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Abstract

The role of nitric oxide (NO)• in the development of the metastatic properties of nasopharyngeal 

carcinoma (NPC) is not fully understood. Previous studies proposed that interleukin-6 (IL-6) 

would act as regulator of matrix metalloprotease activation in NPC. Recently, we showed that 

(NO)• was a critical mediator of tumor growth in patients. The aim of this study was to determine 

the implication of IL-6 in the progression of NPC pathology via MMPs activation and their 

possible correlation with (NO)• production. We observed a significant increase in IL-6 and nitrites 

(NO2
−) synthesis in patients (n=17) as well as a strong expression of IL-6 and nitric oxide 

synthase 2 (NOS2) in the analyzed tumors (n=8). In patients’ plasma, a negative correlation 

associated IL-6 with circulating nitrites (r=−0.33). A negative correlation associated the H-scores 

of these signals in the tumors (r=−0.47). In patients’ plasma, nitrites synthesis was positively 

associated with MMP-9 activation (r=0.45), pro-MMP-2 expression (r=0.37) and negatively 

correlated with MMP-2 activation (r=−0.51). High nitrite levels was associated with better 

recurrence free survival RFS (p=0.02). Overall our results suggest that the IL-6/NOS2 

inflammatory signals are involved in the regulation of MMP-9 and MMP-2 dependent metastatic 

activity, and that high circulating nitrite levels in NPC patients may constitute a prognostic 

predictor for survival.
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Introduction

Nasopharyngeal carcinoma (NPC) is a highly metastatic malignancy which has been 

associated with EBV infections in North Africa [1, 2]. In susceptible individuals, the risk to 

develop NPC is increased following prolonged exposure to domestic fumes, marijuana, 

tobacco and consumption of food containing nitrosamines [3]. These environmental triggers 

act as inducers of chronic inflammation of the nasopharyngeal tissue and promote cell 

transformation. The pathology of the NPC tumor microenvironment (TME) is characterized 

by an 1) important immune cell infiltrates which promote tumor development via the release 

of a plethora of inflammatory messengers such as cytokines (TNF-α, IL-6), reactive oxygen 

species (ROS) and nitric oxide (NO)• [4–7] and 2) the synthesis of matrix metalloproteases 

which support NPC metastatic spread [8].

IL-6 is widely incriminated in chronic inflammation and cancer [9, 10]. In several 

malignancies including NPC, IL-6 promotes tumor cell proliferation, migration, invasion 

and associates with poor-prognosis [11–14]. Even though its function is predominantly 

associated with pro-tumoral activities, several reports indicate that these effects may be 

counterbalanced by its anti-tumoral functions by promoting active T cell responses against 

the tumor [15]. In a number of tumors, the pro-tumoral effects directly correlate with the 

activity of the inducible nitric oxide synthase (NOS2), an aggressive tumor biomarker [16–

18]. In NPC patients, nitric oxide synthesis is associated with tumor growth [4].

Nitric oxide (NO)•, the product of the NOS genes, is a critical mediator of inflammation-

dependent tumorigenesis but also of tumor clearance; this complexity of function occurs as a 

result of the level and time of exposure to (NO)• [19, 20]. Among the three NOS isoforms, 

NOS2 is solely responsible for the synthesis of μMolar amounts of (NO)• [20]. NOS2 

expression is positively regulated by NF-κB activation induced by multiple pro-

inflammatory cytokines (ex. TNF-α, IL-6) and by low molecular (NO)• concentrations [47]. 

In contrast, NOS2 expression is inhibited by immunoregulatory cytokines like TGF-β and 

large amounts of (NO)• through the inhibition of NF-κB activity [21, 47]. Functionally, 

several lines of evidence suggest that (NO)• is an important effector of angiogenesis and 

metastatic diffusion [22].

Cell metastasis from a primary tumor location to distant niches involves several complex 

events including processing of the components of the extracellular matrix (ECM) by 

metalloproteases (MMPs) [23]. These molecules constitute a family of zinc-dependent 

endopeptidases which also mediate processing of a number of cytokines and chemokines to 

regulate inflammation [24]. MMPs are primarily synthesized as zymogens (pro-MMP). 

