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Abstract. Oral cancer represents one of the most common 
types of cancer worldwide, with oral squamous cell carcinoma 
(OSCC) being the most frequently diagnosed. Cytokines 
play a crucial role in inflammation, apoptosis and metastasis. 
Interleukin (IL)‑8 promotes the direct migration of inflam‑
matory cells. IL‑6 induces tumor cell proliferation, increases 
expression of invasiveness and angiogenetic factors or matrix 
metalloproteinases (MMPs), promoting metastasis. Tissue 
inhibitor of metalloproteinases (TIMPs) blocks the action 
of MMPs controlling extracellular matrix degradation and 
inhibiting metastasis. The aim of our study was to analyze 
the existence of correlations between inflammation markers 
(IL‑6 and IL‑8) and extracellular degradation protection 
markers such as TIMP‑1 in OSCC tumors. Our study included 
20 patients (12 females and 8 males) diagnosed with OSCC, 
recruited from January to April, 2020. IL‑8, IL‑6 and TIMP‑1 
levels were measured in the tumor cell lysates by ELISA tech‑
nique, using relevant assay kits. Our results showed a positive 
and significant correlation between IL‑6 and IL‑8 (P=0.005, 
R=0.517) indicating that high IL‑8 levels can be associated 

with high IL‑6 levels. We also found a significant and high 
negative correlation (P<0.001, R=‑0.673) between IL‑6 
and TIMP‑1 and a significant and high negative correlation 
(P<0.001, R=‑0.684) between IL‑8 and TIMP‑1 indicating that 
high levels of IL‑8 and IL‑6 are significantly associated with 
lower levels of TIMP‑1. In conclusion, our study confirms the 
available literature data on IL‑6 and IL‑8 as potential markers 
for oral cancers such as OSCC and affect the tumor micro‑
environment by decreasing TIMPs. All three biomarkers 
included in this study have the potential to be used as detection 
or prognostic factors for oral cancer.

Introduction

Oral cancer represents one of the most frequent types of 
cancer worldwide with an incidence of about 9% of all types or 
cancer (1). Oral malignant tumors differ from benign tumors 
by their rate of high invasiveness accompanied by local tissue 
destruction and a high lymphatic and circulatory metastasis 
rate (2). 

The most common sites for oral cancer are the lower 
lip, the tongue and the mouth floor mucosa. Usually older 
patients are most susceptible for developing oral cancers; 
individuals between 50 and 55 years of age having the highest 
incidence (3).

Varied clinical and histological forms of oral malignant 
lesions have been described, oral squamous cell carcinoma 
(OSCC) being the most frequently diagnosed form, comprising 
~90% of all oral cancers (4). This type of cancer is charac‑
terized by a high mortality rate of over 50% due to its high 
invasiveness, chemotherapy and radiotherapy resistance and 
late stage diagnosis mostly in the inoperable state (5,6). One 
key factor in lowering oral cancer morbidity is an early stage 
diagnosis which greatly improves long term survivability (7).

Early stage diagnosis can be achieved by combining 
clinical detection methods such as vital staining, brush biopsy, 
auto‑fluorescence spectroscopy, chemiluminescent illumina‑
tion, narrow band imaging and confocal microscopy (8). These 
methods are invasive and can detect emergent oral cancer only 
after dysplastic changes have occurred (9). 
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Combining clinical methods with laboratory testing in 
which key biomarkers in early stage cancer development could 
be analyzed and used to predict the existence of malignant 
transformation or to evaluate the prognosis in late stage diag‑
nose of oral neoplasms is crucial. These key biomarkers could 
be analyzed either in serum, saliva or tissue samples.

Cancer research has identified more than one hundred 
biomarkers that show a potential for a laboratory diagnosis of 
oral cancers. These biomarkers can be specific for each stage 
and mechanism responsible for the initiation, proliferation and 
metastasis of oral cancers (10,11). 

From these potential biomarkers, in the present study we 
include key inflammatory cytokines such as interleukin (IL)‑6 
and IL‑8 and tissue inhibitor of metalloproteinase‑1 (TIMP‑1), 
a protective factor against extracellular matrix degradation.

