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The Extract of Pseudomonas aeruginosa Induces the Apoptosis of the Human
Colorectal Cancer Cell Line, HCT 116 Cells, via Mitochondrial Pathway

Eun Ju Yang and Jeong Hyun Chang’

Department of Clinical Laboratory Science, Daegu Haany University, Gyeongsan 712-715, Korea

Although there are many potential cytotoxic molecules released from bacteria, the role of these molecules on the
apoptosis of various cancer cells is not well understood. Pseudomonas aeruginosa (P. aeruginosa) is a Gram-negative,
aerobic and rod-shaped bacterium, and has a number of virulence factors. To understand the cytotoxic effect of bacterial
extracts on the colorectal cancer cell line, HCT 116 cells, we examined alteration of the cell viability, proliferation, cell
cycle and apoptosis of HCT 116 cells after treatment with extract of P. aeruginosa (PaE). These cytotoxicity of PaE
occurred in a time- and a dose-dependent manners. In addition, PaE arrested the cell cycle of HCT 116 cell in a time-
dependent manner. PaE inhibited the protein levels of Bcl-2 and induced the release of cytochrome ¢ from mitochondria
of HCT 116 cells. The decrease of procaspase-3 was induced by the treatment of PaE. These results indicate that PaE
has a cytotoxicity in HCT 116 cells via the induction of apoptosis associated with mitochondrial pathway. Therefore,
PaE may used as the potential target for the treatment of colorectal cancer.
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3], Aol X AEZAPEALE FEdhs d-Ee] Haly

Tk (Parkin, 2005). ~L <&, Clostridium hystolyticum®l| *|

oA 3& ST} (Chakrabarty,
e AHsow @4

Friesked o] 5 d5UF
Aol NS a7E Hol= Holu. Pseudomonas
aeruginosa (P. aeruginosa, l—?bo“ﬁ)ln:_ exotoxin AT}l &}
+ immunotoxinS -3kl =] o] EFo] AlxE U
caspase &S frieste] AP G dEe ot A
U= 2317) T} (Keppler-Hafkemeyer et al., 1998; Wei et
al., 2008). Caspase+= cystinyl aspartate-specific protease2] F
A2 EAH-Sl0l cysteines 7HA AL lom, HApA] &
A7 1459] caspases BTt 3EAOE A== 9|9
7] N-terminus "3 O 2 aspartate”} EA|3Hc}, o] 52
do] HH AFA= ZAstt AlEAPEAL FE A
o] e¥ HHHAA Ho e 7 FelE vk A fvk
(Wilson et al., 1994). ©]213} caspase &4 AF=°] LAIE
oA edo] S7FSHAl HH MEAEANE frEste] oF
A5 a5 719 ¢ vk ey ojde] s B
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Pseudomonas aeruginosa exotoxin Aol tek A7} tjF-&E
olojA 1 & E4E, 53] A il g A7t 7
H|3k AA ot} Ll thekst ek EZo e FHE 915
A FEATE A B Aol oy R Al
FUAET HCT 116 AEAAM 2] F2)A &3}
b g,
Bore A2 29 ST A gl AFo
olo @ o3| Apdal= 3
2] 9Jt} (Rychahou et al., 2008). T
Aoz glal wAlskL thgel A 4
Sl AERRE S MF o
A Sz} B e AN
o Az mAh T8 AL QR
P e A RE AR B R R
o] Alggt AAoltt 1e)7] 98 7|HAT
e e, EE AE W s
< &4 ‘% NAE0] Wilo] Frlketar M2 S5 9
WA5e] Welo] A8 Foj=w Zlo] BarxolA] sit}
(Markowitz and Bertagnolli, 2009). 53] anti-apoptotic Bcl-2
AL nEF= oo A cytochrome ¢ FF&ES Sl
MMPS Z43te] A EAPEALE A ST} (Groww et al.,
1999). Bel-20l| 2]3] A== cytochrome ci= W] EZ=E]
ofo] HxpdgAle] 3R RE ME Wl L] AT
7ol ol MlsEAFEARe] Z7]0] #oldtt (Liu et al,
1996). AlIXEAZ cytochrome c©] 0] o] AFEAEAL &
41291 caspase 92 B3} Al7] B4 3HE caspase 9
& caspase 77} caspase 35 LJ3FA|AA DNA &4 2
M EZAEALS Aot} (Livetal., 1996).
B A M = P aeruginosa®] $HSIL AE EES
HCT 116 A3l A2lste] Al AE 9 S0 mA|=
HE BHaA St NEGA G3= P aeruginosa®)
de TR Agste] AE /‘JJLE 5} 10} AL A
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Abel oA £ HCT 116 A3
Culture Collection, Rockville, MD, USA)+= 10% heat-