These molecules may be induced by NF-κB transcriptional activity [25] and can be activated 

by (NO)• and reactive nitrogen species (RNS) by disruption of a cysteine–zinc bond and 

degradation of their prodomain [26–28]. In patients with advanced undifferentiated NPC, 

pro-MMP-2 and MMP-9 accumulation associates with poor-prognosis [29, 30].
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Recently, IL-6 secretion has been associated with MMP-9 activity and was described to 

promote the acquisition of an invasive behaviour in squamous cell carcinoma of the head 

and neck (SCCHN) [31]. IL-6 and its receptor have also been shown to contribute to the up-

regulation of MMP-2 and MMP-9 in NPC cell lines [32]. Although the direct influence of 

IL-6 on NOS2 activation has been demonstrated in NPC [33], it is still unclear how this 

inflammatory response would be involved in the activation of MMP-2/MMP-9 and influence 

NPC patients’ outcome.

Here we report the analysis of the associations between IL-6, (NO)• synthesis and MMP 

activation in NPC patients in order to explore the role of the IL-6/NOS2 pathway in the 

acquisition of a MMP dependent invasive phenotype and its repercussions on NPC outcome.

Patients and methods

Characteristics of the study population

In this study, a total of 17 untreated NPC patients and 8 healthy controls were enrolled 

(median age 49 and 40.5 years old, respectively). All subjects were recruited from the 

otolaryngology service of Algiers University Hospital M. Pacha. All the recruited patients 

presented a late stage (III/IV) NPC according to the American Joint Committee on Cancer 

(AJCC, 2009) and tumors were diagnosed as UC/WHO type 3. This study was approved by 

the ethic committee of the national agency for research development in health (ATRSS). All 

participants gave their informed consent before enrollment in the study.

Plasma collection

Plasma was collected from (4 ml) fresh blood using lithium heparin as anticoagulant and 

immediately transferred to the laboratory. After centrifugation at 1800 rpm for 10 min, 

plasmas were stored at −20 C until use.

NPC biopsy culture

Biopsies were taken from the postnasal cavity of NPC patients and processed as soon as 

possible. Prior to culture, biopsies were rinsed in PBS and the blood clots and the underlying 

connective tissue were teased away. The tumors were cut into fine standardised 3mm3 

biopsy cuts pieces and cultured on flat-bottom plates with complete RPMI at 37°C, 5% 

CO2. Incubation was performed over-night in 200μl. Supernatants were stored at −20 C until 

use.

Determination of nitrite concentrations

Nitric oxide production in plasma and culture supernatants was assessed by the 

quantification of its stable metabolite nitrites (NO2
−) [34]. Nitrites levels were determined 

by the modified Griess reaction and read at λ=543nm using a spectrophotometer.

Enzyme Linked Immunosorbent Assay (ELISA)

IL-6 levels in plasma and culture supernatants were analyzed using a human IL-6 ELISA kit 

(Invitrogen Co., Ltd., Camarillo, CA, USA) according to the manufacturer’s instructions.
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Immunohistochemistry (IHC)

Paraffin embedded tumor sections (5 μm) from untreated NPC patients (n=8) were used to 

evaluate IL-6 and NOS2 expression. All IHC stainings were performed by Avidin-Biotin 

Complex (ABC) method with standardized VECTASTAIN ABC Kit (Vector Lab., USA, 

PK4000). Prior to primary antibody application, antigen retrieval was performed with 10 

mmol/L citrate buffer, pH 6.0 (DAKO, USA, S1699) in a steamer for 30 min. Tissue sections 

were stained with monoclonal mouse anti-human IL-6 (clone 3G9; cat numb: NBP1-47810; 

1/200, Novusbio, USA), anti-NOS2 (clone 13F5.1; Cat numb: MABN527; 1/5000, EMD, 

USA) and incubated in moisture chamber overnight at 4 C. After PBS buffer washing, the 

slides were treated with biotinylated anti-mouse antibody (7.5 μg/ml, Vector Lab, USA, 

