





Downloaded from thorax.bmj.com on February 12, 2012 - Published by group.bmj.com



Effects of cigarette smoke on epithelial cells of the respiratory tract

49 van der Zandt PT, de Feijter AW, Homan EC, Spaaij C, de
Haan LH, van Aelst AC, et al. Effects of cigarette smoke
condensate and 12-O-tetradecanoylphorbol-13-acetate on
gap junction structure and function in cultured cells.
Carcinogenesis 1990;11:883-8.

50 McKarns SC, Doolittle DJ. A quantitative approach to
assessing intercellular communication: studies on cigarette
smoke condensates. Toxicol Appl Pharmacol 1991;111:58—

68.

51 Rose MC. Mucins: structure, function, and role in pulmon-
ary diseases. Am J Physiol 1992;263:1.413-1.429.

52 Wanner A. A review of the effects of cigarette smoke on
airway mucosal function. Eur J Respir Dis
1985;66(Suppl):49-53.

53 Lippman M, Schlesinger RB. Interspecies comparisons of
particle deposition and mucociliary clearance. ¥ Toxicol
Environ Health 1984;13:441-69.

54 Richardson MA. Upper airway complications of cigarette
smoking. ¥ Allergy Clin Immunol 1988;91:1032-5.

55 Stanley PJ, Wilson R, Greenstone MA, MacWilliam L,
Cole PJ. Effect of cigarette smoking on nasal mucociliary
clearance and ciliary beat frequency. Thorax 1986;41:519-
2

3.

56 Lindberg S, Dolata J. NK1 receptors mediate the increase
in mucociliary activity produced by tachykinins. Eur ¥
Pharmacol 1993;231:375-80.

57 Rubin BK, Ramirez O, Zayas JG, Finegan B, King M.
Respiratory mucus from asymptomatic smokers is better
hydrated and more easily cleared by mucociliary action.
Am Rev Respir Dis 1992;145:545-7.

58 Sperber K, Gollub E, Goswani S, Kalb TH, Mayer L,
Marom Z. In vivo detection of a novel macrophage-
derived protein involved in the regulation of mucus-like
glycoprotein secretion. Am Rev Respir Dis 1992;146:1589—
97.

59 Knowles MR, Buntin WH, Bromberg, Gatzy ]JT, Boucher
RC. Measurements of transepithelial electric potential
differences in the trachea and bronchi of human subjects in
vivo. Am Rev Respir Dis 1982;126:108-12.

60 Agnew JE, Pavia D, Clarke SW. Mucus clearance from
peripheral and central airways of asymptomatic cigarette
smokers. Bull Eur Physiopathol Respir 1986;22:263-7.

61 Agnew JE, Lopez-Vidriero MT, Parvia D, Clarke SW.
Functional small airways defence in symptomless cigarette
smokers. Thorax 1986;41:524-30.

62 Welsh M]. Cigarette smoke inhibition of ion transport in
canine tracheal epithelium. ¥ Clin Invest 1983;71:1614-23.

63 Desanctis GT, Kelly SM, Saettea MP, Shiner R], Stril JL,
Hakim TS, et al. Hyporesponsiveness to aerosolized but
not infused methacholine in cigarette-smoking dogs. Am
Rev Respir Dis 1987;135:338—44.

64 Richardson PS, Peatfield AC. The control of airway mucus
secretion. Eur ¥ Respir Dis 1987;153(Suppl):43-51.

65 Kou HP, Rodhe JA, Barnes PJ, Rogers DF. Cigarette
smoke-induced airway goblet cell secretion: dose-depend-
ent differential nerve secretion. Am § Physiol
1992;263:1.161-7.

66 Rogers DF, Turner NC, Marriott C, Jeffery PK. Cigarette
smoke-induced “chronic bronchitis”: a study in situ of
laryngo-tracheal hypersecretion in the rat. Clin Sci
1987;72:629-37.

67 Peatfield AC, Davies JR, Richardson PS. The effect of
tobacco smoke upon airway secretion in the cat. Clin Sci
1986;71:179-87.

68 Hummer B, Purnama I, Hahn HL. Stimulation of submu-
cosal glands by nicotine applied locally to the airway
mucosa. Klin Wochenschr 1988;66(Suppl):161-9.

69 Hobson J, Wright J, Churg A. Histochemical evidence of
generation of active oxygen species on the apical surface of
cigarette-smoke-exposed tracheal explants. Am ¥ Pathol
1991;139:573-80.

