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Cytocidal Effect of TALP-32 on Human Cervical Cancer Cell Hel.a
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ABSTRACT. TALP-32 is highly basic protein with a molecular weight of 32 kDa purified from human
term placenta. Some basic proteins such as defensins and cecropins are known to induce cell death
by increasing membrane permeability and some of them are under development as an anticancer
drug especially targeting multi-drug resistant cancers. Therefore, we investigated cytotoxic effect and
mechanism of TALP-32. When Hela cell was incubated with TALP-32, cytotoxicity was increased in
time and dose dependent manner. As time goes by, HeLa cells became round and plasma mem-
brane was ruptured. Increase of plasma membrane permeability was determined with LDH release
assay. Also in transmission electron microscopy, typical morphology of necrotic cell death, such as
cell swelling and intracellular organelle disruption was observed, but DNA fragmentation and caspase
activation was not. And necrotic cell death was determined with Annexin V/PI staining. The cytotoxic-
ity of TALP-32 was minimal and decreased on RBC and Hep3B respectively. These data suggests
that TALP-32 induces necrosis on rapidly growing cells but not on slowly growing cells implicating the
possibility of its development of anticancer peptide drug.
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intercalating agent2] doxorubicin, topoisomerase | #]
sjA¢] camptothecin, microtubule stabilizing agent<]
paclitaxel 5°] @& A7 8 =of ol ol8=a 2l
tHNguyen and Nordquist, 1999). ©]&<2 A= apoptotic
signats & Al ZE A dtHTakahashi et a/, 1999).
olfgt FHILEH ol9or MEFAHE Ze HEl=
{(Papo et a/, 2004t AAHE(Kim er a/, 2003) T
gk Atx s A= k. ©]E F cecropins,
defensins Z8]3 mellitin 5] cationic amphiphathic
peptidess= AlZue] EH(AAS F7HVaara, 19924A
AN £} RS E] AEAEE FESHFernandez
and Weiss, 1996). o|2i3t HEelo|=& o|&ate] A|ELA}
4E fFidte 242 e =R HHES A s
(Papo and Shai, 2003).
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N EZAPE ] £7E A7 apoptosis®} necrosisZ U
o} o] A7E F3) 71 P 2Ed BAde &=
A 7Fse AEAFEY FFE apoptosistil E{FEH
H3(Kerr et al, 1972), ol= A'¢ 30o] {7k s}
Al dF=o] g} vk necrotic cell deathes 5429 #
Ao} E2)d FA gt ALy AE Apd R Hdst
A Azrslojsiel. AT 22 E9] necrotic cell deathe]]
(Kitanaka and Kuchino, 1999, Edinger and Thompson,
2004). ©}213} necrotic cell death= apoptosiseh= A
3 g 7AS AReEZA Az APEE frEdke A
2 WES AANE T U AoltHDo et af, 2003).

TALP-32= AR 3H7] gk 2Z]olx &2 € 32kDa =
719] A 2A], ofol& W3R 9} FEES] potassium
phosphate bufferg o]83led 2=t wehs 23
W o2 chil S vls) goleg 711 otn|i=qto] ol
Es]o] Slth. 7k o] @E2 /n vitrodlA tubulin
polymerization activity’7F = AR B HUARE
(Choi and Hwang, 1998), 1 £]9] &4 tisiA= of
2 By bzt ot

olo] B ApoME TALP32Z o8] Alxd| X2lsts]
S ) AE AEEGE HAdg FFIAGL, 2 F A
A2 E M EFQ Hela Al oA MEEA 71AE 4
H B9kt

Al
=
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HExz

DMEM, Hank's balanced salt solution HBSS, fetal
bovine serum, trypsin/EDTA 52 Gibco-BRL Gaither-
sburg, MDAIA, ethylene diamine tetraacetate,
annexin V.FITC, propidium iodide, leupeptine, phenyl-
methylsulfonyl fluoride, sodium dodoecyl sulfate,
bovine serum albumin, thiazolyl blue tetrazolium
bromide & SigmailellA, phosphocellulose, hydro-
xyapatite® WhatmannatllA ¢ sted ARE-sIT.

