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Hoxc8 is one of the homeotic developmental control genes regulating the expression of many downstream target
genes, through which animal body pattern is established during embryonic development. In previous proteomics analysis,
proliferating cell nuclear antigen (PCNA) which is also known as cyclin, has been implied to be regulated by Hoxc8 in
F9 murine embryonic teratocarcinoma cell. When the 5' upstream region of PCNA was analyzed, it turned out to
contain 20 Hox core binding sites (ATTA) in about 1.17 kbp (kilo base pairs) region (-520 ~ -1690). In order to test
whether this region is responsible for Hoxc8 regulation, the upstream 2.3 kbp fragment of PCNA was amplified through
PCR and then cloned into the pGL3 basic vector containing a luciferase gene as a reporter. When the luciferase activity
was measured in the presence of effector plasmid (pcDNA : ¢8) expressing murine Hoxc8, the PCNA promoter driven
reporter activity was reduced. To confirm whether this reduction is due to the Hoxc8 protein, the siRNA against Hoxc8
(5-GUA UCA GAC CUU GGA ACU A-3'and 5-UAG UUC CAA GGU CUG AUA C-3") was prepared. Interestingly
enough, siRNA treatment up regulated the luciferase activity which was down regulated by Hoxc8, indicating that
Hoxc8 indeed regulates the expression of PCNA, in particular, down regulation in NIN3T3 cells. These results altogether
indicate that Hoxc8 might orchestrate the pattern formation by regulating PCNA which is one of the important proteins
involved in several processes such as DNA replication and methylation, chromatin remodeling, cell cycle regulation,
differentiation, as well as programmed cell death,
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Kessel, 1993). ©] W 25 ™1-& helix-turn-helix motifE
7= DNA Af FH2A, o|& T8l HARIREA S 7]
54 2 99} (Gehring and Hiromi, 1986; McGinnis and
Krumlauf, 1992; Gehring et al., 1994% Gehring et al., 1994%).
Hox B¥lde TE faxEe 98 24 Nen A%
stod o]F 3 FAXES P F3E FH (Levine
and Hoey, 1988), o152 =202 AX FFo| AX
S, AXER] 7 2 AE £3} 5 FEdtd 24
44 F AT FEE wE I Boste AL
e A Aok

DAY F Hox F3xe 5A 44 @Al a8l
wizle] A FZ (anterior-posterior axis) 42 54 4|
Al rg@sle] 1§99 FeE AR IEHA U
(Gehring and Hiromi, 1986; Kim and Kessel, 1993). Hox %1
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Y2 s Sdvolyt fuEEe 9% el 4
Ak @ & otk 2 Gln sed fAAE, &
stglollA] <tEIVzE A $1x]e i)zl A7) s <F
gvtsitlo} (dntennapedia; Antp) AR} 7HEELdl 1

ol opd 2484e] INE /8= Ulabithorax (be) Tr
AL Fol Qo ol sHeY FHAAEL 3% F
HE ARE TS 15 TRHEEAA die 2 BEH
o] At} (Akam, 1989; McGinnis et al., 1984).

o7} 2ol Hox f74te] Wol, & W ol el <l
ErQE Wolst ftatks AL %3 gou ojw)
old o W3yt fEE Al e Bl o
T2 ob7A] wlulsitt o] olafilr] A -4 of
" 725 0] Hoxoll o3 x4g wex] 493 &
Zolm ol fAEe] EAHY Hox frHA2 Y H &
Ei7kx]2] 2 gapo] ola F Zlolth mepr & APl
3= proteomics 7| H-E ©]-83}4] Hoxe8 wHildo| 243}
= A2 4HE- 2 Vimentin, y-actin, tropomyosin, tubulin
B-5 chain, GRP78, proteasome subunit o type 5, 26S pro-
teasome regulatory subunit p27 protein, PDIR, ATP synthase
beta subunit, Pgaml, and CAIl, RbAp46, PCNA, eEF-1-beta,
Z12] 3 nucleophosmin 52 H.323F B} 31t} (Kwon et al,
2003).

