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Abstract. Increasing evidence suggests that the tumor 
microenvironment plays an important role in tumor progres-
sion and oncogenesis. Various proinflammatory mediators 
contribute to tumor proliferation, neoangiogenesis, invasion, 
metastasis, and resistance to cancer therapy such as hormonal 
therapy and chemotherapy. The major causes of death related 
to head and neck squamous cell carcinoma (HNSCC) include 
cervical node and distant metastases. Epithelial-mesenchymal 
transition (EMT) has been identified to play a key role in 
mediating the tumor invasion and metastasis of carcinomas. 
Herein,  the relationship between proinflammatory mediators 
and EMT in HNSCC was investigated. Immunohistochemical 
expression of interleukin-1β (IL-1β), cyclooxygenase-2 
(COX-2), Slug and E-cadherin in relationship to histologic 
differentiation, clinical stage and nodal status was evaluated 
in 146 surgical specimens of HNSCC. A correlation was noted 
between increased expression of IL-1β and nodal status, as well 
as increased expression of COX-2 and histologic differentia-
tion, clinical stage and nodal status. Increased Slug expression 
was correlated with histologic differentiation and clinical 
stage. Decreased E-cadherin expression was correlated with 
histologic differentiation and nodal status. A significant rela-
tionship was observed between IL-1β and COX-2. However, 
a significant inverse correlation was noted between Slug and 
E-cadherin. A significant relationship was observed between 
increased proinflammatory mediator IL-1β/COX-2 expres-
sion and increased EMT marker Slug/E-cadherin expression. 
These results indicate that proinflammatory mediators IL-1β 
and COX-2 may induce EMT through an increase in Slug and 
a decrease in E-cadherin. The present findings suggest that 
various anti-inflammatory agents could be used as an adjuvant 

treatment modality with anti-cancer chemotherapeutic drugs 
in HNSCC. 

Introduction

Through invasion and metastasis, head and neck squamous 
cell carcinoma (HNSCC) becomes fatal. If an involvement 
of the inflammatory process in the mechanisms of metas-
tasis is confirmed, then potential novel targets for cancer 
treatment may be identified (1). However, the mechanisms 
involved in the invasive growth of tumors and the induc-
tion of metastasis are not yet completely known. Since most 
cancer-related deaths are caused by metastasis, this field has 
been the focus of study in the past several years. According 
to previously reported theories, the processes involved in the 
invasive growth and metastasis of tumors are complex and 
vary depending not only on the intrinsic characteristics of the 
tumor cells themselves, but also on the microenvironments 
where tumors originate. In particular, inflammation occurring 
in the vicinity of tumors contributes to tumor cells acquiring 
invasive and metastatic potential by cytokines, chemokines 
and growth factors released by the infiltrated inflammatory 
cells (2,3). Interleukin-1β (IL-1β) is involved in tumor progres-
sion, treatment resistance (4,5) and increased expression of 
cyclooxygenase-2 (COX-2) in HNSCC (6-8). COX-2 is an 
inducible enzyme involved in the initiation of inflammation 
and mitogenic response. In addition to its action on the regu-
lation of inflammation and cell growth, COX-2 is associated 
with carcinogenesis and tumorigenesis (9-11). Several prosta-
glandins (PGs), particularly PGE2, play the role of accelerator 
in the process of tumorigenesis by stimulating angiogenesis 
and suppressing immune surveilance (9). COX-2 is regulated 
by IL-1β, lipopolysaccharide, tumor necrosis factor-α and 
reactive oxygen species (ROS) (12). 

Epithelial-mesenchymal transition (EMT), the process 
of cells losing the characteristics of epithelial cells and 
acquiring the characteristics of mesenchymal cells, has been 
implicated in the process of tumor progression in carcinoma 
cases. EMT has been reported to be closely associated with 
the invasion and metastasis of tumors and is associated with 
a poor patient prognosis (13,14). As EMT-inducing factors, 
Slug, Twist, SIP1, Zeb1 and E47 induce EMT by suppressing 
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the expression of E-cadherin and subsequently inducing the 
invasion and metastasis of tumors (15). Slug is a member of 
the Snail family. It plays an important role in the regulation of 
EMT by suppressing various epithelial markers. E-cadherin 
is a cell adhesion molecule located in the cell adhesion site of 
epithelial cells; it plays an important role in the suppression of 
tumor invasion. When E-cadherin is decreased or inactivated, 
the malignant potential of tumors is increased and metastasis 
is induced (16).

