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ABSTRACT

Objectives : The purpose of the study is to examine the apoptotic effects of Pseudomonas
aeruginosa exotoxin A(PEA) in squamous cell carcinoma(SCC) 25 cells,

Methods : Cell growth reduction and apoptosis induced by PEA were confirmed by WST-1
assay, Hoechst 33258 staining, flow cytometry analysis, and Western blot assay.

Results : The PEA treatment decreased the cell viability in a dose and time dependent manner:
control; 100+0°(p¢0.01), 0.1875 nM; 87+4.36"(p¢0.01), 0,375 nM; 82+0.58'(p(0.01), 0.75 nM;
721,67 (p{0.01), 1.5 Mg 5141,53(p€0.01), 7.5 nM; 3121,20°(p(0.01), 15 nM; 260,67 (p{0,01),
control; 100H0"(p€0,05), 24 h; 5171.53°(p(0.05), 48 by 16+0,5(p{0.05), 72 h; 124167 %(p(0.05).
The PEA was observed on SCC 25 cells with the half maximal inhibitory concentration(IC50)
value of 1.5 nM at 24 hours, The PEA treated SCC 25 cells demonstrated several types of apoptotic
indications, such as nuclear condensation, the increase of sub G1, and the cleavage of PARP-1
and DFF 45,

Conclusions : PEA showed anti-cancer activity against SCC 25 cells via apoptosis, PEA may
potentially contribute to human oral cancer treatment,
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B Ao A AFE-El PEAX= Calbiochem (Ia Jolla, CA, USA)
O RE Ysto] ARgSIGITh ddol AR s A
5291 IC 50(half-maximal inhibitory concentration)= 77
el 2ag=iE Hhe=e] 0.187515 nMOR Hjx[of 2]
Asto] ARt Aol AR sles IC 5002 >
L5 nM= 202 fob AdS skt

2. M=ZHi¥

AM S HY A 3EQ] SCC 25 A|3E+= American Type
Culture Collection(Rockville, MD, USA)O|A “td8}$iar,
DMEM/F12 1:1 H}Z](Gibco, Gaithersburg, MD, USA)o]| 10%
fetal bovine serum(FBS)E} THAIAI(100 4 g/ml  pen-
icillin/streptomycin, 4 mM L-glutamine) & %1713+ Tt} 37°C
9] 50 CO2 humidified air incubatoro 4] HjSFE] 2lc},

3. PEA 2| = LIEILI= MZE YES 3
A3 R8-S WST-1(Roche Applied Science, Mannheim,
Germany) ¥ 0.2 ARSE|ICHY. 96 well plateo] 4] 5x10°2.
2 2R 5 20020 rRllct, 20807 51 Al AR
215 AAg TS, PEAS 512H(0.1875-15 nM)E 24, 48,
T2AFEQE WA ZATE, TL T 2 ATl o] ujA &
A 7)5kaL  phosphate buffered saline(PBS)Z A 2]5}%it}.
WST-1 -Gl A2k 1% S]Afek The 100 4% 2A1RT 54
HjoF7lof Al WE-S AJFIth ©|3 ELISA reader (Sunrise
Remote Control, Tecan, Austria)2 450 nm TH3of| 4] S4%
2 29 th ema ksl ol thael At
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4, PEA 2| = LIEtLR= MIZXIEAL &
41, Hoechst 33258 A & & oi0|4 &Y

IS 100 mm dishol] 1x10°% E2554 5] 244]7F #jo A7)
T PEAE 1.5 nMO] s Ae|skgiet, 24417 F] dish]
WA S AAskL Azl SE AMAI7]= Hoechst 33258
(Sigma, St. Louis, MO, USA)E 4 g/mLe] =& #2] F
T 37C ofl A 10 59t A2stoir. A E HlE= PBSE
AAsE F $ASH] dd du|7(Axioskop, Carl Zeiss,
Germany)< &of ¥HE6FIct,
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Fig. 1. PEA showed cell proliferation in a dose—dependent manner by WST—1 assay on SCC 25
cells("p(0.01, "'p¢0.001)