o] F E3| cycinolFnE ¥l Y= PCNAE
(Mathews et al., 1984) Al 7] T DNAZ} HAsh= Al
7191 719l DNA polymerase HZQJR2A] 7]5E 3}
M & $¥S Holz 3 whuldo|rt (Kelman, 1997
Bravo et al,, 1987) PCNAE homotrimeric T2 2 7l
52 1y F2E 7HH DNA 54 34 T o] a22E
8 2 o]F i DNAZE A|W7bAl §+3} FAldl DNA

gtE A § (Pol 8) B Rfc (Replication factor C)2F & 3|

Aoz o] E0] DNA template 2 5-E Lﬂov]:
& 2=t} (Madsen and Celis, 1985). AJFH AXF

Balb/c3T3 cell2 ©|-83%F 234 antisense oligonucleotide
£ AHzlste] PCNAS] A S A53lS W DNA &
A AT Fdo] 443 A= 2S¢ 7 d=T
(Jaskulski et al., 1988), ©]'= PCNAZ} DNA §A % A|Z
F710 Bgths & ofnjgitt. 22t PONAZE #4)
W3l ps3o] ALV AL w) F2 p21o] Be] EA
& o A o] JAEE Eart 9leH (Tournier
et al, 1996; Paunesku et al, 2001) = #}¢) W& o] DNA
Ae At s RuEw
gk Abgte] ZHAAMEA A= PCNATE A E F29

P mlm O{N OHH O{

21T+ (Lemmoine et al., 2000).

= B3 Z3ole #Ee] gle AeE BuHAY
(Miyagawa et al, 1989). |3} Zro] PCNAE DNA &4
9} Aol HgAHol (Maga and Hubscher, 2003), DNA
Ak X F7], ME AESEY 2 E g,
I DNA methylation, chromatin remodeling@} A EF7] =
Ao = sty Ruso] Yl (Warbrick, 2000;
Paunesku et al., 2001) ©]3 YL 7T A2 &
multiple partner$} Z2§sto 2 715d AoR {351
21t} (Maga and Hubscher, 2003; Shan and Morris, 2005).
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I Rep=
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Aol HSo% x4 (Yamaguchi et al,, 1990)}
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-2340 GGTAATATAT GATTAAGGGG TGGG

