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SUMMARY

Introduction/Objective Epidemiological studies have established cigarette smoking as one of the most
significant risk factors in pathogenesis of laryngeal squamous cell carcinoma (LSCC). One of the possible
underlying mechanism is chronic inflammation, but published data regarding the effect of tobacco on
systemic immune response is inconsistent.

The goal of this study was to evaluate concentrations of serum proinflammatory cytokines [interleukin
(IL)-6, IL-1B, and tumor necrosis factor (TNF)-a] in patients with LSCC and in healthy subjects according
to cigarette smoking.

Methods Fifty-nine LSCC patients and 44 healthy controls were enrolled in the study. Samples of periph-
eral blood and details of tobacco use were gathered from the examinees. Flow cytometry was performed
to analyze serum concentrations of IL-6, IL-1(3, and TNF-a. The results were compared according to active
smoking status.

Results Statistical analysis revealed no significant difference between smoking LSCC patients and smoking
healthy subjects. Additionally, investigated cytokines were not significantly different in healthy subjects
according to smoking status. In non-smoking participants with LSCC, concentrations of serum IL-13 and
TNF-a were higher (p < 0.05) in comparison with smoking LSCC patients.

Conclusion Findings of our study may indicate that smoking leads to the suppression of proinflammatory
response in LSCC patients, whilst proinflammatory response is unaffected by cigarettes in healthy subjects.
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INTRODUCTION

Carcinogenesis is a multifactorial and mul-
tistage process in which gene-environment
interactions play crucial role. Smoking is
well-established as a significant risk factor in
laryngeal squamous cell carcinoma (LSCC).
One of the most accepted hypotheses in car-
cinogenesis is chronic inflammation. Inflam-
mation and immune modulation induced by
tobacco and asbestos are broadly associated
with lung cancer, alcohol consumption, and
inflammation of the pancreas with pancreatic
cancer, hepatitis B infection with liver cancer,
inflammatory bowel disease (Crohn’s disease
and ulcerative colitis) with colorectal cancer.
Despite the established evidence of the causal
relationships between smoking and elevated
cancer risk, the underlying mechanism has not
been completely understood. The fact that not
all smokers develop cancer suggests individual
susceptibility for developing malignant disease.
Recently published literature reports genetic
and epigenetic changes induced by tobacco
carcinogens in head and neck carcinoma [1].
Additionally, in previously published literature,
nicotine was found to exert both pro-inflam-
matory and anti-inflammatory effects [2].
Virchow noticed over a 100 years ago that
histologic appearance of tumor tissue resembles

the histologic change seen in unhealed wound
[3]. Conversely, Coley [4] reported regression
of the malignant tumor following bacterial in-
fection. Today, inducing strong infection and
inflammation by Mycobacterium bovis, bacillus
Calmette—Guerin (BCG) in bladder carcinoma
is standard antitumor therapy.

Association between cancer and inflamma-
tion is reflected by the presence of numerous
proinflammatory cytokines in cancer. It is be-
lieved that mediators released by host inflam-
matory cells or cancer cells are involved in
tumor initiation, promotion, and progression.
Given that inflammation can have both pro-
tumorigenic and anti-tumorigenic effect, it
seems that the role of inflammation in tumor-
igenesis depends on the interaction between
tumor cells, immune cells, and inflammatory
cells. Since deregulated inflammation is a sig-
nificant factor in carcinogenesis of numerous
malignant tumors, identifying the mechanisms
by which inflammation is deregulated in cancer
may improve antitumor therapeutic strategies.

The goal of this research was to reveal the
relations between smoking and concentrations
of serum proinflammatory cytokines TNF-a,
IL-6, and IL-1p in patients with LSCC and in
healthy subjects.
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METHODS

The research was performed as a cross-sectional study of
59 patients with LSCC (40 smokers, 19 non-smokers). All
the patients were diagnosed at a tertiary referral center.
The diagnosis of LSCC was confirmed clinically, histo-
pathologically, and radiologically. The control group in-
cluded 44 subjects (14 smokers, 30 non-smokers), healthy
volunteers with normal fiberoptic laryngeal findings.

Informed consent was collected from both patients
and controls following the hospital’s ethics committee-
approved protocol. Exclusion criteria were as follows: any
other previous or present malignant or autoimmune dis-
ease, history of allergies, co-existing infectious disease, sys-
temic corticosteroid or any immunomodulating therapy.

We defined active smoking as consuming more than 20
cigarettes per day during the period of the last five years.