70 Sisson JH, Leise LK, Smith RA, Rennard SI, Cohen SM.
Acrolein induces bronchial epithelial cell ciliostasis that
can be blocked by N-acetylcysteine. Am Rev Respir Dis
1991;143:A490.

71 Sisson JH, Tuma DJ, Rennard SI. Acetaldehyde-mediated
cilia dysfunction in bovine bronchial epithelial cells. Am ¥
Physiol 1991;260:1.29-1.36.

72 Maggi CA. Tachykinin receptors in the airways and lung:
what should we block? Pharmacol Res 1990;22:527-32.

73 Morimoto H, Yamashita M, Matsuda A, Miyake H, Fujii
T. Effects of FR 113680 and FK 224, novel tachykinin
receptor antagonists on cigarette smoke-induced rat tra-
cheal plasma extravasation. Eur § Pharmacol 1992;224:
1-5.

74 Lundberg JM, Martling CR, Saria A, Folkers K, Rosell S.
Cigarette smoke-induced airway oedema due to activation
of capsaicin-sensitive vagal afferents and substance P
release. Neuroscience 1983;10:1361-8.

75 Dusser DJ, Djokic TD, Borson DB, Nadel JA. Cigarette
smoke induces bronchoconstrictor hyperresponsiveness to
substance P and inactivates airway neutral endopeptidase
in the guinea pig. Possible role of free radicals. ¥ Clin
Invest 1989;84:900—6.

76 Von Essen SG, Rennard SI, O’Neill D, Ertl RF, Robbins
RA, Kayama S, er al. Bronchial epithelial cells release
neutrophil chemotactic activity in response to tachykinins.
Am § Physiol 1992;263:1.226-1.231.

77 DeRose V, Robbins RA, Spurzen JR, Snider RM, Thiele
G, Rennard SI, et al. Substance P increased neutrophil
adhesion to bronchial epithelial cells. Am Rev Respir Dis
1992;145:A681.

78 Aguayo SM, Kane MA, King TE Jr, Schwarz MI, Grauer
L, Miller YE. Increased levels of bombesin-like peptides

Downloaded from thorax.bmj.com on February 12, 2012 - Published by group.bmj.com

833

in the lower respiratory tract of asymptomatic cigarette
smokers. ¥ Clin Invest 1989;84:1105-13.

79 Meloni F, Bertoletti R, Corsico A, DiFazio P, Cecchettin
M, Gialdroni-Grassi G. Bombesin/gastrin releasing pep-
tide levels of peripheral mononuclear cells, monocytes,
and alveolar macrophages in chronic bronchitis. Int ¥
Tissue React 1992;14:195-201.

80 Shipp MA, Tarr GE, Chen CY, Surtzer SN, Hersh LH,
Stein H, ez al. CD10/neutral endopeptidase 24.11 hydro-
lyzes bombesin-like peptides and regulates the growth of
small cell carcinomas of the lung. Proc Natl Acad Sci
USA 1991;88:100662-6.

81 Munakata M, Masaki Y, Sakuma I, Ukita H, Otsuka Y,
Homma Y, ez al. Pharmacologic differentiation of epithe-
lium-derived relaxing factor from nitric oxide. ¥ Appl
Physiol 1990;69:665-70.

82 Robbins RA, Hamel FG, Floreani AA, Gossman GL,
Nelson KJ, Belenky S, et al. Bovine bronchial epithelial
cells metabolize L-arginine to L-citrulline: possible role of
nitric oxide synthase. Life Sci 1993;52:709-16.

83 Jain B, Rubinstein I, Robbins RA, Leise KL, Sisson JH.
Nitric oxide modulates ciliary activity in airway epithe-
lium. Am Rev Respir Dis 1993;147:A937.

84 Jansen A, Drazen JM, Loscalzo J, Brown R, Sugarbaker
DA, Stamler JS. S-nitrosothiols: a new class of broncho-
dilators. Am Rev Respir Dis 1991;143:A630.

85 Endo T, Uchida Y, Matsumoto H, Suzuki N, Nomura A,
Hirata F, ez al. Regulation of endothelin-1 synthesis in
cultured guinea pig airway epithelial cells by various
cytokines. Biochem Biophys Res Commun 1992;186:
1594-9.