4.2, Propidium iodide(Pl) &M £ SAM|®E
=4

AIEE 100 mm disho]] 1x10°2 H55} 5] 24417k HloFA|7]
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2} 12, 24, 48M7E ] disho] WHA|E A ASHL PBSEL A2k
T 70% ollgholl AgskoiTh, 24410 & A H A E2ES
PBSE A|A3F &~ RNase AS 100 (g/mlo] HEE Yol ¢
47 of|A 304 FoF Aelalcy. 19 U2 PI(Sigma, St
Louis, MO, USA)E 100 ug/ml o] H=& A7] 3t & 47
oA S &2t AMSIGITE FAE A= ASEe] A
HA7]8 tubeo] wol SAIE EA7] CYTOMICS FC500
(Beckman Coulter, FL, CA, USA)E 5-3]| FL 33} A] 3-2ka}
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4.3. Western blot 244

AJZE 100 mm disho]] 24A]7F BjoFSE T2, PEAS 1.5 nM
O Flem A|slolet, 6A7kolA 48417 F dishe] B4
AASK 4CoIH AES WL ke pBsE AHSHI, ol
14,000 pmol| 108 59F 4te] 3 v5 thA] 2P7ke- PBS=
AAge), Aol lysis buffer(10 mM Tris/HCl, pH 7.2, 1%
Tripton X-100, 150 nM NaCl, 5 mM EDTA, protease inhibitor
cocktail}5 71l 4TollA 1A17F 52t WEG-AIX] %=, 14000
pmof| 30:27F 4 wEelsf gl Sl & ThilEs fe
ek, 7t T A O] 5= Bio-Rad THA ARFA|OF(Bio-Rad
laboratories Hercules, CA)}& AME-3l] AJ5F3l TS 5X sample
bufferE- 410] sample2 TSIt 959 sampleS 7.5-15%
polyacrylamide SDS gel& ©]8-3] A7|9% 02 Hi| 3t 5,
PVDF membrane®. & #o|AIZt}l #Ao]A]7]l PVDF mem-

brane& 5%2] skim milkE #2]3] 2A]7} &< blocking

skal, 12} &Af|(Santa Cruz Biotechnology, Santa Cruz, CA,
USA)E 4T A ovemight AlZTh The ¥ TBS-T(20 mM
Tris, 150 mM NaCl, 0,1% Tween 20)& Af|Z-S 5}al 22} 34
& SAlsto] 2A11F Fo HESAIZIEE 1 v ofe] ¥ oA
TBS-T= A|Z3}a1 ECL Western blotting reagentS 4-8-A171
Oy ST Wel oF3 Alpha Imager HP(Alpha
Innotech, Santa Clara, CA, USA)E Edf 4515t

5. X2 24

S A AR FARAE AZEYO]R] IBM SPSS
Statistics 21(SPSS Inc., NY, USA)S Z3f] A1}= Al=319ct
ety A A Ade mlEge 4AC
Kruskal-Wallis test& AL} L AFS-HA-S- Tukey test us-
ing ranksS ARSSFATE A9 A= *p(0.05, *#p0.01, 1]
L pO.00S BATALE ool iz ACE WA
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1. PEAO| 2|8t SCC 25 M| MZt AN Q=

SCC 25 A|3Eo|A] PEA7F A& u] x| Haks 27 98]
A WST-1 5418 it} WA scC 25 H|Eo] PEAS 7H2}9)
SE(0.1875-15 nME A 2|3t 5 24A17k0] At o, ot
100407, ZF wEHR 8744367, 824058, 721,67,
511,53, 311,207, 261067 %2 S EO|ZA] 7FAas B
ﬁgfﬂ(p@,Ol)(Fig, 1), 1.5 nME IC 509] e Aal Al7E
HE ol P v giRxS 10040, 7 FEd
5141,53°, 1610.5°, 12+1.67°%= A|7H|E2 9] Ttade s
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Fig. 2. PEA showed cell proliferation in time—dependent manner by WST—1 assay on SCC

25 cells( p¢0.01,

Hthp(0.05) (Fig. 2).

