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Serum nitric oxide levels in patients with

head and neck squamous cell carcinoma

Bafl-boyun yass› epitel hücreli kanserli hastalar›n serumlar›nda nitrik oksit düzeyleri

Ahmet KIZILAY, M.D.,1 M. Tayyar KALCIO⁄LU, M.D.,1 Fikret ÖZU⁄URLU, M.D.,3 Hüseyin ÖZYURT, M.D.,3

‹brahim ALADA⁄, M.D.,4 Orhan ÖZTURAN, M.D.,1 Ömer AKYOL, M.D.2

Objectives: We determined serum nitric oxide (NO)
levels in patients with head and neck squamous cell
carcinoma (SCC) and sought correlations with TNM
staging, tumor localization, and tumor grade.
Patients and Methods: Serum samples were
obtained from 36 patients (mean age 63 years; range
37 to 80 years) with head and neck SCC prior to treat-
ment and from 20 healthy individuals (mean age 56
years; range 30 to 72 years) as controls. Tumor stag-
ing was based on the criteria of the American Joint
Committee of Cancer staging system in 2002. Thirteen
patients had stage I-II, and 23 patients had stage III-IV
tumors and all had well- or moderately-differentiated
SCC (grade 1-2). Serum NO levels were analyzed by
a spectrophotometric method based on the determi-
nation of total nitrite levels in serum and compared
between the patient and control groups. 
Results: The mean serum NO levels were
20.08±1.40 μmol/l and 13.57±0.99 μmol/l in cancer
patients and controls, respectively (p=0.001). There
were no correlations between NO levels and age, sex,
tumor stage, localization, and histological grade.
Conclusion: These data suggest that head and
neck SCC is associated with increased serum NO
levels, which may play a role in tumor growth.
Key words: Carcinoma, squamous cell/metabolism; head
and neck neoplasms/metabolism; nitric oxide/blood; tumor
markers, biological.

Amaç: Bafl-boyunda skuamöz hücreli kanser sapta-
nan hastalarda serum nitrik oksit (NO) düzeyi belir-
lendi ve bunun TNM evresi, tümör yerleflimi ve dere-
celendirmesi ile iliflkisi araflt›r›ld›.
Hastalar ve Yöntemler: Bafl-boyunda skuamöz
hücreli kanser tan›s› konan 36 hastadan (ort. yafl 63;
da¤›l›m 37-80) tedavi öncesinde ve kontrol olarak 20
sa¤l›kl› eriflkinden (ort. yafl 56; da¤›l›m 30-72) serum
örnekleri al›nd›. Tümör evrelemesi AJCC (American
Joint Committee of Cancer) 2002 ölçütlerine göre
yap›ld›. On üç hastada evre I-II, 23 hastada evre III-
IV tümör vard›. Tüm hastalarda tümör diferensiyas-
yonu iyi veya orta derecedeydi (derece 1-2). Serum
NO düzeylerinin analizi, serumda total nitritin sap-
tanmas› esas›na dayanan spektrofotometrik yön-
temle yap›ld› ve hasta ve kontrol gruplar›n›n NO dü-
zeyleri karfl›laflt›r›ld›.
Bulgular: Kanserli grupta ve kontrol grubunda orta-
lama serum NO düzeyi s›ras›yla 20.08±1.40 μmol/l
ve 13.57±0.99 μmol/l bulundu (p=0.001). Kanserli
grupta NO düzeyi yafl, cinsiyet, tümör evresi, yerle-
flimi ve histolojik derecesi ile iliflkili bulunmad›.
Sonuç: Bu veriler bafl-boyundaki skuamöz hücreli kan-
serlerde serum NO düzeyinin artt›¤›n› göstermektedir.
Bu aktivite art›fl› tümör büyümesinde rol oynayabilir.
Anahtar sözcükler: Karsinom, skuamöz hücreli/metaboliz-
ma; bafl-boyun neoplazileri/metabolizma; nitrik oksit/kan;
tümör belirteci, biyolojik.
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Nitric oxide (NO) is an important biological messen-
ger molecule involved in a wide range of biological
actions, many of which are still poorly understood.[1-3]

