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1. INTRODUCTION

1.1 COP1, the Constitutive Photomorphogenic Protein 1

1.1.1. Definition

UVB light, one of the most important physical caagiens in the environment, has
been shown to trigger a broad range of changeene gxpression in plants and in non-plant
multicellular organismg 1- 5) . Only plants and some bacteria are able to absantight
directly and plants have developed sophisticatedhar@isms to sense light conditions and
adjust their developmental programs accordingly) . Many components of the light
signaling cascades have been revealed over the, ymastly by genetic approaches. Among
them, COP1 (constitutive photomorphogenic protgiwads one of the first cloned and is one
of the most extensively studied. COP1 is a RIN@#éinprotein; it was first described in
Arabidopsis thaliand 7) .

1.1.2. COP1in plants

It has been established th&tabidopsis thalianaCOP1 (AtCOP1) functions as an
essential negative regulator of light-mediated pldavelopment, as evidenced by copl
mutant seedlings undergoing photomorphogenic devedmt even in the absence of light,
and plants with copl null alleles never survivethe adult stag€ 7). AtCOP1, an E3
ubiquitin ligase, is essential for the proteasorapeshdent degradation of a number of bZIP-
type transcription factors, such as HY5, HYH, LARhd HFR1(8). Genome-wide
microarray analysis has demonstrated that AtCORBUulates most, if not all, of the light-
responsive genes under various light conditigqrly . AtCOP1 functions as a crucial
developmental switch through targeting key tramdiznn factors for degradation, thereby
controlling light-responsive gene expression anot@morphogenic developmeh9, 10) .

In photosynthetizing cells, the subcellular disitibn of AtCOP1 is adjusted

according to the light conditions. In darkness, @&l is mainly localized to the nucleus,



where it presumably targets photomorphogenesis-ptiom transcription factors for

ubiquitination and degradation, thereby represdimy expression of photomorphogenesis
genes. When cells are exposed to light, there @stid reductions in AtCOP1 levels in the
nucleus, allowing nuclear-localized transcriptiaatbrs to re-accumulate. These transcription
factors activate the transcription of downstreammege required for plants to undergo

photomorphogenesisly, 12) .

1.1.3. COPL1 in non-plant organisms

Although, COP1 also exists in non-plant multicellubrganisms, its function is less
understood among vertebrates, COP1 is well condegmeong fish, amphibians, birds and
mammals, it is apparent that, unlike plants, arsndd not undergo photomorphogenesis.
Several initial studies have implied that animal RIO may have adopted roles in
tumorigenesis and stress response, although itshéiical activities and some of the

signaling elements it interacts with appear to creserved between plants and aninfdls) .

1.1.4. Structural and functional analogy between AZOP1 and mammalian COP1

Mammalian COP1 (MmCOP1), as human COP1 (huCOPIg¢c#ed at chromosome
1 and exhibits a high degree of sequence conservatid domain organization with AtCOP1
(Fig. 1), suggesting the possibility of functionanservation( 13) . Both MMCOP1 and
AtCOP1 contain three conserved structural domarRING finger at the amino terminus, a
coiled-coil domain in the middle, and a carboxyhtsmal WD40 repeat domaifll, 14
16) . Earlier studies suggested that COP1 acts priynasl a homodimer, and probably
dimerizes through the coiled-coil doma(8, 10, 13, 17) . The coiled-coil region and the
seven WD40 motifs region comprise potential intBoscdomains for other protein partners.
The discrete nuclear pattern of huCOP1 dependherpitesence of these domains and is
compatible with distribution to specific subnuclemmpartments, as has been described for
other RING proteins, such as promyelocytic leukepniein (PML)( 18) . The RING-finger
and the coiled-coil domains can function indepetigems light-responsive modules

mediating the light-controlled nucleocytoplasmictp@ning of COP1. The seven C-terminal



WD40 domains function as an autonomous repressatulmcsince the overexpression of

mutant COP1 with intact WD40 repeats is able topsegs photomorphogenic development
(8).

As compared with AtCOP1, MmMCOP1 has an N-termindkrsion that may be
responsible for targeting COP1 to the nuclear epel(NE) part of the nucleus. COP1 is
predominantly localized in the nucleus, but a srmalbunt may also be present in the cytosol.
COP1 shuttles between the nucleus and the cytopasifiorms subnuclear speckles in both
plants and mammals. MmCOP1 and AtCOP1 utilize difie nuclear import and nuclear
export signals (NIS and NES) located in distingfisas for their nucleocytoplasmic shuttling

and subnuclear localizatiof4.1, 13) .
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Figure 1. COP1 structural domains and interacting proteinsthBplant and mammalian COP1

proteins contain three structural domains: a RIN@€r, followed by a coiled-coil domain and seven
WD40 repeats at the C-terminus. The AtCOP1 RIN@dininteracts with CIP8 and COP10. COP1
utilizes the coiled-coil domain for self-dimerizati in both plants and mammals. In addition, the
AtCOP1 coiled-coil domain interacts with SPA, CI1P4 and CIP7, while the coiled-coil domain of
MmCOP1 has been implicated in binding to DET1. CQiRéracts through its WD40 repeats with
HY5, HYH, STO, STH, HFR1, cryl, cry2, phyA and phyB plants and with c-Jun in mammals.

Other COP1-interacting factors whose interactinghdins have not been mapped include LAF1 in

Arabidopsis and p53 and the major vault protein (MVP) in maats111) .



1.2.  Function of mammalian COP1

MmCOP1, like AtCOP1, is involved in ubiquitinatiand is itself a substrate of its
own ubiquitination activity( 11, 13) . COP1 ubiquitination substrates have been identin
mammals: c-Jun and p5817, 19). COP1-mediated p53 degradation is an important
regulatory mechanism for the p53 function in thd: adepletion of COP1 leads to p53
accumulation and cell-cycle arrest, while the oxpression of COP1 inhibits p53-dependent
apoptosis. Overexpression of huCOP1 in mammalidis dewnregulates c-Jun-dependent
transcription and expression of the AP-1 target egenurokinases and matrix
metalloproteinaseé 13, 20) . It has been suggested that MmMCOP1 functions aadaptor
protein recruiting c-Jun to an E3 complex, possitiyntaining DET1, DDB1, cullin4A and
Rocl, through direct interaction with DET1 (Fig.(2)7) . MmCOP1 binds to ¢c-Jun through a
conserved motif shared by the plant bZIP family @GRbstrates HY5 and HYH, and also

represses c-Jun-mediated AP-1 transcription withéfetting c-Jun protein levefsll) .

(a) Arabidopsis (b) Human

signalosome

Figure 2. COP/DET/FUS proteins function collaboratively in digting protein ubiquitination. The
majority of the COP/DET/FUS proteins are conservetioth plants (a) and mammals (b). COP1 is
able to target the bZIP transcription factors HYiB Arabidopsi3 and c-Jun (in human) for
ubiquitination and proteasome-mediated degraddtidi .
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1.3. p53 regulation in keratinocytes and in the epiderms

p53, a nuclear phosphoprotein first identified bgne and Crawford in 1979, is
encoded by a tumor suppressor gene on the shorbfaolmromosome 17 21) . It binds to
DNA as a tetramer and activates the transcriptibnmany genes involved in cell
differentiation, proliferation, induction of DNA pair pathways and cell deafltb, 22, 23) .
The loss of p53 function by mechanisms such as tinogor binding to viral proteins
increases the risk of development for certain typlesancers. p53 is mutated or deleted in
more than 50% of human tumors and in most skinimantas( 22, 24-28). As regards UV-
induced skin tumors, p53 is considered to play mportant role in their pathogenesis
(29, 30).