86 Sparrows D, Glynn R], Cohen M, Weiss ST. The relation-
ship of the peripheral leukocyte count and cigarette smok-
ing to pulmonary function among adult men. Chest
1984;86:383—6.

87 Hunninghake GW, Crystal RG. Cigarette smoking and
lung destruction: accumulation of neutrophils in the lungs
of cigarette smokers. Am Rev Respir Dis 1983;128:833-8.

88 Reynolds HV. Bronchoalveolar lavage. Am Rev Respir Dis
1987;135:250-63.

89 Robbins RA, Shoji S, Linder J, Gossman GL. Bronchial
epithelial cells release chemotactic activity for lympho-
cytes. Am § Physiol 1989;257:1.109-15.

90 Anderson R, Theron AJ, Richards GA, Myer MS, van
Rensburg A]J. Passive smoking by humans sensitizes cir-
culating neutrophils. Am Rev Respir Dis 1991;144:570—4.

91 Totti N, McCusker KT, Campbell E]J, Griffin GL, Senior
RM. Nicotine is chemotactic for neutrophils and enhances
neutrophil responsiveness to chemotactic peptides. Sci-
ence 1984;223:169-71

92 Nowak D, Ruta U, Paisecka G. Nicotine increases human
polymorphonuclear leukocytes chemotactic response - a
possible additional mechanism of lung injury in cigarette
smokers. Exp Pathol 1990;39:37-43.

93 Kew RR, Ghebrehiwet B, Janoff A. The role of complement
in cigarette smoke-induced chemotactic activity of lung
fluids. Am Rev Respir Dis 1986;133:478-81.

94 Robbins RA, Gossman GL, Nelson KJ, Koyama S,
Thompson AB, Rennard SI. Inactivation of chemotactic
factor inactivator by cigarette smoke. A potential mechan-
ism of modulating neutrophil recruitment to the lung. Am
Rev Respir Dis 1990;142:763-8.

95 Gadek JE, Pacht ER. The protease-antiprotease imbalance
within the lung: implications for the pathogenesis of
emphysema. Lung 1990;168:552-64.

96 Eling TE, Danilowicz RM, Henke DC, Sivarajah K, Yan-
kaskas JR, Boucher RC. Arachidonic acid metabolism by
canine tracheal epithelial cells. Product formation and
relationship to chloride secretion. J Biol Chem
1986;261:12841-9.

97 Churchill L, Chilton FH, Resau JH, Bascom R, Hubbard
WC, Proud D. Cyclooxygenase metabolism of endoge-
nous arachidonic acid by cultured human tracheal epithe-
lial cells. Am Rev Respir Dis 1989;140:449-59.

98 Wennmalm A, Benthin G, Granstrom EF, Persson L,
Petersson AS, Winell S. Relation between tobacco use and
urinary excretion of thromboxane A, and prostacyclin
metabolites in young men. Circulation 1991;83:1698-704.

99 Wu Wang CY, Wang SL, Lim C, Milles M, Slomiany A,
Slomiany BL. Cigarette smoking reduces human salivary
eicosanoids. Prostaglandins Leukot Essent Fatty Acids
1992;47:1014.

100 Nagase T, Fukuchi Y, Shimizu T, Yamaoka M, Matsuse T,
Hirose T, et al. The influence of cigarette smoke on
metabolism of icosanoids in rat lung in terms of variation
of 15-hydroxeicosatetraenoic acid and 11-dehydrothrom-
boxane B,. Nippon Kyobu Shikkan Gakkai Zasshi
1989;27:1193-7.

101 Leikauf GD, Leming LM, O’Donnell JR, Doupnik CA.
Bronchial responsiveness and inflammation in guinea pigs
exposed to acrolein. ¥ Appl Physiol 1989;66:171-8.

102 Jeremy JY, Mikhailidis DP, Dandona P. Muscarinic stimu-
lation of prostanoid synthesis by isolated rat trachea:
calcium dependency and effect of cortisol and cigarette
smoke. Eur ¥ Pharmacol 1989;160:107-15.

103 Thomas PS, Schreck RE, Lazarus SC. Tobacco smoke
releases preformed mediators from canine mast cells and
modulates prostaglandin production. Am ¥ Physiol
1992;263:L.67-72.

104 Cox G, Gauldie J, Jordana M. Bronchial epithelial cell-
derived cytokines (G-CSF and GM-CSF) promote the
survival of peripheral blood neutrophils in vitro. Am ¥
Respir Cell Mol Biol 1992;7:507-13.