In the present study, we investigated whether inflam-
matory mediators are involved in EMT by comparing and 
examining the significance of the expression of the proinflam-
matory mediators IL-1β and COX-2, and Slug and E-cadherin, 
determined by immunohistochemical techniques applied to 
HNSCC tissues. Furthermore, the relationship between the 
expression pattern of Slug and E-cadherin and the expression 
pattern of the proinflammatory mediators IL-1β and COX-2 
was examined. The aim of the study was to identify novel 
approaches to cancer treatment.

Materials and methods

Patients. The study consisted of 146 consecutive patients 
with HNSCC who underwent surgical treatment for primary 

tumors at the Department of Otorhinolaryngology, Chosun 
University, from 1994 to 2002. The clinical, epidemiologic 
and histopathologic characteristics of the patients are listed 
in Table I. None of the patients had previously received pre-
operative chemotherapy or radiotherapy. Fifty-eight of the 146 
patients (39.7%) had histologically confirmed cervical lymph 
node metastasis, whereas the remaining 88 patients (60.3%) 
had no clinical or histopathologic evidence of neck disease. 
Tumors were staged according to the AJCC TNM classifica-
tion (17) and graded as follows: well, moderately and poorly 
differentiated. 

Immunohistochemistry. Upon approval of the Institutional 
Review Board, immunohistochemistry was carried out on 
formalin-fixed, paraffin-embedded HNSCC tissues from 
the Pathology Department archives. All tumors investigated 
in the study were tested for rabbit polyclonal IL-1β (dilu-
tion 1:200) (Santa Cruz Biotechnology Inc., Santa Cruz, 
CA, USA), mouse monoclonal COX-2 (dilution 1:300) 
(Cayman Chemical, Ann Arbor, MI, USA), goat polyclonal 
Slug (dilution 1:100) (Santa Cruz Biotechnology Inc.) and 
mouse monoclonal E-cadherin (dilution 1:100) (Santa 
Cruz Biotechnology Inc.). Immunolocalization for IL-1β 
was performed using a Polink-2 HRP Plus rabbit DAB 
detection system (Golden Bridge International, Inc., WA, 
USA). Immunolocalization for COX-2 and E-cadherin was 
performed using an HRP Plus mouse DAB detection system 
(Golden Bridge International, Inc.), and immunolocalization 
for Slug was performed using an HRP Plus goat DAB detec-
tion system (Golden Bridge International, Inc.) according 
to the supplier's protocol (LSAB kit; Dako, Carpinteria, 
CA, USA). Counterstaining was performed with Mayer's 
hematoxylin. An isotype-matched control antibody was also 
used. Inflammed granulation tissue was used as the positive 
control for IL-1β and COX-2. The positive control for Slug 
was colonic adenocarcinoma with strong nuclear staining 
in a previous study, and the positive control for E-cadherin 
was a normal colonic mucosa adjacent tumor. Instead of the 
primary antibody, TBS was used for the negative control.

Analysis and interpretation of staining. A pathologist, blinded 
to the clinical course of the subjects in order to exclude 
subjectivity, evaluated the staining results. Staining for IL-1β 
and COX-2 was determined as positive when intracytoplasmic 
staining was identified under an optical microscope in >5% 
of the tumor cells in each tissue section. Positive expression 
of IL-1β was divided into categories: weakly positive when 
5-20% of tumor cells were stained and strongly positive 
when >20% of tumor cells were stained. Positive expression 
of COX-2 was divided into categories: weakly positive when 
5-50% of tumor cells were stained and strongly positive when 
>50% of tumor cells were stained (18). For the evaluation of 
Slug expression, staining intensity was scored as 0 (negative), 
1 (weak), 2 (medium) and 3 (strong). Extent of staining was 
scored as 0 (0%), 1 (1-25%), 2 (26-50%), 3 (51-75%) and 4 
(76-100%), according to the percentage of the positively 
stained areas in relation to the entire cancerous area. The 
sum of the intensity and extent of staining score was used 
as the final staining score (0-7) for Slug. Tumors having 
a final staining score of ≥6 were considered to exhibit high 

Table I. Clinical, epidemiologic and histologic character-
istics of 146 patients with head and neck squamous cell 
carcinoma. 