(American Type

inactivated fetal bovine serum (FBS), 100 U/ml<] penicillin,
100 pg/ml2] streptomycin (Life technologies, Inc., Gaithersburg,
MD)°] *Z3%E DMEM WlA] (Life technologies, Inc.)ol 4]
wj st AXEE 37T, 5% CO, o= wYsioith

A

P. aeruginosall &z &l

P. aeruginosa= Trypticase soy broth (BBl microbiology
systems, cockeysvile, MD)ol| &3s}o] 37°C v 7]l A
3 EF wj stk Aol ekl e BEES o
7] 943l wjekE Ars RS
buffered saline (DPBS)oll F/-A171 U2 50~60%2] 7=
S A3} 30%7) sonicationdt THy 13 &<F A5l A
WA sk, of T4 sul wkReldlth 1 kg 4R
2 B AAES AAtD the Aol A8 A7)
3 g

A 4ol RASAE FEEL Lowry assay s

2 Dulbecco's phosphate-

Trypan blue exclusion test

ME AEES 543517] 28l trypan blue exclusion
testS AAISFATE AEE 1 X 10° cells/100 plo] 5%
2 ajgdel F-R3le] 96 well platee] 53 o} P
aeruginosa +=% (P aeruginosa extract, PaE)E 3 7}5}]
244178, 48217 E9F A2 E3itt w ¥ ¥ trypsin-EDTA
(Life technologies, Inc.)E ©]&3lo] AEZE wojll th&
A FERFNS trypan blue G NI} FeFo 7 3]4]&1o]
hemocytometerE ©|-8-3}d MEFE AS3ISITE 4ols)
= MEES AlZzdo] FHeH BY Aola, ¥hi, 2
M AEE= trypan blue GA4eFo] F4= Q‘ﬂ oz By
Aotk ME AEES Altels WS ofgfjel 2ty Al
AA A T Aoldl= AEE A

wote] Altsiith

X AEE (%)
IR Ui gl 100

MTT assay

ANE=5A4E 38171 93 MTT assay kit (Roche,
Penzberg, Germany)E ©]-8-3}o] HCT 116 AlX9] AE=55
=4I AEE 1 X 10 cells/50 ple] =2 F-3

5 96 well plateol] &3} PaEE 50 pl H7}ske] 24
AZE, 4841 )t A28kl b v ARbo] A v
<, MTT (3-(4,5-Dimethylthiazol-2-y1)-2,5-diphenyltetrazolium
bromide) solutions 10 pl F718te] 37°C, 5% CO, WYV
oA 4AI1ZHS B3 T2 100 ule] solubilization solution
S F7FE H7FSIGIT 377, 5% CO, vl 71dA o &
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HCT 116 A|¥E trypsin-EDTAS ©o]-&3&}o] wojujar
DPBS®] 4171 E‘r ARt FEae A
HAE B3l AEE 293 AT vk A DPBsoﬂ ft

s
A7 PIE Aeiste] 1587 AR 1 F FAE 2
4718 B3l S sub GyG719) AT 55 57

stel AZF71E Hetakaltt sub GyGy7 17k 57kt W
AIEF7I7F Wi Alxe] S7t2 et 7t AE 3 F

10,00071¢] AIEE FA3toiTh

ofir mll

ofs

SHE EMJ|E 0|83 MEXITEAL S

PaEE 23 & trypsin-EDTAS ©]&35lo] AEE
gl oS MEF-FHol annexin V-FITCS} propidium
iodide (PI) (BD bioscience, San Diego, CA)S 7}sle] A
ol A 1527t WAg $ A% MEFE CellQuest software
£ ol&3ate] FAlE 4]7] (BD bioscience)E &3l 574
3}9AT}. Annexin V-FITC7} 14% A EAE
A7 Aol AER GolBka 7 A T F 1000074e)
AZE A3l