Nitric oxide is probably one of the oldest molecules
thought to have developed in the primitive atmos-
phere of the cooling planet.[3] However, the demon-
stration of NO formation in the endothelial cells in
1987 opened a new area of biological research.[1] This
was a crucial discovery for human biology and it soon
became evident that NO was found in a variety of tis-
sues and was involved in multiple cell functions,
including immunostimulation and cytotoxicity.[1,2] It is
also involved in various medical conditions, having
both beneficial and detrimental roles.[3,4]

Nitric oxide is synthesized from the amino acid L-
arginine by three different isoenzymes of nitric oxide
synthases.[1,2] The endothelial and neuronal nitric
oxide synthases (eNOS and nNOS, respectively) are
calcium-dependent and calmodulin-dependent iso-
forms and they mediate physiological processes such
as vasodilation and synaptic events. Both are constitu-
tively expressed.[1] The third isoform, inducible nitric
oxide synthase (iNOS) which is expressed during
inflammatory reactions, is calcium- and calmodulin-
independent. Inducible nitric oxide synthase was
originally detected in activated macrophages where it
produced large quantities of NO in response to endo-
toxin- or cytokine-mediated macrophage activation.[1,2]

In the field of tumor biology, the actions of NO
are implicated in growth including mutagenicity,
angiogenesis, and metastasis of solid tumors.[3]

Inducible nitric oxide synthase is primarily involved
in carcinogenesis. However, it also appears to have
effects in cytotoxicity of macrophages against tumor
cells and immunosuppression.[5] This is somewhat
confounding due to both tumor-promoting and
inhibiting effects of NO.[6] In this respect, in head
and neck squamous cell carcinoma (SCC), the role of
NO and the impact of iNOS still remain obscure .[3,6,7]

Moreover, the relationship between NO levels and
survival and prognosis is still controversial.[3,4,7,8]

The aim of this study was to determine serum
NO levels in patients with SCC of the oral cavity,
pharynx, and larynx.

PATIENTS AND METHODS

Patient population

Serum samples were obtained from 36 patients (mean
age 63 years; range 37 to 80 years) with head and neck

SCC prior to treatment and from 20 healthy individuals
(mean age 56 years; range 30 to 72 years) comprising
the control group. The clinical and radiological data of
each patient were evaluated. To avoid any confounding
effect on NO levels, we excluded patients who received
any treatment previously for the current carcinoma,
including surgery, radiotherapy, chemotherapy, or
immunotherapy. All the patients had primary SCC of
the larynx, oral cavity, or pharynx confirmed by
histopathological examination.

Tumor staging was based on the criteria of the
American Joint Committee of Cancer staging system
in 2002. Thirteen patients had stage I-II, and 23
patients had stage III-IV tumors and all had well- or
moderately-differentiated SCC (grade 1/2).
Preoperative nutritional status and the hematologi-
cal values of the patients were found within normal
limits. We excluded patients with evidence for infec-
tion. Most of the patients were heavy smokers, some
of them used alcohol, as well. 

Ten milliliters of venous blood were taken from
the patients and controls after obtaining their
informed consent about the study and its aims. The
samples were centrifuged and the serum stored
frozen at –25 °C until analysis.

Assay of serum NO levels

Since NO is a very labile molecule, its direct mea-
surement in biological samples is very difficult. In
aqueous solutions, NO reacts with molecular oxy-
gen and accumulates in plasma as nitrite (NO2

-) and
nitrate (NO3

-) ions. Therefore, the stable oxidation
end products of NO (namely, NO2

- and NO3
-) can

readily be measured in biological fluids and have
been widely used as in vitro and in vivo indicators of
NO production.[9,10] Thus, plasma nitrite concentra-
tion was accepted as an index of NO. For total nitrite
determination, deproteinized serum samples were
treated with copperized cadmium granules to
reduce NO3

- to NO2
-. Nitrite concentrations were

quantified by a calorimetric assay based on the
Griess reaction.[11] Briefly, a chromophore with a
strong absorbance at 545 nm is formed by reaction of
nitrite with a mixture of N-naphthylethylenedi-
amine and sulphanilamide. A standard curve was
established with a set of serial dilutions (108 to 103

mol/l) of sodium nitrite. The results were expressed
as micromole per liter of serum (μmol/l).