MESF 3 MZHHSF

B Ao A8-H Hela ME9} Hep3B A3 ATCCE
e B9 wgrom, 10% heatinactivated FBS(Gibco
BRL), penicillin(100 units/ml), streptomycin{100 pg/
mi}e F71et DMEM(Gibco BRL}E %o = 5%
CO,, 37°C wi&7 10l wikssict.

TALP-32°] HA|
Abd et 22 taxoHike protein-32(0]3F TALP-

32) AAE Hwang er a/(1995)2] Whgel w2l =A)8t5
th. & g4 ) bk 23 0.154 M NaCIZ 53] Al
2ated Folo) E9g AA sha, Biwk 2F 100 gF 0.6
M buffer A(0.6 M K-phosphate, 1 mM DTT, 1 mM
EDTA, 0.5 mM PMSFE 0.5 ug/ml leupeptine, 10%
glycerol, pH 7.0) 200 mI& 7tste] WEZlA Polytron
o=z &3] FAEAL, o)F 247 WES A v
TR0 RmHdoes oxst & 30,000X gellA 307
Al slod A ole At o] phosphoceliulose column
(bed volume : 10 mljel 7Fst 3 Z}zF 100 mig] buffer
AZ 0.4 Mol|A 0.5 M7HA] AXTej8EH ez 85313
t}. o]Z A hydroxyapatite column(bed volume :
10 mijell 718 & 0.2 M, 0.6 M KC! &9 Z}z} 50 mi&
o]l &&le] AT EEHOZ EEHEY. ol &&9
E8L 12% SDS-PAGE A & whild wisg 1}
Wela ExbgRe 32 kDeolth. HE AAE dwd
Vivaspin(Vivascience}2 ©l-&3lo] PBSE F4 % &
sla] 70°Ce] R#AsIaL, ol o]t BE AYe

FoE ARSI

B A (o

FNMIH0|EE &8 24

HelLa AZZ 4x10° cell/100 mm dishZ Hi3led
TALP-328 9jofoll AHalstar 12A17F B9t widkst %
trypsin/EDTAE o] 83t 8, et H S vHE ©|
£ ZAHgrid, Taab HR 24 type, Aldermaston, Berks,
English)ell #&8te] uranyl acetate(Ted pella) 2 lead
citrate(Fisher scientific co.)& o}& Az} FMsle] F3}
ZAAFE W 7 (Hitachi H-600, Japan)o.& 7+ AsE 76 kV
oA A&SATE.

MZESHe &3

96 well microtiter tissue culture plate(Falcon)ll
Hela ME& 5x10° cell/well® vjdst, TALP-32Z
g v 93 Az 5 5% CO, 37°C Al=Enigr]
oA wfekstATt. MTS &8 Hrtsted 37°C ui71o0A]

2N7F B9 WHS 3 490 nmel M SRS KA

M=Z8} £3212 =3 (LDH release assay)

Hela A Z(5X10° cell/96 well plate) ol TALP-32&
Aste] AgAe 20 pl 3k fluoro-96 well platedl]
%71 3 F%9] LDH AlokE Hrlstd 22°CollA] 3087+
HREAZ T o]8 EFFA|(Perkin Elmer LS-50B}E
o]&sl] Exitation wavelength 560 nm, Emission
wavelength 590 nmellAt 832 279319t} LDH release
(%)= otefe] Aoz Akt
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exp. value - low control « 100
high control - low control