GGCTGA AAGTATAGTA GTGGGGTTTT CTGGGTTTTG

—2280 TTTTTAATTT TAAAAAAATT GTATTCAATA TTTTAAAGAT TTATTTATTT ATGCATTTAT
—2220 ACAAATACAG GTCCTTTCCT GCATGTACAC CAGAGGATGG CATCACACAG CTGTGAGCTG
—-2160 CCATGCAGGT TCTGGGAATT GAACTCGGGA CCTTTGGAAG AACAGCAAGT ACTCTTAACC
—2100 ACTGAGCCAT GTCTCCAGCC CATAACTGTT TTTATTTGTA ACTATTATAG TATCAAAATT
—2040 GTATGTGATA TAGCACTGTG TGGTAGTTTG ACAGTTTTCC TCGTTTGTGC TGCATAAAAT
-1980 AATGATGCAC CTTATAAGCT GACATAAATG CTGGGCTGGA TGCATACACA GCAATTTTAA
—-1920 AAAGTCAAAT TTGCCAGCCT GGTCTACCAA GCAAACTCCA GTACAGCCAG GGAACATGAG
-1860 AGACCCTTAT CTCAAACAAA ACAAAACAAA ACAAAACAAC TGAATAGATC TAAAGTTCTG
-1800 TAAAATCCAC ACGCCGGGCA GTGAACAGTG TAGGGAAACC GAACACTTGC CATCAGAGTG
-1740 GTCGAGAGTA TTCTAGACCT GATGGAATCA ATGAATCTTC AATACTGTGA GAGTGATTAA
-1680 TACATTTGTG TCTCAGCATA CCTAGATATA TGGTGAAAAG AATAAAAGAA AAAAAAAGCT
—1620 GAGAAATCCT ACAAACCAAG ATATTAAATG AAACTAAAGA GTTAAGCTTG ATGCCAGACT
—-1560 GTGGCATCAA ATTGTGAGTT CAAGGCCAGC ATGGATAACA GAGTGAGTTT GATGCAAGCC
—1500 TCAAAAAATT ATGGAGACTC TTAACAGGCT GAGGCTATAG CTCAATAAGT TATACAGTTT
-1440 TCTGGCTAAA TCCCCAAGCC AGGAAAAGAA AAATCAAACA AGACAAACTA AAGGGAAATG
—1380 CAGTGAATAA GGAAAGAATA AATGAACATG AAATGGAATT AATATGCTCC TATGTAAACT
—-1320 TTTTCCCCTT TGGTCAGTCT TGGTAGATAG TCCAAGGTGA GTTTAAATCT AGGCCCTCCG
—-1260 ACCTCAGCCT TCCCATGTGC TGGAATTATA ATCACTAATC ACTCTCACCA GCTAAAACGG
—1200 TCCTTTTAAC TTTCTGAAAT TGTATATACC TTATTAGTGA AAAGCAAACA AACAAAAAAC
—1140 CCTTACACAC ATAAATAAAA CATCACACAC CAAAAGCTTT CTTCACAACT CAACCAACTT
—1080 CTATACAGTT AGAAGAGGCA TTCCAAATGG AAACTATCAA GTTTCACATT AAAGTATTAC
-1020 ACTTTCATTA TCAAATATAT TTTACCTACC ACCAAAACCA AAAGAAAAAA ACATGAGAAA
—-960 TTGAAAAACT CTATATCCTT TTGTAAATGA TGTTAATCTA CCTGCAGTCA GTTCTTCCCC
—900 ATCCTCATAA TCAATAGGAA AAACAAAAAA ACAAAAAAAC TTTAGTAGAA CAAAATGCTG
-840 CAGCCCAGGG ACATATGAAA GACGCTCCAC CTGCAACAGC TAACATTTTC AGGATGGGGC
—780 TCAGGCTCGG GTTCATCTTC AGCCTAAAAT TAAGATGAAA ATACTAGTAA TATCTACCTT
—720 TAGAAAAATG TAGAGAACCA GACATAAAAG GAAAATAATT ACGTGATACA TATGGACTTG
—660 GTATCTTCTT TGGAGAAGCG TTCACGTTAA GAGGTATTTT TTTAGTCTTT AGAGAGAAAA
—600 GTTCAGAGCG ACGCACACAG AAAAGTGATA TGAAATGGGG GGGGGGGTAG GGGTGTTAAA
-540 ATATGGTGGC CTCTTTATTA CTCGATATTT TGCAGCGTAT TTCTTACGTT AGGGAAAACG
-480 CTCCGTAGTG TTTAAAATAC TCTCCAGCTT CAAGGCAGGC CGCCGCGCAC AGCTCGATTT
-420 GCCTGTGACT TCCACTTCCG TGGCGCGGAA ACTTCCTAAG GATGGAAACT GCAGCCTAAA
-360 CTCCCACAAA CTTGGGCGGT GACGACAGCC TACGCGAACC CCGTGATGCC CCTCGCCTCC
—-300 CAGGCTCCTA CCCCGCAGCC CCGCCTTTGC ATACGCGGTG GGGCGGGCCT TGCTCAAACC
—240 ACGGGTACGA TTGGTCCTTG AGGAGAGGTG GGTGGATCAG CGCTGTGGCG TCATGACCTC
—-180 GCGCAGGGAA AAGGCGCGCG CCTAGGAAGC CGCGGCATTA GACGGTTGCG GGCGCAGAGG
-120 GTTGGTAGTT GTCGCTGTAG GCCTTCGCTG CCGCTTCTGC ATCGTGAATC GGGGGACCTT
-60 GGCAGCCAGA CCTCGTTCCT CTTAGAGTAG CTCTCATCTA GTCGCCACAA CTGCGCCACC
1 ATGTTTGAGG CACGCCTGAT CCAGGGCTCC ATCCTGAAGA AGGTGCTGGA GGCTCTCAAA
61 GACCTCATCA ATGAGGCCTG CTGGGACGTC AGCTCGGGCG GCGTGAACCT GCAGAGCATG
121 GACTCGTCTC ACGTCTCCTT GGTACAGCTT ACTCTGCGCT CCGAAGGCTT CGACACATAC
181 CGCTGCGACC GCAACCTAGC CATGGGCGTG AACCTCACCA G