In normal unstressed cells, p53 is a very unstatdéein with a half-life ranging from
5 to 30 min. Its short half-life is linked to polgiguitination and proteasome-dependent
degradation, while the protein is positively regeththrough a succession of posttranslational
modifications including phosphorylation and acetigla ( 25, 31, 32) . A hallmark of many
cellular stress pathways, such as DNA damage, @l®shortening and oncogene activation,
is the rapid stabilization of p53 via blocking degradation( 33) . The p53 protein level is
increased and stabilized in both murine and hunenatinocytes when treated with UVB
light (34). Its increased level is induced rapidly by UV diagion as a result of
posttranslational protein stabilization, althoudie translocation of cytoplasmic p53 to the
nucleus may also contribute to protein stabilizafi@5) . p53 accumulates intracellularly up
to readily detectable levels, arresting cells ie Bl phase, until cellular damage is fully
repaired or the cell-death pathway is initiafe3b) .

In normal human skin, p53 is generally not detedatetthe epidermis, which has been
attributed to its relatively short half-life33, 37- 39) . p53 is the key UV-responsive gene in
skin, whose mutation is thought to initiate cargeoesis, but its role in the control of
keratinocyte proliferation and differentiation st cleal 26, 34) . Epidermal keratinocytes
are most susceptible to damage from UV light, beedbey are close to the skin surface. The
epidermis is a stratified epithelium in which thashl layer contains stem cells and transient
amplifying cells the latter that divide continuopsb supply cells that enter the differentiating
program and move up the epiderig0- 42) .

10
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1.4. E3 ubiquitin ligases and p53 regulation

p53 expression has been shown to be controlled gigthora of upstream regulatory
proteins (Fig. 3)X 28, 43) . p53 is tightly regulated: the main antagonistshofman tumor
suppressor p53 are Mdmz2, Pirh2 and huCOP1 E3 ubidigases. These proteins directly
promote p53 ubiquitination and its proteasome-dépen degradation. The proteasomes
operate both in the nucleus and in the cytoplasrdm®l interacts physically with and
ubiquitinates p53, leading to its degradation ie ¢iytosolic 26S proteasome, but it has also
been demonstrated that p53 degradation may occeither the cytosolic or the nuclear
proteasomes and does not require nuclear exgigt45) . In addition to Mdm2, Pirh2 and
COP1 have been shown to impart specificity towd&®8. '’he nuclear monoubiquitination of
p53 by Mdm2 leads to the accumulation of p53. Ralhgy monoubiquitination, p53 may
remain in the nucleus to be polyubiquitinated byn2g Pirh2, COP1 or a complex of these
proteins( 43, 46, 47) .

Proteasome

Nucleus

Proteasome

Cytoplasm

Figure 3. Potential model for the proteasomal degradatiop5# facilitated by Mdm2, Pirh2 and
COP1 based on the investigations in H1299 ¢éBs 45 .

11
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Alternatively, p53 monoubiquitination by Mdm2 coydomote the cytosolic accumulation of
p53, where it is further polyubiquitinated by MdnmRirh2, COP1 or a complex of these
proteins, and degraded by cytosolic 26S proteasothdgms been demonstrated in U20S
osteosarcoma cells that COP1 promotes p53 turniogdependently of Mdm2 or Pirh2 (19).

1.5. Kinetics of p53 expression during keratinocyte diférentiation

Keratinocytes undergo a complex developmental amgas they progress from the
basal to the spinous, granular and finally the ifiedh layer of the epidermis (Fig. 4). p53 is
expressed at low levels in UV-unexposed skin andcisvated during the exit from the
proliferative state, resulting in inhibition of talivision and stimulation of differentiation
(48) . Later, as the keratinocytes progress in the miffeéation associated the cell death
program, they become insensitive to p53-inducegtsis( 39, 48) . UV light induces p53
in the proliferative compartment of the basal lagells (49), resulting in cell cycle arrest
and apoptosis, which protects from cancer inductid® 34) . When p53 is inhibited in the
basal layer by a negative regulator proté#B), such as Mdmz2, this leads to decreased
differentiation and increased proliferation. Incgea apoptosis is an indirect effect of the

mechanisms that maintain homeostasis.

Normal human epidermis
LUAY

P53 independent Granular

Suprabasal

differentiation apoptosis
< . . Basal <
proliferation cell cycle arrest

Figure 4. Potential model for the function of p53 in the diffnt layers of the epidern(ig8) .

12
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Proliferation and differentiation are compartmezizd within the human epidermis.
Keratinocytes proliferate in the basal layers ppshas long as they are in contact with the
extracellular matrix at and around the basement lnene ( 40) . Proliferation is therefore
controlled by integrins, the surface molecules thmediate cell adhesion. As the specific
integrin functions are disrupted, keratinocytes natigg into the suprabasal layers, initiate
terminal differentiation, enlarge, and ultimatelyoguce the cornified envelope that sheds
from the surface of the skifi4l, 50, 51) . Within the basal layers, keratinocytes can be in
two distinct states: the stem cell and the traasiplifying cell. Stem cells have a great
capacity for self-renewal, but are thought to peotite infrequently and be generally
guiescent. As keratinocytes leave the stem cellpestment, they enter a continuous, but
limited proliferative state, and after a few round§ cell divisions, initiate terminal
differentiation( 40) .

Human keratinocytes undergo differentiation wheacetl in a serum-free medium
with addition of the calcium ior{ 50, 52) . It was earlier reported that p53 was down-
regulated as basal-like proliferating cells thewliferative potential, cell size increased, and
an irreversible differentiation proceeds39, 48 . Differentiation may be monitored via

detection of involucrin expressiphb3) .

1.6. Effects of genotoxic stress on E3 ubiquitin ligases

In wild-type p53 expressing cells, E3 ubiquitindggps, such as Mdm2, Pirh2 and
COP1, are induced following genotoxic stress, caulse example, by ionizing radiation (IR)
or UV irradiation (43, 54) . Mdm2 expression increases in a p53-dependent enann
following IR (55, 56) , and its regulation after UVB irradiation in humkeratinocytes is
also well elucidated 57) . Pirh2 expression is not enhanced following IRJdf treatment in
wild-type p53-expressing cell lines, but it has been investigated in human keratinocytes
(31). COP1 protein expression increases following tneat with IR in wild-type p53
expressing cells (72), UVC results in biphasic mRthanges and an elevated COPL1 protein

level in U20S osteosarcoma cells and HelLa ¢ .

13
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1.7. COP1 in human tumors

As COP1is a critical negative regulator of p53 in normatacancer cell line§19) ,
its role has been investigated in detail in humancers . The overexpression of COP1 was
detected predominantly, but not exclusively, indatype p53-containing cancers, such as
ovarian tumors, breast adenocarcinom@s9) and hepatocellular carcinomas60) ,
indicating that one of the major roles of COPloisepress p53-dependent tumor suppression.
Finally, COP1 may function as an oncogene and pterwmorigenesis, especially in tumors
in which p53 is not mutated. Investigation of COBid the p53-associated functional
network in hepatocellular carcinomas resulted i tevelopment of new targeted
therapeutics which use revealed that the antigmifve effects of COP1l blockade
suppressed neoplastic growth in both wild-type amatant p53-containing liver tumors,

without unwanted immune responses (60).