Serum NO levels of the patient and control
groups were compared and correlations were
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sought with TNM staging, localization, and tumor
grade.

Data were processed using the SPSS 10.0 for
Windows computing program. The results were
analyzed by independent samples t-test. Nitric
oxide values were expressed as mean±standard
error. A p value of less than 0.05 was considered sta-
tistically significant.

RESULTS

Of 36 patients with head and neck SCC, 25 patients
had larynx, eight had oral cavity, and three had
pharynx cancers. The clinicopathologic characteris-
tics of the patients are summarized in Table I. The
mean serum NO levels were 20.08±1.40 μmol/l and
13.57±0.99 μmol/l in cancer patients and controls,
respectively (p=0.001). There were no correlations
between NO levels and age, sex, tumor stage, local-
ization, and histological grade. No association was
detected between NO levels and TNM staging.

DISCUSSION

To our knowledge, the association between serum
NO levels and tumor characteristics in patients with
SCC of the head and neck has not been previously
assessed. The presence of iNOS activity in tumor tis-
sues of head and neck SCC has been reported.[4,7,12]

An enhanced expression of iNOS at the protein and

mRNA levels and a correlation with cervical lymph
node metastasis have been reported previously for
human oral SCC.[13] The hypothesis that NO path-
way plays a relevant role in angiogenesis and tumor
progression in SCC of the head and neck were inves-
tigated and it was found that there was a significant
increase in iNOS activity detected immunohisto-
chemically during transition from
hyperplastic/mild dysplastic to moderate/severe
dysplastic lesions to SCC.[14] Although the local con-
centration of this molecule is very important, serum
levels of NO may also indicate local and general
progression of the disease. The results of the present
study showed that serum levels of NO in patients
with head and neck SCC were higher than those of
healthy controls. Increased NO level in serum may
result from increased production of NO in cancerous
tissues by NOS activation and these changes in
tumor tissue may play a role in tumor growth.

Nitric oxide is produced in malignant epithelial
head and neck tumors and this molecule is synthe-
sized locally by the epithelial cells.[7] Increased NO
levels in the current study may reflect increased NO
production in the squamous epithelial cells of
patients with head and neck tumors. The growth of
solid tumors requires a complex sequence of events
including cell proliferation, formation of new blood
vessels, and permeation through the basement
membrane at the primary site.[3] The same processes
occur again at the site of metastasis.[3] There are now
at least 20 angiogenic and anti-angiogenic media-
tors, of which NO is a very important mediator.
Nitric oxide overproduction, as a vasodilator and
mediator in angiogenesis may enable tumor cells for
further cell proliferation with an enhancement of
vascular permeability.[12] Following the increase in
NO production, hyperpermeability may occur via
the interaction with vascular endothelial growth fac-
tor, which is stimulated upon NO release.[15] Based
on animal experiments, this may enable tumor cells
to escape into the circulation, representing the first
step in the metastatic process.[3] The relationship
between tumor size and iNOS expression has not
been fully elucidated.[7] In our study, serum NO lev-
els were not correlated with TNM staging.

The presence of NO and NOS has been assessed in
many human malignant tumors including breast, col-
orectal, renal cell, pancreas, gynecologic, prostate,
lung, stomach, and head and neck tumors.[3,6] As in

TABLE I

CHARACTERISTICS OF THE PATIENTS WITH HEAD

AND NECK SQUAMOUS CELL CARCINOMA

Characteristics n %

Sex

Male 31 86.1

Female 5 13.9

Tumor localization

Larynx 25 69.4

Oral cavity 8 22.2

Oropharynx 1 2.8

Hypopharynx 2 5.6

Stage

I-II 13 36.1

III-IV 23 63.9

Histologic differentiation

Well 19 52.8

Moderate 17 47.2
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other studies,[3,12] we also suggest that manipulation of
NOS to reduce NO production might be of therapeu-
tic benefit in the treatment of cancer and prevention of
distant metastasis. Monitoring serum NO levels may
be useful in the follow-up of patients after definitive
therapy. To clarify this, further studies are needed on
the relationship between NO and tumor growth and
metastasis.