LDH release (%) =

Caspase-3 gs &4

Hela AIEE 1X10° cells/6-well plate® 24X7F F<t
vjerst & TALP-32& sttt MEE Ko} TTE &
{10 MM Tris-HCI, 0.5% Triton X-100, 10 mM EDTA,
pH 8.0)2.2 &ajA1Z] & 30E7F W& Fol WXt
aAvkge g4 d¥kg 8H(100 MM HEPES, 10 mM
DTT, 10% sucrose, 0.1% CHAPS, 0.1% BSA)l A3
gajdg F7Hek & 100 uM  Ac-DEVD-AFC(caspase-3
o] gk 714 )S HUkste] 37°Col| 4x]7F F<F wHAIZATH
FAERS T HkEr] = e RSt E A (Perkin Elmer
LS-50B)Z ©]-8-3td Ex380/EmA60 nmollA] =743ttt

Apoptosis®}t Necrosise|

Hela A1 E(1X10° cell/6 well plate) ol TALP-322 A
st ujF F AEE trypsin/EDTAS A8l B2
% PBSE AHsdch 22 AXE v £A(10 mM
HEPES, 140 mM NaCl, 2.6 mM CaCl,)2.2 AF-731]
100 p= AT} oo 5 ule] Annexin V-FITC(1 mg/
mijk 10 wie] PISO pg/ml) & Ae)sted AFLols 158
7H HRSAIZT. L & oAl 9REE 400 piE H7shi,
FACScan §A X A&71E ol&3ld 4590

T 8 AH

Heparin 2]¥ Al o8 900X g2 XA ol&
271 PBSZ 33 AAsw, AAY HETE PBS
2% vNE EA3HTh. o] TALP-329} 2% AE1E &
gstod 100 ulE FHE & 37°CollAl 124)7F B¢ vheA
Zitk. 71 & 1500X g2 YR st NS Fot 540
nmollA EFE=E 24T 100% 23873 whg-oo
1 el 10% TritonX-100& #H71ske |Act

exp. value - low control % 100

Hemolysis (%) =
emolysis (%) high control - low control

2 =

HelLa MZOlIM2] TALP-320] 2l8t ME SA

Hela Al®E 5X10%96 well2 18A17F EoF wjckst
310, 20, 40 pM2] TALP-322 X33l 12, 24, 48A]
ZF wjkste] MTT assay® Aldstdct. 2 A3 12417+
Well 10 uMe] TALP-325 A2l g FollA= 40%, 20 uM
NAE 70%, 40 pMAXE 80% AR AE=A0] Q)

120 -
—e— 10 uM TALP-32
o 20 uM TALP-32

100 —=—- 40 uM TALP-32

80

60 -

®

Cellular viability %

40 1

ol N e

Incubation Time (hr)
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60 -
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40

20 -

0 3 6 9 12
Incubation Time (hr)

Fig. 1. Cytotoxicity of TALP-32 on Hela celis. (A) Percent
of growth inhibition after various concentration of TALP-32
treatment for indicated times. Hela cells (seeded at a den-
sity of 5x 10%well in 96 well plate) were treated with vari-
ous concentrations of TALP-32 for the indicated time. (B)
Percentage of growth inhibition after 20 uM TALP-32 treat-
ment.

AOZ AR 1247k o]F-2] x5S &
EC’W &3ATHFig. 1A). wi2hA], 12A17J o] ]
gelslz] fsf 3x7 7402 20 uMe] TALP32E &
Stk 2 A3 A0l alslel ATEAo] WA F7)
g2 AEE 4 ASALFig. 1B), o]F9] AdoM= 2%
20 uM2] TALP-32E A}18-3l4 )

Aol

HsE

F

AA|Z} #0|HE S8 TALP-320] 2|8t Hela MIZS)
ENety ws} 2Ha

TALP-329] HelLaxlZdl| i3t ZA4714S mjrém ?
& AAZ AEFEE 7155k B E. & Hela Al
FE 2X10% cells/IVF culture dishol] 18X]7F ¢t } S
AA AEe] A B2FE FAI5H 3 F 20 M)

Qg
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Fig. 2. Effect of TALP-32 on morphology of Hela cells. Representative images were obtained by optical microscopy image
(x 400). HelLa cells were treated with 20 uM TALP-32 for indicated times. Plasma membrane was ruptured at around 9 hr after
TALP-32 treatment. Triangles point to cells in plasma membrane rupture.

