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Tutlin kullanimi ne yazik ki diinya ¢apinda
yaygin olup, eriskin toplumun 1/3’Gnin tatin
kullandigi raporlanmistir (1). Sigara, puro, pipo,
elektronik sigara, vb. gibi Grlinlerin tiketimi es-
nasinda solunan titin dumaninda toksik, muta-
jenik ve karsinojenik etkileri olan 5000’den fazla
kimyasal maddenin bulundugu bilinmektedir. Ti-
tlin dumanindaki ana emisyon maddeleri arasin-
da, nikotin, tar, karbon monoksit, karbon dioksit,
formaldehit, amonyak, reaktif oksijen tirevleri
(ROS), reaktif nitrojen tirevleri (RNS), serbest
radikaller gibi immun disfonksiyona sebep olabi-
lecek pek ¢ok toksin yer almaktadir (2). Prevalan-
sinl azaltmaya yonelik bitlin calismalara ragmen,
diinyada her yil yaklasik 6 milyon kisi tiitiin kulla-
nimina bagli 6lmektedir (3). Yaklasik 600.000 kisi
ise pasif maruziyettin yarathg etkilerden dolayi
olmektedirler. Kronik obstriiktif akciger hastali-
g1 (KOAH), kanser, kardiyovaskiler hastaliklar ve
hipertansiyonun patogenezinde yer almak disin-
da tatdn kullanimi kronik inflamatuvar bileseni
olan romatoid artrit, Crohn hastaligi, psoriasis
ve aterosklerozis gibi pek cok sistemik hastaligin
gelisiminde tanimlanmis risk faktoridir. Ayrica,
titlin kullananlarin mikrobiyal enfeksiyonlara
duyarhliginin arttigi (solunum yolu enfeksiyonla-

ri, periodontit, bakteriyel menenjit gibi) ve yara
iyilesmelerinin bozuldugu goérilmektedir (4, 5).
Bu sebeplerle, titiin dumaninin immiin homeos-
tazi bozdugu bilinmektedir, ancak mekanizmalari
hala net olarak agikhiga kavusturulamamistir.

Akciger immiinolojisine Genel Bakis

Akcigerlerin epitel ylizey alani yaklasik bir te-
nis kortu buylkligiinde olup viicudumuzdaki en
blylk epitelyal ylzeydir. Bu 6zellik géz 6niine
alindiginda, giin icinde solunan hava ile birlikte
alinan ¢ok sayida enfeksiyoz ajan, toksik gaz ve
ince partikilli maddelerin yarathigi tehdide mey-
dan okumasi gerekmektedir. Bunun icinse dogal
ve edinsel immiiniteyi iceren oldukga genis bir
yelpazeye sahip olan konak savunma mekaniz-
malari gelistirilmistir. Alveolar ve kapiller memb-
ran bariyerleri gaz alisverisi icin dGnemlidir; toksik
ve enfeksiy0z patojenlerin hasar verici etkisin-
den korunmalari gereklidir.

Bakteri, viriis veya fungal patojenler (veya on-
larin patern-iliskili molekiler proteinleri [PAM-
Ps]) ve cevresel allerjenler 6ncelikle membrana
bagli, sitozolik ve/veya endozomal dogal sensor-
ler veya patern taniyan reseptorler (PPRs) tara-
findan algilanir. Solunum epitel hiicreleri hava
yolu limen igi antijenleri ile altta yatan havayolu
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Sonug olarak, sigara dumaninin Treg diizeyleri
Gzerine etkisi tam net degildir. Muhtemelen Treg
hicre alt tipleri arasindaki dengesizlik pro-infla-
matuvar alt tip lehine olmasi KOAH patogenezin-
de rol oynarken, bazi sigara kullananlarda Treg
sayisinin yliksek olmasi o hastalarin solunum
yolu enfeksiyonlarina yatkinlklarini arttirabilir.

B hiicreler antikor ve sitokin salinimindan
sorumludurlar ve antijen sunum slrecinde yer
alirlar. insan ve deneysel calismalardan elde
edilen veriler sigara dumaninin B hiicre gelisi-
minde, fonksiyonunda ve immiinoglobulin Gre-
timinde baskilama yaptigini 6nermislerdir (112,
113). KOAH’lilarda kigik hava yollarinda artmis
sayida B hicre oldugu gosterilmis, ancak sag-
likli  bireylerle karsilastirildiginda KOAH’lilarin
periferal kanlarinda hafiza B hucrelerinin daha
disik sayida oldugu izlenmistir (113, 114). Bu
bulgularla uyumlu olarak sigara dumani maruzi-
yetinin B hiicre farklilagsmasi sirecini ¢ok erken
bir evrede baskilayabildigi, fare kemik iliginde
pre-B ve pro-B hiicrelerinde belirgin asagl dog-
ru regiilasyon gosterilerek dogrulanmistir (115,
116). Ek olarak sigara dumanina maruziyet im-
miinglobulin Uretimini de baskilamaktadir. IgA,
IgG ve IgM’nin sigara kullananlarin tikarigiinde
ve periferal kaninda azaldigi gosterilmis olmakla
birlikte bu baskilayici etki IgE sentezini etkileme-
mektedir. Aksine sigara kullananlarin kanlarinda
IgE diizeyleri artmistir (117, 118).

