fragment served as interal

control.

n
471401 ghE Al Ao Mo ka2 7 A A ZY
T BRLNAZGY MY FaT YAOR ANE T
AthZigler e al., 1993; Sato et al., 1997). ¥ 59} o}
HEo| Aol B FFo 2 WAt Fg £
A=A 7] BrE A v glon, olejgt 7 HE H

Table 2. Densitometric analysis of northern blot or RT-PCR analysis with differential display

clones
Relative density (mean + SD)
Clone
Time after UVB irradiation
0 hr 3 hr 6 hr 12 hr
ODD1 1.00 0.76 £0.22 0.52+0.14 0.25+0.01
ODD2 * 1.00 0.48 1.16 1.07
ODDI12 . 1.00 0.26+0.08 0.39+0.04 1.25%£0.22
ODD34 1.00 0.71£0.19 0.67+0.17 042+0.14
ODD36b 1.00 1.13+0.07 0.93+0.21 0.81+0.27

* The result of an experiment.
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]H A} 9] A Boj —4611 HUR7 (Abts etﬂ/., 1997), hurpin
(Abts e al., 1999), topoisomerase-118 -binding protein
1, XPO1 (Potter et al., 2000) 52 Wrio] A gL A
o] Ry E gt

RHEKIS @729l Al 23} A4 2

_f_
mouse Al = & F5HA £y, & 5
=1

EHZJW o2 2ol M Bej thel| RIzHeE H Zpel Aol
EEEHH Z7) o @& 59 N ZE°] apoptosisol] &
7te, AA R L2 = S7|7F AojA &= Al 257]9 ¥}
7} of7) "Heh(A 3 €, 2000). o] # & A ZEY EAS

$ESE $UAEL oW AA7tE Yotz
ODD-PCRE& Al#sto] ou|glA 2-&st= fFHAE
g 2ot

ODD1-& Kkaryopherin a2 (1976 bp) 2} 3" -LthE 9] 9}
EAd3 97| €S K Yt Karyopherin a2+ importin
al, recombination activating proteinl (RAG1), Rch1 &
AR E e FAARA A28 de Tld g 3 gte
2 2Rhete A4-E st K40l o, BRCAI (Chen o
al., 1996), EBNA1 (Fischer er al., 1997), p33 (Kim ef
al, 2000) 52 8 Y2 o 5o Bojait. Ba) Yo 4
o] ool A wild type®) BRCA13 p530] A Z A of)
AT R o] FHAEL] L3 7|52 5HA £}
A H= Aol MY, od WAL o5 $HA
Sg 8 oz §A 2= AA0 ool A7IAY
karyopherin®] Ztaxof o3t 2o s AZ1H it of &
Foll A 2t Ao k& & RHEK1OA 2t Ao =
2e &7 wae] 247t ek et o]
o] Lo Aol thFt 27] Bhg-2] E7 2 apopto-

|

°l

sis AT A Z27]9) Wstol Agte] S HOE A
Aslol, of S ol oY 27] 4l 34
# Qe sastele 2590

ODDZE £ $714 48 e TI2THE
B16 murine melanoma cell line2] o & subline S0} A

2
=03

745 A o)A S Holi sublined| A £&Ho] 71 &
AAE F otrtol disl 534 & detdie At
ojth(Ishiguro et a/., 1996). ©] -,‘%—Z%Z},] 1}5 oF ko] 2}
o] Mol 17ke RHEK1O| A Z4dta glof o] 847}

L 2AnARe 494 Bol oF 271 wg =
apoptosis 2 7te AL AA Y M Aol 1ot A
zeicy,

ODDI12¢ o}4 712 715& YEtW & F A2 4
A YA G2 Ao ol IUAT ZASFH 2 22
A Boj| gt 27jgkgole AE3] $8E 485 st

Aoz AZdh A4 Bof| o] HA oF2 A
Ao 2 oz AHY7 A4 B Ed &
de G743 gastgort € duse A2 Hof
AL Mz A& 2T 4L e FHUAR

ODD34+= keratin 192 type I intermediate filament
5 29 shifoln, 320l HoME FolA) vherzo)
Ao qut wd gy, w2 #a A Z 9| biochemical
marker & 2] A QL AR o} & kerating of] B} 3f 4o 2]
o2 d&o] & drg A QA YrHMichel e al., 1996;
Fradette er al.,, 1998). 2494 BE 2 AFgE Th-S keratin
199] #d & RHEKI A A A3 Zadte A& 2
Act. o] Aato) wh2 W keratin 19 T E A E9) 29
A B°ﬂ gt ghSo] Bojsts AL & 4 AN, o

2 keratin 199] A G712 G A A & 2 7]
%011 gt 27t g Zoloh

Ribosome& FA o=

Az gloy o5

ribosomal protein< <F 80
Ao e g T8
At} XL Ko &5y o5 2t
P k= R HE g2 A hollA o
7HA = e wrE 211 Qlctk(Henry e al,
1993). AA| 2 @& 49 ribosomal proteins©] A i 2
FAo AAYS 2 st Hojdts Aoz YA
A=t 1 F ot RPLI3AE Al Z 7)o 9% F
o] apoptosisS = 3HHChen & loannou, 1999; Higa
et al., 1999). o] Ao = ODD-PCRE £ 38|
RPL13A%} £93 ODD36bE &2 8 onj, RT-PCR
o ZutollA Aol EH T IHY HEHE Hol
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ool =20 T3 oY ATE o AUBAEE
Aol ol st Bestel of7]olk of2l fHA7}
ol = A& ¢ 4 ey, o5 RARES Al
:ﬁ——l apoptosistt g 2AM 8o & - kg H o TP

02 3259t} £8| o]#lo] ODDPCRE 3} &
OHH_ CLANEL 2274 1 7] 50] HEEA B A
[e]

AA G Aof diFEoloA o] FHAEY 75S

FHach, $3 A9 4lo] ofa R gue] BANE
34 7] 4L ol £0] I AR A

A9 A B zA o4& %7 8-S (immediate
response) O 2 FE| FAA S o] o] 27|77 W W}
7t FEEHe FAAE Fo ojF0] 7Y gAY
$774 S AE%7] Y SUAste ABBAE 7

ﬂu} stk Abg ZHASHA £391 RHEK-10] 8t

A A BE 2k ZHASA 29 AHelA B
°1| et A mEoA B9 2ol & Yot ] §)
3 AZE 200 J/m* F2E 3 H ZARE T A w2
chAako] 3AI7E, 64170, 12417 A 5 Zkzbe] ES
Lo} RNAE #2&3}1, ordered differential display
polymerase chain reactionS 0]-88}o] 2 AL oj A vt
&9l Aol 5 Kol F 5712 cDNA cloneg 49}
Z}+7}+-2 karyopherin alpha 2, human mRNA for TI-
227H, ribosomal protein L13a @ keratin 19 0]} 0.1
G2 $AAET SUHE HolA gt 447 BHUs
170 R4t 2 FAHAEo th3t northern hybridiza-
tion} RT-PCR 23} 23} MZ o)Al 41 B 42
T B ApA o] wre HE o) Aol E Relo AR FL
2 o|E SHAT| U T} A9 Mo W3
He o 48 & At @ =9lo0, o] d79 2
THe @ A9l ol ojat 5% el ¥ E R el
Z1AS el ed g0l 2 Ao g AR

=
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Zo A ARl A BRAFZE EF 35 2 A7) ¥
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