Samples of peripheral venous blood (5 ml) were taken
from all LSCC patients and healthy individuals included
in the study, then allowed to clot for 30 minutes. Blood
samples were centrifuged at 1,000 g for 15 minutes. Serum
was separated, aliquoted and stored at -80°C until cytokine
detection. Flow cytometric kit (FlowCytomix™ Multiple
Analyte Detection System, Human FlowCytomix™ Inflam-
mation Panel, eBioscience, Thermo Fisher Scientific Inc.,
Waltham, MA, USA) was used to measure the serum lev-
els of TNF-q, IL-6, and IL-1p on the flow cytofluorimeter
(Beckman Coulter XL-MCL, USA), which was connected
with BMS FlowCytomix Pro 2.2 Software in accordance
with the manufacturer’s instructions. By the manufacturer’s
instructions, the standard range was 27-20,000 for TNF-q,
IL-6, and IL-1p.

Statistical tests were performed using GraphPad Prism 5
(Graph Pad Software, San Diego, CA, USA). Mann-Whit-
ney U (nonparametric) test was used for comparison be-
tween the groups. The results were rendered as mean + SD
(standard deviation). If p was < 0.05, we considered the
difference statistically significant.

RESULTS

Cytokine levels in smoking LSCC patients and
smoking control groups

Concentrations of serum cytokines in smoking LSCC pa-
tients and smoking control individuals are presented in
Table 1. No statistically significant difference was observed
between these two groups of patients.

Table 1. Distribution of cytokine levels in smokers

. Cytokine level, mean + SD (pg/mL)
Cytokine p
LSCC smokers Control smokers
IL-6 39.40 £ 69.54 53.93+91.18 0.7894
IL-13 191.3+351.9 239.3 +408.4 0.6711
TNF-a 143.2+231.3 178.8+312.7 0.7002

LSCC - laryngeal squamous cell carcinoma; SD - standard deviation
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Cytokine levels in LSCC patients according to
smoking

Statistical analysis revealed significantly higher concen-
trations (p < 0.05) of IL-1p and TNF-a in non-smoking
LSCC patients compared to smoking patients. The results
are shown in Table 2, Figure 1, and Figure 2.
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Figure 1. Comparison of interleukin (IL)-1( serum levels in smoking
and non-smoking laryngeal squamous cell carcinoma (LSCC) patients
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Figure 2. Comparison of interleukin TNF-a serum levels in smoking
and non-smoking laryngeal squamous cell carcinoma (LSCC) patients

*p <0.05

Cytokine levels in the Control Group according to
smoking

Proinflammatory cytokines were not significantly differ-
ent between controls who smoke and controls who do not
smoke (Table 2).

DISCUSSION

As chronic infection and inflammation may lead to ma-
lignant cell transformation, a malignant tumor may also
induce chronic inflammation. The intrinsic inflammatory
pathway activated by genetic changes that cause neoplasia
leads to an excessive production of inflammatory cyto-
kines. This mechanism is observed in the activation of on-
cogenes such as MYC, RAS, RET, or inactivation of tumor
suppressors. On the other hand, both extrinsic (alcohol)
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Table 2. Distribution of cytokine levels in laryngeal squamous cell carcinoma patients and control subjects according to smoking

Cytokine level mean + SD (pg/mL) Cytokine level mean = SD (pg/mL)
Cytokine LSCC patients Controls p
Smokers Non-smokers Smokers Non-smokers
IL-6 39.4 £ 69.54 45.56 +48.16 0.4336 53.93+91.18 55.42 £ 67.81 0.1895
IL-1B 191.3 +351.9 247.7 £199.3 0.0450 239.3 +408.4 161.6 + 1584 0.5812
TNF-a 143.2+2313 282.2+343.7 0.0304 178.8+£312.7 120 + 1421 0.7314

LSCC - laryngeal squamous cell carcinoma; SD - standard deviation

and intrinsic (K-RAS) pathways of inflammation play a
role in pathogenesis of pancreatic cancer [5].

TNF-a is prototypical proinflammatory cytokine and has
significant role in host defense to bacterial, viral, and para-
sitic infections [6]. Although originally found to be toxic for
cancer cells in high doses, TNF-a increases the colonization
of the peritoneum and neovascularization of developing tu-
mor deposits in ovarian cancer [7]. In vitro studies revealed
therapeutic effect of TNF-a antibodies in liver, colorectal,
and pancreatic cancer, although the exact mechanism re-
mains unclear [8]. Infliximab, a specific TNF-a inhibitor,
displays potential as an antitumor drug [9].

IL-6 is regarded as a key growth factor for both ma-
lignant and inflammatory cells. It is associated with cell
cycle progression and suppression of apoptosis. Previous
studies demonstrated the role of IL-6 in pathogenesis of
multiple myeloma [10]. It has been reported that elevated
serum concentrations of IL-6 can be found in HNSCC;
they can also represent an independent factor of long-term
prognosis of LSCC patients [11, 12]. Several authors also
showed elevated serum concentrations of IL-6 in LSCC
compared to healthy subjects [13, 14].