Sonug olarak, sigara kullaniminin hava yolla-
rinda B hilicre depolanmasini arttirdig; periferal
kanda hafiza B hiicre sayisini azalthgi; Ig A, 1gG
ve IgM salinimi azalttig ama aksine IgE Gretimini
arttirdig gosterilmistir.

Sonug olarak ¢ok sayida kanit géstermistir ki
hem dogal hem de edinsel immiinite sigara du-
mani maruziyetine duyarlidir. Sigara dumani ¢ok
sayida farkh pro-inflamatuvar, oksidatif ve karsi-
nojenik etkilere sahip bilesenler iceren kimyasal
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bir karisimdir ve bu ylzden bazen de maruziyet
sonrasi celiskili etkiler izlenmektedir. Tutln im-
minolojik homeostazi bozmakta, gesitli para-
doks etkilere ve hastaliklara sebep olmaktadir.
Sigara dumani bir taraftan normal savunma fonk-
siyonunu azaltirken bir yandan da patolojik im-
m{in yaniti arttirabilmekte, neticede maruz kalan
kiside yararl degil her zaman zararl etkiye sebep
olmaktadir. Ornegin sigara dumani genellikle in-
feksiyonlara yonelik immiin yaniti zayiflatirken
paradoks olarak otoimmiuniteyi desteklemek-
tedir. Sigara dumaninin yarattigi etkilerin altta
yatan immiuinopatolojik mekanizmalari hala net
degildir ve ileri arastirmalara ihtiyag vardir.

1. Sander L, Gilman, Xun Z. Smoke: A Global History of
Smoking. London: Reaktion Books; 2004.

2. Talhout R, Schulz T, Florek E, van Benthem J, Wester
P, Opperhuizen A. Hazardous compounds in tobacco
smoke. Int J Environ Res Public Health. 2011;8(2):613-
28.

3. WHO. WHO Global Report on Trends in Prevalence of
Tobacco Smoking. Geneva, Switzerland: WHO; 2015.

4. Sopori M. Effects of cigarette smoke on the immune
system. Nat Rev Immunol. 2002;2(5):372-7.

5. Stampfli MR, Anderson GP. How cigarette smoke skews
immune responses to promote infection, lung disease
and cancer. Nat Rev Immunol. 2009;9(5):377-84.

6. Wynn TA, Chawla A, Pollard JW. Macrophage biology
in development, homeostasis and disease. Nature.
2013;496(7446):445-55.

7. Abbas AK, Lichtman AH, Pillai S. Cellular and Molecular
Immunology. Philadelphia, USA: Elsevier; 2017.

8. Cruz CSD, Koff JL. Innate and Adaptive Immunity in the
Lung. In: Elias JA, Fishman JA, Kotloff RM, Pack Al, Se-
nior RM, editors. Fishman’s Pulmonary Diseases and
Disorders. New York, USA: McGraw-Hill Medical; 2015.

9. Zhou Z, Chen P, Peng H. Are healthy smokers really he-
althy? Tob Induc Dis. 2016;14:35.

10. Yamaguchi NH. Smoking, immunity, and DNA damage.
Transl Lung Cancer Res. 2019;8(Suppl 1):S3-s6.

11. Qiu F, Liang CL, Liu H, Zeng YQ, Hou S, Huang S, et al.
Impacts of cigarette smoking on immune responsi-
veness: Up and down or upside down? Oncotarget.
2017;8(1):268-84.

12. Cui WY, Li MD. Nicotinic modulation of innate immu-
ne pathways via a7 nicotinic acetylcholine receptor. J
Neuroimmune Pharmacol. 2010;5(4):479-88.

13. Cloéz-Tayarani I, Changeux JP. Nicotine and serotonin
in immune regulation and inflammatory processes: a
perspective. J Leukoc Biol. 2007;81(3):599-606.

