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Paraquat-Induced Apoptotic Cell Death in Lung Epithelial Cells
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Youn Seup Kim, M.D., Kye Young Lee, M.D."

Department of Internal Medicine, College of Medicine, Dankook University, Cheonan, Korea,
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Background: Paraquat is extremely toxic chemical material, which generates reactive oxygen species (ROS), causing
multiple organ failure. In particular, paraquat leads to irreversible progressive pulmonary fibrosis. Exaggerated cell
deaths exceeding the normal repair of type II pneumocytes leads to mesenchymal cells proliferation and fibrosis. This
study examined the followings; 1) whether or not paraquat induces cell death in lung epithelial cells; ii) whether or
not paraquat-induced cell deaths are apoptosis or necrosis; and iii) the effects of N-acetylcysteine, dexamethasone, and

bcl-2 on paraquat-induced cell deaths.

Methods: A549 and BEAS-2B lung epithelial cell lines were used. The cell viability and apoptosis were evalluated using
a MIT assay, Annexin V staining was monitored by fluorescence microscopy, The level of bel-2 inhibition was examined
by establishing stable A549 pcDNA3-bel-2 cell lines throung the transfection of pcDNAS3-bcl-2 with the mock.

Results: Paraquat decreased the cell viability in A549 and BEAS-2B cells in a dose and time dependent manner. The
Annexin V assay showed that apoptosis was the type of paraquat-induced cell death. Paraquat-induced cell deaths was
significantly inhibited by N-acetylcysteine, dexamethasone, and bel-2 overexpression. The cell viability of A549 cells
treated with N-acetylcysteine, and dexamethasone on the paraquat-induced cell deaths were increased significantly by
10 ~ 20%, particularly at high doses. In addition, the cell viability of A549 pcDNA3-bcl-2 cells overexpressing bel-2 was

significantly higher than the untransfected A549 cells.

Conclusion: Paraquat induces apoptotic cell deaths in lung epithelial cells in a dose and time dependent manner. The
paraquat-induced apoptosis of lung epithelial cells might occur through the mitochondrial pathway.

(Tuberc Respir Dis 2006: 61: 366-373)

Key words: Paraquat, Apoptosis, Bel-2, N-acetylcysteine, Dexamethasone.
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1. MEF 2 Ao}

oAl HANIAEFTZE A9 (type I pneu-
mocyte) Al 3EF2F BEAS-2B (transformed bronchial
epithelial cell) A%+ DMEM (supplemented with
10% fetal calf serum, 2 mM L-glutamine, 100 U/mL
penicillin and 100 U/mL streptomycin) ¥ %8S o]
g3to] 37T, 5% CO2 incubatorol A ®iokataich.
Paraquat, N-acetylcysteine, ~12] 3 dexamethasone
2 Sigma*HSt. Louise, USA)oll A T3k th.
2. Cell viability assay

>

| 252 96 well plateel] wellg 10°712] A 7}
o] v F3lAt). Paraquatel] 93+ AL 54
AEE dolr 7] 98 paraquat®] FEE ET 1o
M, 10 uM, 100 pM, 1 mM, 223 10 mME * %] 3}
Fom 74zt 24A13Y, 48N 7Y, 1AL T2A1%E o] %
AEe] £AAEE Aol 9kt Dexamethasone (1 n
M) paraquat 7ol 12413 Aol XA s}l
N-acetylcysteine (1 mM)-2 paraquat ¢ 1A]7F A
of AAA F3ith A2 EdAHEE 3-(45)-25-
diphenyl-tetrazolium bromide (MTT) assayS ©|-&
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Table 1-A. MTT assay for paraquat-induced cell
deaths in A549 cells

Cell viability(%)

