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I. Introduction: 
Oral squamous cell carcinoma (OSCC) is the most prevalent malignant neoplasm all over 

the world.
1
These malignancies are often still not detected until a late stage.

2
Inducible NOS is an 

enzyme that has been implicated in the tumorigenesis of various neoplasms. The role of NO 

generated by the iNOS is very complex. However, the pathways regulating iNOS expression seem to 

vary in different cells or different species.
3
There are few reports in the literature regarding the 

expression and relationship of iNOS with cervical lymph node metastasis in OSCC. Methods:The 

present study included forty formalin-fixed, paraffin-embedded tissue blocks of OSCC; with and 

without regional lymph node metastasis.The sections were examined and graded histopathologically 

according to WHO criteria (2010) and were subjected to the Streptavidin- Biotin Complex (ABC) 

immunohistochemical staining procedure as described by Wood and Wrank (1981).iNOS 

immunostained sections were examined under light microscope at x10 followed by x40 

magnification as expression was evaluated.Results: Within tumor cells, iNOS expression revealed to 

be upregulated with increased malignancy grade. In addition, the rate of expression of iNOS in cases 

having lymph node metastasis is significantly higher than those having no lymph node metastasis 

(P<0.05). Conclusions: The expression of iNOS was absent in normal mucosal keratinocytes as well 

as iNOS expression was inversely proportional to tumor differentiation, but that wasn't statistically 

significant.iNOS is a reliable marker for lymph node metastasis in OSCC irrespective of the 

histologic grade and finally, iNOS expression correlates with nodal metastasis in oral squamous cell 

carcinoma. 

Oral squamous cell carcinoma constitutes at least 90% of all oral malignancies. According 

to World Health Organization (WHO) 2017, it is the sixth commonest cancer in males, and the tenth 

commonest site of cancer in females. Evaluation of cervical lymph node metastasis is an integral 

point to determine the surgical approach and the possible use of chemotherapy in patients with oral 

cancer.
4
 

Nitric oxide (NO), a free-radical gas, is a short-living molecule which is involved in a 

multitude of biological processes including inflammation and cancer.
5
NO can react with other 

radicals to form cytotoxic compounds, such as peroxynitrite, which can cause DNA damage and 

protein modifications.
6
NO can also react directly with a variety of enzymes and other proteins to 

either activate or inhibit their functions.
7
NO is generated by NO synthases (NOS) that convert L-

arginine to L-citrulline in tumor cells, macrophages and fibroblasts.
8
 

It has been reported that an enhanced expression of iNOS was seen in epidermal squamous 

cell carcinoma
9
and breast cancer

10
and in gynecological malignancies.

11
 From these reports; iNOS 

may seem to play an unknown role in tumor growth, metastasis and angiogenesis. On the other hand, 

it has been reported that over expression of the iNOS gene can suppress tumor growth and metastasis 

of melanoma and renal carcinoma cell.
12

Moreover, it has also been reported that NO can induce 

apoptosis in these tumor cells by suppressing nuclear factor 1 beta (NF-1β) activity
13

or caspase.
14

It 

seems that iNOS may be related to the antitumor effect as well as to carcinogenesis. 

This study was undertaken to assess the expression of iNOS in OSCC and its relationship to 

cervical lymph node metastasis. 
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II. Material And Methods 
Materials: 

A) Tissue Specimens: 

Fortyformalin-fixed, paraffin-embedded tissue blocks; twenty blocks of OSCC with regional lymph 

node metastasis & twenty blocks of OSCC without regional lymph node metastasis obtained from 

the archives of Oral Pathology Department, Faculty of Dentistry, Tanta University.Approval for this 

research was obtained from Research Ethics Committee Faculty of Dentistry, Tanta University. 

 

B) Immunohistochemical (IHC) Reagents: 

 Primary mouse monoclonal IgG1 antibodies against human iNOS*. 

 Strept-Avidin Biotin Complex Universal Kit*. 

* Manufacturer: R & H systems a biotechne brand, USA Public domain, 

 

Methods: 

A) Histopathological Examination: 

Serial paraffin sections were cut using a microtome with a thickness of 4µm and mounted on 

positively charged (Opti-plus) slides for the staining procedure. A section from each specimen was 

stained by routine haematoxylin and eosin to confirm the diagnosis, and the most representative 

sections for immunostaining were selected. 

B) IHC Technique: 

      The slides were subjected to the following Streptavidin- Biotin Complex (ABC) 

immunohistochemical staining procedure as described by Wood and Wrank (1981). 

 

Evaluation of Immunostaining: 

1) Semi-quantitative analysis: 

iNOS expression was evaluated according to the scoring scale as modified from Martin et al. (2007). 