14. Strzelak A, Ratajczak A, Adamiec A, Feleszko W. Tobac-
co Smoke Induces and Alters Immune Responses in the
Lung Triggering Inflammation, Allergy, Asthma and Ot-



Tiitlin ve Akciger immiinolojisi

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

her Lung Diseases: A Mechanistic Review. Int J Environ
Res Public Health. 2018;15(5).

Dvorkin-Gheva A, Vanderstocken G, Yildirim A, Bran-
dsma CA, Obeidat M, Bossé Y, et al. Total particulate
matter concentration skews cigarette smoke’s gene
expression profile. ERJ Open Res. 2016;2(4).

D’Hulst A I, Maes T, Bracke KR, Demedts IK, Tournoy
KG, Joos GF, et al. Cigarette smoke-induced pulmonary
emphysema in scid-mice. Is the acquired immune sys-
tem required? Respir Res. 2005;6(1):147.

Botelho FM, Gaschler GJ, Kianpour S, Zavitz CC, Trimble
NJ, Nikota JK, et al. Innate immune processes are suffi-
cient for driving cigarette smoke-induced inflammation
in mice. Am J Respir Cell Mol Biol. 2010;42(4):394-403.
Cosio MG, Saetta M, Agusti A. Immunologic aspects of
chronic obstructive pulmonary disease. N Engl J Med.
2009;360(23):2445-54.

Honda Y, Takahashi H, Kuroki Y, Akino T, Abe S. Decrea-
sed contents of surfactant proteins A and D in BAL flui-
ds of healthy smokers. Chest. 1996;109(4):1006-9.
Kawai T, Akira S. The role of pattern-recognition recep-
tors in innate immunity: update on Toll-like receptors.
Nat Immunol. 2010;11(5):373-84.

Noakes PS, Hale J, Thomas R, Lane C, Devadason SG,
Prescott SL. Maternal smoking is associated with im-
paired neonatal toll-like-receptor-mediated immune
responses. Eur Respir J. 2006;28(4):721-9.

Castro SM, Chakraborty K, Guerrero-Plata A. Cigarette
smoke suppresses TLR-7 stimulation in response to vi-
rus infection in plasmacytoid dendritic cells. Toxicol In
Vitro. 2011;25(5):1106-13.

Schultze JL, Aschenbrenner AC. Systems immunology
allows a new view on human dendritic cells. Semin Cell
Dev Biol. 2019;86:15-23.

Soler P, Moreau A, Basset F, Hance AJ. Cigarette smo-
king-induced changes in the number and differentiated
state of pulmonary dendritic cells/Langerhans cells.
Am Rev Respir Dis. 1989;139(5):1112-7.

Rogers AV, Adelroth E, Hattotuwa K, Dewar A, Jeffery
PK. Bronchial mucosal dendritic cells in smokers and
ex-smokers with COPD: an electron microscopic study.
Thorax. 2008;63(2):108-14.

Tsoumakidou M, Elston W, Zhu J, Wang Z, Gamble E,
Siafakas NM, et al. Cigarette smoking alters bronchial
mucosal immunity in asthma. Am J Respir Crit Care
Med. 2007;175(9):919-25.

Lanckacker EA, Tournoy KG, Hammad H, Holtappels G,
Lambrecht BN, Joos GF, et al. Short cigarette smoke
exposure facilitates sensitisation and asthma develop-
ment in mice. Eur Respir J. 2013;41(5):1189-99.

Le Rouzic O, Koné B, Kluza J, Marchetti P, Hennegrave
F, Olivier C, et al. Cigarette smoke alters the ability of
human dendritic cells to promote anti-Streptococcus
pneumoniae Th17 response. Respir Res. 2016;17(1):94.
Robbins CS, Franco F, Mouded M, Cernadas M, Shapi-
ro SD. Cigarette smoke exposure impairs dendritic cell
maturation and T cell proliferation in thoracic lymph
nodes of mice. J Immunol. 2008;180(10):6623-8.
Mortaz E, Lazar Z, Koenderman L, Kraneveld AD, Nij-
kamp FP, Folkerts G. Cigarette smoke attenuates the
production of cytokines by human plasmacytoid dend-
ritic cells and enhances the release of IL-8 in response

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

to TLR-9 stimulation. Respir Res. 2009;10(1):47.
Nouri-Shirazi M, Guinet E. Evidence for the immuno-
suppressive role of nicotine on human dendritic cell
functions. Immunology. 2003;109(3):365-73.

Kroening PR, Barnes TW, Pease L, Limper A, Kita H,
Vassallo R. Cigarette smoke-induced oxidative stress
suppresses generation of dendritic cell IL-12 and IL-
23 through ERK-dependent pathways. J Immunol.
2008;181(2):1536-47.