BA-2000) for 30min at room temperature (RT). After wash with PBS, avidin-biotin complex 

(Vector Lab. USA) was applied for 30min at RT. The slides were developed with DAB (3, 

3′-diaminobenzidine). Mouse IgG isotype was used as negative control. Immunostaining 

evaluation was conducted following the H-scoring method [35] to take into account the 

number of positive cells and the intensity of staining following this equation: H score= (% 
weak positive cells x1)+ (% moderate positive cells x2)+ (% strong positive cells x3)= 300. 
Five non-overlapping, randomly selected, high power elds were analyzed for quanti cation 

per patient. The tissue sections were read and scored independently by two investigators.

Gelatin zymography

Plasmatic MMP-2 and MMP-9 levels in NPC patients were assessed by gelatin zymography. 

In brief, equal protein concentrations of plasma were applied to 8% SDS-polyacrylamide gel 

containing 0.2% gelatin. After electrophoresis, gels were washed twice in 2.5% Triton 

X-100 for 20min and then incubated overnight in 10mM CaCl2 buffer at 37°C. The gels 

were stained in Coomassie Brilliant blue R250 solution and destained with a solution 

containing 30% methanol/10% acetic acid followed by several washing steps. Images were 

analysed by densitometry using ImageJ software.

Statistical analysis and Recurrence free survival calculation (RFS)

The Kaplan–Meyer actuarial method was used to estimate recurrence free survival over 36 

months for plasmatic nitrites (median = 28.5μM) and IL-6 (median = 21.2pg/ml). A log-rank 

test was used to identify the prognostic factors predicting for RFS. A p-value ≤0.05 was 

considered to be statistically significant. All statistical analyses were performed using 

GraphPad Prism software version 6.0.1. Data were analyzed using GraphPad Prism software 

version 6.0.1. Data are shown as (Mean±SD). Statistical analysis between two groups was 

evaluated using the Mann Whitney or the unpaired t test with Welch’s correction depending 

on the normality test. Correlation analysis was conducted with Spearman or Pearson’s test 

with respect to data type and distribution. p value≤0.05 was accepted as statistically 

significant.
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Results

Low plasmatic IL-6 levels are associated with high nitrite synthesis in NPC patients

We initially examined the expression of IL-6 and nitrites levels in the plasma of NPC 

patients. Consistent with our previous findings [4], we observed an increase in nitrites in the 

plasma of NPC patients (n=17) in comparison with the healthy donors (n=8)(29.74±10.22 

vs. 21.97±12.26)(Fig. 1A). The same patients showed a significant increase in the levels of 

plasmatic IL-6 compared to the control group (24.31±10.09 vs. 15.51±5.14; p≤0.05)(Fig. 

1A). To determine the effect of IL-6 on NOS2 activity, plasmatic IL-6 values were plotted 

against nitrites concentrations for both healthy and NPC patients. As shown in Fig. 1B, 

Pearson correlation analysis indicated a trend, although not statistically significant, towards 

a linear inverse correlation between NOS2 activity and IL-6 release in both analyzed groups 

(r=−0.33, p=0.18 vs. p=0.41). Interestingly we observed that the most notable nitrite levels 

elevations were linked to IL-6 concentrations falling in the range below the median value of 

the group.

These data suggest that NPC patients with the lowest levels of IL-6 would tend to associate 

with high levels of nitrites secretions.

NOS2 and IL-6 expression are increased in inflammatory NPC tumors

As several types of cells may generate nitrites and secrete IL-6 in the nasopharyngeal TME 

[5, 13], we assessed the levels of these molecules in supernatant of NPC tumor explants 

following 24h culture. Griess and ELISA tests showed that the biopsies released high 

amounts of nitrites and IL-6 in the culture supernatants (Fig. 2A). Consistent with this 

finding, we observed massive immunostaining of IL-6 and NOS2 in the stroma and in the 

tumor nests of the analyzed biopsies (n=8)(Fig. 2B). To clarify the levels of association 

between these molecular expressions, we performed a histological evaluation based on the 

histo-score (H-score). We observed a strong negative, but not statistically significant, 

correlation between IL-6 and NOS2 expression in the TME (r=−0.47, p=0.24). The analysis 

discriminated two groups of tumors in which, the lowest IL-6 expression associated with the 

highest NOS2 staining and the highest IL-6 H-scores associated with the weakest NOS2 

scores (Fig. 2C). These differences were not observed by ELISA analysis (r=0.13, p=0.62) 

(Fig. 2D).

