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TGIF Site is Involved in Expression of Human Cervical Cancer Oncogene (HCCR). Goang-Won
Cho*. Institute of Biomedical Science, College of Medicine, Hanyang University, 17 Haengdang-dong,
Seongdong-gu, Seoul, 133-791, Korea - Proto-oncogene human cervical cancer oncogene (HCCR) func-
tions as a negative regulator of p53 and contributes to tumorigenesis in various human tissues.
However, it is unknown how HCCR contributes to the cellular and biochemical mechanisms of human
tumorigenesis. In this study, we showed how the expression of HCCR is modulated. The luciferase
activity assay indicated that the HCCR 5'-flanking region at positions -370 to -406 plays an important
role in the promoter activity. Computational analysis of this region identified one consensus sequence
for the TG-interacting factor (TGIF) located at -390 to -366 (TG). Mobility shift assays (EMSA) revealed
that nuclear proteins from K562 bind to the TG site, but not to the mutated TG site. The reporter
activity assay with promoter constructs carrying mutated TGIF sequences pGL3-mTGIF significantly
increased reporter activities compared to wild type constructs pGL3-406~+30. In this study, we char-
acterized the HCCR promoter and found that HCCR expression was partially regulated by the tran-
scription repressor TGIF, which bound the promoter at positions -390 to -366.
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Human embryonic kidney (HEK)293 (ATCC CRK-1573),
K562 chronic myelogenous leukemia (ATCC CCL-243), A549
lung cancer (ATCC CCL-185) A%+ American Type
Culture Collection (Manassas, VA, USA)dl| A 43} th
HEK293+= DMEM (Gibco, Grand Island, NY, USA)-& K562
o} AB494] E= RPMIe]| 7}7} 10% FBS$} 1% penstrep (Gibeo)
§ F7L3ko] 37°C, 5% COy wjg7]el A ) Fak gl ok

Promoter &4 U 22|

Pfu DNA polymerase (MBI Fermentas, MD, USA)E o] &
sla] 47) 9] 42 HCCR promoter 4 9-& 3448191 o} (Fig. 1)
£2)3l promoter 4L F3 07 Table 19 A|A| 3} primerS
o|431o] PCRZ ZZa9{ch(Fig 1). 2ZF 4EL poL3-
Basic vector®] Xhol®} Kpnl Abe]ol| cloning3}e] sequencing
(GenoTech, Daejeon, Korea)s 53| 47|14 4-& &918%d.
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Fig. 1. Expression of the truncated HCCR promoter in K562,
HEK293, or A549 cells. The DNA constructs containing
various lengths of the promoter region were cloned into
upstream of the firefly luciferase (LUC) reporter gene.
Each luciferase reporter construct shown in the diagram
was co-transfected in K562 (filled bars), HEK293 (open
bars), and A549 (shadow bars) cells with the pRL-CMV
normalizing reporter plasmid encoding with the renilla
luciferase (RL) gene. The horizontal axis shows the ratio
of luciferase to renilla activity normalized by LUC/REN
displayed by cells co-transfected with pRL-CMV. We
designated each recombinant vector as pGL3X~Y,
where X is the first base and Y the last base of each
truncated promoter (n>5 per construct).

Luciferase (LUC) Mg

K562, HEK293, A549 M| X ZF+= Z}7te] promoterE X 33}
< 200 ng2] pGL3-baseic vector®} internal standard 2 40 ng
9] pCMV-RL &3} 3 plo] Lipofectamine2000 (Invitrogen,
Carlsbad, CA, USA)¢} &7 co-transfectiond} ¢t} 30 hro]
At 3o Dual Luciferase Reporter Assay System (Promega,
Madison, WI, USA)& ©]43}o 7} promotere] &4<5 &4

390

E0H0| WM (Mutagenesis)
Mutant plasmid+= pGL3-406~+302 3 0 2 QuikChange

Table 1. Oligonucleotides for promoter cloning and RT-PCR.

site-directed mutagenesis kit (Stratagene, La Jolla, CA, USA)
9} mutant oligonucleotides (GenoTech, Table 1)< ©]-&-3}¢]

Agd vy dol wet et

SCHIBEl =& (Nuclear protein extraction)

Nuclear extraction kit (Sigma-Aldrich Corporation, St.
Louis, MO, USA)E ] &3t w7 Qell whe}t 2h Al 22 5H
dad e FE3Ach @A, 1 x 10HEE FA3ke] 500 I
2] hypotonic lysis buffero]] A 4°Cejl A 15 min 8H-§-3}o] A E
£ shafatgieh o] 10000x oA 20 min 4°Coll A 4] #¢]
ato] A A E-S extraction buffer (60 mM HEPES [pH 7.9], 1.5
mM MgCl2, 420 mM NaCl, 0.2 mM EDTA, 25% glycerol,
1 mM dithiothreitol, and protease inhibitor cocktail)S ©]&

sho] FEsc

Electrophoretic mobility shift assay (EMSA)

3 nge] K5624 A 323 nuclear extractsE ©]83}9 1,
Double-strand oligonucleotide probes (G36, TG, mTG, Table
1)2 [-32P]ATP (3,000 Ci/mmol [10 mCi/ml]; NEN Life
Science products)$} T4 polynucleotide kinase (Invitrogen)=.
FE A5t} Probest ekl AL Gel shift Assay kit
(Promega) S A|ZPALe] vy gl weh R st