Cytokines are a group of low‑molecular‑weight glycopro‑
teins produced by immune and non‑immune cells and play a 
crucial role as molecular messengers in inflammation, apop‑
tosis, and host resistance acting as signaling molecules in most 
cellular interactions (12).

Key characteristics of cytokines are the ability to interact 
only with cellular targets and not between themselves and that 
one cell can respond to several cytokines (9).

IL‑8 is a pro‑inflammatory cytokine released by various 
inflammatory cells such as neutrophils and macrophages 
following the nuclear factor‑κB (NF‑κB) pathway activation 
by various stimuli such as inflammatory signals and envi‑
ronmental stresses (13). IL‑8 acts on two cellular receptors 
CRCX‑1 and CRCX‑2 which are structurally similar, found on 
the surface of macrophages, neutrophils and most important 
on the surface of cancer cells (14).

The traditional role of IL‑8 is to promote direct migra‑
tion of inflammatory cells following a concentration gradient 
leading to an accumulation at the site of IL‑8 production and 
to facilitate the degranulation of neutrophils (13). Cancer cells 
can obtain the ability to release different cytokines such as 
IL‑8 which can ultimately lead to metastasis by promoting 
neutrophil recruitment, angiogenesis, proliferation of endo‑
thelial cells and apoptosis resistance (15). IL‑8 binding to 
CRCX‑1 and CRCX‑2 receptors triggers the activation of 
several downstream signaling pathways such as the phospha‑
tidylinositol‑3 kinase (PI3K)/Akt, mitogen‑activated protein 
kinase (MAPK) and Janus kinase (JAK)/signal transducer and 
activator of transcription (STAT) pathway (14,16).

IL‑6 is a pro‑inflammatory cytokine released by various 
cells such as immune cells that infiltrate the tumor such as 
macrophages, a wide range of stromal cells and also by the 
tumor cells themselves, activating JAK/STAT3 and MAPK 
pathways leading to encoding of proteins that induce tumor cell 
proliferation (cyclin D1) and survival (BCL2‑like protein) (17). 
STAT3 activation also leads to increased expression of inva‑
siveness and angiogenetic factors such as vascular endothelial 
growth factor (VEGF) or matrix metalloproteinases (MMPs) 
thus promoting metastasis (18). Another effect of JAK/STAT3 
activation by IL‑6 is the resulting immunosuppressive tumor 
microenvironment due to the IL‑6 inhibition of neutrophils, 
natural killer cells and T cells leading to a decrease in 
antitumor immunity (19). 

Extracellular matrix (ECM) macromolecules create the 
environment required for normal tissue function, including the 

precise regulation of formation and degradation. Key enzymes 
in ECM degradation include the matrix metalloproteinases 
(MMPs), a group of proteolytic enzymes consisting of a prodo‑
main, a catalytic region, a hinge region and a hemopexin domain 
and are secreted by both normal and cancer cells (20,21).

TIMPs are a group of four proteins that block the action 
of various classes of MMPs by inhibiting the catalytic 
domain of MMPs based on the interactions between the 
N‑terminal domain of TIMPs which is structurally similar 
with the substrate of MMPs (22). Recent studies have linked 
TIMPs with other inhibitory roles on non‑MMP metal‑
loproteinase such as the metallopeptidases ADAMs and 
ADAMTS (23). TIMPs also exhibit cell growth‑promoting 
roles; overexpression of some types of TIMPs reduces tumor 
growth (20).

The aim of the present study was to analyze the existence 
of various correlations between inflammation markers (IL‑6 
and IL‑8) and extracellular matrix degradation protection 
markers such as TIMP‑1 in OSCC tumors. 

Patients and methods

Our study included 20  patients (12 females and 8 males) 
diagnosed with oral squamous cell carcinoma, recruited 
from January to April 2020 from the patients treated at the 
Oro‑Maxillo‑Facial Hospital ‘Prof. Dr. Dan Theodorescu’ 
Bucharest. Patients age included in this study ranged from 36 to 
75 years, the mean age being 55.0±10.9 years (mean ± SD). Ten 
patients were active smokers. Only one patient ceased smoking 
before inclusion in this study and nine were nonsmokers. 