24hr 48hr 72hr
Control 100 100 100
PQ1uM 96.4+9.1 89.8+8.8 56.6+7.8
PQ10uM 81.4+7.3 76.3¥4.6 47.5%6.1
PQ100uM 65.9+5.1 30.3+5.0 19.1£1.6
PQTmMM 50.7£3.0 12.7£2.1 12.2£1.4
PQ10mM 36.9+2.8 11.5+0.5 9.3+0.1

PQ : paraquat
Data are the means * SD.uat

Viability (%)

24 hr 48 hr

# Control
1 uM
N10 uM
100 pM
E1mM
E10 mM

72 hr

Figure 1-A. MTT assay for paraguat-induced cell deaths in Ab49 cells
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A, e aokstd, MTT €905 mg/ml)< &
AEZF7F A= 96 well plateol] 20 pLA H7ksk &
COs incubatordl| A 2417+ &< vjeke 5 0.1 M HC,
isopropanol 100 pLE 96 well platedll X713k <F 30
w2 COy wjg7Iel AAste] vhbes do
ELISA kitE ©]-&3te] 490 nmol A F3EE 5743t
of I H|ERA AEAS SAsHATH

3. OJZZEA|A assay

T Az t) e paraquate] OFEZEA| A of F-
= Al2Zo Annexin-VE @438 So FFdn|H S
o] &3l 3heldtirt " g okEhH A EZE PBS
2 AFsta YA 7R o] &ElA MEE
2tk AE FAES 100 plLe 23 9= (binding
buffer) Z resuspension@tt}. @ 7] Annexin-V & 5
ulL H7bekar xpgste] A-LollA] 1587 vk o

23,

27 A

4. Bcl-2 inhibition study

Paraquat® Q13+ o} EZEA| 20 bel-2 T A o]
X 3= A9 M EF] AS49 pcDNA3-bel-2

constructE FAATFYT § G4188 A A8t ¢H4

d AEFE A2 Foll o] &tk 3] gene
constructy= 7€t A9 wFEZRE o] Wk
o §-AxAE7EA (gene transfection) B2 lipo—
fectamine—plus (Gibco-BRL, Gaithersburg, MD) &
o]-gsto] AR TS Aldeh * G418 400-600
g/ml F%= st A wjgstol W A2 225 ATk
o g ¥ M AZF2] o= monoclonal anti-bcl-2 anti-
body (Santacruz Biotech, CA)E ©]
blots Al3ste] 2Hlatqlrt,

Of

£-3}¢] western

Table 1-B. MTT assay for paraquat-induced cell
deaths in BEAS-2B cells

Cell viability(%)

24hr 48hr T2hr
Control 100 100 100
PQIuM 86.9+7.2 88.5t4.6 78.845.1
PQ10uM 83.946.8 76.6+5.4 75.945.3
PQ100uM 75.6¥4.5 47.9%3.2 31.92.8
PQTmMM 65.615.1 27.2£3.0 21.7£2.7
PQ10mM 24.91.3 7.1+0.8 5.5%0.1

PQ : paraquat
Data are the means + SD.

100+

Viability (%)

24 hr 48 hr

# Control
1M
N10 uM
100 pM
E1mM
=10 mM

72 hr

Figure 1-B. MTT assay for paraquat-induced cell deaths in BEAS-2B cells
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Table 2. The paraquat-induced between apoptotic
cells death and necrotic cells death in A549 cells
by Annexin-V assay.

Apoptotic cell Necrotic cell
death (%) death (%)
PQ 1 mM 96.4+4.6 4.4+2.8
PQ 10 mM 82.5%6.8 18.8%3.2

PQ : paraquat
Data are the means *= SD.

2 1

1. Paraquat0il 2|8t H|AL[AM|EZS| MES

AB49 A|¥E9 paraquatE 1 M, 10 M, 100 uM, 1
mM, 10 mM =2 AAeAS wf AlE BEE(%)
—8— TEE 7R wEt AIRE oEH o' Fhast

(Table 1-A)(Figure 1-A).