Vassallo R, Tamada K, Lau JS, Kroening PR, Chen L. Ci-
garette smoke extract suppresses human dendritic cell
function leading to preferential induction of Th-2 pri-
ming. J Immunol. 2005;175(4):2684-91.

Vassallo R, Kroening PR, Parambil J, Kita H. Nicotine
and oxidative cigarette smoke constituents induce im-
mune-modulatory and pro-inflammatory dendritic cell
responses. Mol Immunol. 2008;45(12):3321-9.

Robays LJ, Lanckacker EA, Moerloose KB, Maes T, Bra-
cke KR, Brusselle GG, et al. Concomitant inhalation
of cigarette smoke and aerosolized protein activates
airway dendritic cells and induces allergic airway inf-
lammation in a TLR-independent way. J Immunol.
2009;183(4):2758-66.

Briiggemann TR, Fernandes P, Oliveira LM, Sato MN,
Martins MA, Arantes-Costa FM. Cigarette Smoke Incre-
ases CD8a(+) Dendritic Cells in an Ovalbumin-Induced
Airway Inflammation. Front Immunol. 2017;8:718.
Jiang X, Chen Y, Peng H, Tian Z. Memory NK cells:
why do they reside in the liver? Cell Mol Immunol.
2013;10(3):196-201.

Caligiuri MA. Human natural
2008;112(3):461-9.

Ferson M, Edwards A, Lind A, Milton GW, Hersey P. Low
natural killer-cell activity and immunoglobulin levels
associated with smoking in human subjects. Int J Can-
cer. 1979;23(5):603-9.

Tollerud DJ, Clark JW, Brown LM, Neuland CY, Mann DL,
Pankiw-Trost LK, et al. Association of cigarette smoking
with decreased numbers of circulating natural killer
cells. Am Rev Respir Dis. 1989;139(1):194-8.
Andersson A, Malmhall C, Houltz B, Tengvall S, Sjost-
rand M, Qvarfordt I, et al. Interleukin-16-producing NK
cells and T-cells in the blood of tobacco smokers with
and without COPD. Int J Chron Obstruct Pulmon Dis.
2016;11:2245-58.

Arimilli S, Damratoski BE, Prasad GL. Combustible and
non-combustible tobacco product preparations diffe-
rentially regulate human peripheral blood mononuc-
lear cell functions. Toxicol In Vitro. 2013;27(6):1992-
2004.

Mian MF, Lauzon NM, Stampfli MR, Mossman KL, Ash-
kar AA. Impairment of human NK cell cytotoxic activity
and cytokine release by cigarette smoke. J Leukoc Biol.
2008;83(3):774-84.

Stolberg VR, Martin B, Mancuso P, Olszewski MA, Free-
man CM, Curtis JL, et al. Role of CC chemokine receptor
4 in natural killer cell activation during acute cigarette
smoke exposure. Am J Pathol. 2014;184(2):454-63.
Kearley J, Silver JS, Sanden C, Liu Z, Berlin AA, White
N, et al. Cigarette smoke silences innate lymphoid cell
function and facilitates an exacerbated type | interleu-
kin-33-dependent response to infection. Immunity.

killer cells. Blood.



46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Tutlin ve Gogus Hastaliklari

2015;42(3):566-79.

Wang J, Urbanowicz RA, Tighe PJ, Todd I, Corne JM,
Fairclough LC. Differential activation of killer cells in
the circulation and the lung: a study of current smo-
king status and chronic obstructive pulmonary disease
(COPD). PLoS One. 2013;8(3):e58556.
Domagata-Kulawik J, Maskey-Warzechowska M, Her-
manowicz-Salamon J, Chazan R. Expression of macrop-
hage surface markers in induced sputum of patients
with chronic obstructive pulmonary disease. J Physiol
Pharmacol. 2006;57 Suppl 4:75-84.

Morissette MC, Shen P, Thayaparan D, Stampfli MR.
Disruption of pulmonary lipid homeostasis drives ci-
garette smoke-induced lung inflammation in mice. Eur
Respir J. 2015;46(5):1451-60.

Hinman LM, Stevens CA, Matthay RA, Gee JB. Elastase
and lysozyme activities in human alveolar macropha-
ges. Effects of cigarette smoking. Am Rev Respir Dis.
1980;121(2):263-71.