14
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2. AIMS

Taken together, these data suggest that huCOR1ivddved in the orchestrating of
several cellular processes, and contributes talaelstress response after genotoxic stress.
The overexpression of COP1 in some human tumorgestig)its possible in tumorigenesis.

In human keratinocytes, however, that are permaneekposed to many
environmental factors, huCOP1 and its possible tfans have not yet been investigated.

Therefore, we aimed

e to characterize huCOP1 is expression in culturedarukeratinocytes and in
human epidermis,

e to investigate the effect of UVB on huCOP1 expmssin human cultured
keratinocytes and human epidermis,

¢ to elucidate the COP1-p53 interaction in humantkevaytes

e to determine the effect of UVB in COP1-silenced hnmkeratinocytes
together with UVB irradiation

e to characterize changes in COP1l expression duringratikocyte

differentiation.

15



16

3. MATERIALS AND METHODS

3.1. Human tissue samples. Culturing of normal hunma keratinocytes and HaCaT

keratinocytes

Human tissue samples from various human organs tedeen from patients who
underwent different operations at the Departmer8wfery, University of Szeged. Only non-
involved, healthy tissues were used for RNA isolati All tissue samples were taken as
described previously (67), with the patients’ imferd consent and the approval of the local
committee .

Skin biopsies were obtained from healthy individuahdergoing plastic surgery;
institutional approval and patient consent was iY@ experiments in adherence to the
Helsinki guidelines. After removal of the subcutane tissue, skin biopsies were incubated
overnight at 4 °C in Dispase solution (Grade lIcR® Molecular Biochemicals, Mannheim,
Germany). The epidermis was separated from theideand epidermal cells were prepared
by using trypsin (0.25%). Human epidermal keratytes were seeded in serum-free
Keratinocyte Basal Medium (Gibco, Eggstein, Germaupplemented with L-glutamine and
antibiotic/antimycotic solution containing peniaill streptomycin and amphotericin B
(Sigma, Steinheim, Germany). Keratinocytes werevgrat 37°C in a 5% CQ atmosphere.

For the differentiation of keratinocyte cultureggrmal human keratinocytes were
cultured until 90-95% confluence in the third pagsarhe culturing conditions were altered
by increasing the calcium concentration in theuwrelimedia to 1.7 mM (in the form of Call
so as to promote terminal differentiation. Samplese taken at 0, 1, 2, 4, 6, 8 and 10 days
after switching to the high calcium concentratioadioim.

The spontaneously immortalized human keratinocytd tne, HaCaT, kindly
provided by Dr. N. E. Fusening (Heidelberg, Germarnwyas maintained in high-glucose
DMEM (Gibco, Eggstein, Germany), with 10% fetal bw serum (HyClone, Perbio,
Budapest, Hungary), supplemented with L-glutamimel @ntibiotic/antimycotic solution
containing 100 U/I penicillin, 10Ql/ml streptomycin and amphotericin B (Sigma, Steini
Germany), at 37 °C in a 5% G@tmosphere.

16
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3.2.  Immunocytochemistry, immunohistochemistry andmmunofluorescence staining

The immunocytochemistry of keratinocytes was penft as follows. Keratinocytes
were grown on culture slides (BD Falcon, Bedfordd,MUSA). The slides were fixed in 2%
paraformaldehyde for 20 min and incubated withghmary antibody, rabbit polyclonal anti-
human COP1 (Bethyl, Montgomery, USA), at a dilutioh1:5000 in a staining solution
containing TBST (Tris-buffered saline containind%. Triton-X) (Sigma) and 0.5% BSA
(Sigma). Control slides were incubated with a migtof COP1 Blocking peptide (Bethyl,
Montgomery, USA) and rabbit polyclonal anti-huma®L antibody (Bethyl) in a ratio of
3:1. After a rinse in TBS-Triton-X, sections wereubated with Alexa Fluor 488 labelled
secondary anti-rabbit antibody (Invitrogen, Cartsb@A, USA) (dilution 1:800) for 3 hs, and
were then stained with DAPI to detect the nucler Hetection and analysis, Tissue Facs
(Tissue Gnostics, Vienna, Austria) and an FV 10@hfacal microscope (Olympus,
Germany) were used.

Immunohistochemical staining was performed as ¥adloSkin samples were obtained
from healthy individuals after obtaining writtennsent. Formalin-fixed, paraffin-embedded
skin tissue sections were dewaxed. Slides wereglaca slide rack and immersed in 500 ml
of 10 mM citric acid buffer (pH 6.0). After incubah in a microwave oven for 30 mins at
700 W, during which the incubation solution boifed about 25 mins, the slides were rinsed
with Tris-buffered saline (Sigma), containing 0.1%iton-X (Reanal) for 15 mins.
Nonspecific staining was prevented by preincubatiath 0.5% bovine serum albumin
diluted in Tris-buffered saline (Sigma) containiidl% Triton-X (Reanal) for 30 mins at
room temperature in a humid chamber. The slideg Wen incubated overnight at 4 °C in a
humid chamber with the primary antibody; rabbit ywbdnal anti-human COP1 antibody
(Bethyl, Montgomery, TX, USA) was applied at 1:50Q0lution, and rabbit 1gG
(NeoMarkers) was used for isotype control stainiBtjdes were then incubated with a
biotinylated secondary antibody (anti-rabbit IgG) &800 dilution for 1 h at room
temperature, followed by incubation with horse shdperoxidase-conjugated streptavidin for
1 h at room temperature (both from Vectastain ABE Yector, Burlingame, CA), and at the

end of the staining procedure peroxidase activigswletected by using 3,3-amino-9

17
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ethylcarbazole (Sigma) as substrate. Slides wenatecstained with hematoxylin (Sigma).
Tissue staining was visualized with a Zeiss Axi@adrer microscope and photographed with a
PixeLINK digital camera.

The immunofluorescence staining was performed a&eribed above in connetion
with the immunohistochemical staining until the ubation with the primary antibody. The
slides were then incubated at 4 °C overnight iuid chamber with the primary antibody;
rabbit polyclonal anti-human COP1 antibody (Betiwhntgomery, TX, USA) was applied at
1:4000 dilution; control slides were incubated withmixture of COP1 Blocking peptide
(Bethyl, Montgomery, USA) and rabbit polyclonal i@ntman COP1 antibody (Bethyl) in a
ratio of 3:1. After a rinse in TBS-Triton-X, seati® were incubated with Alexa Fluor 488-
labeled secondary anti-rabbit antibody (Invitrog€arisbad, CA, USA) (dilution 1:500) for 3
hs, and were then stained with DAPI to detect theai. For detection and analysis, Tissue

Facs (Tissue Gnostics, Vienna, Austria) were used
3.3. Constructs

The pSUPER vector system (Oligoengine, Seattle, WWSA) was used for the
transient expression of short interfering RNAs [&) (61) . Fifty-three-nt-long
oligonucleotides of COP1
5’AGCTTcttgatttggccaatgtcaTTCAAGAGAtgacattggccaaamitC3' (sense) and COP1
5’'AgaactaaaccggttacagtAAGTTCTCTactgtaaccggtttag@sGCT3'  (antisense)  were

cloned into the pSuperior.puro vector downstreantmefH1 promoter.
3.4.  Nucleofection

For silencing the expression of the COP1 gene, X7-BY cells were transiently
transfected with a COP1 siRNA producing constrg@€QP1), and another group of cells
received the empty pSUPER vector (Sp). DNA forgfaation was purified with the Qiagen
Plasmid Mini Kit(Qiagen, Hilden, Germany). Transfection was cardatiby nucleofection
(Amaxa, Cologne, Germany), and the Human Keratiteokyt (VPD-1002; Amaxa) was used

for the nucleofection of keratinocyté€$2) .