TALP-328 Ag)stdt. 2
7 Wy olgstel A
32 Ha) 37| A T
roundingst FRL, AlZel] b
ugo] dojgs #ET = UATHFig. 2).
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TALP-320] 2|8t HelLa M=Z2| MXigin|Zety oA

TALP-320) ojgt Az, Alxu) 47| 52 Feshs
HslE dolrr] Y8l TRt eE 274E sk
=, Hela A XE 20 uM<] TALP-32¢} A 122]7F <t
st & trypsin M2 AEE Fgste] dde] Ay
A4S Azl = BFRdAnAos #Fsgth 2 43
necrosistle 83| AT £ Qe AAQ AxEEhe
rupture(black arrows), cell swelling, cell contentse]
leakage, karyolysis, A¥ A7|#9] disintegration
(black trianglesje] doixko™(Fig. 3C, E), apoptosise]
27291 membrane blebbing, nuclear condensation
and fragmentation 5-& #ZER] &gk}, S A xwt
ol HA17] A AIE Ul &7|#Ee] 2 FeHE Qo=
Ag #HEAT F AU

TALP-320] 2|8t HelLa MIZ2| apoptosis 7444
A AFfA] TALP-3290 23t HelaM Eolo] HZ=
“d&necrosisel] 23t o] A= AATE TALP-329] Hela

AlEel gk M Z=AJo] apoptosisell 9Jg UL wlA|
371 3t caspases] €79 A% A3}, caspase
38 JeRR] ttHFig. 4A). B3 Hela A|lE£E 65X
10°96 well2 18217} &<t ulYsts. general caspase
AAAR] zVADfmMkE 20 uMZ  TAIZF AAE 3 &
20 uMe] TALP-32& 3l A2lsted 3,6,9,12417F § MTT
assayE A8l cHFig. 4B). TALP-32 ©= A3 3}
zVAD-fmke} TALP32E 3 AH2l3k #& fo w3t
Aolg WolA| skt ol A= TALP-329 9%
Hela M3E E4L caspaseZ 73l apoptosisZ| oF
3& Ak

TALP-320{ of8t Hela M=ol ot 1l =7}

Lactate dehydrogenase(LDH}{= AlZ2& o] =8}
© T B X E4o] AJ7|H M| En ekl
o7 A veA €t AEuwdds FHete mA 2
LDHS| & BARESS F3 ARy, a1 848 Ax
gt &=4bo] A=g E=tHKorzeniewski and Callewaert,
1983).

5x10%96 wellZ 18A17+ &b wjokst & 20 uMe]

Atk o A 3A]7 FHE AE wjgdle] LDHIF 9=
£ A 32 5 JAHFig. 5).
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TEBOD am

Fig. 3. Ultrastructural analysis of the Hela cell. Transmission electron micrograph shows the ultrastructure of HeLa cell. Nor-
mal morphology of Hela cell (A) and 20 uM of TALP-32 treated (B, C). Magnified view of Hela cell focused in plasma mem-
brane. Control (D) and 20 uM of TALP-32 treated (E) Hela cell membrane. Scale bar: 5000 nm (A, B, C), 500 nm (D, E)."
Triangles indicate disintegrated cellular organelles and arrows indicate ruptured membrane.

Annexin V/PI ¥ME &8t necrosis?| &2l

Hela MXE annexin V& PIE 37 Jago=zy
nonapoptotic  live cells(fAnnexin V  negative/PI-
negative), early apoptotic cells(Annexin V positive/PI
negative), late apoptotic -+ necrotic cells{Annexin
V positive/Pl positive}s &0 4 AthKoopman et
al, 1994).