RE TS

Western blotting

Trypsin-EDTA A 2]&te] o] Wl A|Z=
(10 mM HEPES, 10 mM NaCl, 0.1 mM EDTA, 0.1 mM
EGTA, 1% NP-40, 0.5 mM PMSEF, 0.1 mM DTT, 0.1 mM
Na;VO,, protease inhibitors)?ll F--A17 cell lysateE THES1
t}. Cell lysate™= 12% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE)S %3] ®23F oS
nitrocellulose (NC) membrane .2 o] 5 A H Tl o] 5%H NC
membrane<- anti-cytochrome ¢, anti-Bcl-2, anti-caspase-3
antibody (Santa Cruz Biotechnology, Santa Cruz, CA)%} HF
SN e
system= ©]-83sto] FAFSIGAE A §F TBST (tris-
buffered saline-Tween 20)Z A2 3+ NC membranel| anti-
ERK2 antibody (Santa Cruz Biotechnology)S TUHA| HFS- A|
7;] D}uﬂ;d =) EHJZ_ Ty é]i /\]__&O],oﬂ;]_

lysis buffer

enhanced chemiluminescence detection (ECL)

SH =

= 2% AYE mean £ SDE RH3IQICE 7 tix
Zkel EA8HA o] oAl SPSS statistical

ackage (Version 10.0, Chicago, IL)S ©]-8-3}

r_unsi'

=

Ee A
23} 49
p

software

e O24h @48h
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Fig. 1. The effect of Pseudomonas aeruginosa extract on the
viability and the proliferation of HCT 116 cells. HCT 116 cells
were incubated with 0.5~5 ng/ml of Pseudomonas aeruginosa
extract (PaE) for the indicated times. (A) After treatment with
PaE, viable cells were determined by trypan blue exclusion test as
described in the materials and methods section. (B) After treatment
with PaE, proliferation rate of the cells were determined by MTT
assay as described in the materials and methods section. Data are
presented in relation to the control, which was set at 100%. Data
are expressed as the means = S.D. *P<0.05 and **P<0.01
indicate a statistically significant difference between the control
and PaE-treated groups at same incubation time.

student's t-test® 218} 3L P value”Z} 0.05 ©|sld =7
ghxjol feolAdo] rhal Iski)

2

P. aeruginosa &2 (PaE)0| gt MIZ=M &1}

HCT 116 A9l PaEE 212} 24 AZE, 48A13F 5

2]3}aL trypan blue exclusion test® A ¥ AYEES =45}
Atk 1 23, Fig. 1A% 32e] PaEE A 2l3 v
TE 943_7(—1 © & HCT 116 /‘ﬂ.]q—/] /‘gigol 71— t;sj]—%
ATk 53], PaES 48A13F A2l F- o] QA AEE0
Z~8k3ith 71 T MTT assay S ©]-8-3F] HCT 116 Al
2o TS 545t PaEY] AES HESIAT Fig.
1A9} WA 2 PaE Ag] Fof] 5% H A7 oJEA 0
2 HCT 116 AE2] Z4o] A== RS st
(Fig. 1B). ©]3= PaE”} HCT 116 Mo A A& 4
SAES AAste] AlxsA a3t AdeS Hojet

<

- 18-



100 OCon
W PaE
;\5 80
¢ 60rF
=)
O 40+
o
i
9 20+
0

24h

Fig. 2. The effect of Pseudomonas aeruginosa extract on the
cell cycle of HCT 116 cells. HCT 116 cells were incubated for 24 h
and 48 h in the absence (Con) and presence of PaE (5 pg/ml). Cell
cycle analysis was carried out by fixation of cells in 70% ethanol,
staining with PI and flow cytometry analysis of DNA content. In
cell cycle, Sub Gy/G; phase were shown as means = S.D in three
individual experiments. **P<(.01 indicates a statistically significant
difference between the control and PaE-treated groups at same
incubation time.
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Fig. 3. The effect of Pseudomonas aeruginosa extract on
apoptosis of HCT 116 cells. HCT 116 cells were incubated for 24 h
and 48 h in the absence (Con) and presence of PaE (5 pg/ml). The
apoptosis of these cells was analyzed by measuring the binding of
annexin V-FITC and PI using flow cytometry as described in the
materials and methods section. The percentage of apoptotic cell in
total cell population was included all annexin V binding cells. Data
are expressed as the means £ SD in three individual experiments.
*P<0.05 and **P<0.01 were considered a significant difference
between the untreated group and PaE-treated group at same
incubation time.

