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assive smoke exposure (PSE) is one of the most common preventab-
le health problems worldwide. In children, PSE has been shown to
be associated with upper and lower respiratory tract infections, sud-

den infant death syndrome, asthma, behavioral and cognitive problems and
physical growth retardation.1,2

Heat Shock Protein 70 and
Inducible Nitric Oxide Synthase

Expression in Adenoid Tissue of Children
Exposed to Passive Smoke

AABBSS  TTRRAACCTT    OObbjjeeccttiivvee:: We aimed to investigate the expression of heat shock protein 70 (HSP70)
and inducible nitric oxide synthase (iNOS) in hypertrophic adenoid tissues of children with passive
smoke exposure. MMaatteerriiaall  aanndd  MMeetthhooddss:: Fifteen children with passive smoke exposure (study group)
and 15 children without passive smoke exposure (control group) who underwent surgical inter-
vention due to adenoid hypertrophy were enrolled in this study. The expression of HSP70 and
iNOS was investigated in the adenoid tissues obtained from both groups by immunohistochemical
staining using anti-HSP70 and anti-iNOS antibodies. RReessuullttss::  The mean age of the 15 children who
were exposed to passive smoke was 7.8 ± 2.5 (ranging from 4 to 13 years); 9 were boys and 6 were
girls. Mean age of the control group, consisting of 8 boys and 7 girls was 6.9 ± 2.1 (ranging from 4
to 12 years). The groups had similar age and gender characteristics. HSP70 and iNOS expressions
in the surface epithelium, lymphoid follicles and perifollicular lymphoid tissue of the adenoids in
the study group were significantly higher than that of the control group (p< 0.05). CCoonncclluussiioonn::  Pas-
sive smoking induced HSP70 and iNOS overexpression in the adenoid tissue. 

KKeeyy  WWoorrddss::  Tobacco smoke pollution; adenoids; HSP70 heat-shock proteins 

ÖÖZZEETT  AAmmaaçç:: Pasif sigaraya maruz kalan çocukların hipertrofik adenoid dokularında ısı şok proteini
70 (IŞP70) ve indüklenebilir nitrik oksit sentaz (iNOS) ekspresyonunun immünohistokimyasal
olarak araştırılması. GGeerreeçç  vvee  YYöönntteemmlleerr::  Adenoid hipertrofisi nedeni ile opere olan, 15’i pasif
sigaraya maruz kalmış ve 15’i de pasif sigaraya maruz kalmamış toplam 30 çocuğun adenoid dokuları
incelendi. Dokuda immünohistokimyasal boyama ile IŞP70 ve iNOS ekspresyonu araştırıldı.
Sonuçlar istatistiksel olarak karşılaştırıldı. BBuullgguullaarr::  Pasif sigaraya maruz kalan 15 çocuğun yaş
ortalaması 7,8±2,5 (4-13), 9’u erkek ve 6’sı kız idi. Sekizi erkek ve 7’si kız olan kontrol grubunun
yaş ortalaması ise 6,9±2,1 (4-12) idi. Benzer yaş ve cinsiyet özelliklerine sahip gruplarda, adenoid
yüzey epitelinde, lenfoid folikül ve perifoliküler dokuda IŞP70 ve iNOS ekspresyonu, pasif sigaraya
maruz kalan grupta kontrol grubuna göre anlamlı derecede daha yüksek bulundu (p<0,05). SSoonnuuçç::
Pasif sigaraya maruz kalmanın, adenoid dokuda IŞP70 ve iNOS ekspresyonunu artırdığı saptandı. 