2. PEAO]| 2I§t SCC 25 MIEO| MIEZXIHEAL =
=il
PEAZ SCC 25A| 2] ]2] 5, A|LO] Fefa2]2l mof ¥
312 =Hola}7] 9)8f Hoechst 33258 G4
(Fig. 3)©] A7}, SCC 254220 Tt @
Q1 FEfol Bt 1Ol Wh, PEAS 2447t 2] FS: uf 3]
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o
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PEAS A& Al AIZAAR FEE A8 Sheleh 42
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Control

"'p¢0.001)

AlZAFALeh PRI sub-Gl} thileke] wgls olobn
7] 98] GAIE EA T} Western bloti-A-2 33T
(Fig, 4)°] APATNE wl AEAAALE] AT sub-Gl
PEA:

o] thzto lﬁﬂ = AP T, 64A7E Al STk
AL E9I3E 4 QUITH R 9.7%, 24K17E: 18,706, 48417
28.5%).

NEEAPEAL Al Aol A T AQ] caspase-32] 7| A& <
2%l PARP-13} DFF 459] Z¥}5 Western blot A1 0%
sRolskict. oA PEAS AelE P ul, A=) DNAS
SlEA7|E 71s& ke PARP-1= 116 kDa &0]53L 85
kDa 571 e B caspases /IS 7]i= CAD
5 JAIBIAL QJ3= DFF 45(ICAD)= 45 kDad} 40 kDa-2- 0]
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X 400

Fig. 3. PEA induces apoptosis by hoechst 33258 stain using fluorescence

microscope on SCC 25 cells
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Fig. 4. PEA induces apoptosis by Pl stain using flow cytometry on SCC 25 cells

11 30 kDao| A Z7hE oFARS Hol Aj7ro] Xl whet
7}210] 7|4 50] ZAH O BN NEAAAN} FEE S-S
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Fig. 5. PEA induces apoptosis by PARP 1 and DFF 45 using western blot
on SCC 25 cells
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, A A AAelA] aukE Helths AR B
3 = Zo] ot 7]
=5t0] 9ulE|Q)i-7] g Jé} | 918 Hoechst 33258 %“
53t o] mofS 11%}‘2‘1@ 71 A3} PEAS A5l ok
Ql 8] mefo] YJEE Kol vy
PEAS A 2|5t ol A Al UIRo] (hAe) TlEo] A 2}
% PEE|QIE), PEAS A2
S Belslr] 9fel Aoz
55 2715 AHRch Aol AMgE
FAIE e A3 527]5 YERRE G, S, G2/M7]2] DNA
& JMISk= 3% &249] Pl(propidium iodide) & WER =
EAHo|ct, A AHARZE o A] YeRp= EAJOR 3
o] z7Flo] WAEH =t o|E subGlole} s}, &, o}
Al el o] sub-Glg A2t 527] W AA| DNACA] AFA8l=
apopiotic cell& %= FhAF] LEf= Zlolch, Al 2pEAte]
FF GEE Yehlles subGlo] WIS 2739 A, dizg
o A= 9. 7900 A PEAS A 2| - 24A17k0] A5
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gen) Ao Bael AT 15 nM 2] PEA

2t o] A5 Qe it Az Sz 2of

MZZAFEAL el & 27§o] LrepstT,

A A 3 AR BEA7E B subGle) AR

J I} o= %97%15nM«]PEA*

ot TS 18.7%, “L2]al 48A17F A2t oS
28505 57HE= Fde Eelskoinh

4, Western blot S-4¥ © 2 PARP-17} DFF 459] thalzl
HoLE FRIRE Axt 1.5 nM F5=0] PEAS A 23t o
A A7) Aol whel Zb2ke] 7jdEo] 24% A&
golstalrt.