18
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Nucleofection was carried out as follows: cultufedtatinocytes were trypsinized for
10 min at room temperature, 1 ml FBS was then adaeldthe cells were centrifuged for 10
min at 1000 g. The keratinocytes were next resuwsgmbnin 100 pl of Keratinocyte
Nucleofector Solution (Amaxa, Cologne, Germany) @dig of DNA was added. The
mixture was transferred into an electroporationetiev and placed into the nucleofector
device (Amaxa, Cologne, Germany). Immediately aftercleofection, the keratinocyte
suspension was transferred into 6-wellplates, ¢oing 2 ml of prewarmed keratinocyte

medium. The culture medium was changed after 48 h.

The transfection efficacy was determined by analyzthe expression of green
fluorescent protein (GFP) with a FACScalibur flowtameter (Becton Dickinson, San Jose,
CA, USA) and CellQuest software (Becton Dickinsanyl the mean fluorescence intensity of

the expressing construct was measured. The aveffiggcy of transfection was ~60 %.

3.5. UVB irradiation (FS20 lamp, excimer laser)

An FS20 lamp (Westinghouse, Pittsburgh, PA, USA¥ wsed as a radiation source
for UVB; this instrument emits radiation of wavelgh ranging between 250 and 400 nm,
peaking at 290 nm( 37, 63, 64). Our radiometry system was an Optronic OL754
spectroradiometer, and for calibration we used &752-12D2 lamp. To determine the
highest nonlethal dose of UVB, we irradiated kemtites with 0, 10, 20, 40 and 60 mJicm
UVB light, and the viability of the treated cellsaw analyzed by MTT assay 24 and 48 hs
after irradiation. The 40 mJ/énfound to be the highest nonlethal UVB dose wasefoee
used in subsequent experiments. For irradiatiaa,nledium was removed, 500 PBS was
added and keratinocytes were irradiated with 100280 mJ/crh UVB. After irradiation, 2
ml of serum-free keratinocyte medium was addedh¢ocells. Samples for mMRNA expression
experiments were collected 12 hs after irradiativhjle samples for protein expression

experiments were collected 24 hs after irradiation.

The 308 nm excimer laser, a coherent monochronpatise-mode UVB XeCl laser

was utilized for human skin irradiatiof63) . The minimal erythema dose (MED) was
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determined with increasing doses of 308 nm UVB, 2iED was used for irradiation on a
non-sun-exposed area of the body in subsequentimgrgs. Skin biopsies (6 mm) were
taken from irradiated and non-irradiated skin 24 48 hs after irradiation with the patients’s

informed consent and the approval of the localcstbommittee.

3.6. Reverse transcription and real-time RT-PCR

Total RNA was isolated from cell cultures with thERIzol reagent (Life
Technologies, Carlsbad, CA, USA) 12 h after UVEdliation, following the instructions of
the manual. cDNA was generated with oligo(dT) aaedom hexamer primers fromugy of
RNA, using the iScrigt! cDNA Synthesis Kit (Bio-Rad Laboratories, Hercul€g), USA) in
a final volume of 20 pl. After reverse transcriptighe real-time RT-PCR was performed to
compare the abundance of COP1 mRNA using TagMan@ E&xpression Assays (Applera,
Foster City, CA, USA) for the RFWD2 (cat. No. Hs@8337_m1) and for p53 (cat. No.
Hs01034249_m1). The abundance of the gene of sitér@nscript was normalized to the
expression of 18S ribosomal RNA for each examirsdpde. The primers for 18S were: 18S
RNA forward: CGGCTACCACATCCAAGGAA, 18S RNA reverse:
GCTGGAATTACCGCGGCT, 18S RNA TagMan probe: TexRed-
TGCTGGACCAGACTTGCCCTC-BHQ-1 (Integrated DNA Techogies, Coralville, A,
USA). The RT-PCR reactions were performed by ugih@upermix (Bio-Rad Laboratories,
Hercules, CA, USA) in an iCycler (Bio-Rad Laborégst Hercules, CA, USA)65) .

3.7.  Western blot analysis

Cells were washed twice with PBS, and protein wesaeted by resuspending the
cells in a solution containing 12.5% 0.5 mM Tri$1(6.8), 2.5% 200 mM EDTA, 15% 10%
SDS, 70% HO, 10 pl of protease inhibitor and 50 pl of R-mptoathanol per ml (all
chemicals were obtained from Sigma-Aldrich) 24 terafJVB irradiation. Protein lysates
were incubated for 5 min on ice and, after a 30ksd vortexing, cell debris was removed

by centrifugation at 10 000 g for 10 min at 4 °@.order to verify the equivalent loading of
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proteins in the wells, the following procedure veasried out: based on the OD280-measured
density, the protein concentration of each samm@e walculated and the samples were then
run on 10% sodium dodecylsulfate-polyacrylamide (§8S-PAGE). The gels were stained
with Coomassie Brillant Blue (CBB, Sigma-Aldrichlried and scanned, and all loaded lanes
were analyzed by densitometry. The amounts of tlaeldd protein samples were further
corrected and checked again on SDS-PAGBH) .

For western-blot analysis, equal amounts of preteiare run on SDS-PAGE and then
transferred to nitrocellulose membrane (Bio-Rad dratories, Hercules, CA, USA).
Membranes were blocked by incubation in Tris-bu#fesaline (150 mM NacCl, 25 mM Tris,
pH 7.4) containing 0.05% Tween 20 (Sigma-Aldrich§l 8% non-fat dry milk (Fluka Chemie
AG, Neu-Buchs, Switzerland) for 2 hs at room terapme and subsequently incubated
overnight at 4°C with purified mouse monoclonal anti-human p53itetty (Calbiochem,
Darmstadt, Germany), rabbit polyclonal anti-huma@R2 antibody (Bethyl, Montgomery,
TX, USA), and rabbit monoclonal anti-actin antibd@®ygma-Aldrich). Alkaline phosphatase-
conjugated goat anti-mouse IgG (Sigma-Aldrich) amdi-rabbit IgG (Sigma-Aldrich) were
used as secondary antibodies at 1:2000 dilutiaimneénblocking buffer and membranes were
incubated for 2 hs at room temperature. The blei®wleveloped by using 5-bromo-4-chloro-
3-indolyl phosphate/nitroblue tetrazolium as sudistr(BCIP/NBT, Sigma-Aldrich, Saint
Louis, MO, USA).
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4. RESULTS

4.1. COP1 expression and subcellular localizationni cultured normal human

keratinocytes and HaCaT cells

Only limited information is available on COP1 exgs®n in normal human tissue
samples, and we therefore set out to determine G&ddession in a set of RNA samples
isolated from various human organs. We were eslediderested in whether COP1 was

expressed in the epidermis.

Breast

Lymph node
Stomach
Epidermis
Vagina
Bronchus
Intestinum
Vein
Esophagus
Bone

Colon

Gallbladder

0 2 4 6 8 10 12

Fold variation over the lowest expressing organ

Figure 5. COP1 is expressed in various human organs. Tot# Rk isolated from tissue samples
from various human organs and the COP1 mRNA abwedasas detected by real-time RT-PCR.