AAnnaahh  ttaarr  KKee  llii  mmee  lleerr:: Pasif sigaraya maruz kalma; adenoid; IŞP70 ısı şok proteini 70
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As a part of the Wal de yer’s ring, the ade no id
lo ca ted in the na sop harynx has an im por tant ro le in
the de ve lop ment of im mu ne pro ces ses.3,4 Ade no id
tis su e is con ti nu ally ex po sed to an ti gens, such as
bac te ri a, vi rus and al ler gens, and its lympho id com-
po nent is the re a son of its en lar ge ment.3,4 Na sop -
hary nge al ade no id hyper trophy (AH) is a com mon
ca u se of na sal obs truc ti on in the pe di at ric pa ti ents.
Alt ho ugh ade no i dec tomy is the most com mon op-
e ra ti on per for med in child ho od, eti o pat ho ge ne tic
mec ha nisms un derl ying the hyper trophy of ade no -
id tis su e re ma ins unc le ar.3,4

In cre a sed bac te ri al lo ad in the ade no ids-es pe -
ci ally H. inf lu en za e and gro up A strep to coc ci-res -
pi ra tory syncyti al vi rus in fec ti ons, in cre a sed
oxi da ti ve stress and up-re gu la ted glu co cor ti co id re-
cep tor-alp ha ex pres si on we re re por ted as eti o lo gi -
cal fac tors for AH.3,5-15 In ad di ti on, al lergy and PSE
we re al so ac cu sed.16-20 Fin kels te in et al men ti o ned
a dif fe rent kind of lympho id hyper trophy me di a ted
by cyto to xic T lymphocy tes du e to harm ful ef fects
of smo king and they na med this en tity “smo king-
in du ced na sop hary nge al lympho id hyperp la si a ”.19

Tor re et al sug ges ted that the his to lo gi cal and ul-
tras truc tu ral da ma ges in the ton sil lar lympho id tis-
su e in cre a sed as the du ra ti on of smo king
in cre a sed.21

Nit ric oxi de (NO) plays an im por tant ro le in
many bi oc he mi cal pro ces ses, such as the re gu la ti on
of blo od ves sel di la ta ti on and im mu ne res pon se. It
al so acts as a ne u rot rans mit ter. Lar ge con cen tra ti -
ons of lo cally pro du ced NO ha ve se ve ral cyto to xic
ef fects, inc lu ding re ac ti on with pro te ins and nuc -
le ic acids, sup pres si on of mi toc hon dri al res pi ra tory
cha in or in duc ti on of cell nec ro sis and apop to sis.13,22

iNOS, an enz yme that synthe si zes NO from L-ar gi -
ni ne, is ma inly pre sent in mac rop ha ges. Va ri o us re-
ports sug gest that to bac co smo ke and inf lam ma tory
cyto ki nes con tri bu te to the in cre a se of iNOS in duc-
ti on and NO pro duc ti on in dif fe rent tis su es.23-25

The abi lity of cells to ex press he at shock pro-
te ins (HSPs) in res pon se to stress con di ti ons, inc -
lu ding ex po su re to he at shock, inf lam ma tory
sti mu li, in fec ti on, and oxi da ti ve stress is be li e ved
to play a cri ti cal pro tec ti ve ro le aga inst en vi ron -
men tal and physi o lo gic stres ses. The synthe sis of

stress-in du cib le HSP70 ser ves as a re pa i ring mec h-
a nism in vol ving in cre a sed amo unts of un fol ded or
de na tu red pro te ins.14,26 Pre vi o us stu di es re por ted
that in vit ro and in vi vo ex po su re to to bac co smo -
ke re sul ted in in duc ti on of HSP70 ove rex pres si on
in va ri o us tis su es.27,28 To our know led ge, this has
not be en stu di ed in ade no id tis su e.

In this study, we ai med to de ter mi ne the
HSP70 and iNOS ex pres si on by im mu no his toc he -
mistry in the ade no id tis su es of chil dren who we -
re ex po sed to to bac co com pa red to that in chil dren
who we re not ex po sed to to bac co, and to in ves ti -
ga te the pos sib le ro le of to bac co on ade no id hyper -
trophy. 