iﬂ _>&—10{v

o ok
1+1

N i
of

~
U
ol
o

* =
|

2447t

ot

_>|i£ ﬂ.]lO 1=
; Ar
S
st
flo oy

2)

OJA1] ¢l A, PEAL 4ok A AP Sivprh Hoft
v 1 7)Ake AlEAFEAR] ofst Ao wAE olzH
pEAC] Thak 95 A%0l A7E Fa e A el
Tlofat Ao A



Do

L]

References

1.Iee SS, Iee SK., Molecular cloning of novel genes from
subtracted cDNA library or oral squamous cell carcinoma, Korean
J Oral Maxillofac Pathol 2001; 25(3): 22541,

. Sasahira T, Kirita T, Kuniyasu H, Update of molecular
pathobiology in oral cancer: a review, Int J Clin Oncol 2014

Epub ahead of print.

3. Coley WB, The treatment of malignant tumors by repeated

inoculations of erysipelas, With a report of ten original cases, Am
J Med Sci 1893; 105: 487-11,

4, Tundin JI, Checkoway H, Endotoxin and cancer, Environ Health Perspect

ut

2000; 117(9): 1344-50, http://dx.doi,org/10,1289/ehp, 0800439,

Fillon S, Lang F, Jendrossek V., Pseudomonas aeruginosa triggered
apoptosis of human epithelial cells depends on the temperature
during infection, Cell Physiol Biochem 2002; 12(4): 207—14.

6. Sharma AK, FitzGerald D, Pseudomonas exotoxin kills drosophila

S2 cells via apoptosis, Toxicon 2010; 56(6):
http://dx.doi. org/10,1016/j. toxicon, 2010,07.007,

Chang JH, Kwon HY, Expression of 14—3—3delta, cdc2 and cyclin

B proteins related to exotoxin A—induced apoptosis in Hela S3

cells, Int Immunopharmacol 2007; 7(9): 118591,

. Behdani M, Zeinali S, Karimipour M, Khanahmad H, Schoonooghe
S, Aslemarz A, Seyed N, Moazami—Godarzi R, Baniahmad F,
Habibi—Anbouhi M, Hassanzadeh—Ghassabeh G, Muyldermans S.

of VEGFR2—specific
exotoxin A conjugated to provide efficient inhibition of tumor cell
growth, N Biotechnol, 2013; 30(2): 205-9. http://dx.doi.org/
10.1016/j.nbt, 2012.09,002.

. Jenkins CE, Swiatoniowski A, Issekutz AC, Lin TJ, Pseudomonas
aeruginosa exotoxin A induces human mast cell apoptosis by a
caspase—8 and —3—dependent mechanism, J Biol Chem, 2004;
279(35): 372017,

1025—34.

Development Nanobody Pseudomonas

10, Lim JH, Lee HJ, Lee FO, Lee HJ, Kwon HY Shim BS, et al.

Apoptotic effect of vitisin A from vitis amurensis against
MES—SA uterine cancer cells, Korean J Oriental Physiology &
Pathology 2008; 22(2): 290-5.

11. Yang HS, Kim JY, Lee JH, Lee BW, Park KH, Shim KH, et al,

Celastrol isolated from tripterygium regelii induces apoptosis
through both caspase—dependent and —independent pathways in
human breast cancer cells, Food Chem Toxicol 2011; 49(2):
527—-32. http://dx.doi.org/10,1016/j.fct. 2010,11,044,

12, Verma M, Singh SK, Bhushan S, Sharma VK, Datt P, Kapahi

BK, et al, In vitro cytotoxic potential of polyalthia longifolia on
human cancer cell lines and induction of apoptosis through
mitochondrial—dependent pathway in HL—60 cells, Chem Biol
Interact 2008; 171(1): 4556,

/| Pseudomonas aeruginosa exotoxin A(PEA)7} A HEASMZOM LIEHLHE MZEXIEHAL 2t

13.