Characteristic	N o. (%)

No. of patients	 146 (100)
Age (years)
  Mean	 61.6
  Range	 26-87
Gender
  Male	 130 (89.0)
  Female	   16 (11.0)
Tumor stage
  Early (I, II)	 91 (62.3)
    I	 37
    II	 54
  Advanced (III, IV)	 55 (37.7)
    III	 16
    IV	 39
Tumor site
  Oral cavity	 37 (25.3)
  Pharynx	 48 (32.9)
  Larynx	 61 (41.8)
Degree of tumor differentiation
  Well differentiated	 83 (56.9)
  Moderately differentiated	 53 (36.3)
  Poorly differentiated	 10   (6.9)
Lymph node metastasis
  Yes	 58 (39.7)
  No	 88 (60.3)
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expression (19). For the evaluation of E-cadherin, staining 
intensity was scored as 0 (negative), 1 (weak), 2 (medium) and 
3 (strong). The extent of membranous E-cadherin expression 
in tumor cells was scored as 0 (<5%), 1 (5-25%), 2 (26-50%), 3 
(51-75%) and 4 (76-100%). The sum of the intensity and extent 
of staining score was used as the final staining score (0-7) for 
E-cadherin. Tumors having a final staining score of ≥6 were 
considered to exhibit high expression (19). 

Statistical analysis. The StatView software package (Abacus 
Conceptus, Berkeley, CA, USA) was used for statistical 
analysis. The Chi-square test was used to determine the 
correlation between clinical stage, histologic tumor grade and 
lymph node metastasis and the expression patterns of IL-1β, 
COX-2, Slug and E-cadherin. Correlations in the expression 
patterns between IL-1β and COX-2; Slug and E-cadherin; 

IL-1β/COX-2 and Slug/E-cadherin were identified. Statistical 
significance was determined at p<0.05.

Results

IL-1β, COX-2, Slug and E-cadherin expression according to 
immunohistochemistry. IL-1β staining was positive in some 
lymphocytes and macrophages infiltrating the vicinity of 
tumors, while in some adjacent fibroblasts or tumor cells weak 
immunoreactivity was observed. Among the study subjects, 
54 patients (37%) exhibited a strong reaction to IL-1β, 76 
cases (52%) demonstrated a weak positive reaction and 16 
cases (11%) showed a negative reaction (Fig. 1).

A weak positive reaction for COX-2 was noted in the 
mucosal epithelia in the vicinity of the tumors. Macrophages, 
vascular endothelial cells and fibroblasts showed a weak posi-
tive cytoplasmic reaction. Regarding COX-2, 96 cases (66%) 

Figure 1. Immunohistochemical staining of laryngeal squamous cell carci-
noma for IL-1β. (a) Poorly differentiated squamous cell carcinoma showed 
strong positive cytoplasmic staining. Some tumor infiltrating lymphocytes 
also showed a positive reaction. (b) Well-differentiated squamous cell carci-
noma showed weakly positive cytoplasmic staining in tumor cells. Polink-2 
HRP Plus rabbit DAB detection system and counterstaining by hematoxylin 
was carried out.

Figure 2. Immunohistochemical staining of laryngeal squamous cell carci-
noma for COX-2. (a) Poorly differentiated squamous cell carcinoma showed 
strong positive cytoplasmic staining in the majority of tumor cells and some 
tumor infiltrating lymphocytes or macrophages. (b) Well-differentiated 
squamous cell carcinoma showed weakly positive cytoplasmic staining 
in some tumor cells and tumor infiltrating lymphocytes or macrophages. 
Polink-2 HRP Plus mouse DAB detection system and counterstaining by 
hematoxylin was carried out.

