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Effects of Nicotine, Cotinine and Benzopyrene as Smoke Compon-

ents on the Expression of Antioxidants in Human Bronchial
Epithelial Cells

Yong Seok Kim, M.D.2, Jae Hyung Lee, M.D.", Sang Heon Kim, M.D.", Tae Hyung Kim, M.D.", Jang Won Sohn, M.D.",
Ho Joo Yoon, M.D.", Sung Soo Park, M.D.", Dong Ho Shin, M.D."

'Department of Internal Medicine, gBiochemistry and Molecular Biology, College of Medicine, Hanyang University, Seoul, Korea

Background: Cigarette smoking is an important risk factor for chronic bronchitis and COPD. Airway epithelial cells
exposed to cigarette smoke components such as nicotine, cotinine and benzopyrene can generate reactive oxygen species
(ROS) and be subject to oxidative stress. This oxidative stress can induce the inflammatory response in the lung by
the oxidant itself or by the release of proinflammatory cytokines. It has been reported that nicotine stimulates ROS,
which are associated with NF-xB.

Methods: Beas2B cells were treated with nicotine, cotinine and benzopyrene. RT' PCR was used to measure the
expression of several antioxidant factors using the total RNA from the Beas2B cells. The level of superoxide
dismutase(CuZnSOD), thioredoxin, glutathione reductase expression was examined.

Results: 0.5 to 4 hours after the benzopyrene, nicotine and cotinine theatments, the level of thioredoxin and glutathione
reductase expression decreased. Longer exposure to these compounds for 24 to 72 hours inhibited the expression of most
of these antioxidant factors.

Conclusion: During exposure to smoke compounds, thioredoxin and glutathione reductase are the key antioxidant
factors induced sensitively between 0.5 and 4 hours but the levels these antioxidants decrease between 24 hour and
T2hours. (Tuberc Respir Dis 2007; 62: 197-202)

Key Words: Beas2B cell, Benzopyrene, Nicotine, Cotinine, Antioxidants.

M

rhu

gl 7] 47007 olAke] FerE AR olFojx ¥ A AWAo] e Ao O—Jaﬂzi 9}&}4
Ao 2] 7] (free radical) 52 AtsA7} 1 EER AT FAEE F nicotineo] FHAkA 9] HALS F
T o] b olgjdt AtshA BAES e kst 7RATIW, o] Aol NF-kB7F #efdiths Hus
A= e, dol dSMxe] Byt dA3E o] Ao’ o} ztzte] FTAB AL} FAslA| <
Z# st A Ak A (reactive oxygen species, ROS) o] AIHE A digk FAA A At
3} &4 A A (reactive nitrogen species, RNS) 52] = Hag v gl

A3 E 7| BRI A ] thEH ] FAEZH

Address for correspondence: Dong Ho Shin, M.D. benzopyrene, nicotine¥} cotinine® 2}z =&%H A

Division of Pulmonology, Department of Internal

L}\ ) 3
Medicine, College of Medicine, Hanyang University 17 i @ALskAIR] CuZnSOD, thioredoxin 7} glutathione

Haengdang-dong, Seongdong-gu, Seoul, Korea. reductase=9] AR} A7k whel HEE = A3
Tel: 82-2-2290-8348, Fax: 82-2-2298-9183 - =
E-mail: shindh@hanyang.ackr & sk, of 7176l Fatstase] 2A7Isel ¢
Received: Dec. 11. 2006 83 AARIAE 4 A NF-KB & doojFE &l

5t
Accepted: Jan. 26. 2007
P Ak k9.

ol

197



YS Kim et al: Effects of nicotine, cotinine and benzopyrene on antioxidants in bronchial epithelial cells

CHAF QI e

o x od™

Cell culture and treatment with benzopyrene,

nicotine and cotinine

oA 713A AU A EFS Beas2BAE(ATCC,
USA)E 10% fetal bovine serum, 1% penicillin-
streptomycing &3 RPMII64A0 HiFd  (Invi-
trogen, USA) <& A}-&-3to] uljtald ). Beas2BAI X
o] FAE4 A& k] 100 mm Azl F ol A
S mle] wjFA bhenzopyrene(Sigma, USA), nico-
tine(Sigma, USA), cotinine(Sigma, USA) Z}7}+9] &
T7F150 nM, 10 mM, 10 mMo] H==F ol& 45
A7ystai .