Harris JO, Swenson EW, Johnson JE, 3rd. Human alve-
olar macrophages: comparison of phagocytic ability,
glucose utilization, and ultrastructure in smokers and
nonsmokers. J Clin Invest. 1970;49(11):2086-96.
Harris JO, Olsen GN, Castle JR, Maloney AS. Compari-
son of proteolytic enzyme activity in pulmonary alveo-
lar macrophages and blood leukocytes in smokers and
nonsmokers. Am Rev Respir Dis. 1975;111(5):579-86.
Byrne AJ, Mathie SA, Gregory LG, Lloyd CM. Pulmonary
macrophages: key players in the innate defence of the
airways. Thorax. 2015;70(12):1189-96.

Varin A, Gordon S. Alternative activation of macropha-
ges: immune function and cellular biology. Immunobi-
ology. 2009;214(7):630-41.

Lu J, Xie L, Liu C, Zhang Q, Sun S. PTEN/PI3k/AKT Re-
gulates Macrophage Polarization in Emphysematous
mice. Scand J Immunol. 2017;85(6):395-405.

He S, Xie L, Lu J, Sun S. Characteristics and potential
role of M2 macrophages in COPD. Int J Chron Obstruct
Pulmon Dis. 2017;12:3029-39.

Eapen MS, Hansbro PM, McAlinden K, Kim RY, Ward C,
Hackett TL, et al. Abnormal M1/M2 macrophage phe-
notype profiles in the small airway wall and lumen in
smokers and chronic obstructive pulmonary disease
(COPD). Sci Rep. 2017;7(1):13392.

Lim S, Roche N, Oliver BG, Mattos W, Barnes PJ, Chung
KF. Balance of matrix metalloprotease-9 and tissue in-
hibitor of metalloprotease-1 from alveolar macropha-
ges in cigarette smokers. Regulation by interleukin-10.
Am J Respir Crit Care Med. 2000;162(4 Pt 1):1355-60.
Babusyte A, Stravinskaite K, Jeroch J, Lotvall J, Sakala-
uskas R, Sitkauskiene B. Patterns of airway inflammati-
on and MMP-12 expression in smokers and ex-smokers
with COPD. Respir Res. 2007;8(1):81.

Woodruff PG, Koth LL, Yang YH, Rodriguez MW, Favore-
to S, Dolganov GM, et al. A distinctive alveolar macrop-
hage activation state induced by cigarette smoking. Am
J Respir Crit Care Med. 2005;172(11):1383-92.

Hoidal JR, Fox RB, LeMarbre PA, Takiff HE, Repine JE.
Oxidative metabolism of alveolar macrophages from
young asymptomatic cigarette smokers. Increased su-
peroxide anion release and its potential consequences.
Chest. 1980;77(2 Suppl):270-1.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Ouyang Y, Virasch N, Hao P, Aubrey MT, Mukerjee
N, Bierer BE, et al. Suppression of human IL-1be-
ta, IL-2, IFN-gamma, and TNF-alpha production by
cigarette smoke extracts. J Allergy Clin Immunol.
2000;106(2):280-7.

McCrea KA, Ensor JE, Nall K, Bleecker ER, Hasday JD.
Altered cytokine regulation in the lungs of cigarette
smokers. Am J Respir Crit Care Med. 1994;150(3):696-
703.

Arimilli S, Schmidt E, Damratoski BE, Prasad GL. Role of
Oxidative Stress in the Suppression of Immune Respon-
ses in Peripheral Blood Mononuclear Cells Exposed to
Combustible Tobacco Product Preparation. Inflammati-
on. 2017;40(5):1622-30.

Zhao J, Li X, Xie F, Yang Z, Pan X, Zhu M, et al. Immuno-
modulatory effects of cigarette smoke condensate in
mouse macrophage cell line. Int J Immunopathol Phar-
macol. 2017;30(3):315-21.

Gaschler GJ, Zavitz CC, Bauer CM, Skrtic M, Lindahl M,
Robbins CS, et al. Cigarette smoke exposure attenuates
cytokine production by mouse alveolar macrophages.
Am J Respir Cell Mol Biol. 2008;38(2):218-26.

King TE, Jr., Savici D, Campbell PA. Phagocytosis and
killing of Listeria monocytogenes by alveolar mac-
rophages: smokers versus nonsmokers. J Infect Dis.
1988;158(6):1309-16.

Phipps JC, Aronoff DM, Curtis JL, Goel D, O’Brien E,
Mancuso P. Cigarette smoke exposure impairs pul-
monary bacterial clearance and alveolar macrophage
complement-mediated phagocytosis of Streptococcus
pneumoniae. Infect Immun. 2010;78(3):1214-20.
Droemann D, Goldmann T, Tiedje T, Zabel P, Dalhoff
K, Schaaf B. Toll-like receptor 2 expression is decrea-
sed on alveolar macrophages in cigarette smokers and
COPD patients. Respir Res. 2005;6(1):68.