COP1 expression was detected in all of the studigdn types. Interestingly, the level of

expression differed to a great extent in the déffitrorgans. The lowest level of COP1 mRNA
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was detected in the breast sample, in agreemehteaitier literature data. The highest level

was seen in the gallbladder, 16-fold higher thaténbreast.

We also demonstratday RT-PCR and western blot hybridization assting normal
human cultured keratinocytes express COP1 mRNApaotkin (Fig. 6).COP1 mRNA was
detected both in normal human keratinocytes andH&CaT keratinocytes. In HaCaT
keratinocytes the amount of COP1 mRNA was highey.d&monstrated by western blot
analysis, HaCaT cells also expressed higher leaklEOP1 protein compared to normal
human keratinocytes. To examine the role of COP4. mgulator of p53 in keratinocytes, we
used normal keratinocytes for our subsequent igatgtins. Since HaCaT cells express an
extremely high and stable level of p53 protein, HaCells did not seem to be a good model

cell to study COP1-p53 interactions.

a,

Rel. expression
—

HaCaT Normal
cells kerat.
b,
HaCaT Normal
cells kerat.
98 kDa— |« - COP1

Figure 6. COP1 expression in HaCaT keratinocytes and normedam keratinocytesia) COP1
mMRNA was detected both in HaCaT keratinocytes andormal human keratinocytes. The HaCaT
keratinocytes exhibited a somewhat higher amou@@P1 mRNA (n=3)(b) COP1 protein was also
detected both in normal human keratinocytes andmimortalized HaCaT cells: both cell types
expressed high levels of COP1 protein.
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We next determinethe subcellular localization of COP1 protein intartgd normal
human keratinocytes. COP1 protein was detected imothe cytoplasm as well as in the
nucleus in unstressed keratinocytes compared toataells incubating with blocking peptid
before staining. The bulk of the immunofluorescestaning of COP1 was restricted to the

nucleus, and only mild positivity was visible iretbytoplasm (Fig. 7).

b

Figure 7. Subcellular localization of COP1 in normal humarakimocytes.Keratinocytes were
grown on culture slides. Slides were fixed in 2%afarmaldehyde and incubated wit) a mixture

of COP1 blocking peptide and anti-COP1 antibodg mnatio of 3:1 as control for immunostainirfb)
anti-COP1 antibody to determine COP1 protein. An 300 confocal microscope was used for
detection.(a) Staining was not detected on control slidgg, COP1 specific staining was detected
both in the nucleus and in the cytoplasm in thextkeocytes. A marked amount of COP1 protein is
seen in the nuclei of COP1 stained cells comparehe nuclei of the cells on the control slide. Bar
25 pm.

4.2. COP1 and p53 expression in UVB-irradiated kerinocytes

COP1 mRNA expression decreases after UVB irradiatio in keratinocytes. For further
investigation of huCOP1 in epidermal cells, we parfedin vitro andin vivo experiments.To
determine the highest nonlethal dose of UVB, wadiated keratinocytes with 0, 10, 20, 40
and 60 mJ/cmUVB light. The dose-dependent changes in COP1 mRiXgression were
detected (Fig. 8.) and the viability of the irradd cells was analyzed by MTT assay. The 40
mJ/cnf found to be the highest nonlethal UVB dose, 70-83%e treated cells in the culture
survived it, therefore we applied this dose for ihvadiation of subconfluent keratinocyte

cultures.
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Figure 8. Dose-dependent changes of COP1 mRNA expressioneiatikocytes after UVB
irradiation. COP1 mRNA levels were determined bgl4tene RT-PCR. Normal human keratinocytes
were irradiated with increasing doses of UVB (0, 20, 40 and 60 mJ/@mand harvested 12 hs after
UVB exposure. COP1 mRNA expression was presented abrmalization to 18S. The relative
huCOP1 expression in the irradiated cells was coetpavith that of non-irradiated control cells.
Values are the means +SE of the results of thrdependent experiments.
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Figure 9. Time-course of COP1 mRNA expression changes intikeeytes after UVB irradiation.
The COP1 mRNA abundance was detected at varioespiints following 40 mJ/chtyVB exposure.
Relative huCOP1 expression was compared with tktession of the 0 h sample. Values are the
means +SE of the results of three independent ewpats.
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To measure the kinetic changes in COP1 mRNA exjmeskeratinocytes were
harvested at various time points (0, 6, 12 and D4after exposure to 40 mJ/EdVB (n=3)
and the COP1 mRNA expression was determined bytirmal RT-PCR. The COP1 mRNA
levels started to decline within 6 h after UVB egpre, were at an almost undetectable level

after 12 hs, and then slowly increased, approadhiagiormal value at 24 h (Fig. 9).

UVB irradiation decreases the COP1 protein level irkeratinocytes. We determined the
abundance of COP1 and p53 proteins in keratinodyte8) at various time-points (0, 6, 12
and 24 hs) after irradiation with 40 mJfcidVB. The UVB-induced a dose-dependent
decreases in COP1 protein are shown in Fig. 16omtrast with COP1 mRNA, COP1 protein
reached its minimum level at 24 h after UVB treattn@’he p53 protein level was already
increased 6 hs after UVB exposure and remainedigit tevels throughout the 24-h

experimental period.

Oh 6h 12h 24h
98 kDa COPI

53 kDa pS3
42 kDa actin

Figure 10. COP1 and p53 protein expression in keratinocytees &fVB irradiation.Normal human
keratinocytes were irradiated with 40 mJ?cdvB light. Cells were harvested 6, 12 and 24 heraf
UVB exposure. The COP1 and p53 protein levels vassessed by western blotting. Identical levels
of a-actin indicate equal loading of samples.

To measure the kinetic changes in p53 mMRNA expyesskeratinocytes were
harvested at various time points (0, 6, 12 and 94after exposure to 40 mJ/edVB (n=3)
and the p53 mRNA expression was determined bytimmal-RT-PCR (Fig. 11). In contrast
with the COP1 mRNA, the p53 mRNA levels were ngngicantly changed during 12 hs
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after irradiation, but a marked increase was apypasé 24 h after UVB exposure. These
results were in agreement with previously publisbath on the UV-induced p53 expression

in keratinocytes.

1.5
1 |
0.5 1.16
0 0 6 12 24

Time after irradiation (hours)

Rel. expression

Figure 11. The tme-dependent changes in p53 mRNA expression iatikecytes after UVB
irradiation. p53 mMRNA level was detected at varidimse points following a 40 mJ/énUVB
exposure. The relative COP1 expression was compaitbdthat of the 0 h sample. Values are the
means +SE of the results of three independent ewpats

UVB irradiation alters the subcellular localization of COP1 protein in keratinocytes
Immunofluorescence staining of COP1 demonstrated titeatment with 40 mJ/énuVB
affects the subcellular distribution of the protekollowing UVB treatment, a substantial
proportion of the COP1 protein was detected incifteplasm. This was in stark contrast with
the untreated cells, in which COP1 was predomigdaotialized in the nucleus. However, in
the cytoplasm marked perinuclear COP1 staininghan WVB-irradiated keratinocytes was

apparent (Fig. 12).
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Figure 12. The subcellular localization of COP1 is changectrat)VB irradiation. For better
visualization, grayscale images of COP1 staining presented. A reduced staining of COP1 was
apparent in the cytoplasm and the nucleus of thatikecytes after UVB irradiation (B) as compared
to the untreated cells (A), and an excess amou@Q@iP1 protein formed a perinuclear ring (white
arrows) in the cytoplasm. For detection an FV 1008focal microscope was used. Bar = 25 pm.
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Figure 13. Semiquantitative analysisf immunofluorescence staining was carried outh veit
Tissue Facs device. To measure the extent of thkearuand the cytoplasmic staining of COP1, the
Tissue Quest Analysis program was used. The ldve# 1-specific staining was compared with that
for control cells stained with a mixture of COPbdking peptide and anti-COP1 antibody in a ratio of
3:1. The mean of the results of three independeugranents is shown.
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Semiquantitative analysis of immunofluorescencestg demonstrated that treatment
with 40 mJ/crAUVB affected the COP1 expression both in the nuatei in the cytoplasm, to

approximately the same extent (Fig. 13.).