Our prospective study was initiated following approval of 
the Ethics Committee of UMF Carol Davila. Informed written 
consent was obtained from all individual participants included 
in the study. Oral cancer tissue samples were collected from 
the included participants during surgery. Tumor cell lysates 
were obtained according to the assay kit manufacturer's 
recommendations. 

IL‑8, IL‑6 and TIMP‑1 levels were measured in the 
tumor cell lysates by ELISA technique, using assay kits (cat. 
nos.  E‑EL‑H0048, E‑EL‑H0102 and  E‑EL‑H0184) from 
Elabscience numbers. 

Statistical analysis. The results were statistically analyzed 
using IBM SPSS Statistics 25 (IBM Corp.), Microsoft Office 
Excel/Word 2013 and the Shapiro‑Wilk distribution test. For 
correlation analysis, the Spearman's rho correlation coefficient 
was used.

Results

In the present study, possible correlations were analyzed 
between inflammation markers IL‑6 and IL‑8 and TIMP‑1, a 
protective marker against degradation of the ECM.

Our results presented in Table  I and Fig.  1 revealed a 
non‑parametric distribution, according to Shapiro‑Wilk test 
(P<0.05) between IL‑8 and IL‑6 inflammation markers. A 
positive and significant correlation between IL‑6 and IL‑8 was 
also observed (P=0.005, R=0.517) indicating that high IL‑8 
levels can be associated with a significantly higher frequency 
of high IL‑6 levels.
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The next correlation analyzed was between IL‑6 and 
TIMP‑1 and the results are presented in Table II and Fig. 2. 
A non‑parametric distribution is revealed, according to 
Shapiro‑Wilk test (P<0.05) and the correlation between the 
studied parameters showed a significant and high degree 
negative correlation (P<0.001, R=‑0.673) indicating that high 
levels of IL‑6 are significantly associated with lower levels of 
TIMP‑1.

The final correlation to be analyzed was between IL‑8 
and TIMP‑1 and the results are presented in Table III and 
Fig. 3. A non‑parametric distribution is revealed, according 
to Shapiro‑Wilk test (P<0.05) and the correlation between 
the studied parameters showed significant and a high nega‑
tive correlation (P<0.001, R=‑0.684) indicating that high 
levels of IL‑8 are significantly associated with lower levels 
of TIMP‑1.

Discussion 

Inflammation represents the response to various tissue 
aggressions caused by physical trauma, ischemic conditions, 
infections or extended exposure to toxic agents resulting in 
an inflammatory response aimed at repairing the damage 
consisting of cellular transformation and proliferation (24). In 
the case of persistent tissue damage or when control mecha‑
nisms are altered or incapacitated, acute inflammation can 
result in a chronic state of inflammation characterized by high 
mutation and cellular proliferation rates creating conditions 
for the onset of cancer (25). 

After initial malignant cell transformation, cancer progres‑
sion, according to Hanahan and Weinberg is based on 10 key 
elements such as: Sustained proliferative signals, evasion of 

cellular growth suppressors, metastasis through local inva‑
sion, promotion of inflammation, immortality, induction of 
angiogenesis, genetic instability and mutations, cellular death 
resistance and metabolic imbalances (26). 

It is widely accepted that chronic inf lammation is 
responsible for almost a quarter of all malignancies diag‑
nosed  (27). Chronic inflammation can play a crucial role 
in cancer progression acting on many of the key inflamma‑
tory steps such as cellular proliferation, local invasiveness, 
angiogenesis, metastasis, and cytokines such as IL‑1, IL‑6, 
IL‑8 and tumor necrosis factor (TNF)‑α representing key 
elements (28). 

A wide number of both normal or cancer cells have 
the ability to release IL‑8 after the activation of nuclear 
factor (NF)‑κB as a response to various local and systemic 
stimuli  (9). In normal unstimulated cells, IL‑8 levels are 
virtually undetected. Apart from NF‑κB activation pathway, 
de‑repression of the IL‑8 gene promoter and IL‑8 mRNA 
stabilization by the p38 MAPK pathway play crucial roles in 
IL‑8 release (29).

IL‑8 has an autocrine and paracrine tumor‑promoting role, 
altering the local microenvironment, inducing cell growth 
mainly in endothelial cells, stimulating leukocyte infiltration 
and modification of immune responses (30). 