Za o os

SfMZZ0IM HCCR promoter2| 2AEA

QA Ao A HCCR A A ] ek promoter 9 %S &
sho] AALAZE QS 3}013} 9] 31[6], computational analysis
o]&-3}a] o] promoter’} TATA box, CAAT box$} thoFsh
A1} transcriptional factor)E©] AE 7l A7t e
HAEATH46]. B Aol E HCCREH A 23 94
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Experiments Oligo name Sequences 5 — 3’ Positions
G3-F GGGGTACCCCCCCTCCTTCCGCACITAGTC -147 to -128
Promoter G4-F GGGGTACCCCTACCTAACAGTCGAGGCTCC -370 to -351
cloning G5-F GGGGTACCCCCCTCCTAGCCCCAGGCACTG -406 to -387
G6-F GGGGTACCCCTTTGGGAGGCCAAGGCTGG -980 to -961

GIR CCCTCGAGGGCTITCACAGCGAGAGAAGCGG +30 to +10
Mu-F GGCACTGGCAAACGTCCATCTGCTACCTA -393 to -365
Mu-R TAGGATGCAGATGGACGTTTGCCAGTGCC -365 to -393
P36-F CCTCCTAGCCCCAGGCACTGGCAAACTGACATCTGC -406 to -371
Mutagenesis & P36-R GCAGATGTCAGTTTGCCAGTGCCTGGGGCTAGGAGG -371 to -406
EMSA TG-F ACTGGCAAACTGACATCTGCTACCT -390 to -366
TG-R AGGAT GCAGATGTCAGITTGCCAGT -366 to -390
Ery-F AGGAATCGCGGAGGGTCACTGGG -294 to -272
Ery-R CCCAGTGACCCTCCGCGATTCCT 2272 to -294

The single or double underlines denote the Xhol or Kpnl restriction enzyme sites, respectively.
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Fig. 2. DNA-binding activity from -370 to -406 region. EMSA
were performed using K562 nuclear extracts and dou-
ble-stranded oligonucleotide carrying from -370 to -406
region (P36). To show the specificity of the bands, 10
times molar excess of cold double-stranded oligonucleo-
tide P36 was used for competition or Ery for non-
competition. Arrow indicates the DNA-protein complex
with probe P36. The presence or absence of a component

"o

in the assay is indicated by a “+” or “-”, respectively.
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like factor; -294~-272)& H7}3F 49- 1 Agho] Az oz
Yol e B35 tHFig. 2).
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Fig. 3. DNA-binding activity at the TGIF site. EMSA were per-
formed using K562 nuclear extracts and dsDNA harbor-
ing a consensus site for HCCR wild-type TGIF (TG) ele-
ment (A), and a mutated sequence mIG (B). To show
the specificity of the bands, 10 or 2 times (indicated as
TG or 2TG) molar excess of cold double-stranded oligo-
nucleotide carrying the consensus TG sites was used for
competition. Arrow indicates the DNA-protein complex
with probe TG. The presence or absence of a component
in the assay is indicated by a “+” or “-”, respectively.
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Fig. 4. Mutational analysis of the HCCR promoter. The diagrams
depict locations of the predicted transcriptional elements
in the HCCR promoter. When mutated, the diagrams are
indicated by a cross. “TGIF” indicate the consensus se-
quences for the TGIF elements. Each luciferase reporter
construct was cotransfected in K562 cells with pRL-CMV.
The horizontal axis shows the ratio of luciferase (LUC)
to renilla (REN) activity normalized by LUC/REN dis-
played by cells cotransfected with pRL-CMV (>4 per
construct).

TGIF S| A&l HCCR promoter2| &4 |,

YA reporter assayoll A TGIFA}2] 7} -1 promoter 4 <
A 3H& J}?‘%}%{E}(Fig 1). o714, ¥ = TGIF A2
Sied A3 el 7) promoter B¢ 3% A1 % gl
A 1 ABAE BAFYCE o] 98], pGL3-406~+30 o]
289 TGIFo| )3t consensus sequenceAld] S x| 3HHTGA
£ GICZ %38 mutantE A9 o] (pGL3-mTGIF)E A 2ts}
9rh(Fig. 4). o5 reporter W] S
o] 8-3}o] K562 Ao A luciferase reporter assayS 433} %1
o pGLIMTGIFS| 4 98] gli= A4 e] 3| B
tHFig. 4). o] A7E £33 X, HCCRY promoterd]] TGIF
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o 2} ojw) LA @40 e} A 1 Aol 34 BEe
a1 HCCR &d x4 A TGIF9] 9&o] TGIF g
of ARtk E o2 AARIAE 24T 4 gleH, of
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48 =4S #AS8
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_u

2 o
At dz <A Human cervical cancer oncogene
(HCCR) kol ) S pidsh 2831] e 2
AN ol 4L SRR T2, o1 AP WY FE

7170l EHA AA Gt o3t S jasty] Hg IS
o B A7 A= HCCRY Lo oj¥A 24 =AE X
AFeH3T. o] & fJsll WA HCCR 5 £¢] promoter % &= &

g]8lo] Luciferase assayH-& o]-&3s}o] K562, HEK293, A549
A Eol| A B39 1, Promotere] -3700] 4] -406A}0] 36bp 2]
F7}Z promoter@/de] ofu] A AAES #EHeAL =
3, 36 bpute ¥ 33}l probeE ©|-83F mobility shift assays
(BMSA) A ekl ol ARES wasdn, AFEE o
&3 B4 o) A TG-interacting factor (TGIF)o]l W3} consensus
sequences 7] ¢H& {5,;6}9}1:} TGIF 2+& X385} probe
(TG)s} EdHolE 33 probe (MTG)E ©]-8-3F EMSA A
o] Ao TGIF7} 288< BT =3, TGIF Ae)o] S
HolE sl (pGL3-mTGIF) & o] A7} 3| &8-S &z
3tk B Ao A+ HCCR promotere] EA4S BA35191 11,
o] e A -390l A 366 Ate]ol] TGIF HAFIAL7} Z sk
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os X2 §r =
ZAe 2

of =EL 2059 LEAAARY PO BIEER
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