4.3. Up-regulated p53 protein expression is furthemcreased by UVB irradiation in

gene-specifically silenced COP1 cells

Early data on COP1 expression in mammalian celiicated that it is a critical
negative regulator of p53 protein. UVB irradiatimnd COP1 silencing have an additive effect
on the induction of p53 expression. To gain furthseight into the p53 regulatory function of
COP1 in keratinocytes, we determined p53 proteielgein cells in which the expression of
COP1 was specifically silenced by siCOP1 RN¥estern-blot experiments revealed that the
expression of shCOP1 RNA resulted in the depletibi©OP1 protein and significant up-
regulation of p53 protein as compared with the rAmaksfected cell§~ig. 14).

Sp siCOP1
UVB — + — +
98 kDa — COP1

53 kDa — = p53
A2 KDa —— | —— —— actin

Figure 14. Silencing of COP1 mRNA expression induces p53 jmatecumulation in keratinocytes
and UVB irradiation induces further p53 protein woalation in SiCOP1 nucleofected celldormal
cultured keratinocytes were nucleofected with thdidated siRNAs, and two groups of cells were
irradiated with 40 mJ/ciJVB 72 hs after nucleofection. Cells were harve<é hs after irradiation,
and the changes in level of COP1 and p53 proteie wetected by western blotting. Identical levels
of a-actin indicate equal loading of samples. The noadiated COP1-silenced cells (siCOP1)
expressed a lower level of COP1 protein and a higghesl of p53 protein as compared with non-
irradiated mock-transfected cells (Sp). UVB irrdidia of COP1-silenced cells (siCOP1) resulted in a
further increase in p53 protein level as comparid the irradiated mock-transfected cells (Sp),l&hi
the level of COP1 protein was lowest in the irréetlaCOP1-silenced keratinocytes.
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We next investigated the effect of UVB irradiatiom siCOP1-transfected
keratinocytes treated with 40 mJfcnin these experiments, we monitored the intratallu
levels of COP1 and p53 proteins 24 hs after irtewlia We demonstrated that UVB
irradiation further decreased the level of COP1ltginp whereas the expression of p53
exhibited an additional increase (Fig. 14). We tated that COP1 silencing and UVB

irradiation have additive effects on p53 proteinwaulation in normal human keratinocytes.

4.4, COP1 expression in normal and UVB-irradiated iman skin

COP1 protein expression was detected in normal hunmskin with
immunohistochemistry (Fig. 15). COP1 expression wees most prevalent in the stratum
granulosum of the epidermis, and mild positivityswalso apparent in the basal layer. The

staining was strongest in the cytoplasm of theapidl keratinocytes.

Figure 15. Immunohistochemical staining of COP1 in normal harakin. When sections of normal
human skin biopsies were labeled with polyclonaR2@ntibody, a mildly positive basal layer and an
extremely highly positive granular layer of COPEgific staining were seen. Control staining was
performed in the absence of the antibody. Bar s 5Gum.

The expression of COP1 protein in normal human skas also investigated by
immunofluorescence labeling. In agreement with ithemunohistochemistry, we found mild
cytoplasmic staining in the basal layer of the epitis and strong cytoplasmic staining was

present in the granular layer (Fig. 16).
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Figure 16. Immunofluorescence staining of COP1 in normal hursin. Cryosections of normal
human skin biopsies were labeled with polyclonaRt@ntibody: COP1 was expressed at low levels
in the basal layer, and at a high level in the glanlayer. Bar represents hth.

Next our aim was to study the effect of UVB irradia on COP1 expression in
human skin. Normal human skin was irradiated witd2D and skin biopsies were taken 24

and 48 hs after irradiation (Fig. 17).
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Figure 17. Immunohistochemistryaj and immunofluorescence stainings) ©of COP1 in UVB-
irradiated human skin. Human skin was irradiateilh\@ MED (mean ~400 mJ/cin Skin biopsies
were taken from non-irradiated (control) and iredeld skin 24 and 48 hs after irradiation. Bar
represents 50m.
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Both immunohistochemistry and immunofluorescenegnstgs indicated changes in COP1
expression in UVB-irradiated normal human skin. TGOP1 expression was already
decreased in both the stratum basale and the retrgtanulosum 24 hs after the irradiation
and was even lower 48 hs following the irradiatidiese results suggest that the COP1
expression changes are part of the long-term stesggonse of human skin in response to
UVB irradiation.

4.5. The level of COP1 protein in differentiating leratinocytes

The pattern of COP1 expression in the human epideprompted us to further
analyze the changes in expression of COPIhimitro differentiating keratinocytes and to
investigate the COP1-p53 relationship during dédfeiation. For the modeling of
keratinocyte differentiation, we cultured keratigtes in serum-free keratinocyte medium,
with the addition of 1.7 mM calcium (Fig.18). To nitor the differentiation of keratinocytes,
the expression of involucrin, a well-known diffetiation marker, was investigated through
western blotting, and we found an extremely higlerexpression of the protein in parallel
with the aging of the culture. p53 protein was espged at a low level in the differentiating
keratinocytes and did not exhibit change with tim¢éhe experimental period. In contrast, the
initiation of differentiation resulted in a definvie decrease in COP1 protein in the
keratinocyte culture; this decrease was alreadyiookv2 days after the induction of the
differentiation. In parallel with this, we detectaimilar changes in COP1 expression in
cultured normal human keratinocytes without calciaudition: the COP1 expression

displayed a gradual decrease in cultured keratiesdylata not shown).
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Figure 18.Expression of p53 and COP1 proteins duiimgitro induced keratinocyte differentiation.
Keratinocytes were induced to differentiate by ghhtalcium culture medium, harvested at the
indicated time points and analyzed by western ibipttor the proteins indicated. 0 d: exponentially
growing cells in low calcium medium; 1-10 d: celere cultured with a high concentration (1.7 mM)
of calcium ion. The expression of involucrin, a MeHaracterized differentiation marker, was detecte
to follow the differentiation of keratinocytes inet culture.
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5. DISCUSSION

COP1, the Constitutive Photomorphogenic Proteis fyell conserved across species:
it is essential for normal photomorphogenesis ianfd (6, 7, 9), and it has also been
detected in mammalian cel(sl3, 15, 17, 19) . COP1 acts as a multifunctional ubiquitin
ligase in plants and targets key transcriptiondiacfor proteasome-dependent degradation
(8,10, 15, 68, 69) . Oravecz et al. reported that, in stark contrastst negative regulatory
function in the visible part of the spectrum, AtCDRcts as a positive regulator of UVB-
induced signaling in plant cells, and UVB irradigtipromotes the accumulation of AtCOP1
in the nucleug 70) . These data indicate that AtCOP1 is a multifun@idE3 ligase, and both
its subcellular distribution and its substrate #iggty are wavelength-specific. The striking
degree of structural conservation of huCOP1 wehArabidopsiscounterpart suggested the
possibility of a functional similarity to@ 13) . Similarly to AtCOP1, MmCOPZ1 13) and
huCOP1 are also present in the nucleus and theplagio of cells(15) . The initial
characterization showed that MmCOPL1 (rodent), ilkglant counterpart, is indeed involved
in ubiquitination and is itself a substrate ofatgn ubiquitination activity 15) . The huCOP1
ubiquitin ligase has been found to promote ubigtdépendent p53 degradation directly by
the 26S proteasomel3, 45) . This process is independent of Mdm2 or Pirh2 civare also
known to interact with and negatively regulate (39, 31) . The expression of huCOP1 has
been detected in many cell lingsl9), but its role in human cells is still not well
characterized.

