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Colonocytes Through the Transcription Factor Sp1
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CopA3 (LLCIALRKK), an antimicrobial peptide isolated from the Korean dung beetle, has been shown
to suppress apoptosis in various cell types. CopA3 inhibits not only bacterial toxin-induced colonocyte
apoptosis but also 6-hydroxy dopamine-induced neural cell apoptosis. Our recent study revealed that
CopA3 directly binds to caspases (key regulators of apoptosis) and inhibits the proteolytic cleavage
required for their activation. But molecular mechanisms underlying CopA3-mediated inhibition of
apoptosis in multiple cell types remain unknown. Here we assessed possible effects of CopA3 on ex-
pression of survivin, which is known to inhibit apoptosis. In HT29 human colonocytes, CopA3 ex-
posure markedly upregulated survivin expression in a concentration- and time-dependent manner.
RT-PCR revealed that CopA3-mediated upregulation of survivin was attributable to increased gene
transcription, and further showed that CopA3 also increased expression of Spl, one of many tran-
scription factors known to be involved in transcription of the survivin gene. Notably, blocking Spl
by treatment with the Spl inhibitor, tolfenamic acid, significantly reduced CopA3-mediated upregula-
tion of survivin. These results collectively suggest that CopA3 induces Sp1 expression, which in turn
is involved in upregulation of survivin in human colonocytes. These novel findings establish another
pathway for explaining the anti-apoptotic effects of CopA3 against various cellular apoptosis systems.
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survivin 34, B-actin 34, phospho-NFxB 34|, phos-
pho-p53 &4 52 Cell Signaling Biotechnology AHCA, USA)
oA Fujste] AHE3HATE Spl FA+ Santa Cruz AHCA,
USA)o A T3t H . Cycloheximide, tolfenamic acid, MTT
(3-[4,5-dimethyl-thiazole-2-yl]-2,5-diphenyl-tetrazolium bro-
mide) dye, PI (propidium iodide) 5 Sigma Aldrich A}H(St.
Louis, Mo, USA)ol A T3} A th.

M| ZEHH Q¥

IZE 78] AMEFQ] HT29% ATCC Ab(American Type
Culture Collection, Manassas, VA, USA)ol| 4| £ 19k o v
McCoy’s 5A HJ A (Invitrogen, Carlsbad, CA)°l 10% FCS (fe-
tal calf serum, Invitrogen, USA)$ 1% penicillin-strepto-
mycin (Gibco, Gland Island, NY)& #7}38te 37T, 5% CO,
Hj k7ol A ul sk S TH14].

Immunoblot analysis

fE& HAF M EE lysis buffer (150 mM NaCl, 50 mM
Tris-HCI pH 8.0, 0.5 mM EDTA, 1% Nonidet P-40)9} % &3}
£ ol& sttt @A £ E 98 A Sodium dodecyl
sulfate polyacrylamide gel electrophoresis (SDS-PAGE)E 4|
Y3ttt &l d 52 nitrocellulose membrane . & transfer
k3L 5% skim milk ol A 12 FAE o & 12417 wh-g-8t 3l
o 11 % 22 FAE F2AAM 247 T F7 S8 New
England Biolabs A€ LumiGlo reagentg ©]&3}o] A&
538 o, chemiluminescence image analyzer (Fusion FX;
Vilber Lourmat, Germany)& ©|-&3to 723t tH15].
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96 well plateo]l HT294 £Z(10° cell/well) H]8t2 CopA3

£ 4877 T3 AA 7 thg MTT (3-[4,5-dimethylthiazol-2-

yl]-2,5-diphenyl-tetrazolium) dyeE #7}ska 37Tl A 14

2 Fet wFAT AE5dE AASTL DMSO (dimethyl
2 o

sulfoxide)& 22 ¥ 570 nmol Al ELISA reader (Model 3550,
Bio- Rad, Canada)E ©]&3to] Z43kATHS]

TUNEL staining

HT29 AIZE chamber slide (Lab-Tak II chamber slider
system, USA)9l 7+ well@ 4x10'2 £F 3 F 2447 ¢
Hj FakAtt. vk #, CopA3 (1 ng/ml)E A A|stL 4847 H
4% paraformaldehyde® &4 1023t 24 A7 . TUNEL
assayt Apoptosis Detection kit (Promega, Billerica, MA)&
Abgsto] AlzAbe] o] et ekt Pl staining

218319 2. M mounting solution E o] E €]
]7§(N1con, Japan) &foll Al F&3} T}, 2000 & =
Z 308 HEE BEAst H o] AE AEot