Apoptosis (%)

48 h

PaEOl olgt MZEF7| =2 Fut

HCT 116 A7} PaEell 98] A ZAEAT =8-S
gRlete] MEF7]o e FaFs PlA=A] Rl Al
XF7] F Sub GyG, 717} S7F8H4A cell cycle arrest”} 713Y
Ao R Hol=d]| Fig. 204 UERd A7} o] paEE
AetlS W, Sub GYG, 717} §43] S7Hehs sk
t}. Cell cycle arrest’} 5713224 PaE7} HCT 116 A|3E
NA ME F2AE JAstL AES F55 fFEshe A

o2 HoFi

K

i

)

Oh 24h 48 h

Bel-2

Cytochrome ¢

ERK2

Fig. 4. The effect of Pseudomonas aeruginosa extract on the
expression of cytochrome c and Bcl-2 proteins in HCT 116 cells.
HCT 116 cells were incubated for 24 h and 48 h in the absence
(Con) and presence of PaE (5 pg/ml). Harvested cells were lysed
and were performed Western blotting as described in the materials
and methods section. The expression of cytochrome ¢ and Bcl-2
were detected with anti-cytochrome c or anti-Bcl-2 antibody. The
membrane was reprobed with anti-ERK2 as an internal control.

Oh 24h 48 h

Procaspase -3

ERK2

Fig. 5. The suppressive effect of Pseudomonas aeruginosa
extract on the cleavage of procaspase-3 proteins in HCT 116
cells. HCT 116 cells were incubated for 24 h and 48 h in the
absence (Con) and presence of PaE (5 pg/ml). Harvested cells
were lysed and were performed Western blotting as described in
the materials and methods section. The expression of procaspase-3
were detected with anti-procaspase-3 antibody. The membrane
was reprobed with anti-ERK?2 as an internal control.

PaEO|| 2IEt MZXIEAL RE &1t

k=3
PaEel| 9]k HCT 116 Al29] S50 MEAPEARIAIE
gketatr] 9l ko] MR SAsAl HCT 116 A3
PaEE 5 pg/ml= A 2]ake] 24417}, 48A17F H¢F HbA] 3t

< annexin-V¢} PI 9218 AJY3FA T} Annexin-VE Al
EAPEAL 2710 AlaEute] WA S phosphatidyl serin
(PS)ell A¥sh= EHE annexin-V7F FAE A= Al
APEARE X8E MER Aotk dME AlEE FAE
A8 F3l S73kqlnh Fig 390 YERG vhep o)
PaE°l| 9|8 HCT 116 M ¥2] A|EAPEA} S716k
Z17) 24A17h, 48A17F Al st Aot fre)ad Al e
st
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Mitochondrial pathway& &%} PaEL| MZXIZEAlI &

PaEol €3k HCT 116 Al AEAEALY] 7|48 8
215}7] $13) mitochondrial pathway©ll 2H-8-8}= Al ¥XA3
/\]- Zhed Al cytochrome ¢} Bel-2 ¥ wke

= gelstax} stk HCT 116 Al ¥ol| PaE 5 pg/mlS
Z}7F 244 7& 48A17+ A2 3t Y& cytochrome ¢} Bel-2
2 A7} cytochrome co] #&o] F713k vk
Bl- 91 W skl (Fig. 4). B3 AlZApEAL

A A}Q1 procaspase-39] EAd-S ElEE A
rocaspase—S‘«] Hld o] PaE A& 24A13F wjFH A4

=]

3 A7) Alakstel 43213k wel F243) Rashelnt.

ole]gk A¥= PaB7} HCT 116 A|Z9] nEZE= ool A
cytochrome ¢} Bel-29] DS Zdste] AlZApEALE
=S BolFEt (Fig 5).

i
-~

i

P aeruginosa®] F=E%] PaB7} HCT 116 AJXEoA Al
AEE 9 SAES AAlskL AEF7E HGA o
Argto w2 AE S AE Fieshs dEsigih
Sk mitochondrial pathway<! Bel-2¢} cytochrome ¢& =

sto] MEIANS FLEFromA QHAIE AA ] Fost

. P aeruginosa®] 54RJAAES MEAEALE F3
|32 28 =3 (Andersson et al., 2004; Adams and

Cooper, 2007).