MA TE RI AL AND MET HODS
The study gro up con sis ted of 15 chil dren with ade-
no id hyper trophy who had a his tory of pas si ve
smo ke ex po su re. The con trol gro up con sis ted of 15
chil dren of si mi lar ages and gen der, with ade no id
hyper trophy wit ho ut a his tory of PSE. All pa ti ents
had sno ring and mo uth bre at hing as re por ted by
the ir pa rents. A comp le te oto lary ngo lo gi cal exa mi -
na ti on was per for med by na sop hary nge al ri gid en-
dos copy (2.7 mm 0o, Karl Storz, Ger many) in all
ca ses. All pa ti ents un der went ade no i dec tomy
and/or ade no ton sil lec tomy un der ge ne ral anest he -
si a with cu ret ta ge and cold dis sec ti on met hods.
Chil dren with a his tory of al lergy, he ad and neck
mal for ma ti ons, iden ti fi ed syndro mes, ne u ro lo gi cal
or any ot her syste mic di se a ses and re cent or on go -
ing up per res pi ra tory tract in fec ti on we re exc lu -
ded.

Pa rents of all chil dren we re qu es ti o ned for
smo king sta tus. Pa rents who we re smo kers we re al -
so qu es ti o ned for smo king amo unt per day and
whet her they smo ked ne ar the ir chil dren or not. 

Pas si ve smo ke ex po su re was de fi ned as ex po -
su re to smo ke for at le ast 1 ho ur per day for mo re
than 3 ye ars.17

IM MU NO HIS TOC HE MISTRY

Analy sis of HSP70 and iNOS

Ex pres si on of HSP70 and iNOS in ade no id tis su e
was eva lu a ted im mu no his toc he mi cally using the
avi di ne-bi o tiny la ted hor se ra dish pe ro xi da se comp -
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lex. For ma lin-fi xed, pa raf fin em bed ded tis su e sec-
ti ons we re pro ces sed for mic ro wa ve an ti gen ret ri -
e val in 0.01 M so di um cit ra te buf fer (pH 6.0) for
10 min at ma xi mum po wer. Af ter bloc king of non-
s pe ci fic bin ding si tes, the sec ti ons we re in cu ba ted
with the pri mary an ti-HSP70 (Ab-3) poly clo nal
an ti body (di lu ted at 1:80) over night at 4-8oC and
with an ti-iNOS mo noc lo nal an ti body (di lu ted at
1:70) for 30 mi nu tes at 4-8oC, (Ne o mar kers, Lab-
Vi si on Co op., CA, U.S.A.). The sli des we re sub se -
qu ently tre a ted with bi o tiny la ted se con dary
an ti body and avi din-bi o tin pe ro xi da se comp lex
(Lab Vi si on Co op., CA, U.S.A.) ac cor ding to the
ma nu fac tu rer’s ins truc ti ons. Ami no ethy lcar ba zol
(AEC) was used to vi su a li ze the im mu no re ac ti on.
Then, sec ti ons we re co un ters ta i ned with Ma yer’s

PSE PSE

positive negative p value

Age, mean±SD 7.8±2.5 6.9±2.1 >0.05

Gender

Male 9 8 >0.05

Female 6 7

Smoking state of parents

Only father 6 -

Only mother 1

Both parents 6

Other relatives 2

Number of cigarettes smoked 11.7 ± 3.6 -

by parents,  mean±SD years

Daily number of cigarettes children 7.2 ± 2.0 -

were exposed to,  mean±SD 

TABLE 1: Demographic features and smoke exposure
states of the patients.

PSE: Passive smoke exposure.

Surface epithelium   

Median (Min-Max)

PSE positive PSE negative p value

HSP70 6 (4-6) 3 (2-5) <0.001

iNOS 5 (4-6) 3 (1-5) <0.001

TABLE 2: HSP70 and iNOS intensity and distribution of
the surface epithelium in the adenoid tissue. 

PSE: Passive smoke exposure.
Cells in each section, the values of intensity and diffusion 0, no changes; 1, minimal; 
2, low; 3, moderate; 4, strong; 5, heavy; and 6, most heavy

A-A1; Control, (A: x100-A1: x200). 