Wu Y, Xu H, Li L, Yuan W, Zhang D, Huang W. Suscep-
tibility to Aspergillus Infections in Rats with Chronic
Obstructive Pulmonary Disease via Deficiency Functi-
on of Alveolar Macrophages and Impaired Activation
of TLR2. Inflammation. 2016;39(4):1310-8.

Gaschler GJ, Skrtic M, Zavitz CC, Lindahl M, Onner-
vik PO, Murphy TF, et al. Bacteria challenge in smo-
ke-exposed mice exacerbates inflammation and skews
the inflammatory profile. Am J Respir Crit Care Med.
2009;179(8):666-75.

Metcalfe HJ, Lea S, Hughes D, Khalaf R, Abbott-Ban-
ner K, Singh D. Effects of cigarette smoke on Toll-like
receptor (TLR) activation of chronic obstructive pulmo-
nary disease (COPD) macrophages. Clin Exp Immunol.
2014;176(3):461-72.

Ni 1, Ji C, Vij N. Second-hand cigarette smoke im-
pairs bacterial phagocytosis in macrophages by
modulating CFTR dependent lipid-rafts. PLoS One.
2015;10(3):e0121200.

Drannik AG, Pouladi MA, Robbins CS, Goncharova SI,
Kianpour S, Stampfli MR. Impact of cigarette smo-
ke on clearance and inflammation after Pseudomo-
nas aeruginosa infection. Am J Respir Crit Care Med.
2004;170(11):1164-71.

Pehote G, Bodas M, Brucia K, Vij N. Cigarette Smoke
Exposure Inhibits Bacterial Killing via TFEB-Mediated
Autophagy Impairment and Resulting Phagocytosis



Tiitlin ve Akciger immiinolojisi

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Defect. Mediators Inflamm. 2017;2017:3028082.
Kammerl |IE, Dann A, Mossina A, Brech D, Lukas C,
Vosyka O, et al. Impairment of Immunoproteasome
Function by Cigarette Smoke and in Chronic Obstru-
ctive Pulmonary Disease. Am J Respir Crit Care Med.
2016;193(11):1230-41.

Hodge S, Matthews G, Mukaro V, Ahern J, Shivam A,
Hodge G, et al. Cigarette smoke-induced changes to
alveolar macrophage phenotype and function are im-
proved by treatment with procysteine. Am J Respir Cell
Mol Biol. 2011;44(5):673-81.

Hodge S, Hodge G, Holmes M, Reynolds PN. Incre-
ased airway epithelial and T-cell apoptosis in COPD
remains despite smoking cessation. Eur Respir J.
2005;25(3):447-54.

Hodge S, Hodge G, Scicchitano R, Reynolds PN, Holmes
M. Alveolar macrophages from subjects with chronic
obstructive pulmonary disease are deficient in their
ability to phagocytose apoptotic airway epithelial cells.
Immunol Cell Biol. 2003;81(4):289-96.

Simpson JL, Gibson PG, Yang IA, Upham J, James A,
Reynolds PN, et al. Impaired macrophage phagocy-
tosis in non-eosinophilic asthma. Clin Exp Allergy.
2013;43(1):29-35.

Hodge S, Dean M, Hodge G, Holmes M, Reynolds PN.
Decreased efferocytosis and mannose binding lectin in
the airway in bronchiolitis obliterans syndrome. J Heart
Lung Transplant. 2011;30(5):589-95.

Hodge S, Upham JW, Pizzutto S, Petsky HL, Yerkovich
S, Baines KJ, et al. Is Alveolar Macrophage Phagocy-
tic Dysfunction in Children With Protracted Bacteri-
al Bronchitis a Forerunner to Bronchiectasis? Chest.
2016;149(2):508-15.

Pouwels SD, Zijlstra GJ, van der Toorn M, Hesse L, Gras
R, Ten Hacken NH, et al. Cigarette smoke-induced nec-
roptosis and DAMP release trigger neutrophilic airway
inflammation in mice. Am J Physiol Lung Cell Mol Phy-
siol. 2016;310(4):L377-86.

Siew LQC, Wu SY, Ying S, Corrigan CJ. Cigarette smo-
king increases bronchial mucosal IL-17A expression in
asthmatics, which acts in concert with environmental
aeroallergens to engender neutrophilic inflammation.
Clin Exp Allergy. 2017;47(6):740-50.