Quantitative analysis of the expression of

antioxidant factors

Benzopyrene, nicotine %+ cotinine®. 2 Z}7} #
2] g Beas2BA 3ol A qtsbA| o] Wl A=E Bl
A8 ek, 7t FAEE A F 30%, 1417 4
A7 24X7F 48A1ZE, 72417 Beas2BA E = 5-E
Trizol(Invitrogen, USA)S AH8-814] total RNAE
Z39th. RNAG3 ug)E Superscript I RT (Invi-
trogen, USA), Oligo(dT)12-18(0.5 ug/ul) 2 Random
hexamers(50 ng/ul)<t Al A Z2AFE]
(GIBCO BRL, Cat. No. 11904-018)l w2} & A}s}
Atk o] FA o 2T E AHH cDNAS A sEyt
9] template® AFE-3}o] Cu/Zn Superoxide dismu-
tase(genebank ID=36541), thioredoxine (genebank
D= 50592993), glutathione reductase (genebank ID=

gy

31824) ¢} GAPDH(Genebank ID: 53734501)2] coding
sequencedH UF-EE T3 tHTable 1). o] <
Z34 L2 Techgene thermal cycler(Techne, UK)Z
ol gt om 20 ule A SFEHL 3 uld]
cDNA, 5.2 ul®] 5M betaine (Sigma, USA), 0.5 ul2]
DMSO(Sigma, USA), 0.3 ul®] Taq polymerase(5
unit/ul, TAKARA EX Taq) 522 ZA At} 4
AAZEMNS F7L denaturation, annealing™
extensions 2}7] 98ColA 10%, 60C(Hx%)9t
50C(FHFE25)A)9] touchdown®He & 30%, 7
2ColA 184 F 3035 A&t

AR SE0Ee] Ake A7)e FaAsE
A& 10 ul¥ S 1% agarose gel A7) 9 F50 2
5, gel documentation system&.% #3531 Z} DN
band¢] ®%=Z Quantity OneZ 2 1% (version 4.6.2,
BioRad, USA) & & Z43}9]th

H

Rt

o
o olo

>

NF-kB reporter assay with A549 and Beas2B
cells which were treated by benzopyrene,
nicotine and cotinine
A 1A Bu] AEF Beas2BE WG oE

NF-kB reporter-+# 2HClontech, USA)Z lipofectin

(Invitrogen, USA)< ©]83}9 transfection] T4

¥ 14x10°70E six well wlFzhe] vjoFel 2 misol &

oA wjstit. wlFAEe] LETt 50%] Edat

RS w] NEE vjgAo R WA S 37CY COM|

F71o] FRh7F 1A17F Hell transfection 4 S A] 8

3tk Transfectiono] AHEE DNATE lugsts

Opti-MEM reduced serum medium(Invitrogen,

Table1. Primers for RT PCR of antioxidants and oxidants from Beas2B cell

Cu/Zn Superoxide dismutase(genebank ID=36541) CDS-nt* 47
Cu/Zn Superoxide dismutase (genebank ID=36541) CDS-nt* 263

Thioredoxine(genebank ID=50592993) CDS- nt* 5
Thioredoxine(genebank ID=50592993) CDS- nt* 278

Glutathione Reductase(genebank ID= 31824 ) CDS- nt* 977
Glutathione Reductase(genebank ID= 31824 ) CDS- nt* 1409

GAPDH(genebank ID=53734501) CDS-nt* 18
GAPDH(genebank ID=53734501) CDS-nt*324

5 AGGGCATCATCAATTTCGAG 3 (forward)

5 ACATTGCCCAAGTCTCCAAC 3 (reverse)

5 TGAAGCAGATCGAGAGCAAG 3 (forward)

5 TTGGCTCCAGAAAATTCACC 3'(reverse)

5 GCATCTATGCAGTTGGGGAT 3 (forward)

5 GTAGGGTGAATGGCGACTGT 3'(reverse)
5 CGGAGTCAACGGATTTGGTCGTAT 3'(forward)
5 AGCCTTCTCCATGGTGGTGAAGAC 3 (reverse)

* CDS-nt: nucleotide number in coding sequence of the DNA
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Figure 1. Expression of antioxidants of Beas2B cell treated with smoke components(benzopyrene, nicotine,
cotinine) at 0.5, 1, 4, 24, 48, 72hrs post-treatment time.
The expression level of CuZnSOD(A), thioredoxin(B), and glutathione reductase(C) as an intracellular antioxidants
was analyzed after treatment of Beas2B cell with benzopyrene, nicotine, or cotinine. Those levels were determined
as the PCR band intensities measured by Quantity One program(Bio-Rad).The fold change was calculated as the
expression level of an antioxidant from Beas2B cell treated with a smoke component divided by the level of
negative control(no treatment of smoke components) at individual post-treatment time.