HelLa Aol TALP-327} 783 A EAE op7|sH
FEaxEnd 2834 2 713e] necrosisde] 7FE S
AUt o5 &e1s7] 3l Annexin VeF Propidium
iodide 7 @Mt FAZ ASS AR

Heta AMEE 2X10° cells/6 well plate® 18A17F E<F
Hjekst ¥ 20 pMe] TALP-328 Adsle] 3,6,9,124)7F
Sk w7t A7k EME AZE ®o} Annexin V
9} Propidium iodide® Al FMsle] FAE ASE A
gt 2 A3 3A47H0A necrotic cell deaths 2w
k= Annexin V/P!I double positive regione] 36.76%%
AR L, 1247k E 51.52%9] ol thFig. 6).
A apoptosisE  9F]3l= Annexin V  positive/Pl
negative regione F7VkA FUtt. ol Hela AlEd
gk TALP-329] M|Z5A4Jo] apoptosisel 2% Ae] o}
Yz} necrosisoll ¢Jg AY-g ofmigitt.
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20 +

0 3 6 9 12
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Fig. 4. Effect of TALP-32 on caspase-3 activity. (A) At indi-
cated time after 20 uM of TALP-32 treatment, cells were
lysed, and activity assay was performed as described in
“Materials and Methods”. No significance among each col-
umn. (B) HelLa cells (seeded at a density of 5 x 10% well in
96 well plate) were pretreated with 20 uM z-VAD-fmk (gen-
eral caspase inhibitor) for 30 minutes, then treated with
20 uM TALP-32 for indicated times.

TALP-329] SET S8 #Y

7= 83} A2 ) 27)8e] gl sgay o]

gAgel A9 gt Bew Txe d AE U ge
FEFE wiAsla Aol E AHE FIAFE AHE
7] B2 Axolt}, wehd TALP327} S48 W@ Ax

o ZF Zgsled membrane integrity2 WEA7 =X
2RI Yt Al HEFEE o]gste], TALP-329 ¢
3 FEHE dEI2H 42 AHHtHFischer ef
al, 2003). =, Al 89 10 ml—‘% AN#H 3k PBSZ —’F
3] AFsled ELE 23kt o § tA] PBSE A
sl APt 2%7F LA st A8 & TALP—
329 Al 37°CelA 12417F &<t ¥HEAIF T TritonX-
1002 Agt &2 100% €8¢ #oe= 32, oF3x
ﬂalém %L & 0% 88 o= vt 2 45 20
s=9 TALP-329 dHSAIHS o, 8% Fro &8
5 y.oﬂ\:} (Fig. 7). ol TALP327} A Aol A4 &
&S YBIANE HeladlZelX e MESAS viwsNe

100 -

80 -

60

LDH release (%)

40

20 -

3 6 9 12

Incubation Time (hr)

Fig. 5. Plasma membrane integrity was measured by LDH
assay. LDH release into media that induced by 20 uM
TALP-32 for the indicated times.

w, 7R wEe) Aske A ezl A e
Aol ojmgt 7)ol ATV Jeke mA Zow Az
A, Ex HE7E 29 39X Reje A¥olnz A
ZRINYZE olWE /AT ALEAT WA AL
Ao Az

MEEHET2} TALP-329] MZ=S4

d &9} TALP329] AlZEA e HAS 4
H7] 98 AXEE $57) = Hep3BAEoA A EE
& ZARIEUTE Hep3B AlEe A7 74 Ax =
H A AZ2E £571 =8 AlZolt}. Hep3B AlZ
5xX10%96 well® 18X17F E<t wjekst & 20 pl\/l—/]
TALP328 A3l3tal 3, 6, 9, 1287 =<t vioksl & T
MTT assayZ 5ol AEZ5AdES AHE A3, 2+ A7)
HelLad oA 59, 39, 24, 18%2 ME=EL Hel ¥y
Hep3BA| oM+ 85, 75, 75, 77%%] ME&S HYgr)
(Fig. 8). o]= TALP-32= A|EE-Ho| Butslr] e thit
ol QA W HA AlEell= SA0] oFsle] kx| gA 9
M 7Fs24E AlAshe dateld.