IL‑8 binds with high specificity with two membrane 
receptors CXCR1 and CXCR2 located on tumor‑associated 
macrophages, neutrophils and cancer cells. This binding 
activates protein‑G mediated pathways leading to calcium 
release and activation of the Ras/MAPK and PI3K signaling 
cascades (29). CXCR1 and not CXCR2 activates phospholipase 
D leading to an increased oxidative burst through increased 
reactive oxygen species production contributing to altered 
metabolic conditions and leading to further mutations in the 
tumor microenvironment  (31,32). The angiogenesis effect 
of IL‑8 can be explained by the binding of IL‑8 to CXCR 
receptors that triggers the increase in Bcl‑2 expression and 
matrix metalloproteinase (MMP) production, through ERK 
phosphorylation, leading to endothelial cell proliferation and a 
degradation of the extracellular matrix (ECM) which creates 
the local conditions for proliferation (33,34).

Cellular proliferation and survival effects on other types 
of cells of IL‑8 can be explained through the activation of 
Src‑kinases and focal adhesion kinase (FAK) by increasing 
phosphorylation (35,36). 

The other pro‑inflammatory cytokine included in this 
study is IL‑6. It plays important roles in cellular prolifera‑
tion, angiogenesis, local invasion, regenerative and metabolic 
processes. It also regulates cellular metabolism protecting 
cancer cells from the hypoxic conditions that characterize the 
tumor microenvironment (9). 

A host of cells located at the tumor microclimate level 
secrete IL‑6, including inflammatory cells, normal stromal 
cells and also cancer cells. The effects of IL‑6 are manifested 
at both the local and systemic levels (37,38).

Cellular and metabolic actions of IL‑6 can be mediated 
through the JAK/STAT3 and Ras/Raf/MAPK pathways (9,18). 
JAK/STAT3 pathway activation by IL‑6 leads to the stimula‑
tion of target genes, such as cyclin D1 responsible for essential 
roles in the G1 phase of the cell cycle, the stimulation of Bcl‑2 
protein affecting the regulatory mechanisms of apoptosis, the 

Table I. Correlation between IL‑8 and IL‑6 levels.

Correlation	 P‑value

IL‑8 (P<0.001) x IL‑6 (P<0.001)	 0.005, R=0.517

IL, interleukin.
 

Table II. Correlation between IL‑6 and TIMP‑1.

Correlation	 P‑value

TIMP‑1 (P=0.005) x IL‑6 (P<0.001)	 <0.001, R=‑0.673

IL, interleukin; TIMP‑1, tissue inhibitor of metalloproteinase‑1.
 

Table III. Correlation between IL‑8 and TIMP‑1.

Correlation	 P‑value

TIMP‑1 (P=0.005) x IL‑8 (P<0.001)	 <0.001, R=‑0.684

IL, interleukin; TIMP‑1, tissue inhibitor of metalloproteinase‑1.
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release of angiogenesis‑stimulating factors such as vascular 
endothelial growth factor (VEGF) or increased levels of local 
invasiveness markers such as MMPs  (18,39,40). Another 
effect of IL‑6, coupled with high levels of oxidative stress 
is the enhanced methylation of tumor‑suppressor genes and 
microRNAs through DNA methyltransferase  1  (DNMT1) 
transcription alteration (41). 

The release of IL‑6 can be further increased by the binding 
of STAT3 to the promotor sequence of IL‑6 release establishing 
a positive feedback loop increasing the biological effects (42).

Local invasiveness is another key mechanism in oral 
cancer progression. MMPs are a group of zinc‑dependent 
endoproteases with roles in degradation and remodeling 
of the ECM and are secreted by both normal and tumor 
cells (43). They act on all types of collagen and elastin in the 
ECM, hemopexin domain conferring substrate specificity for 
different collagen types (44). High levels of MMPs, especially 
MMP‑9, were found in low to moderate differentiated tumors 
and were found to be secreted by cancer and inflammatory 
cells such as macrophages both in the primary tumor, mostly 

Figure 1. Positive and significant correlation between IL‑8 and IL‑6 levels. IL, interleukin.