FIGURE 1: Photomicrographs of the iNOS analysis in the adenoid tissue,
surface epithelium, lymphoid follicles and perifollicular areas in all adenoid
structures (as detected by immunohistochemical staining). 

B-B1; Passive smoking; immunostained cells are increased in the surface epithelium in 
all adenoid tissues, (B: x100, B1: x200). 

C; Control; only a few positive cells are observed in the lymphoid follicles and perifollicular lymphoid tissue, (x200). 

D; Passive smoking; increased number of positive cells in the lymphoid follicles and 
perifollicular lymphoid tissue, (x200).
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he ma toxy lin. The sli des we re exa mi ned un der a
light mic ros co pe (Oly mpus BX51; Oly mpus Corp.;
Tok yo, Ja pan). The sta i ning of cytop las mic HSP70
in the sur fa ce epit he li um and crypt epit he li um was
de fi ned as fol lows: In ten sity and dis tri bu ti on of
sta i ning we re se pa ra tely ra ted from 0 to 3+ se mi -
qu an ti ta ti vely. Fol lo wing this, the co un ted va lu es
we re sum med in each sec ti on, re com bi ning the va -
lu es of in ten sity and dif fu si on as fol lows: 0, no
chan ges; 1, mi ni mal; 2, low; 3, mo de ra te; 4, strong;
5, he avy; and 6, most he avy.29 The num ber of sta i -
ning lymphocy tes in lympho id fol lic les and pe ri -
fol li cu lar lympho id tis su e was eva lu a ted and the
re sults we re de ter mi ned by co un ting the num ber
of cells sta i ned po si ti ve for HSP70 and iNOS in 25
fi elds of 0.2 mm2. Re sults (num ber of cells per 0.2
mm2 fi eld) we re re cor ded as fol lows: 0: no ne; 1: 1-
10 (mild); 2: 11-25 (mo de ra te) and 3: mo re than 25
(strong) po si ti ve cells, as de fi ned pre vi o usly.30

STA TIS TI CAL ANALY SIS

Mann-Whit ney-U test was used for sta tis ti cal
analy sis of iNOS and HSP70 in ten sity and dis tri -
bu ti on in the ade no id tis su e. P va lu es < 0.05 we re
con si de red sig ni fi cant. 

RE SULTS
De mog rap hic fe a tu res and smo ke ex po su re sta tes
of the pa ti ents we re shown in Tab le 1. Me an age of
the study and the con trol gro ups was 7.8 ± 2.5 (4-
13) ye ars and 6.9 ± 2.1 (4-12) ye ars, res pec ti vely. 

The dis tri bu ti on of iNOS and HSP70 ex pres si -
on in the sur fa ce epit he li um of ade no id tis su es of
chil dren ac cor ding to PSE sta tus was shown in

Lymphoid follicles and perifollicular lymphoid tissue

Median (Min-Max)

PSE positive PSE negative p value

iNOS 3 (2-3) 1 (0-2) <0.001

HSP70 2 (2-3) 2 (0-3) 0.006

TABLE 3: Number of HSP70 and iNOS positive cells in
the lymphoid follicles and perifollicular lymphoid tissue of

the adenoid tissue. 

PSE: Passive smoke exposure.
Cells per 25 fields of 0.2 mm2.  0: none cells;  1: 1-10 cells;  2: 11-25 cells and  3: more
than 25 positive cells.

A; Control; (x100). B-B1; passive smoking, immunostained cells are increased in the surface epithelium in all
adenoid tissues,

FIGURE 2: Photomicrographs of the HSP70 analysis in the adenoid tissue,
surface epithelium, lymphoid follicles and perifollicular tissue in all adenoid
structures (as detected by immunohistochemical staining). 

(B: x100-B1: x200). 

C; Control; only a few positive cells are observed in the lymphoid follicles and perifollicular lymphoid tissue,( x100). 