USA) 100 plol] =38k} o] 3 lipofectin(Invitro-
gen, USA) 10 plE& Opti-MEM reduced serum
medium(Invitrogen, USA) 100 plol] Z3tslo] 429

30%-7F FAtk o] DNAE A3} lipofecting S &
gsle] AoA 1583F Tk Al WA EE

Opti-MEM reduced serum medium(InvitrogenA},
USA)Z A& &) npxl2e 2 Opti-MEM reduced
serum medium(InvitrogenAt, USA) 800 ul& DNA-
lipofectin®gFe 200 ploll H7Fste] Aol 71&ksd
37°Ce COMG7Idl 5AZE B¢ Tt
serum¥- DMEM#B| e} 2 mLZ nl3kale] 48413t
QL 37C W7ol A w skl

o] F W FH MAEE PBSENOZ 23] A st A

0%

Fgad 200 pAS 7Fske] -70ColA 3087 F2
t}h o]& ALox =59 F cell scraper® a9 A|3E
2 Fo] Holx dS99 microfugede] Rk}

3000 xgoll Al 5i7F YAl s ¥ A ds A2
microfuge@oll %713 96 well®] luminometer mi-
crowell plated] 3t welld 40 plE 716k
luciferase assay Al2FASt A|9B (BD Pharmingen,
USA)E 57 10 mLA el 3oJ4 Berthold micro-
plate luminometer(Berthold Detection Systems,

Germany)Z ©]-8-3}] luciferase activityS =43+

Rk

4 1

CuZnSOD9] A2 benzopyrene, nicotine, cotinine
S Mg A 303 F Z7to] GAPDHel H]3) 0.9+,
0.78 2 098 o] o, 1A17F 5 0.89H], 1.084), 0.58
H 4A1ZF 3 1)) 11wl 1.684Y, 24A17F $ 0.6441 1.03
Hlj, 0.73u, 48A17F 2= 0.844H, 0.994H, 0.85uH, 72A17F
% 0.934l, 0.944H, 0.8848} o] tH(Figure 1A, Figure 2).
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% o° b
5015& -{?} (‘ﬁ eﬁﬁ‘b 0‘3‘1}&'{?3 ('3? G‘Eﬁ
A. CONTROL ; — &
0.5 hour - - 24 hour
1.0 hour - - 48 hour
4.0 hour - - 72 hour
B. BENZOPYRENE
0.5 hour - - 24 hour
1.0 hour - - 48 hour
4.0 hour - - 72 hour
C. NICOTINE
0.5 hour - - 24 hour
1.0 hour - - 48 hour
4.0 hour - - 72 hour
D. COTININE
0.8 hour - - 24 hour
1.0 hour - - 48 hour
4.0 hour - - 72 hour

Figure 2.. RT PCR of antioxidants of Beas2B cell treated with smoke components.
PCR results of cDNA from Beas2B cell with no treatment(A. CONTROL) or with 150nM BENZO(a) PYRENE(B.
BENZOPYRENE) or with 10mM NICOTINE(C. NICOTINE) or with 10mM COTININE(D. COTININE) were taken at

0.5, 1, 4, 24, 48, 72 hrs post-treatment.
CuZnSOD1 - Cu/ZnSuperoxide Dismutase(217bp)
TR2 - Thioredoxin(274bp)

GR3 - Glutathione Reductase(433bp)
GAPDH(307bp)

* Size marker(GeneRuler DNA Ladder Mix, Fermentas)

NFKB reporter activity of Beas2B cell

.

Nicotine

Control Benzopyrene Cotinine

| pGL3basic B NFB |

Figure 3. Effect of smoke components on NFkB
reporter activity of respiratory tract cells

The regulatory mechanism of antioxidant by smoke
component was investigated concerned with NF-kB
activation. NFkB reporter DNA(Clontech ,USA) was
transiently transfected into Beas2B cell with Lipofectin
Reagent® (Invitrogen, USA) and Firefly luciferase assay
was done. Cotinine and benzopyrene as smoke
components stimulated the activity of NFkB reporter of
Beas2B cell lines.
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cotinines A 2] $t %] 303 § Z+2ko] GAPDHel H] 3|
1.2501, 11490, 1.38)e]lom  1AZF 3 1.628, 1.74
Hlj, 1.249), 4A1ZF 5 1), 1.16WH, 1.228), 24A1%F %
0.799H, 0.949H, 0.768), 48413+ 5 0.9249H, 0.869H, 0.85
Hlj, 72417F 2 08230, 0.838H, 0.954) ©] A th(Figure 1B,
Figure 2).

Glutathione reductase®]
nicotine, cotinines A A 30 ¢ Z}7}o]
GAPDHeI w]&) 1074, 1.099), 1.2800] o™, 147k
% 1.0440, 1.36%H, 1.144l, 4A]3F < 19, 0.78#0, 1.14
Hlj, 2441%F 2 0.934), 0974, 0.9448), 48717+ ¥~ 0.96
Hlj, 0.93uH, 0.9uH, 72A12F % 0718, 0.954H, 0.981)¢]
A H(Figure 1C, Figure 2).

Beas2BA| 3o A benzopyrene 2 cotinine®l| 23}
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Thioredoxin®] 442  benzopyrene, nicotine,
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(Figure 3).
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