Fig. 1. Sequence analysis of the upstream regulatory region of murine PCNA gene. Putative Hox binding sites and primer regions are
written in bold and in rectangles, respectively. The start codon (ATG) is underlined. The 1% nucleotide at initiation codon (ATG) is denoted
as the nucleotide number 1, and the 5' upstream of this sequence is indicated as the negative (—) number.

fragmentS 5-%38)%] 0] ©o]& pGEM T-Easy vector (Pro-
mega)°ll cloningdte] pGEM T-uPCNAZ THES1th pGEM
TuPCNAS THAl Smal® Xhol0. 8 A2 F °F 23 kbp
uPCNA fragmentE £-2{¢t Th8- ©|& luciferase reporter ¥
E{Q! pGL3 Basic vector (Promega)2] Smal¥} Xhol A}l
subcloning3}e] pGL3 : uPCNAE A|=8F5I) 3HH peDNA
3.0 vectordl Hoxc8°] AY¥E Z=FAVE peDNA: c8
(Kown et al,, 2003)= Hoxc8< &3 effector ZEk20]
=2 AMg-&te] NIHAT3 celloll pGL3 : uPCNA Eg}~nt

o} A co-transfection A7) & luciferase BAES =5}

Stk A NIH3T3 cell 24 well cell culture plate©l] fetal
bovine serum (FBS) 10%%} 60 pg/ml Penicillin (Gibco BRL,
USA), 100 pg/ml Streptomycing E38}3L 9 Dulbecco's
modified eagle medium (DMEM, Gibco BRL, USA) H}Z|
500 plot A 4x1070 AE ©Eo] HA ZolE ke
37T, 5% CO, 8739 AitHloleiel A wigFalsint. vk
transfection 3A17F 1) plateZ5-EH w2 & AAsIL 1%
PBSE 3k ¥ AXg 5 FAHo] gle w2 ZolF3rh
A3 A7 ¢l Ao reporter (pGL3 : uPCNA)SH
effector (pcDNA : c8) DNA 200 ng= ‘g1, internal control &
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Fig. 2. Luciferase analysis of pGL3 : uPCNA in the presence of
Hoxc8. pGL3 : uPCNA and blank pGL3 basic vector were co-
transfected with pRL-TK along with pcDNA 3.0 blank vector or
PcDNA : c8. Forty eight hour after transfection, cells were collected
and then the luciferase activity was measured as described in the
text. This experiment was performed three times independently
and the mean values were drawn.

pRL-TK vector (renilla luciferase) 20 ng ¥ serum free
DMEM#} 583t ¥F3-A1Z lipofectamine 2000 reagent
(Invitrogen)S FH|3t T3t THA] 208 &< HX
35tk 2t NIH3T3 cello] Q& plated] DNA-
lipofectamine 2000 reagent 53 Z42t9] wellell Yo &
F 5% CO, 37C Wig71elA 3217 v e v EHol
Ae HiRIZ ZolFrt thA] 48417 v 4et Th, dual
luciferase assay kit (Promega, USA)E ©]€3}%] luciferase
reporter assayS TH3IRTE HMEE 7AW 7 well> PBS
2 3HH A& 3}IaL passive lysis BufferE 100 ¥ 2} well
o 7 sleh A-2ollA shackingdFHA oF 158~14]3F
H-S-A17] o 1.5 ml F Xl Luciferase assay buffer II
100 ploF A|E B-HE 20 pe Yol EE3 T TD-20120
Luminometer (Turner Designs, Sunnyvale, CA, USA)E o] &
3t Luciferase reporter 43S A3}t Stop & Glo
buffer 1 mloll 50< Stop & Glo substrate 20 plI7} E3d &
N 100 WE ¥l renilla S FAH, A P2
Luciferase reporter E4 3} renilla B4 kel ®]&
(ratio)® e} £A813lom, 17 H3 Fig 201443
Hoxc8ll 2|38] Luciferase reporterd] W&do] ZA4AEL &
T AT (Fig. 2).
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Fig. 3. Effect of Hoxc8 on expression of reporter luciferase
gene in the presence or absence of siRNA against Hoxc8. pGL3 :
uPCNA and blank pGL3 basic vector were co-transfected with
PpRL-TK along with pcDNA 3.0 blank vector or pcDNA : c8 in the
presence or absence of siRNA against Hoxc8. Forty eight hour after
transfection, cells were collected and then the luciferase activity
was measured as described in the text. This experiment was per-
formed three times independently and the mean values were drawn.