IL-1p is strongly connected to inflammatory diseases
and cancer. This cytokine has a significant role in the host
defense from bacteria, viruses, and fungi [15]. Some re-
cent studies show that epigenetic changes of IL-1p may
represent an important factor in the carcinogenesis [16].

Inflammation due to smoking is one of the proposed
mechanisms in cancer. It is interesting to note that the
incidence of HNSCC in the Basque region is one of the
highest in Europe, while tobacco and alcohol consumption
is one of the lowest compared to other regions in Europe
[17]. It is clear that carcinogenesis depends on the interac-
tion between environmental factors, such as smoking, and
genetic and immune host factors.

When we compared serum cytokine profile of LSCC
patients who are active smokers and smoking healthy sub-
jects, we did not observe any difference (Table 2). Surpris-
ingly, according to our results, inflammation is not greater
in cancer patients who smoke compared to inflammation
in healthy smoking individuals.

Correspondingly, after comparing serum proinflam-
matory cytokines in control subjects, statistical analysis
showed no difference between smokers and non-smokers
(Table 2). In contrast to our results, Zeidel et al. [18] found
increased production of the pro-inflammatory cytokines
IL-1p, IL-6, and TNF-a in asymptomatic smokers.

More than 60 carcinogens are identified in the cigarette
smoke, although the underlying mechanism of smoking
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in carcinogenesis is still unclear. [19]. Chronic exposure
to tobacco carcinogens leads to mutations of the K-RAS
oncogene and the p53 tumor suppressor gene, oxidative
damage, deregulated apoptosis, and cell cycle [19]. Epigen-
etic changes are also considered vital in the metabolism of
tobacco carcinogens, thus enlarging the effect of smoking
in carcinogenesis.

Statistical analysis on subgroups of LSCC patients who
actively smoke and of those who do not, revealed that non-
smokers had statistically significant (p < 0.05) elevated
serum concentrations of TNF-a and IL-1 compared to
smokers (Table 2, Figures 1 and 2). According to our results,
cigarette smoking leads to a reduced proinflammatory re-
sponse in LSCC patients. These observations may suggest
that patients with LSCC are more susceptible to bacterial,
viral, parasitic, and fungal infections, considering the role
of IL-1 and TNF-a in host defensive mechanisms [6, 18].

Data regarding the effect of tobacco on systemic immune
response is inconsistent. Suppression of inflammatory re-
sponse is in accordance with Shiels et al. [20], who con-
cluded that smoking leads to the suppression of systemic im-
mune marker levels. In vitro studies also showed decreased
production of IL-1pB, IL-2, IFN-y, and TNF-a by nicotine
[21, 22]. Conversely, other authors showed increment of
serum proinflammatory cytokine due to smoking [23, 24].

It is questionable whether inflammation is a sufficient
factor to promote carcinogenesis. Chronic inflammation is
observed in many other diseases apart from cancer. Chronic
inflammation is present in Chronic obstructive pulmonary
disease (COPD), while macrophage innate response, pro
Th-1 and Th-17 response to bacteria is suppressed [25, 26].
Although the most prevalent, tobacco and inflammation,
cannot be considered the only etiological factors in laryn-
geal carcinogenesis. Several studies have suggested an asso-
ciation between laryngeal cancer and heavy metal exposure,
industrial heat, mustard gas, hair dye, nickel, wood dust,
rubber, diesel and gasoline fumes, formaldehyde, asbestos,
organic solvents, mineral oil, coal dust.

Studies which include subjects’ self-reported data on to-
bacco and alcohol consumption have certain limitations.
This is primarily related to the fact that the measures of
smoking exposure rely on self-reported data. Khariwala et
al. [27] revealed that the carcinogen exposure in HNSCC pa-
tients does not correlate with self-reported tobacco use. The
possible explanations for such inaccuracies could be that the
patient is facing physicians’ expectations, fear, or guilt as
he is treated for malignancy. Likewise, in healthy subjects,
potential shame or embarrassment because of unhealthy
habit can occur. The need for a more objective analysis of
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tobacco exposure and carcinogen dose is also reflected in
the fact that the number of cigarettes per day may not be
the accurate measure of exposure. Variability in puffs per
cigarette, depth of inhalation, type of cigarette or cigar can
significantly influence the actual carcinogen exposure.

Like in our study, most of the published data refer to the
serum cytokine levels. It is possible that cytokines serum
levels may not represent the adequate tumor-host interac-
tion since it may differ from the concentrations of immune
mediators in tumor microcirculation.