BEAS-2B Al ¥9| X% paraquatE 1 pM, 10 pM,
100 pM, 1 mM, 10 mM =2 A x54%S o A549

Az} frAFsHAl A BEE(%)9] % SE4 o)L
A oJEH R fAasksitt (Table 1-B)(Figure
1-B).

2. Paraquat0il 2|8 HAI|M|ZS| apoptosis

© 1 paraquat 1 mM ©]&}] =9} th2 4] Paraquat
FE 10 mMol A= of EZEA 29} 347 A E AL}
dojup= Ao & o 10 mM ©]/de] asEoA=
AEZZAZE dojus Ao w A7t (Table 2).

3. Paraquat0i] 2|5t O}EZEA|ANA N-acetylcy-
steine & dexamethasone?| &1}

&akslA 91 N-acetyleysteine 1 mM-S paraquat
o 1A[ZE Aol AAX T 3 A A e ol
A AE AEES v st} ParaquatE 1 pM, 10
uM, 100 pM, 1 mM, 10 mM FEZ FoI39S o,
AZEel Z o] mE AlE AEE(%)S AAHA] 8HA]
&2 ol R84 N-acetylcysteine ] %] F-of A|XE
AEgol 715 B tH(Figure 3). SA1EA]S B
TEAME o]&sa 7t wzre] Abol= Mann-
Whitney U testE ©o]&3dte] nlal #As}31o

P-value < 0052 A4 sttt 24319
th 2L 23 ImmM ]3] FRalA | =
&9 T7He Bt

Dexamethasone 1 pM-=< paraquat ¢ 12413+ A
of AAAG w3 AA A 8HA] & ol A AE AE
&5 v wE ) ParaquatE 1 uM, 10 uM, 100 uM,

I mM, 10 mM F==2 A2et31& o, N-acetyley-
Annexin V. &S 23] 4] paraquat”} #2454 steine?} dexamethasone®] paraquatol] 2]t o}
o] o} LZEANAE e AL I 5 U EAZE AN As gR1% o glglon o
1 100
) % B A549
& = ABA9 + NAC
70
S o -
>
= | 5
2 4
S
)
Ly
10 L -
o 1uM 10uM 100 M 1 10mv 0 1M 10uM 1CO 1mM 10mv 1 100uM 1 WO
24 hr 48 hr 72 hr

Figure 3. Inhibition of paraquat-induced cell deaths by NAC (NAC : N-acetylcysteine)
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%9 10 10 B A549
9 0 .
& & 80 = A549 +
n 70 70 Dexarmethasone
g 80 60 .
z 9 & 5
7 o 4 o
S o e <y
Ey 2 2
10 10 10
OZUM 0 T00pM imM fomM O 1uM  OuM WM imM fomM O M 10 100
24 hr 48 hr 72 hr
Figure 4. Inhibition of paraquat-induced cell deaths by dexamethasone
g
b
g
>
0 1uM 10 uM 100 uM 1mM 10 mM 1uM 10uM 100 uM 1mM 10mM 1uM 10uM 100 uM 1mM 10mMm
24 hr 48 hr 72 hr

Figure 5. The role of bcl-2 in paraguat-induced cell deaths (Inhibition of paraquat-induced cell deaths by bcl-2

overexpression)

2%t oA & 9}= paraquat F=

o ANB5E FANY.

4. Paraquat0f| 2|st OFEZEA|ANM bel-2 EHHE!
9| &1}
Bcl-2E overexpressiont] 71 A549 pcDNA3-bcl-2

T A9 Tl A A AJEES v aEkSlth Para-
quatE 1 pM, 10 pM, 100 pM, 1 mM, 10 mM s ==
A28 AS W, AlZke] Ao wWE AEAE
AB49 AT H ) A549 pcDNA3-bel-2 A 3E
g = Uskon w57t SIS
At} (Figure 5).
ol#fg A3}Z & uj paraquatel 2|
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