105 Becker S, Koren HS, Henke DC. Interleukin-8 expression


http://thorax.bmj.com/
http://group.bmj.com/

834

in normal nasal epithelium and its modulation by infection
with respiratory syncytial virus and cytokines tumor nec-
rosis factor, interleukin-1, and interleukin-6. Am ¥ Respir
Cell Mol Biol 1993;8:20-7.

106 Ohtoshi T, Vancheri C, Cox G, Gauldie J, Dolovich J,
Denburg JA, er al. Monocyte-macrophage differentiation
induced by human upper airway epithelial cells. Am ¥
Respir Cell Mol Biol 1991;4:255-63.

107 Francus T, Romano PM, Manzo G, Fonacier L, Arango N,
Szabo P. IL-1, IL-6, and PDGF mRNA expression in
alveolar cells following stimulation with a tobacco-derived
antigen. Cell Immunol 1992;145:156-74.

108 Dubar V, Gosset P, Aerts C, Voisin C, Wallaert B, Tonnel
AB. In vitro acute effects of tobacco smoke on tumor
necrosis factor alpha and interleukin-6 production by
alveolar macrophages. Exp Lung Res 1993;19:345-59.

109 Soliman DM, Twigg HL III. Cigarette smoking decreases
bioactive interleukin-6 secretion by alveolar macrophages.
Am J Physiol 1992;263:1.471-8.

110 Hance AJ, Basset G, Saumon G, Danel C, Valeyre D,
Battesti JP, er al. Smoking and interstitial lung disease: the
effect of cigarette smoking on the incidence of pulmonary
histiocytosis X and sarcoidosis. Ann NY Acad Sci
1986;465:643-56.

111 Tosi MF, Stark JM, Smith CW, Hamedani A, Gruenert
DC, Infeld MD. Induction of ICAM-1 expression on
human airway epithelial cells by inflammatory cytokines:
effects on neutrophil-epithelial cell adhesion. Am ¥ Respir
Cell Mol Biol 1992;7:214021.

112 MacNee W, Wiggs B, Belzberg AS, Hogg JC. The effect of
cigarette smoking on neutrophil kinetics in human lungs.
N Engl ¥ Med 1989;321:924-8.

113 Bosken CH, Doerschuk CM, English D, Hogg JC. Neutro-
phil kinetics during active cigarette smoking in rabbits. ¥
Appl Physiol 1991;71:630-7.

114 Lehr HA, Kress E, Menger MD. Involvement of 5-lipoxy-
genase products in cigarette smoke-induced leukocyte/
endothelium interaction in hamsters. Int ¥ Microcirc Clin
Exp 1993;12:61-73.

115 Drost EM, Selby C, Lannan S, Lowe GDO, MacNee W.
Changes in neutrophil deformability following in witro
smoke exposure: mechanism and protection. Am ¥ Respir
Cell Mol Biol 1992;6:287-95.

116 Klut ME, Doerschuk CM, Van Eeden SF, Burns AR, Hogg
JC. Activation of neutrophils within pulmonary microves-
sels of rabbits exposed to cigarette smoke. Am J Respir
Cell Mol Biol 1993;9:82-9.

117 Baluk P, Hatzidakis A, Nadel JA, McDonald DM. Chronic
exposure to cigarette smoke potentiates capsaicin-induced
neutrophil adhesion in rat trachea. Am Rev Respir Dis
1992;145:A188.

118 Robbins RA, Koyama S, Spurzem JR, Rickard KA, Nelson
KJ, Gossman GL, et al. Modulation of neutrophil and
mononuclear cell adherence to bronchial epithelial cells.
Am ¥ Respir Cell Mol Biol 1992;7:19-29.

119 Selby C, Drost E, Brown D, Howie S, MacNee W. Inhibi-
tion of neutrophil adherence and movement by acute
cigarette smoke exposure. Exp Lung Res 1992;18:813-27.

Downloaded from thorax.bmj.com on February 12, 2012 - Published by group.bmj.com

Dye, Adler

120 Holt PG. Immune and inflammatory function in cigarette
smokers. Thorax 1987;42:241-9.

121 Savage SM, Donaldson LA, Cherian S, Chilukuri R, White
VA, Sopori ML. Effects of cigarette smoke on the immune
response. II. Chronic exposure to cigarette smoke inhibits
surface immunoglobulin-mediated responses in B cells.
Toxicol Appl Pharmacol 1991;111:523-9,

122 Spurzem JR, Sacco O, Rossi GA, Beckmann JD, Rennard
SI. Regulation of major histocompatibility complex class
II gene expression on bovine bronchial epithelial cells. ¥
Lab Clin Med 1992;120:94-102.