White PC, Hirschfeld J, Milward MR, Cooper PR, Wri-
ght HJ, Matthews JB, et al. Cigarette smoke modifies
neutrophil chemotaxis, neutrophil extracellular trap
formation and inflammatory response-related gene
expression. J Periodontal Res. 2018;53(4):525-35.
Tanigawa T, Araki S, Nakata A, Kitamura F, Yasumoto
M, Sakurai S, et al. Increase in memory (CD4+CD29+
and CD4+CD45RO+) T and naive (CD4+CD45RA+)
T-cell subpopulations in smokers. Arch Environ Health.
1998;53(6):378-83.

Nakata A, Takahashi M, Irie M, Fujioka Y, Haratani T,
Araki S. Relationship between cumulative effects of
smoking and memory CD4+ T lymphocyte subpopulati-
ons. Addict Behav. 2007;32(7):1526-31.

Vardavas Cl, Plada M, Tzatzarakis M, Marcos A, War-
nberg J, Gomez-Martinez S, et al. Passive smoking
alters circulating naive/memory lymphocyte T-cell
subpopulations in children. Pediatr Allergy Immunol.
2010;21(8):1171-8.

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

. Duan MC, Huang Y, Zhong XN, Tang HJ. Th17 cell enhan-

ces CD8 T-cell cytotoxicity via IL-21 production in emp-
hysema mice. Mediators Inflamm. 2012;2012:898053.
Koch A, Gaczkowski M, Sturton G, Staib P, Schinkothe T,
Klein E, et al. Modification of surface antigens in blood
CD8+ T-lymphocytes in COPD: effects of smoking. Eur
Respir J. 2007;29(1):42-50.

Vargas-Rojas MI, Ramirez-Venegas A, Limén-Camacho
L, Ochoa L, Hernandez-Zenteno R, Sansores RH. Incre-
ase of Th17 cells in peripheral blood of patients with
chronic obstructive pulmonary disease. Respir Med.
2011;105(11):1648-54.

Forsslund H, Mikko M, Karimi R, Grunewald J, Wheelo-
ck A M, Wahlstrém J, et al. Distribution of T-cell subsets
in BAL fluid of patients with mild to moderate COPD
depends on current smoking status and not airway
obstruction. Chest. 2014;145(4):711-22.

Yu MQ, Liu XS, Wang JM, Xu YJ. CD8(+) Tc-lymphocytes
immunodeviation in peripheral blood and airway from
patients of chronic obstructive pulmonary disease and
changes after short-term smoking cessation. Chin Med
J (Engl). 2013;126(19):3608-15.

Harrison OJ, Foley J, Bolognese BJ, Long E, 3rd, Po-
dolin PL, Walsh PT. Airway infiltration of CD4+ CCR6+
Th17 type cells associated with chronic cigarette
smoke induced airspace enlargement. Immunol Lett.
2008;121(1):13-21.

Romagnani S. Th1/Th2 cells. Inflamm Bowel Dis.
1999;5(4):285-94.

Shaler CR, Horvath CN, McCormick S, Jeyanathan M,
Khera A, Zganiacz A, et al. Continuous and discontinu-
ous cigarette smoke exposure differentially affects pro-
tective Thl immunity against pulmonary tuberculosis.
PLoS One. 2013;8(3):59185.

Van Hove CL, Moerloose K, Maes T, Joos GF, Tournoy
KG. Cigarette smoke enhances Th-2 driven airway inf-
lammation and delays inhalational tolerance. Respir
Res. 2008;9(1):42.

Hartigan-O’Connor DJ, Hirao LA, McCune JM, Dandekar
S. Th17 cells and regulatory T cells in elite control over
HIV and SIV. Curr Opin HIV AIDS. 2011;6(3):221-7.
Sergejeva S, lvanov S, Lotvall J, Lindén A. Interleukin-17
as a recruitment and survival factor for airway macrop-
hages in allergic airway inflammation. Am J Respir Cell
Mol Biol. 2005;33(3):248-53.

Molet S, Hamid Q, Davoine F, Nutku E, Taha R, Pagé N,
et al. IL-17 is increased in asthmatic airways and indu-
ces human bronchial fibroblasts to produce cytokines.
J Allergy Clin Immunol. 2001;108(3):430-8.

Nakae S, Komiyama Y, Nambu A, Sudo K, Iwase M,
Homma |, et al. Antigen-specific T cell sensitization is
impaired in IL-17-deficient mice, causing suppression
of allergic cellular and humoral responses. Immunity.
2002;17(3):375-87.

Wang H, Peng W, Weng Y, Ying H, Li H, Xia D, et al.
Imbalance of Th17/Treg cells in mice with chronic
cigarette smoke exposure. Int Immunopharmacol.
2012;14(4):504-12.