Our aim was therefore to investigate in detail ékpression and function of huCOP1
in keratinocytes, the cell type most exposed to UKBdiation. Our investigations showed
that COP1 protein is present in human keratinocgtesimmortalized HaCaT keratinocytes.
As HaCaT cells express an enormously high andesga®B8 protein level carrying mutations
that alter the p53 function, it was not worth whibeinvestigate the relationship of COP1 and
p53 in this cell ling( 71) . COP1 protein is predominantly expressed in theleus of
keratinocytes under unstressed conditions, andempdsitivity is detected in the cytoplasm.
It was previously demonstrated by others that,niruastressed condition, p53 also shows a
predominantly nuclear localization, and it is mobiguitinated by Mdm2( 33, 45) .

Following monoubiquitination, p53 may remain in thaecleus to be polyubiquitinated by
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Mdm2, Pirh2, COP1 or a complex of these proteims{ may be exported to the cytoplasm
(43) . All these processes explain the high nuclearasgion of COP1 protein. The nuclear
export of p53 promotes its cytosolic accumulatiomeve it is further polyubiquitinated by
Mdm2, Pirh2, COP1 or a complex of these proteind dagradated in the cytosolic 26S
proteasomg43) . Based on our data, we propose a potential madeCOP1-p53 regulation

in unstressed keratinocytes (Fig. 19).
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Figure 19. COP1 protein is present in a high amount in théoplgsm and the nucleus of
keratinocytes. In an unstressed condition, theeprdunctions as a ubiquitin ligase, and it restlits
polyubiquitination of p53, as it is well-known idamt and mammalian cells. The polyubiquitinated
p53 molecule is degradated in proteasomes resttiadow level of p53 protein.

The comparison of the COP1 mRNA levels in variouman tissues revealed that the
epidermis expressed a significantly lower leveCa@iP1 mRNA than the colon or gallbladder,
but it was higher as compared with the breast d¢issthere it was almost undetectable. A

weak COP1 signal in normal breast tissue has alréaen described, whereas in breast
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adenocarcinoma the overexpression of the protesidetected. The same was demonstrated
in ovarian adenocarcinomas, where the positive C6Bdal was present only within the
malignant cells, and the stromal compartment omabovarian tissues were negati\Vg9) .
This is concomitant mainly with a decrease in sfestdte wild-type p53 protein levels or
p53-dependent transcription, indicating that onéhefmajor roles of COPL1 is to repress p53-
dependent tumor suppression. The fact that we tet€@OP1 in the epidermis affirmed our
aim of investigating its physiological functionsriormal skin.

In order to elucidate the biological function of EDin the major constituent cell type
of the epidermis, the keratinocytes, we investigdte expression in response to genotoxic
stress such as UVB light. Although UVB light is th@st prominent genotoxic stress for
keratinocytes, its effect on COP1 expression hasyab been investigated in these cells.
Previously, it was shown that COP1 protein expogsss decreased following ionizing
treatment (IR) treatment in wild-type p53-expregsii20S osteosarcoma cells and
fibroblasts( 72) . It has also been demonstrated that a decreasediaice of COP1 protein
can not be attributed to a decrease in COP1 mRNAl.I&Short IR treatment leads to the
downregulation of COP1 protein by an ATM-kinase-matetl pathway and it includes the
site-specific phosphorylation of COP1 followed bytaubigitination and degradation.
Another previous investigation has shown that tmesit with UV irradiation results in a
COPL1 protein decrease in NIH3T3 mouse fibrobladls ¢e&54) . In the present study, we
found that the COP1 mRNA level exhibited a biphasgponse to UVB. It was decreased
early after UVB irradiation, and a slow increaseswéserved after 12 hs. In contrast with the
biphasic mMRNA profile, the COP1 protein level despd a steady slow, but marked decrease.
In a previous study, UVC stress induced an incr@assOP1 protein level in both HeLa and
U20S cells, although the COP1 mRNA showed a bighassponse characterized by a
downregulation at early timepoints followed by abseguent upregulatio(58) . These
observations indicate that UV irradiation diffefielly affects COP1 protein levels in human
keratinocytes and cancer cells.

Several data suggest that, besides its expreshmmges, the function of COP1 may
also be altered by its intracellular movemdmtl, 15, 73). The first data on COP1
intracellular localization revealed that UVB indsdie subcellular redistribution of AtCOP1

( 70) . However, inArabidopsis thalianalJVB increased the accumulation of AtCOPL1 in the
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nuclei and AtCOP1 has been postulated to regulatB tksponses positively. This is in
marked contrast with mammalian cells, in which itmenunofluorescence staining of COP1
indicated intensive positivity, mainly in the nuate in the absence of UVgL1, 13, 15) . A
similar subcellular redistribution of COP1 proteias also detected: ionizing radiation results
in the nuclear export of COP1 protein in Flag-CQRhsfected H1299 cells, the primarily
nuclear COP1 staining becoming cytosolic aftef ) . In line with the above findings, our
results showed that UVB irradiation resulted irinailsr decrease in COP1 protein both in the
nuclei and in the cytoplasm, and a marked amounthef protein was centered in the
perinuclear region of the cytoplasm. This meansithaormal keratinocytes UVB irradiation
caused not only a significant decrease in the C@Btein level, but also a notable subcellular
redistribution (Fig. 20).

‘ Stressed keratinocytes Transcriptional
activation

@ Acetylation
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Figure 20. Genotoxic stress, such as UVB irradiation, de@gdise level of COP1 protein. The COP1
get into the cytoplasm, and after auto-ubiquitioratihe protein will be degradated in the proteasome
In depletion of COP1, p53 protein became acetylatetiphosphorylated, this results the stabilization
of the protein, and apoptosis or growth arrestedepmg on the degree of DNA damage.
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The most recent data on COP1 regulation suggesthibaides the above-described
expression changes and intracellular movementjaatabangiectasia mutated (ATM) protein
kinase has aritical role in the regulation of COP1 in the DNf&mage response network: in
response to DNA damage, ATM phosphorylates COPI1d atimulates its rapid
autodegradation. Genotoxic stress, such as ionizidigition, promotes the auto-ubiqutination
of COP1 and triggers an ATM-dependent movementhefprotein from the nucleus the
cytoplasm. Finally, the auto-ubiquitined COP1 may degraded in the cytoplasmic 26S
proteasome. This ubiquitinati@vent appears to be entirely dependent on phoslatiory at
Ser®’, because no ubiquitination of the COP1-S387A nmutasdetected: it was refractory
to ATM-induced degradation72) .