Taken together these results indicate that IL-6 and NOS2 expression would be increased in 

the inflammatory TME of nasopharyngeal carcinoma and point toward a negative linear 

association between IL-6 expression and nitrite synthesis.

Nitrites formation positively influences MMP-9 activation and pro-MMP-2 expression, and 
negatively influences MMP-2 activation in NPC patients

To determine the impact of nitric oxide synthesis on the acquisition of a metastatic 

phenotype in patients, we next conducted a gelatine zymography and a densitometric 

analysis to evaluate the impact of the circulating nitrites levels on the plasmatic MMP-2 and 

MMP-9 profile. The relationship between nitrites, pro-MMP and MMP values was examined 

using the Pearson or the Spearman correlation depending on the normality test. Our results 
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showed that the levels of pro-MMP-9 and pro-MMP-2 in patients’ plasma (n=10) were 

significantly increased in comparison to the controls (n=5). The zymogram revealed 

presence of bands corresponding to the active forms of the analyzed gelatinases. 

Interestingly, the densitometric analysis revealed that except for MMP-2, all the other MMPs 

were upregulated in patients’ plasma compared to healthy donors (Fig. 3A and 3B). A 

strongest trend toward a negative correlation was observed between circulating pro-MMP-9 

and plasma nitrites levels in patients compared to healthy donors (r=−0.53, p=0.11 vs. r=

−0.49, p=0.4). We also found that circulating pro-MMP-2 levels strongly increased in 

patients compared to the controls (r=0.37, p=0.28 vs. r=0.08, p=0.8). Conversely, elevation 

in plasma nitrites levels correlated with a reduction in MMP-2 activation in patients but not 

in control individuals (r=−0.51, p=0.12 vs. r=0.63, p=0.24) (Fig. 3C and 3D).

These findings indicate that nitrites formation can lead to MMP-9 activation and pro-

MMP-2 expression, and negatively impact MMP-2 activation in NPC patients.

High plasma (NO)• levels associate with better prognosis in NPC patients

To understand how the different combined profiles associating NOS2 and IL-6 activities 

may affect disease recurrence and patients’ survival, we next assessed the RFS prognostic 

values for our cohort after 36 months follow-up. The plasmatic nitrites and IL-6 values of 

the cancer patients were stratified by the median (Low (NO)• vs. High (NO)• and Low IL-6 

vs. High IL-6). Kaplan-Meier analysis showed that nitrite levels variations, but not those of 

IL-6, significantly influenced NPC recurrence-free survival (p= 0.02 vs. p= 0.51). Indeed, 

50% of the analyzed patients with low nitrite levels [below the median: Low (NO)•] showed 

tumor recurrence after 20 months following the first diagnosis. Patients with Low IL-6 

[below the median] had a slight survival advantage compared with high IL-6 patients at the 

last follow-up (10%). Strikingly, 90% of the tested patients with nitrites levels above the 

median (High (NO)•) survived without evidence of the disease after 36 months. In 

comparison only 35% of the analyzed patients with low (NO)• completed the study without 

disease recurrence (Fig. 4).

These results indicate that low NOS2 activity in patients can frequently lead to tumor 

recurrence or death, and that high NOS2 activity supports patients’ survival.

Discussion

IL-6 and nitric oxide play a prominent role in inflammation induced carcinogenesis by 

altering cell metabolism, promoting tumor growth, angiogenesis and metastasis [36–38]. 