Nguyen NT, Nakahama T, Kishimoto T. Aryl hydrocar-
bon receptor and experimental autoimmune arthritis.
Semin Immunopathol. 2013;35(6):637-44.

Maeno T, Houghton AM, Quintero PA, Grumelli S,



Tutlin ve Gogus Hastaliklari

Owen CA, Shapiro SD. CD8+ T Cells are required for inf-
lammation and destruction in cigarette smoke-induced
emphysema in mice. J Immunol. 2007;178(12):8090-6.

104. Nadigel J, Préfontaine D, Baglole CJ, Maltais F, Bour-
beau J, Eidelman DH, et al. Cigarette smoke increases
TLR4 and TLR9 expression and induces cytokine produ-
ction from CD8(+) T cells in chronic obstructive pulmo-
nary disease. Respir Res. 2011;12(1):149.

105. Saetta M, Di Stefano A, Turato G, Facchini FM, Corbino
L, Mapp CE, et al. CD8+ T-lymphocytes in peripheral
airways of smokers with chronic obstructive pulmo-
nary disease. Am J Respir Crit Care Med. 1998;157(3 Pt
1):822-6.

106.Chen G, Zhou M, Chen L, Meng ZJ, Xiong XZ, Liu HJ, et
al. Cigarette Smoke Disturbs the Survival of CD8+ Tc/
Tregs Partially through Muscarinic Receptors-Depen-
dent Mechanisms in Chronic Obstructive Pulmonary
Disease. PLoS One. 2016;11(1):e0147232.

107.Miyara M, Yoshioka Y, Kitoh A, Shima T, Wing K, Niwa
A, et al. Functional delineation and differentiation dy-
namics of human CD4+ T cells expressing the FoxP3
transcription factor. Immunity. 2009;30(6):899-911.

108.Hou J, Sun 'Y, Hao Y, Zhuo J, Liu X, Bai P, et al. Imbalance
between subpopulations of regulatory T cells in COPD.
Thorax. 2013;68(12):1131-9.

109.Barceld B, Pons J, Ferrer JM, Sauleda J, Fuster A, Agusti
AG. Phenotypic characterisation of T-lymphocytes
in COPD: abnormal CD4+CD25+ regulatory T-lymp-
hocyte response to tobacco smoking. Eur Respir J.
2008;31(3):555-62.

110.Roos-Engstrand E, Pourazar J, Behndig AF, Bucht A,
Blomberg A. Expansion of CD4+CD25+ helper T cel-
Is without regulatory function in smoking and COPD.
Respir Res. 2011;12(1):74.

111.Hinz D, Bauer M, Roder S, Olek S, Huehn J, Sack U, et
al. Cord blood Tregs with stable FOXP3 expression are
influenced by prenatal environment and associated
with atopic dermatitis at the age of one year. Allergy.
2012;67(3):380-9.

112.Brandsma CA, Kerstjens HA, van Geffen WH, Geerlings
M, Postma DS, Hylkema MN, et al. Differential switc-
hing to 1gG and IgA in active smoking COPD patients
and healthy controls. Eur Respir J. 2012;40(2):313-21.

113.Brandsma CA, Hylkema MN, Geerlings M, van Geffen
WH, Postma DS, Timens W, et al. Increased levels of
(class switched) memory B cells in peripheral blood of
current smokers. Respir Res. 2009;10(1):108.

114.Hogg JC, Chu F, Utokaparch S, Woods R, Elliott WM, Bu-
zatu L, et al. The nature of small-airway obstruction in
chronic obstructive pulmonary disease. N Engl J Med.
2004;350(26):2645-53.

115. Palmer VL, Kassmeier MD, Willcockson J, Akhter MP,
Cullen DM, Swanson PC. N-acetylcysteine increases
the frequency of bone marrow pro-B/pre-B cells, but
does not reverse cigarette smoking-induced loss of this
subset. PLoS One. 2011;6(9):e24804.

116. Fusby JS, Kassmeier MD, Palmer VL, Perry GA, Anderson
DK, Hackfort BT, et al. Cigarette smoke-induced effects
on bone marrow B-cell subsets and CD4+:CD8+ T-cell
ratios are reversed by smoking cessation: influence of
bone mass on immune cell response to and recovery
from smoke exposure. Inhal Toxicol. 2010;22(9):785-

96.
117.Golpasand Hagh L, Zakavi F, Ansarifar S, Ghasemzadeh
O, Solgi G. Association of dental caries and salivary sIgA
with tobacco smoking. Aust Dent J. 2013;58(2):219-23.
118.Bahna SL, Heiner DC, Myhre BA. Immunoglobulin E
pattern in cigarette smokers. Allergy. 1983;38(1):57-
64.