2) Image analysis using ImageJ software: 

Assessment of the staining intensity using ImageJ software Modified from Varghese et al. (2007). 

Statistical analysis: 
The data obtained were then statistically analyzed using (IBM SPSS17.0 version software for 

windows). Correlations among groups were done using one way analysis of variance (one way 

ANOVA) test. Subsequent comparisons between groups were assessed using Mann-Whitney U test. 

Significance of changes in iNOS expression versus histopathological grade was tested by person 

correlation test as well as non-parametric Kendall's tau-b and spearman's rho test. The level of 

statistical significance was at p < 0.05. 

 

III. Results 
Histo-pathological findings : 

A) Conventional H & E staining of OSCC 
By light microscope examination of 20 cases of OSCC without regional lymph node metastasis, 7 

cases out of the 20 cases (35%) were diagnosed as well-differentiated, 6 cases (30%) were diagnosed 

as moderately differentiated and the remaining 7 cases (35%) were diagnosed as poorly 

differentiated. 

By light microscope examination of 20 cases of OSCC with regional lymph node metastasis, 8 cases 

out of the 20 cases (40%) were diagnosed as well-differentiated, 7 cases(35%) were diagnosed as 

moderately differentiated and the remaining 5 cases (25%) were diagnosed as poorly differentiated. 

B) Immunohistochemical staining of iNOS: 

The iNOS expression was observed in 70% of specimens without lymph node metastasis while 

iNOS expression was observed in all specimens with lymph node metastasis (100%).In addition, 

most of the inflammatory cells including macrophages, giant cells and sometimes endothelial cells 

were found to be iNOS positive. 

 

Analysis of iNOSimmnuohistochemical expression: 

A) Semi Quantitative analysis: 

 Well differentiated OSCC  

i. Cases without lymph node metastasis 

Seven cases showed variety of intensity in iNOS expression ranged from 0 to 1.Out of the seven 

cases, four cases with SCC exhibited no staining with a percentage of 57.1% while three cases 
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exhibited weak positive staining with a percentage of 42.9% and none of them showed strong or 

moderate iNOS expression. 

 

ii. Cases with lymph node metastasis 

Eight specimens showed intensity of iNOS expression ranged from 1 to 3. Five cases showed weak 

positive intense reaction with a percentage of 62,5% while two cases expressed moderate positive 

staining with a percentage of 25% and only one case exhibited strong iNOS expression 12.5% 

 Moderately differentiated OSCC  

i. Cases without lymph node metastasis 

Six cases showed variety of the intensity of iNOS expression ranged from 0 to 2.Out of the six cases, 

two cases has intensity of 0 with negative iNOS expression 33.3% while 3 cases exhibited weak 

positive staining with a percentage of 50% and only one specimens has intensity of 2 with moderate 

iNOS expression 16.7% 

ii. Cases with lymph node metastasis 

Seven specimens with lymph node metastasis showed intense reaction of iNOS expression ranged 

from 1 to 3. Only one case has intensity of 1 with weak positiveiNOS expression 14.3% while four 

cases expressed moderate positive staining with a percentage of 57.1% and two cases has intensity of 

3 with strong iNOS expression 28.6% 

 Poorly differentiated OSCC  

i. Cases without lymph node metastasis 

The intensity of iNOS expression ranged from 1 to 2 with mean value of (23.400±16.62). Four cases 

showed weak staining with a percentage of 57.1% while three cases exhibited moderate positive 

staining with a percentage of 42.9% 

ii. Cases with lymph node metastasis 

The intensity of iNOS expression ranged from 2 to 3.Out of the five cases, two cases exhibited 

moderate staining with a percentage of 40% while three cases expressed strong staining with a 

percentage of 60% and none of them showed weak iNOS expression. 

 

 
(A) photomicrograph shows well-differentiated OSCC with negative cytoplasmic immunostaining of 

keratin pearls. (B) reveals moderately-differentiated OSCC with  positive (+2) cytoplasmic 

immunostaining of malignant epithelial cell nests.(C) photomicrograph shows poorly-differentiated 

OSCC with high positive (+3) cytoplasmic immunostaining of malignant scattered epithelial cells. (D) 

unveils the same lesion of (C) in metastatic lymh node. 
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IV. Discussion 
It has been proved that there is an increase in the expression of iNOS in a variety of 

neoplasms and this pathway is involved in various stages of tumorigenesis such as cellular 

proliferation, evasion from p53 dependent apoptosis and tumor induced angiogenesis.
15