Wy e

B Ao QA AREAERY MNEFS Hela )Xo
TALP-327} v]x]&= 2 A3} necrosisE: &
& MEAFE S F=3S & 5 A

A ZAPE-S 3A necrosis®t apoptosis® WdTth 1
% apoptosise 24 7Fsd, AUA] 9EH0] a7y ¥
SH&(inflammation)e] dojupA] ¢k= APz oty
W, necrosiss 29 BIE = & ZHo] Erlssiy 9

o 1A=
Y A 2
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104

BRT00.68
2068

>
10? 10! 10
FLIH

control

PI

Annexin V- FITC

Fig. 6. Annexin V/PI staining for determination of necrosis. Flow cytometry was performed after double-staining of HelLa cells,
following treatment with 20 uM of TALP-32. Cells negative for Annexin V and Pl are considered viable, cells staining positive
for annexin V and negative for Pl are considered apoptotic, while cells staining positive both annexin V and Pl are considered

necrotic.

100 1

80 4

=]
(=1
L

Hemolysis (%)
&
S

20

ol e mmmem wem B

25 5 10 20

Concentration {uM)

Fig. 7. Effect of TALP-32 on plasma membrane of erythro-
cyte. 2% RBC in PBS was treated with various concentra-
tion of TALP-32 for 12 hr.

VA7 37 H9E o dojues EEihe-g sk Al

FAMg e gelg qekElviKanduc er a/, 2002).
TALP-329f o]gt Al ZAPE-S dAdn 7 Tz A jolA
S A og Aol ¢bds] HAEAeH, X W

27185 T3 1 FHE AU o] A3 AL necrotic

100 -

80

60 -

Cellular viability
'
(=]

20 -

Time (hr)

Fig. 8. Cytotoxicity of TALP-32 on Hep3B cells. Percent-
age of cellular viability after 20 uM of TALP-32 treatment for
the indicated times. *** Significant difference at P < 0.001
level compared with 0 hr group.

cell deathe] deo]™, annexin V/Pl @M Aol A] thA|
g #eldd 5= QIYd =, apoptotic regionol#ti &
F e annexin V ©E S4E Axge) Fot §lol
necrotic regiong! annexin V&} Pi7} @74 GA® Ax
o] 7t STk Zlo) L FAoIT L ofz} thiitte
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apoptosis#g 9] FZ+ EH caspase’t #H3A|
% ZCZ apoptosisE HAIAZ ¢ AT wEhA
TALP-32= Hela A& s necrosiss 53 5412
fslEldhe AL & T UsUTh

TALP-325 o|&3] §¥%S AHES o 20 uM9
ELoA 8% HEo e HIAHYL, Helar e}
Hep3BMZoM S48 Ao BS o 7 A7l wat &
2ol & BAT HelaM = MEF7]7F 2441781 HEH
Y7 BES EFZ] B2 Uﬂ HepBB 7Y BEef F7]
& Ztetr) B 3 7 E A7 zlolE T
xﬂiﬂ ==

=9} TALP-329] HIEE*J ]

% AR, QIA] W} TiR-ERe] s
A = AXEE £ & AL =
2E 5A4L 7KK Y. oo AEREER wet =
3]
2

o] zlolE wolthd el zAel MNaw risslal

AFA A= TALP-327F Helar 3l necrosis

8% AT e 71dE wsla TALP32
g A li°ﬂ i3t At in viveellA A A 2
Zavt e Aol

o] EFE 2004d% FEUT SEATH|e| ALl

Sfste} ATHAEL.
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