CONCLUSION

The results of our study demonstrate the complex relation-
ship between carcinogenesis, inflammation, environmental
factors, and host factors. Our results show that smoking
leads to significantly decreased (p < 0.05) serum levels of
TNF-a and IL-1p in smoking LSCC patients compared to
non-smoking patients. This data may suggest that these pa-
tients are more susceptible to bacterial, viral, parasitic, and
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fungal infections, reflecting an immunosuppressive effect
of cigarette smoking in LSCC patients, while we did not
perceive this effect of smoking in healthy subjects. Further
investigations are needed to elucidate perplexed network
of smoking, carcinogenesis, and host immunity.
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Mywere U MHGNAMaLMja KOA NNAHOLLENYNAPHOT KAPLMHOMA NaPUHKCA

JeneHa Cotuposuh', Anekcanpap Mepuh', laHuno Bojsoguh? HeHag banetuh', Munanko Munojesuh', Jby6omup Masuhesuh'

'BojHomepMLMHKCa akagemuja, KnuHuKa 3a otopuHonapuHronorujy, beorpag, Cpbuja;
BojHOMeAMLMHKCA akafieMuja, VIHCTUTYT 3a MeaMLMHCKa UCTpaxiBatba, beorpag, Cpbuja

CAXKETAK

Yeoa/LUum Enupemunonollke cTyauje jacHo nokasyjy fa je ny-
LueHbe LrapeTa jefjaH Of Haj3HauajHujuX eTMONOLWKMX GaKTopa
y naToreHesw fapyHreanHor niaHoLenynapHor KapuuHoma
(LSCCQ). JepHo op moryhuix objaLutbetba AejcTBa AyBaHa Ha Kap-
LIMHOreHe3y je XpOoHUYHa nHpnamaumja. Mehytnm, nogaum n3
nnTepaType Cy YeCTo ONPeYyHN y Norneay yTuuaja nyluema Ha
CUCTEMCKM UMYHCKI OAFOBOP.

Osa cTyauja je mana 3a b oapehrBarbe KOHLEHTPaLMja npo-
NHONAaMaTOPHUX LIMTOKMHA Y cepymy [baKTop HeKpo3e Tymopa
(TNF)-a, nutepneykuH (IL)-6, IL-1B] kog 6onecHuka ca LSCC n
3[paBMX NCMUTAHVKa y OHOCY Ha MyLUeHe LrapeTa.
Mertopge Y ncnutrBaty je yuectsoBano 59 6onecHuka ca LSCC
1 44 3ppaBa ncnutaHunka. Of CBUX yUYecHuKa y CTyAmuju y3eTu
Cy NofAaLy o Nylueky LurapeTa, Kao 1 5 ml nepndepHe BeHCKe
KpBu. [poToyHOM LTOMETPUjoM ypaheHo je n3pauyHaBarbe
KOHLIeHTpaLuja LMTOKMHa Y KpBUW. CTaTUCTUUKOM aHaIM30M
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nopeheHe Cy KOHLEHTpaLje LUTOKMHA UCTINTAaHUKA Y OAHOCY
Ha nyLlueme.

Pesyntatu Y rpynu ucnntaHmka ca LSCC, cepymcke KOHLeHTpaLmje
umtokuHa IL-1B n TNF-a 6une cy cTaTUCTYKKM 3HavajHo Behe (p <
0,05) y rpynu HenyLwaya nopegehu vx ca nywwaynma. MpumerbeHm
CTaTVCTVYKM TECTOBM HIICY MOKa3asu NoCTojakbe 3HauajHe pasnmke
KOHLieHTpaLja NCNATUBAHMX LIUTOKMHA Y KOHTPOJTHO]j rpynu y
OJHOCY Ha TO fja vl UCMUTaHULK nyLue. Takohe, KoHLeHTpaLuje
UCMIMTUBAHVIX MPOVH(AAMATOPHYIX LIUTOKMHA Y rpynu nyLuaya ca
LSCC Hucy ce pa3nukoBarne y 0gHOCY Ha 34paBe nyLuaye.
3akbyyak [NyLiere 1ma MMyHocynpecuBHY edekaT Ha NPOWH-
dnamatopHu oaroBop Kop 6onecHuka ca LSCC. Kop 3ppasuix ny-
LeHe Hema UMyHocynpecrBHM edekat. Takohe, Hema pasnuvke
y CUCTEMCKOM NPOorHdIamMaTopHOM OfAroBopy 13mehy nyLaya
ca LSCC v 3gpaBux nyLiaya.

KmyuHe peun: nywetbe; IL-6; IL-103; TNF-a; nnaHouenynapHu
KapLMHOM napuHKca
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