Al 2 Ao M= o] down regulation®] A2 Hoxc8
o &% ZJAAE FHt7] 918 Hoxc8 siRNAES ©]
2315tk F F7 2] Hoxc8 RNA oligonucleotides (5-GUA
UCA GAC CUU GGA ACU A-3'¢} 5-UAG UUC CAA GGU
CUG AUA C-3)& AZsia (FdEAeh o8 2zt
11 Bl&= &8 90ColA 22 5 T-EAIZIRL 30T
o4 1A% W25t double strand siRNA T2EZ BHE
T A8S 83T} Hoxe8oll 213 743199 reporter
o] @r&e] Hoxc® siRNAE A 2]5}e] Hoxc8& AAY 7
§- uPCNAZ 1%} reporters] Hdo] tha] Z7lsE Ao
= Ho} (Fig. 3.) Hoxc8°] PCNAS] upstream A gl Z+-&
&t PCNA9| #E-& AAgthE 2e & F ASTh
O] = Hoxc8°] PCNA F7A+2] upstream A& =}
2+g3te] PCNAY] 2EE =S & £ JAth &
UE2¢ 3L Kwon o] TRHUA 7|Hg B3 &
Agt o]l Bl 9J3lH Hoxc82 F9 (murine embryonic
teratocarcinoma cell line) celloll transfection A7 Hoxc89]
Ip2E SIS ol PCNA ©lde] oF AA] Frtsisithe
Hol|t} (Kwon et al, 2003). o] A3}= B 23 e Axte}
AEE o2 B HA¥olXE Hoxe8e #2de] 93|
PCNAZ} down regulation™+& 3= JUvt & A4
A= PCNA2] ¢F 23 kbp upstream AL+ AlL3lgom
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Z HAZ invivedl A T 5 9L AHolth 23 kbp
upstreamE.0} ] Ha "olR o] &

o]tk 3' downstream Aol PCNA 28-S 2dsh= A
AHE-gE A7} 22} embryonic
teratocarcinoma cell?] F9l A1 Hoxc8oll 213 PCNAS]
dao] Frksht o714 AMESH AF fibroblast cell$l
NIH3T3 celil e 28L& 5 otk ojd A $o17
Hoxc8l 93 PCNAS] wdo] ZHE ] o)A putative
Hox binding site (ATTA)7} PCNA 2} upstream <} 1170 bp
(-520 ~ -1690 in Fig. 1)°ll 4670 (1/4%) Bro &= &)
stefof &t Fig. 1914 HZo] 2077} A5t Ao
Hol WAFA F Hoxc8ol o] ME3 AgHste] PCNAY]
e A 7FeAS e o By AR 5
A dAlY wet M2 o Hox cofactor?} &A1&
lon, walr Hoxcgoll 2J3t PCNAS o] up-
52 downl 2 gl 2AE £ L Asw Azgr)h
Aol A2 =8 F43oF a7 st o=

A X e 5 A7dE $4& 9321
Aok sttt F47]o= PCNAS wWdo] &
3E ST Ao HIoloF FEE Hox
PCNA 4& Al7]¢} o] wet 2 A7
A3 B3t o el o) 224E Fx gl
< AlALgE

o
o] AL FE Y, T

o

Ni'i Aok A

N

FA}
2o FEZXEH vle] Q1 #21AY (20070401-

034-030)7 & TATe] ol datatal ATR YA

(KRF-2005-204-C00074)2] 2| Yol oJa) o]Fojx A,
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