123 McDevitt CA, Beck GJ, Ciunga M]J, O’Brien J. Cigarette
smoke degrades hyaluronic acid. Lung 1989;167:237—45.

124 Pladsen P, Beckman J, Rennard S, Romberger D. Cigarette
smoke extract modulates bronchial epithelial cell fibronec-
tin release. Am Rev Respir Dis 1992;145:A826.

125 Cantral DE, Veys T, Sission JH, Rennard SI, Spurzem JR.
Exposure of bronchial epithelial cells to cigarette smoke
extract impairs migration. Am Rev Respir Dis
1993;147:A46.

126 Barrett JC, Lamb PW, Wiseman RW. Multiple mechan-
isms for the carcinogenic effects of asbestos and other
mineral fibers. Environ Health Perspect 1989;81:81-9.

127 Kamp DW, Graceffa P, Pryor WA, Weitzman SA. The role
of free radicals in asbestos-induced disease. Free Radic
Biol Med 1992;12:293-315.

128 McFadden D, Wright J, Wiggs B, Churg A. Cigarette
smoke increases the penetration of asbestos fibers into
airway walls. Am ¥ Pathol 1986;123:95-9.

129 Churg A, Wright JL, Hobson ], Stevens B. Effects of
cigarette smoke on the clearance of short asbestos fibres
from the lung and a comparison with the clearance of long
asbestos fibres. Int ¥ Exp Pathol 1992;73:287-97.

130 Churg A, Hobson J, Wright J. Effects of cigarette smoke
dose and time after smoke exposure on uptake of asbestos
fibers by rat tracheal epithelial cells. Am ¥ Respir Cell Mol
Biol 1990;3:265-9.

131 Churg A, Hobson J, Berean K, Wright J. Scavengers of
active oxygen species prevent cigarette smoke-induced
asbestos fiber penetration in rat tracheal explants. Am ¥
Pathol 1989;135:599-603.

132 Keeling B, Hobson ], Churg A. Effects of cigarette smoke
on epithelial uptake of non-asbestos mineral particles in
tracheal organ culture. Am § Respir Cell Mol Biol
1993;9:335-40.

133 Takahashi K. Patho-physiological changes in the lung par-
enchyma caused by exposure of tobacco smoke in the
hamster. Nippon Kyobu Shikkan Gakkai Zasshi ( Japanese
F Thoracic Dis) 1991;29:190-6.

134 Nilsson K, Henriksson R, Cai YQ, Hellstroms S, Horng-
vist-Bylunds S, Bjermer L. Effects of tobacco smoke on
radiation-induced pneumonitis in rats. Int ¥ Radiat Biol
1992;62:719-27.

135 Nishikawa M, Ikeda H, Nishiyama H, Yamakawa H,
Suzuki S, Okubo T. Combined effects of ozone and
cigarette smoke on airway responsiveness and vascular
permeability in guinea pigs. Lung 1992;170:311-22.


http://thorax.bmj.com/
http://group.bmj.com/

Downloaded from thorax.bmj.com on February 12, 2012 - Published by group.bmj.com

Effects of cigarette smoke on epithelial cells
of the respiratory tract.

J A Dye and K B Adler

THORAX

Thorax 1994 49: 825-834
doi: 10.1136/thx.49.8.825

Updated information and services can be found at:
http://thorax.bmj.com/content/49/8/825.citation

These include:

References  Article cited in:
http://thorax.bmj.com/content/49/8/825.citation#related-urls

Email alerting Receive free email alerts when new articles cite this article. Sign up in
service the box at the top right corner of the online article.

Notes

To request permissions go to:
http://group.bmj.com/group/rights-licensing/permissions

To order reprints go to:
http://journals.bmj.com/cgi/reprintform

To subscribe to BMJ go to:
http://group.bmj.com/subscribe/


http://thorax.bmj.com/content/49/8/825.citation
http://thorax.bmj.com/content/49/8/825.citation#related-urls
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://thorax.bmj.com/
http://group.bmj.com/