14.

15,

16,

17,

18,

19,

20.

2L

22.

23.

607

Chen L, Gong MW, Peng ZF, Zhou T, Ying MG, Zheng QH, et
al. The marine fungal metabolite, dicitrinone B, induces A375 cell
apoptosis through the ROS—related caspase pathway, Mar Drugs
2014; 12(4): 1939-58. http://dx,doi, org/10,3390/md12041939.
Thangam R, Senthilkumar D, Suresh V, Sathuvan M, Sivasubramanian
S, Pazhanichamy K| et al, Induction of ROS—dependent mitochondria
mediated intrinsic apoptosis in MDA-MB-231 cells by glycoprotein
from codium decorticatum, Agric Food Chem 2014, Epub ahead of
print,

Cheng TC, Iu JF, Wang JS, Lin LJ, Kuo HI, Chen BH,
Antiproliferation effect and apoptosis mechanism of prostate
cancer cell PC-3 by flavonoids and saponins prepared from
Gynostemma pentaphyllum, J Agric Food Chem 2011; 59(20):
11319-29, http://dx.doi.org/10,1021/jf2018758.

Olszewska P, Szymanski J, Mikiciuk—Olasik E, Szymanski P,
New cyclopentaquinoline derivatives with fluorobenzoic acid
induce Gl arrest and apoptosis in human lung adenocarcinoma
cells, Eur J Pharmacol 2014; 15(729): 30—6, http://dx.doi.org/
10.1016/]. ejphar, 2014,02.003,

Koo HM, VanBrocklin M, McWilliams MJ, Leppla SH, Duesbery
NS, Vande Woude GF, Apoptosis and melanogenesis in human
melanoma cells induced by anthrax lethal factor inactivation of
mitogen—activated protein kinase kinase, Proc Natl Acad Sci U
S A 2002; 99(5): 30527,

Bhattacharjee RN, Park KS, Uematsu S, Okada K, Hoshino K|
Takeda K, et al, Escherichia coli verotoxin 1 mediates apoptosis
in human HCTI116 colon cancer cells by inducing overexpression
of the GADD family of genes and S phase arrest, FEBS Lett
2005; 579(29): 660410,

Punj V, Bhattacharyya S, Saint—Dic D, Vasu C, Cunningham EA,
Graves J, et al, Bacterial cupredoxin azurin as an inducer of
apoptosis and regression in human breast cancer, Oncogene
2004; 23(13): 2367-78.

Yuan K, Sun Y, Zhou T, McDonald J, Chen Y, PARP—1 regulates
resistance of pancreatic cancer to TRAIL therapy. Clin Cancer
Res 2013; 19(17): 4750-9. http://dx.doi.org/10.1158/1078—0432,
Sodhi RK, Singh N, Jaggi AS, Poly(ADP—ribose) polymerase—1
(PARP-1) and its therapeutic implications, Vascul Pharmacol 2010;
53(3—4): 77-87. http://dx.doi.org/ 10,1016/j.vph,2010.06.003,
Boulares AH, Zoltoski AJ, Sherif ZA, Yakovlev A, Smulson ME,
Roles of DNA fragmentation factor and poly(ADP—ribose)
polymerase—1 in sensitization of fibroblasts to tumor necrosis
factor—induced apoptosis, Biochem Biophys Res Commun 2002;
290(2): 796801,

Rao PV, Jayaraj R, Bhaskar AS, Kumar O, Bhattacharya R,
Saxena P, et al. Mechanism of ricin—induced apoptosis in
human cervical cancer cells, Biochem Pharmacol 2005; 69(5):
855—65.