In conclusion, the presence of a tumor in the
head and neck is associated with an increase in
serum NO levels. This elevation may play a role in
tumor growth and metastasis. Further research on
head and neck SCC may clarify the role of NO in the
pathogenesis of head and neck cancers, and its prob-
able prognostic and therapeutic role.

REFERENCES

1. Moncada S, Palmer RM, Higgs EA. Nitric oxide: physi-
ology, pathophysiology, and pharmacology. Pharmacol
Rev 1991;43:109-42.

2. Farrell AJ, Blake DR. Nitric oxide. Ann Rheum Dis
1996;55:7-20.

3. Brennan PA. The actions and interactions of nitric oxide
in solid tumours. Eur J Surg Oncol 2000;26:434-7.

4. Gavilanes J, Moro MA, Lizasoain I, Lorenzo P, Perez A,
Leza JC, et al. Nitric oxide synthase activity in human
squamous cell carcinoma of the head and neck.
Laryngoscope 1999;109:148-52.

5. Farias-Eisner R, Sherman MP, Aeberhard E,
Chaudhuri G.Nitric oxide is an important mediator for
tumoricidal activity in vivo. Proc Natl Acad Sci U S A
1994;91:9407-11.

6. Brennan PA, Downie IP, Langdon JD, Zaki GA.
Emerging role of nitric oxide in cancer. Br J Oral
Maxillofac Surg 1999;37:370-3.

7. Pukkila MJ, Kellokoski JK, Virtaniemi JA,

Kumpulainen EJ, Johansson RT, Halonen PM, et al.
Inducible nitric oxide synthase expression in pharyn-
geal squamous cell carcinoma: relation to p53 expression,
clinicopathological data, and survival. Laryngoscope
2002;112:1084-8.

8. Gallo O, Masini E, Morbidelli L, Franchi A, Fini-
Storchi I, Vergari WA, et al. Role of nitric oxide in
angiogenesis and tumor progression in head and neck
cancer. J Natl Cancer Inst 1998;90:587-96.

9. Koltuksuz U, Irmak MK, Karaman A, Uz E, Var A,
Ozyurt H, Akyol O. Testicular nitric oxide levels after
unilateral testicular torsion/detorsion in rats pretreat-
ed with caffeic acid phenethyl ester. Urol Res 2000;28:
360-3.

10. Akyol O, Herken H, Uz E, Fadillioglu E, Unal S, Sogut
S, et al. The indices of endogenous oxidative and antiox-
idative processes in plasma from schizophrenic patients.
The possible role of oxidant/antioxidant imbalance.
Prog Neuropsychopharmacol Biol Psychiatry 2002;26:
995-1005.

11. Cortas NK, Wakid NW. Determination of inorganic
nitrate in serum and urine by a kinetic cadmium-
reduction method. Clin Chem 1990;36(8 Pt 1):1440-3.

12. Rosbe KW, Prazma J, Petrusz P, Mims W, Ball SS,
Weissler MC. Immunohistochemical characterization
of nitric oxide synthase activity in squamous cell carci-
noma of the head and neck. Otolaryngol Head Neck
Surg 1995;113:541-9.

13. Chen YK, Hsue SS, Lin LM. Increased expression of
inducible nitric oxide synthase for human buccal squa-
mous-cell carcinomas: immunohistochemical, reverse
transcription-polymerase chain reaction (RT-PCR) and
in situ RT-PCR studies. Head Neck 2002;24:925-32.

14. Franchi A, Gallo O, Paglierani M, Sardi I, Magnelli L,
Masini E, et al. Inducible nitric oxide synthase expres-
sion in laryngeal neoplasia: correlation with angiogen-
esis. Head Neck 2002;24:16-23.

15. Wu NZ, Klitzman B, Dodge R, Dewhirst MW.
Diminished leukocyte-endothelium interaction in
tumor microvessels. Cancer Res 1992;52:4265-8.