D-D1; Passive smoking; increased number of positive cells in the lymphoid follicles and perifollicular lymphoid
tissue, (D: x100-D1: x200).
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Tab le 2. iNOS and HSP70 ex pres si on in the study
gro up was sig ni fi cantly hig her than in the con trol
gro up (p< 0.05) (Figure 1A,1B; Figure 2A, 2B).
iNOS and HSP70 ex pres si on in the lympho id fol li-
c les and pe ri fol li cu lar lympho id tis su e of the ade-
no id tis su e of chil dren ac cor ding to PSE sta tus we re
shown in Tab le 3. Al so, iNOS and HSP70 ex pres si -
on in the study gro up was sig ni fi cantly hig her than
in the con trol gro up (p<0.05) (Figure 1C,1D; Fig-
ure 2C, 2D).

DIS CUS SI ON
Chro nic ade no ton sil lar hyper trophy that is cha r-
ac te ri zed by chro nic inf lam ma ti on and hypo xi -
a/re oxy ge ni za ti on epi so des may le ad to the
for ma ti on of inf lam ma tory cyto ki nes, fre e nit ro gen
and oxy gen ra di cals13,31 Al so, oxi da ti ve stress and
li pid pe ro xi da ti on are the key par ti ci pants in the
pat ho ge ne sis of chro nic ade no ton sil lar hyper -
trophy.9 Mo re o ver, the le vels of se rum ar gi na se and
iNOS ac ti vi ti es we re re por ted sig ni fi cantly hig her
in chil dren with ade no ton sil lar hyper trophy.13 Ci -
ga ret te smo king ma ni fests its harm ful ef fects by the
pre sen ce as well as ge ne ra ti on of re ac ti ve oxy gen
and nit ro gen spe ci es. The se re ac ti ve me ta bo li tes re -
act with most of the cell com po nents le a ding to li -
pid pe ro xi da ti on, pro te in oxi da ti on and DNA
da ma ge.32 Ex po su re to ci ga ret te smo ke re sults in in-
cre a sed iNOS ex pres si on in the lungs and vas cu lar
tis su es.23,24 Ni co ti ne was al so re por ted to po ten ti a te
li po poly sacc ha ri de/in ter fe ron-gam ma (LPS/IFN-
γ)-in du ced cyto to xic ef fects by en han cing NO pro-
duc ti on vi a en han cing iNOS ge ne ex pres si on in
RAW264.7, a mo nocy te-mac rop ha ge cell li ne.25

We fo und that iNOS ac ti vity was sig ni fi cantly hig -
her in the ade no id tis su e of chil dren ex po sed to ci -
ga ret te smo ke. 

In duc ti on of the HSPs by oxi dants has long be -
en used as a mar ker for cell and tis su e in jury. In vit -
ro and in vi vo ex pe ri ments ha ve shown that
oxy gen fre e ra di cals (hydroxyl, su pe ro xi de and ni-
t ric oxi de) and cad mi um are in du cers of he at shock
res pon se.32,33 A cor re la ti on bet we en smo king ha bits
and ex pres si on of HSP70 was fo und in ade no car ci -
no mas of the lung in smo kers.27 In ad di ti on, in duc -
ti on of HSP70 ex pres si on was ob ser ved in rat bra in

upon chro nic ex po su re to ci ga ret te smo ke. A si mi -
lar in duc ti on of HSP70 by to bac co smo ke has be en
re por ted in ro dent and hu man cell li nes.32 Ak te pe
et al re por ted ex pres si on of HSP70 in the hyper -
trop hic ade no id tis su es by an im mu no his toc he mi -
cal study and they sug ges ted that in cre a sed
ex pres si on of HSP70 may play an im por tant ro le in
the pat ho ge ne sis of ade no id hyper trophy.14 We fo -
und that the HSP70 ac ti vity was sig ni fi cantly hig -
her in the ade no id tis su e of chil dren ex po sed to
ci ga ret te smo ke. It is cle ar that the re is a re la ti ons -
hip bet we en HSP70 ove rex pres si on and apop to sis.
HSP70 in hi bits apop to sis and the reby in cre a ses the
sur vi val of cells ex po sed to a wi de ran ge of let hal
sti mu li.34,35 Ni co ti ne, the prin ci pal ad dic ti ve com-
po nent of ci ga ret te, plays a ma jor ro le in the in duc-
ti on or in hi bi ti on of apop to sis.32,36,37