 NO 

production may promote cancer progression by providing a selective growth advantage to tumor 

cells with mutant p53, Induction of angiogenesis by modulating angiogenic factors, thus promoting 

tumorigenic activity or tumoricidal action by activating  p53.
16

 

In the present study, there is an increased expression of iNOS on OSCCs but the expression 

was absent in normal mucosal keratinocytes and these results are in agreement with findings of 

Connelly et al.
17

, Karthik et al.
18

 and Chen 
19

 These findings indicate the role of NO in neoplastic 

transformation and carcinogenesis. In addition, absence of iNOS from normal epithelium may be 

due to that epithelial cells require factors, conditions, and/or exposures to maintain continuous high-

level expression of iNOS.
18 

In the present study, a positive correlation was seen between lymph node metastasis and iNOS 

expression and the association of lymph node metastasis with positive iNOS expression was statistically 

significant and these results in agreement with findings of Augustine et al. 
20

 , Karthik et al. 
18

 , Sappayatosok et 

al. 
21

 and Brennan et al. 
22

 The  proposition can be made that there are enhanced growth and metastasis via 

NO‑mediated pathogenesis as NO causes induction of angiogenesis and enhanced tumor growth and expression 

has been shown to be associated with extra‑capsular spread
22

 and also Continuous generation of NO by iNOS 

in the stroma of tumors contribute to the activation of matrix metalloproteinases (MMPs), which assist in the 

breakdown of basement membrane, the loss of integrity and degradation of collagenous and non-collagenous 

proteins of stromal tissue and bone, which in turn preconditions the stroma and facilitate the process of 

invasion.
23

 

In this study, OSCCs showed all stain intensities (no staining, weak, moderate and strong) and iNOS 

expression was inversely proportional with tumor differentiation, but that wasn't statistically significant. These 

findings are in agreement with observations of Augustine et al.
20

 and the findings of Sappayatosok et al.
21

 that 

reported correlation of iNOS expression with tumor staging but not tumor grading. 

In contrast, Karadayi et al.
24

 revealed iNOS expression in gastric adenocarcinoma and there was a 

significant difference between iNOS and histological grade. Moreover, Tschugguelet al.
25

 demonstrated that 

expression of iNOS in human breast cancer depends on tumor grade, and that was statistically significant. These 

findings may be due to the different concentrations of iNOS in different tissues of the body as the effects of NO 

in tumor seem to depend on the activity, localization of NOS isoforms concentration, duration of NO exposure 

and cellular sensitivity to NO.
26

 

Accordingly, all the findings of the current study suggested a potential role of iNOS in metastasis of 

OSCC in regional cervical lymph node. 

 

References 
[1]. Bagan J, Sarrion G, Jimenez Y. Oral cancer: clinical features. Oral Oncol. 2010;46(6):414-417.  

[2]. Neville BW, Day TA. Oral cancer and precancerous lesions. CA Cancer J Clin. 2002;52(4):195-215. 
[3]. Kleinert H, Pautz A, Linker K, Schwarz PM. Regulation of the expression of inducible nitric oxide synthase. Eur J 

Pharmacol. 2004;500(1-3):255-266. 

[4]. Rapidis AD, Scully C. Oral oncology: imagine the future. Future Oncol. 2009;5(8):1221-1223.  
[5]. Xie QW, Cho H, Kashiwabara Y, et al. Carboxyl terminus of inducible nitric oxide synthase. Contribution to NADPH 

binding and enzymatic activity. J Biol Chem. 1994;269(45):28500-28505. 

[6]. Horiot JC, Le Fur R, N’Guyen T, et al. Hyperfractionation versus conventional fractionation in oropharyngeal 
carcinoma:  final analysis of a randomized trial of the EORTC cooperative group of radiotherapy. Radiother Oncol. 

1992;25(4):231-241. 

[7]. Wallis RA, Panizzon KL, Henry D, Wasterlain CG. Neuroprotection against nitric oxide injury with inhibitors of 
ADP-ribosylation. Neuroreport. 1993;5(3):245-248. 

[8]. Weiner CP, Knowles RG, Moncada S. Induction of nitric oxide synthases early in pregnancy. Am J Obstet Gynecol. 

1994;171(3):838-843. 
[9]. Moncada S, Higgs A. The L-arginine-nitric oxide pathway. N Engl J Med. 1993;329(27):2002-2012.  

[10]. Thomsen LL, Miles DW, Happerfield L, Bobrow LG, Knowles RG, Moncada S. Nitric oxide synthase activity in 

human breast cancer. Br J Cancer. 1995;72(1):41-44. 
[11]. Thomsen LL, Lawton FG, Knowles RG, Beesley JE, Riveros-Moreno V, Moncada S. Nitric oxide synthase activity in 

human gynecological cancer. Cancer Res. 1994;54(5):1352-1354. 