Figure 2. A negative and significant correlation between IL‑6 and TIMP‑1. IL, interleukin; TIMP‑1, tissue inhibitor of metalloproteinase‑1.
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at the tumor invasion margins, or in lymph node metastasis 
inducing angiogenesis thus leading to invasiveness and cell 
growth (45). MMP expression is regulated at the transcription 
level by cytokines, at pro‑enzyme activation level by oxidative 
stress and by the TIMP concentration (46). 

The direct inhibitors and regulators of MMPs are TIMPs. 
Any disruption in the balance between MMP activity and 
TIMP inhibition may lead to invasion and metastasis and a 
worse prognosis (47,48).

Lower levels of TIMP‑1 can be explained by the alteration 
in phosphorylation of key MAPK pathway molecules such as 
JNK, Erk and p38 following miR‑196 activation leading to 
suppressed TIMP‑1 levels and elevated MMP levels (49).

Many studies have analyzed either IL‑8 or IL‑6 levels 
separately or together with other biomarkers using either 
saliva, serum or tumors as samples. Elevated levels of IL‑6 and 
IL‑8 were found by St John et al both in the serum and saliva 
of oral squamous cell carcinoma (OSCC) patients, IL‑8 had 
higher concentrations in saliva samples and IL‑6 had higher 
concentrations in serum (50). These results were confirmed by 
SahebJamee et al using only saliva as a diagnostic fluid (51). 
Punyani and Sathawane found elevated levels of IL‑8 in both 
premalignant and OSCC cancer patients (52). Higher levels 
of IL‑6 in OSCC patients were found by Lotfi  et  al  (53). 
A meta‑analysis of 24 studies conducted by Rezaei  et  al 
concluded that IL‑8 and IL‑6 levels were statistically higher 
in OSCC patients (54). 

The diagnostic value of IL‑8 levels could be influenced by 
other diseases in which high levels of IL‑8 are found, such as 
asthma both allergic and non‑allergic types, or other common 
inflammatory diseases, such as viral infections (55). 

In the present study, both chronic inflammation markers, 
IL‑8 and IL‑6, were present in high concentrations in OSCC 
cell lysates and after statistical analysis we found a positive 
and significant correlation between these two parameters 

(P=0.005, R=0.517) indicating that high levels of IL‑8 can 
be associated with high levels of IL‑6. A high concentration 
and correlation between these biomarkers can suggest that 
both OSCC cells and normal cells surrounding the tumor 
actively secrete cytokines. A high concentration of IL‑8 
in the tumor microenvironment can be seen as a defensive 
measure in order to attract more inflammatory cells. IL‑8 
and IL‑6 can also play a negative role in cancer progression 
inducing angiogenesis, cellular proliferation and cancer cell 
survival. 

ECM degradation marker analyzed in this study was 
TIMP‑1. The level of this parameter was decreased in OSCC 
and after statistical analysis, a negative and significant corre‑
lation between IL‑8 and TIMP‑1 (P<0.001, R=‑0.684) and 
between IL‑6 and TIMP 1 was found (P<0.001, R=‑0.673) 
which indicates that high levels of IL‑6 or IL‑8 can be statisti‑
cally correlated with low levels of TIMP‑1 in OSCC patients. 
To the best of our knowledge, this is the first study where the 
statistical correlation between TIMP‑1 and IL‑6 and IL‑8 was 
conducted.

The possible connection between IL‑6 and IL‑8 and 
TIMP‑1 can be explained by the inhibitory effect of these 
cytokines on microRNA expression, which can control via 
MAPK pathways the production of TIMPs (18). We can specu‑
late that another consequence of high cytokine expression in 
cancers and in oral cancer in particular is the inhibition of 
ECM degradation control mechanisms. 

In conclusion, our study confirms the available literature 
data on IL‑6 and IL‑8 as potential markers for oral cancers 
such as OSCC. The negative correlations between IL‑6 and 
TIMP‑1 and IL‑8 and TIMP‑1 suggest that pro‑inflammatory 
cytokines affect the tumor microenvironment by decreasing 
MMP control factors such as TIMPs. All three biomarkers 
included in this study have the potential to be used as detection 
or prognostic factors for oral cancer.

Figure 3. A significant negative correlation between IL‑8 and TIMP‑1. IL, interleukin; TIMP‑1, tissue inhibitor of metalloproteinase‑1.
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