Reverse transcriptase-PCR

HT29 Aol CopA3E AlZt B & A2 § AZE TRIzol
500 plE o] &3t9 total RNAS #8399tk RT PreMix kit
(Bioneer, Daejeon, Korea)& ©] &3t (DNAE HA & o,
Maxime PCR PreMix kit (iNtRON, Seongnam, Korea)E ©]-&
3to] 25cycle FFOE PCR & FH5t itk AHEH primer &
714 g3} 2. Survivin (forward primer): 5-CACCG
CATCTCTACATTCAA-3', Survivin (reverse primer): 5-TCC
TTTGACGCTTCTTTCAC-3, B-actin (forward primer): 5'-
TGACGGGGTCACCCACACTGTGC-3', B-actin (reverse pri-
mer): 5-CTAGAAGCATTTGCGGTGGACGGATGGAGGG-
3. PCR 3 &, 1.0% agarose gel< ©|4 #7]g &3t oH,
mRNA #d F2 ChemiDoc imaging system (Bio-Rad,
Richmond, CA, USA)< °]&3to] £ 3 HTH[11].

Statistical analysis

EE AL 33 wEo st RELAE YES
2 SIGMA-STAT professional statistics software program
(Jandel Scientific Software, USA)9] t-testE o] &34 24
< AAsATH20].
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35T CopA3 A A F 54 7H-H survivin "/P‘ﬂﬂﬁﬂ ol
v4°+7ﬂ bt o 9NAA FAB L el gthFig.

1A). G522 A4 5& CopA3E %E %i A A 8k21(0,
01, 05,1, 5 ug/ml), survivin 85 1891t} Fig. 11 A4
4, CopA3 5%l & ate] survivin ¥o] 71+ &<l3)
ATt 1 ug/ml CopA3 ¥ =4 survivin 84 o] F9]3}
A Z74sH9.0 5 ug/ml FE7HA 78S 515 thFig
1B). guta o2 AZAY o)A survivin FHo] F743c
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Fig. 1. The insect-derived antimicrobial peptide CopA3 increases
survivin expression in human colonocytes. (A, B) HT29
human colonocytes were incubated with CopA3 (1 ug/
ml) for the indicated durations (A) or with different con-
centrations of CopA3 (0, 0.1, 0.5, 1, or 5 pg/ml) for 5 hr
(B). Proteins in cell lysates were resolved by SDS-PAGE
on 15% gels, and blots were probed with antibodies
against survivin (16 kDa) and b-actin (42 kDa). The pre-
sented results are representative of three independent
experiments. (C) DNA fragmentation was detected by
TUNEL assay. Cells were grown on coverslips, treated
with CopA3 (1 ng/ml) for 48 hr, and then incubated with
propidium iodide to stain nuclei (Bar = 50 um). Results
are representative of three independent experiments. (D)
Cells were incubated with CopA3 (1 ug/ml) for 48 hr
and cell viability was measured by MTT assay. Results
are presented as means + SEM (etror bars) of three ex-
periments performed in triplicate, expressed as a per-
centage relative to untreated controls.
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Fig. 2. CopA3 increases transcription of the survivin gene in
human colonocytes. HT29 cells (10° cells/well) were
treated with CopA3 (1 pg/ml) for the indication times.
Upper panel: Total RNA was isolated, cDNA was syn-
thesized, and survivin and B-actin were amplified by
PCR. The results shown are representative of three sepa-
rate experiments. Lower panel: Densitometric quantita-
tion of survivin mRNA expression.
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Fig. 3. CopA3 has no effect on the half-life of survivin protein.
HT?29 cells were incubated with 1 ng/ml CopA3 in the
presence or absence of cycloheximide (CHX; 50 ng/ml)
for the indicated times. Proteins in cell lysates were re-
solved by SDS-PAGE on 15% gels, and blots were pro-
bed with antibodies against survivin (16 kDa) and b-ac-
tin (42 kDa). The presented results are representative of
three independent experiments.
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Fig. 4. CopA3 upregulates survivin expression through Spl. (A)
HT29 cells (10° cells/well) were treated with CopA3 (1
ng/ml) for the indication times. Proteins in cell lysates
were resolved by SDS-PAGE on 10% gels, and blots were
probed with antibodies against survivin (16 kDa), phos-
pho-NF-kB (65 kDa), phospho-p53 (53 kDa), Spl (106
kDa) and b-actin (42 kDa). The presented results are rep-
resentative of three independent experiments. (B) HT29
cells were incubated with medium (con), CopA3 alone
(1 ug/ml), CopA3 plus tolfenamic acid (100 uM), or tolfe-
namic acid alone (100 uM) for 6 hr. Proteins in cell ly-
sates were resolved by SDS-PAGE on 15% gels, and blots
were probed with antibodies against survivin, Sp1l and
b-actin. The presented results are representative of three
independent experiments.
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