[12]. Juang SH, Xie K, Xu L, et al. Suppression of tumorigenicity and metastasis of human renal carcinoma cells by 
infection with retroviral vectors harboring the murine inducible nitric oxide synthase gene. Hum Gene Ther. 

1998;9(6):845-854.  

[13]. Franek WR, Chowdary YC, Lin X, et al. Suppression of nuclear factor-kappa B activity by nitric oxide and hyperoxia 
in oxygen-resistant cells. J Biol Chem. 2002;277(45):42694-42700.  

[14]. Perez-Sala D, Rebollo A. Novel aspects of Ras proteins biology: regulation and implications. Cell Death Differ. 

1999;6(8):722-728.  
[15]. Bian K, Zhong M, Harari Y, Lai M, Weisbrodt N, Murad F. Helminth regulation of host IL-4Ralpha/Stat6 signaling: 

mechanism underlying NOS-2 inhibition by Trichinella spiralis. Proc Natl Acad Sci U S A. 2005;102(11):3936-3941. 



Expression of Inducible Nitric Oxide Synthase in Oral Squamous Cell Carcinoma and .. 

DOI: 10.9790/0853-1910065357                           www.iosrjournal.org                                                    57 | Page 

[16]. Fukumura D, Kashiwagi S, Jain RK. The role of nitric oxide in tumour progression. Nat Rev Cancer. 2006;6(7):521-

534. 

[17]. Connelly ST, Macabeo-Ong M, Dekker N, Jordan RCK, Schmidt BL. Increased nitric oxide levels and iNOS over-
expression in oral squamous cell carcinoma. Oral Oncol. 2005;41(3):261-267. 

[18]. Anand S. Do tobacco stimulate the production of nitric oxide by up regulation of inducible nitric oxide synthesis in 

cancer : Immunohistochemical determination of inducible nitric oxide synthesis in oral squamous cell carcinoma – A 

comparative study in tobacco habituers and non ‑ habituers. 2014;10(2). 

[19]. Chen Y, Hsue S, Lin L. Increased expression of inducible nitric oxide synthase for human buccal Squamous Cell 
Carcinomas: immunohistochemical, reverse transcription ± polymerase chain reaction (RT-PCR) and in situ RT-PCR 

studies. 2002;(October):925-932. 

[20]. Augustine D, Sekar B, Murali S, et al. Mini symposium : molecular oncology Original Article Expression of inducible 
nitric oxide synthase in carcinomas and sarcomas affecting the oral cavity. 2015;4(2). 

[21]. Sappayatosok K, Maneerat Y, Swasdison S, Viriyavejakul P. Expression of pro-inflammatory protein , iNOS , VEGF 

and COX-2 in Oral Squamous Cell Carcinoma (OSCC), relationship with angiogenesis and their clinico-pathological 
correlation. 2009;14(7). 

[22]. Brennan PA, Dennis S, Poller D, Quintero M, Puxeddu R, Thomas GJ. Original article inducible nitric oxide 

synthase : correlation with extracapsular spread and enhancement of tumor cell invasion in Head and Neck Squamous 
Cell Carcinoma. 2008;(February):208-214. 

[23]. Folgueras AR, Pendas AM, Sanchez LM, Lopez-Otin C. Matrix metalloproteinases in cancer: from new functions to 

improved inhibition strategies. Int J Dev Biol. 2004;48(5-6):411-424. 
[24]. Karaday N, Onak Kandem R N, Yavuzer D, Korkmaz T, Gecmen G, Kokturk F. Inducible Nitric Oxide Synthase 

Expression in Gastric Adenocarcinoma: Impact on Lymphangiogenesis and Lymphatic Metastasis. Vol 8.; 2013. 

[25]. Tschugguel W, Schneeberger C, Unfried G, et al. Expression of inducible nitric oxide synthase in human breast cancer 
depends on tumor grade. 1999:145-151. 

[26]. Chen W, Zeng S, Li H, Huang H, Pan C. [Expression of inducible nitric oxide synthase mRNA in squamous cell 

carcinoma of tongue]. Ai Zheng. 2002;21(3):314-318. 
 

 

Ahmed M. El kady. “Expression of Inducible Nitric Oxide Synthase in Oral Squamous Cell 

Carcinoma and Relationship to Regional Lymph Node Metastasis.” IOSR Journal of Dental and 

Medical Sciences (IOSR-JDMS), 19(10), 2020, pp. 53-57. 

 