Our previous studies showed that the TNF-α/NOS2 inflammatory pathway supported tumor 

growth in-vitro and in patients, and that TNF-α was not the sole responsible for NOS2 

activation [4, 5]. We speculated then on the significance of the large differences in nitrite 

production observed among the tested patients and their possible role in the acquisition of 

metastatic features or tumor elimination. Considering the dual roles of IL-6 and (NO)• and 

the association of their functions in tumorigenesis, we here explored the impact of their 

signals on the acquisition of an MMP dependent invasive phenotype and the outcome of 

NPC patients. In the present study we show that in NPC patients a negative correlation 

associates IL-6 to NOS2 activity, as reflected by the negative relation associating plasma 
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IL-6 to NOS2 expression and nitrites synthesis. We also report that nitrite synthesis in 

patients correlate with MMP-9 activation, pro-MMP-2 expression and the inhibition of 

MMP-2 activation. Importantly we show that developing a strong nitrosative response (High 

(NO)•) against NPC augments significantly the chances for the patient to survive and to 

avoid tumor recurrence.

Increase in plasma IL-6 levels among patients with cancer has been demonstrated in several 

studies. Its importance has been stressed by the effects of IL-6 production on metastasis 

development, resistance to treatment and poor disease outcome [37]. In NPC, IL-6 was 

found to be a useful marker for the assessment of treatment outcome [39]. In our study we 

observe that NPC patients displayed high levels of the cytokine in their tumors and at the 

plasma level. This expression was concomitant with the activation of the IL-6 and of the 

NOS2 genes in the TME, an indicator of nitrosative stress and the principal source of nitric 

oxide in nasopharyngeal tumors. Possibly, the activated tumor associated macrophages 

(TAM) infiltrating the nasopharyngeal TME would constitute, beside the tumor cells, the 

major source of both molecules as indicated by the strong signals detected by 

immunohistochemistry in the tumor and the stroma, and by our recent observations reporting 

massive CD68 staining in the TME and increased capacity of monocytes/macrophages from 

cancer patients to synthesize nitrites [5].

To date, several mechanisms have been described to be at the origin of IL-6 and NOS2 

expression in NPC. These processes appear to be intricate in a way to ensure their mutual 

amplification in a cross-talk involving the tumor and cells infiltrating the TME. Indeed 

several cross-amplifying signals have been described to associate a) NOS2 expression to 

NF-κB activation and IL-6 synthesis; b) NF-κB activation to EBV LMP1 oncogene 

expression; c) LMP1 signaling to IL-6 induction and Stat-3 activation; d) IL-6 mediated 

perpetuation of Stat-3 activity to LMP1 expression and e) IL-6 signaling to NF-κB mediated 

NOS2 induction [5, 33, 40–42].

Therefore we propose that the complex escape mechanisms accompanying nasopharyngeal 

tissue carcinogenesis would take advantage of IL-6 and NOS2 induction to promote tumor 

growth and lead to the acquisition of pro-metastatic proprieties instead of supporting an anti-

tumoral response [43–45].

In line with the work of Ma et al. [33] showing that IL-6 induced Stat-3 activation plays a 

key role in the upregulation of NOS2 activity in NPC tumors and the work of Villavicencio 

et al. showing that NOS2 overexpression could in turn suppress IL-6 induced Stat-3 

activation [46], we hypothesize that NPC tumor growth would engage low/moderate levels 

of IL-6 and nitrites [33, 40] and limited activation levels of Stat-3 and NF-κB [47, 48] to 

ensure its perpetual development. This hypothesis is supported by our results showing 

presence of a negative regulatory loop associating IL-6 to NOS2 activity in NPC patients.

With respect to previous studies stressing the prognostic value of MMP-9 and pro-MMP-2 in 

NPC [29, 30] and as (NO)• may directly regulate MMP transcription and activation [27], we 

next analyzed the effect of (NO)• production on the regulation of MMPs’ dependent 

metastatic activities. Our results indicate a trend for (NO)• synthesis to be associated with 
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pro-MMP-9 expression induction and of its conversion to active MMP-9; thereby, this result 

suggests that NOS activation in NPC patients would lead to MMP-9 transcription and to the 

acquisition of a MMP-9 dependent gelatinolytic activity. This result is in agreement with the 

recent reports indicating an increase in MMP-9 activity in NPC cell lines [32]. Interestingly 

we observed that MMP-9 activation occurred preferentially in patients with low to 

intermediate levels of (NO)•, this could be explained by the implication of NF-κB in the 

regulation of MMP-9 expression [49]. At the opposite of MMP-9, we did not find that 