Nit ric oxi de is re por ted to in du ce apop to tic de -
ath in many cell types, such as mac rop ha ges, pan-
cre a tic cells, and hu man tu bu lar epit he li al cells.38

We de ter mi ned in cre a sed iNOS ac ti vity in the ade-
no id tis su e of chil dren ex po sed to ci ga ret te smo ke.
Ho we ver, HSP70 pro tects cells from the apop to sis
in du ced by va ri o us stres ses and agents inc lu ding
NO, oxi da ti ve stress, tu mor nec ro sis fac tor, an ti-
can cer drugs, ce ra mi de and ra di a ti on. Mo re o ver,
HSP70 at te nu a tes nit ric oxi de-in du ced apop to sis in
mo u se mac rop ha ges by pre ven ting cytoc hro me C
re le a se.39

Ade no id hyper trophy is a ma jor he alth prob-
lem in presc ho ol and scho ol-aged chil dren with
sig ni fi cant so ci al and physi cal mor bi dity by ne ga -
ti vely inf lu en cing the nut ri ti on, growth, de ve lop -
ment and so ci al li ves of chil dren.4 As such, the
eco no mic bur den of the me di cal and sur gi cal tre at-
ment of this di se a se is tre men do us. Des pi te its fre-
qu ency and the sig ni fi cant mor bi dity it ca u ses the
pat ho ge ne sis of AH is still unc le ar.3,4

En vi ron men tal to bac co smo ke ex po su re is
pro bably one of the most im por tant pub lic he alth
ha zards worl dwi de. In the pre sent study, pas si ve
smo king was fo und to in du ce HSP70 and iNOS
ove rex pres si on in the ade no id tis su e. This ove r-
ex pres si on may be a mec ha nism for smo king to
ca u se ade no id hyper trophy. Our re sults sup por -
ted the re sults of pre vi o us re ports that sug ges ted
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the ro le of pas si ve smo ke in the de ve lop ment of
ade no id hyper trophy.19,20 Thus, PSE sho uld be qu -
es ti o ned be fo re me di cal or sur gi cal in ter ven ti ons
in chil dren with ade no id hyper trophy, and in ca -
se of PSE, the fa mily sho uld be in for med abo ut
the con di ti on and the tre at ment sho uld be plan -
ned ac cor dingly.

A li mi ta ti on of our study was that the pre sen -
ce of al lergy and PSE in the chil dren we re ba sed on
the dec la ra ti on of the fa mily mem bers ins te ad of
ob jec ti ve se rum co ti nin le vels, and in vit ro and in
vi vo al ler gic tests. Mo re o ver, anot her li mi ta ti on of
the pre sent study was that the so ci o e co no mic le v-
els we re not iden ti fi ed de fi ni tely alt ho ugh all chil-

dren who se ade no id tis su es we re exa mi ned se e med
to ha ve si mi lar re gi o nal and cli ma tic fe a tu res. 

Alt ho ugh HSP70 and iNOS ove rex pres si on
was shown in the hyper trop hic ade no id tis su e of
chil dren ex po sed to pas si ve smo king, whet her the -
re is a re la ti on with hyper trophy and HSP70 and
iNOS ove rex pres si on is not cle ar yet. Furt her lar ger
stu di es are ne e ded to eva lu a te the re la ti on bet we -
en HSP70 and iNOS ove rex pres si on and ade no id
hyper trophy.

CONC LU SI ON
Pas si ve smo king was fo und to in du ce HSP70 and
iNOS ove rex pres si on in the ade no id tis su e.
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