COPL1 is a negative regulator of p53, and the deplaif COP1 by siRNA therefore
stabilizes p53: COP1 silencing resulted in a higis3 protein level in unstressed U20S cells
(19) . In agreement with this, in our experimental getae saw that the depletion of COP1
by siRNA in normal keratinocytes resulted in anrégase in p53 steady-state levels in
unstressed conditions, indicating that COP1 hasegative regulatory role on p53 in
keratinocytes too. We investigated the COP1-p53ection in UVB-induced keratinocytes
and found that the UVB irradiation of COP1-silendestatinocytes resulted in an enhanced
accumulation of p53 protein that was evident 24térahe irradiation. COP1 silencing and
UVB irradiation exerted an additive effect on p5®tpin accumulation. This indicates that
depletion of COP1 stabilizes p53 protein in botlsttassed cells and UVB-irradiated cells
and that the lack of COP1 may sensitize keratirescydo UVB-induced cell death. Taken
together, these results suggest that COP1 hasportant role in the UVB response and fine
tuning of apoptotic processes of keratinocytesdgylating p53.

We saw that huCOPL1 contributes to the UV-inducessstresponse of keratinocytes.
Next, we set out to investigate whether this mdkeches any role in the regulation of
keratinocyte differentiation and proliferation. Weund that COP1 is highly expressed in
normal human skin, in both the basal and the geairialers. This suggests that COP1 may
have a role in the early steps of differentiationywhich the decision occurs as to whether the
basal proliferating cell will enter the proliferati program. HUCOPL1 is also expressed in the
granular layer of the epidermis, in cells thatiarthe final stages of differentiation before cell

death and cornification. The pleiotropic naturehafCOP1 and its role in complex regulatory
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functions could be revealed when huCOP1 and p53eegns were studied in different
layers of the normal epidermis upon UVB irradiatigpgh3 levels are low in the normal
epidermis, and its induction results in the apdptasf proliferating keratinocytes; as
keratinocytes differentiate, they become insersitiv p53-induced apoptoqi89, 48) . It is
well known that UVB light induces p53 in the prelidtive compartment of the basal layer,
resulting in protection from the tumorigenic effecf DNA damagge49) ; in our experiments
we detected the opposite: decreases of the huCé&#Lih both the basal and the granular
layer.

Consistent with the huCOP1 staining in the epidsrmdifferentiating keratinocytes
express COP1 in the highly proliferative stage. Kesatinocytes lose their proliferation
potential and begin to express differentiation mesksuch as involucrin, K1 and K10
(50, 51, 53, the COP1 expression undergoes a gradual decréhisedecrease was not
associated with any changes in the level of p53aat, the p53 level did not demonstrate
marked changes through differentiation. Thésevitro data are in agreement with the
immunohistochemical data that huCOP1 is decreaseatie suprabasal layer as compared
with the basal layer of keratinocytes. The gradiedrease of COP1 protein in differentiating
keratinocytes indicates that indeed COP1 is impottarough p53 regulation in the induction
of Kkeratinocytes apoptosis. The reason why fullyffedentiated, non-proliferative
keratinocytes, which do not express p53, still aantCOP1 is not clear. Further studies are
needed to determine whether COP1 has other fusction

Ourin vitro andin vivo data suggest that huCOP1 has a role in the fimadwf UVB
response in keratinocytes via regulation of the fofi@tion. The high level of huCOP1 in the
basal layer of the epidermis, a UV-sensitive peoéifing layer, is also an important
observation in our experiments, suggesting thatGRLC has an important role and may
function as an oncogene which promotes tumorigeniesip53-expressing cells, and that

interventions targeting huCOP1 could well providsvropportunities in cancer therapy.
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6. SUMMARY

COP1 (constitutive photomorphogenic protein 1) wdsscribed in the plant
Arabidopsis thalianaas an essential negative regulator of light-ntediglant development.
COP1 also exists in non-plant multicellular orgams although its function is less
understood. The huCOP1 shows a high degree of segueonservation and domain
organization with AtCOP1, suggesting the possipitif a functional conservation as well.
The huCOP1, like its plant counterpart, is involedbiquitination and is itself a substrate of
its own ubiquitination activity.

These investigations show that COP1 protein isgmtesy human keratinocytes and
immortalized HaCaT keratinocytes. The huCOP1 isigngnantly expressed in the nucleus
of keratinocytes under unstressed conditions, amilder positivity is seen in the cytoplasm.
Human epidermis expresses significantly less CORNAnthan the colon or gallbladder, but
markedly more than in the breast.

UVB light is the most prominent genotoxic stress Keratinocytes, but its effect on
COP1 expression has not been investigated preyidasihe present study, we found that the
COP1 mRNA level showed a biphasic response to UNBlecreased early after UVB
irradiation, and a slow increase was observed aftary hours. In contrast with the biphasic
MRNA profile the COP1 protein level displayed aaste slow, but marked decrease. UVB
irradiation of normal keratinocytes caused not anbignificant decrease in the COPL1 protein
level but also a subcellular redistribution. UVBadliation resulted in similar decreases inf
COP1 protein in both the nuclei and the cytoplagrkepatinocytes and a marked amount of
the protein was centered in the perinuclear regfdhe cytoplasm.

The depletion of COP1 by shRNA in normal keratiytes resulted in an increase in
p53 steady-state levels in unstressed conditionlicating that COP1 also has a negative
regulatory role on p53 in keratinocytes. Irradiataf COP1-silenced keratinocytes with UVB
light resulted in an accumulation of p53 proteiattivas evident 24 h after the irradiation.
COP1 silencing and UVB irradiation had an additifiect on p53 protein accumulation. This
indicates that the depletion of COP1 stabilizes p&ein both in unstressed cells and UVB-
irradiated cells and that the lack of COP1 may iieaskeratinocytes to UVB-induced cell
death.
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We found that COP1 is highly expressed in normahduu skin, in both the basal and
the granular layers. This suggests that COP1 mase tea role in the early steps of
differentiation and is also expressed in the granlayer of the epidermis, in cells that are in
the final stages of differentiation before cell theand cornification. The pleiotropic nature of
huCOP1 and its role in complex regulatory functiorese revealed when huCOP1 and p53
expressions were studied in different layers of nleemal epidermis in response to UVB
irradiation. While UVB light induces p53 in the fiferative compartment of the basal layer,
resulting in protection from the tumorigenic effeof DNA damage, we detected decreases in
huCOP1 level in both the basal and the granularlay

Consistent with the huCOP1 staining in the epidsrmdifferentiating keratinocytes
express COP1 in the highly proliferative stage. Kesatinocytes lose their proliferation
potential, COP1 expression exhibits a gradual dsereThis decrease is not associated with
any changes in the level of p53; in fact, the p&&l did not show marked changes through
differentiation.

Ourin vitro andin vivo data suggest that huCOP1 has a role in the fimedwof the
UVB response in keratinocytes via regulation of pB& function. The high level of huCOP1
in the basal layer of the epidermis, a UV-sensitiveliferating layer, is also an important
observation in our experiments, suggesting thatGRLC has an important role and may
function as an oncogene which promotes tumorigendsi p53-expressing cells, and

interventions targeting huCOP1 could well providsvropportunities in cancer therapy.
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