IL-6/NOS signals could induce pro-MMP-2 activation; instead, and in agreement with Chen 

et al. reporting that nitric oxide inhibits MMP-2 expression, we observed that nitrites 

production negatively impacted MMP-2 activation [50]. This inhibition would probably be 

responsible for the increased levels of pro-MMP-2 observed in patients. Considering the 

recent demonstration of Kesanakurti et al. showing that MMP-2 down-regulation may 

support IL-6/Stat-3 signaling and promote cell survival [51], future studies should analyse 

the implication of a such process in NPC development and define the probable participation 

of TIMP metallopeptidase inhibitor 2 (TIMP-2) in nitric oxide dependent inhibition of 

MMP-2 [52].

To define the consequences of NOS2 and IL-6 activities on patients’ survival, we next 

assessed the RFS prognostic values for our cohort after 36 months follow-up. We showed for 

the first time that low NOS2 activities in patients led frequently to tumor recurrence or 

death. On the contrary, patients developing a high NOS2 activity survived in almost 90% of 

the cases and showed no sign of tumor recurrence. In agreement with the literature we 

observed that the inverse situation prevailed for IL-6 activity [14]. These findings support 

the idea of a mutual regulation existing between IL-6 and NOS2 signals in NPC, and 

strongly indicate that whereas low/moderate NOS2 responses may lead to tumor growth, 

recurrence and patients’ death, strong NOS2 responses can be detrimental to tumor 

development and favor the rehabilitation of a potent anti-tumoral response [53]. Future 

experiments should verify that possibility by TUNEL analysis and confirm our preliminary 

observations indicating presence of morphological features of cell death in few high (NO)• 

producing tumors (data not shown).

Another probable mechanism through which (NO)• may exert its protective effects in NPC, 

may involve high levels of activation of NF-κB, which have been shown to be able to inhibit 

the immunosuppressive and oncogenic functions of Stat-3 [54]. The impact of high (NO)• on 

Stat-3 activation require further investigations but it is possible that the Stat-3 dependent 

cross-talk existing in the TME may be affected in such conditions and that the plethora of 

events controlled by Stat-3 signaling may be counterbalanced [55].

Thus, it is important that future analyses in patients verify the impact of high NOS/low IL-6 

signals on NPC tumors growth and verify their impact on the rehabilitation of a potent Th1 

anti-tumoral response by characterising a) the modulation of a tolerogenic T-reg cell 

response [56] and the inhibition of the expansion of the myeloid derived suppressor cells 

(MDSC) [57, 58], b) the promotion of dendritic cells maturation and expression of MHC 

class II molecules (CD80, CD86) [59], c) the rehabilitation of the anti-tumour CD8+ and 

natural killer (NK) response [60] and d) the inhibition of the synthesis of angiogenic factors 

(ex. VEGF) [61].
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In conclusion, our results demonstrate for the first time that the acquisition of the metastatic 

capacities of NPC, correlates with high levels of IL-6 and is accompanied with production of 

low/moderate levels of (NO)•, and that such combined profile could be used to predict risks 

of tumor recurrence and early death of NPC patients; our results also demonstrate that high 

circulating levels of (NO)• associating with low plasma IL-6 levels may be used as good 

predictors of patient’ survival. Expanding these observations to a larger cohort should 

strengthen the statistical significance of our results and allow us to define with more 

precision the range of (NO)• values which could be used in clinics to identify the patients 

with the highest survival chances and those with the lowest survival chances. Further 

explorations must follow this study to clarify the implication of Stat-3 and NF-κB in such 

responses, but most of all, define if the modification of the levels of the cited transcription 

factors in the TME would be accompanied with a rehabilitation of a potent cytotoxic Th1 

inflammatory response directed against the tumor. Such a result will support the idea that 

induction of a potent anti-tumoral response against NPC may rely in part on the induction of 

(NO)• synthesis. In case of verification of our hypotheses, future interventional and clinical 

approaches should take into account the possibility of manipulating the nitrosative stress in-
vivo, by directly delivering (NO)• or NOS2 substrate bearing molecules, such as 

nanoparticles, to the tumor site or to (NO)• producing cells, to increase nitric oxide 

bioavailability and possibly inhibit NPC metastatic activity and induce tumor cell clearance 

[62, 63].
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Highlights

• Plasma IL-6 correlates negatively with nitrite synthesis in cancer patients.