HCT 116 A= oA 224, ofdl] g da7] -
9o a3 A7 HEd] XEE o] ghA|RE o2 H=
St 217 o]t} (Brattain et al., 1981; Santoro and Groden, 1997;
Bender et al.,, 1998). ~12{1}, Fig. 33} Fig. 5914133 PaE”}
HCT 116 A3 A caspase 3 pathwayS A * A EZAPEA}
2 grae sl ogdh MEAEA: Lz
H A H55 Rshks §ow, = AlE7F At
AAE G Ao o}33F
Eavd =R

| Aok L % 3“4 el B AlEATE
sto] A3

. 579 caSpase3 AZAEAL AR 2 A A

= wAR AXE Y ke Asdd Ao R e

. Caspase™ =24 FElo] a4= A ¥ Azt Al

EAPEAL Alse] ofste] Tl o] el o s st

ok Ag AZAEA FE Bho) AEE AT 5

Bt ) }‘n HU H~l

FSL

1

T

1rgo;ﬂ

o Qoo o

A AZE ) Asdg duidse] v
o] A= caspase cascadeE 25417 U]’X]Evl?ﬂ procaspase-
37t &4 FEE BaEo] SRR A
il 53], Bel24t Bax 59 Al¥E }“éA} el E‘r‘i‘iél
9] Aol o mEZ=g ol WollA cytochrome ¢7}
wH E o] AEAPEALS FXIAZ AeR IR
(Yang and Chang, 2011). PaE <A] HCT 116 A|3E2] A ¥A}
AL §- 5 A] Bel2 @A TS JAISIAL cytochrome
c®] B¥E F7MIA procaspase-39] w3llE FXISHATE
(Fig. 4, Fig. 5). B3k PaE+= HCT 116 A|3E2] AXF7] &
Sub Gy/G,71& F7MAT} (Fig. 2). MEF7= AXEL
7191 M7]9k DNA 47191 §717F whgx o= <lojupd
A ARGl AL&H AL laL, ofu) M71¢}F S7] Aol
FA7I] Gl E== G2717F ST 2=y GI7l= A
Yu] A sl 2 SAIR] Sub GYG717F STk Al
3 S0l P A] Kstar Ax AEFFo] dojdtt
(Peng et al.,, 2005). A= PaE7} cell cycles A|sle] Al|E
TS AGF O RN AEFSS Fiesked Hofhs
LERAT

P aeruginosa?t QO7)= AEAPAAL e EAE o4
Y= A F Pseudomonas exotoxin A (PE)©] A+=H] o] &
A A= fibroblastoll 4] ME F5-8 SAS AES A
A7) Hefete gl Mcl—l«] s FXIA]7]
, W2 A ZAPEANE fEske ©el Q] Bake] W
= S7HAAM AZAEALE fFegrbal BaE it
(Du et al.,, 2010). =3+ pyocyanin P aeruginosa”} 4|
S Mg MEF2A Caenorhabditis elegan®l| +3}4]
ZEYEE oA ANEHES frimshe 54007t
(Cooper et al., 2003). PhospholipidE w3llet= @9l
phospholipase C (PLC) Al P aeruginosa®l =A31HA
g2 AlZe] Mz &4 5
542 283k} (Songer, 1997).
AZH o7 PaE7} HCT 116 A¥2] AEF7]2] 213

Agtatar, Al oA Bel2E Ao R
F=g o} oto 2R E cytochrome ¢ FE°| 5713514
procaspase-32] 43S S MAEAEAE =3k ]
£ &3l HCT 116 A2 =55 o8t <7183l
PaE”} oF 28 2 &S A= AZA] A 2l &47]_ 9l
& o noln, Foi FANA AEAWAL 714e
sotatel hgek A Aol slojet & gtk AbR
Hr}

i~

2

e

AE F&e fust

fr

FH m1o
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