• In the NPC tumor microenvironment, IL-6 expression negatively correlates 

with NOS2 expression.

• Nitrites formation associates with MMP-9 activation, pro-MMP-2 expression 

and inhibition of MMP-2 activation in cancer patients.

• Patients with high NOS activity have better RFS than patients with low/

moderate NOS activity.

Zergoun et al. Page 14

Tumour Biol. Author manuscript; available in PMC 2017 June 07.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Fig 1. Analysis of plasmatic nitrite (NO2-) and IL-6 synthesis in healthy donors and untreated 
NPC patients
A) Analysis of plasmatic NO2- and IL-6 levels in healthy donors (HD) (n=8) and untreated 

NPC patients (n=17). The means of the groups were compared with unpaired t test with 

Welch correction. B) Correlation analysis between plasmatic NO2
− and IL-6 concentrations 

in NPC patients and controls. NO2- values were assessed using the Griess test and IL-6 

concentrations were measured by ELISA. NO2- values obtained from healthy donors (n=8) 

and untreated NPC patients (n=17) were plotted against the respective IL-6 values. Pearson’s 

tests coefficients (r=−0.33).
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Fig 2. Analysis of IL-6 and NOS2 signals in NPC patient’s tumors
A) Analysis of nitrites and IL-6 levels in biopsy supernatants of untreated patients cultured 

biopsies (n=14). The horizontal lines show the Mean ± SD of the groups. B) IL-6 expression 

NOS2 expression in untreated NPC patients’ biopsies. The tumor nests and the tumor 

immune infiltrating cells express IL-6 with more intensity in the stroma (Magnification x20). 

NOS2 is expressed by tumor and by the immune cells infiltrating the tumor 

microenvironment (Magnification x20). HE stainings and isotype control antibody IgG 

labelling were used as negative controls. C) Correlation between IL-6 and NOS2 staining in 

NPC patients (H-score). A negative correlation was observed between NOS2 and IL-6 

among patients (n=8; r=−0.47). D) Correlation analysis between NO2- and IL-6 

concentrations in NPC tumor explants supernatants. No correlation was found between 

nitrites and IL-6 among NPC patients (n=12) (Spearman’s test coefficient r=0.13).
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Fig 3. Analysis of gelatinase activities in function of circulating nitrite (NO2-) concentration in 
NPC
A) MMP activation profile in NPC patients compared to controls. B) Histogram presentation 

of MMP expression levels among NPC patients and controls. C and D) Analyses of the 

correlations between plasmatic MMP and nitrite (NO2-) levels in healthy donors and in NPC 

patients. Each circle represents one patient. Values of the densitometric analysis of MMP-9 

and MMP-2 were plotted against the respective plasmatic NO2- value. Healthy donors (n=5) 

and patients (n=10). Correlation coefficients pro-MMP-9(r=0.49 vs. r=−0.53), MMP-9 

(r=0.69 vs. r=0.45), pro-MMP-2 (r=0.08 vs. 0.37) and MMP-2 (r=0.63 vs. r=−0.51). All the 

correlations were analyzed using the Pearson test except for pro-MMP-9 values, in patients, 

which did not follow a normal distribution.
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Fig 4. Crude analyses of mortality
Kaplan–Meyer estimates of recurrence free survival for all patients (n=17) as a function of 

median plasma nitrite (NO2-) and IL-6 levels. p values were calculated using the log-rank 

test (High IL-6 vs. Low IL-6, p=0.51; High NO vs. Low NO, p=0.02).
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