Figure 3. Immunohistochemical staining of laryngeal squamous cell carci-
noma for Slug. (a) Poorly differentiated squamous cell carcinoma showed 
high nuclear expression of Slug in the majority of tumor cells. (b) Well-
differentiated squamous cell carcinoma showed low nuclear expression of 
Slug in some tumor cells. Polink-2 HRP Plus goat DAB detection system and 
counterstaining by hematoxylin was carried out.

Figure 4. Immunohistochemical staining of laryngeal squamous cell car-
cinoma for E-cadherin. (a) Well-differentiated squamous cell carcinoma 
showed high membranous expression of E-cadherin in the majority of tumor 
cells. (b) Poorly differentiated squamous cell carcinoma showed low mem-
branous expression of E-cadherin in the majority of tumor cells. Polink-2 
HRP Plus mouse DAB detection system and counterstaining by hematoxylin 
was carried out.
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of the study subjects showed a strong positive reaction, 43 
cases (29%) showed a weak positive reaction and 7 cases (5%) 
showed a negative reaction (Fig. 2).

Slug was stained in the nucleus of the tumor cells. Of the 
total cases, 79 (54%) showed high expression and 67 (46%) 
demonstrated low expression (Fig. 3). 

E-cadherin was diversely stained on the cell membrane of 
the tumor cells. The entire cell membranes of epithelial cells 
forming the normal mucosa in the vicinity of tumors demon-
strated strong and distinct staining. Concerning E-cadherin, 
55 cases showed high expression (38%) and 91 cases (62%) 
showed low expression (Fig. 4) (Tables II and III).

Relationship between IL-1β expression and clinicopathologic 
parameters. The expression pattern of IL-1β was significantly 
correlated with the presence or absence of lymph node metas-
tasis. As the expression of IL-1β inceased, the rate of lymph 
node metastasis was also significantly increased (p<0.05). 
Nevertheless, the expression of IL-1β was not significantly corre-
lated with tumor differentiation and clinical stage (Table II).

Relationship between COX-2 expression and clinico-
pathologic parameters. A significant correlation between 
histological differentiation, clinical stage and the presence or 
absence of lymph node metastasis and the expression level of 
COX-2 was noted (p<0.05 each). In other words, as the differ-
entiation grade of squamous cell carcinoma became poorer 
and the clinical stage increased, the strong positive expression 
of COX-2 was significantly increased, including in the group 
with lymph node metastasis (Table II).

Relationship between Slug expression and clinicopathologic 
parameters. A significant correlation was noted between 
histological differentiation and clinical stage of the tumors 
and the expression of Slug (p<0.001 and <0.05, respectively). 
As the differentiation of the squamous cell carcinoma became 
poorer and as the clinical stage increased, the strong positive 
expression of COX-2 was significantly increased. However, 
a significant correlation between Slug and the presence or 
absence of lymph node metastasis was not noted (Table III).

Table II. Clinicopathologic data according to the expression pattern of IL-1β and COX-2 in head and neck squamous cell 
carcinoma.

	IL -1βa	C OX-2b

	 ---------------------------------------------------------------------------------	 --------------------------------------------------------------------------------
	 Strong	 Weak	A bsent	 Strong	 Weak	A bsent
	 (n=54)	 (n=76)	 (n=16)	 (n=96)	 (n=43)	 (n=7)

Differentiation 
  W/D (n=83)	 29	 45	   9	 49	 31	 3
  M/D (n=53)	 21	 26	   6	 40	 10	 3
  P/D (n=10)	   4	   5	   1	   7	   2	 1
Stage
  Early (n=91)	 26	 56	   9	 54	 31	 6
  Advanced (n=55)	 28	 20	   7	 42	 12	 1 
Nodal status
  Negative (n=88)	 28	 46	 14	 53	 29	 6 
  Positive (n=58)	 26	 30	   2	 43	 14	 1

IL-1β, interleukin-1β; COX-2, cyclooxygenase-2; W/D, well differentiated; M/D, moderately differentiated; P/D, poorly differentiated; Early, 
stages I and II; Advanced, stages III and IV. aStatistically significant, p<0.05 for nodal status; bStatistically significant, p<0.05 for differentia-
tion, stage and nodal status. 

Table III. Clinicopathologic data according to the expression 
pattern of Slug and E-cadherin in head and neck squamous cell 
carcinoma.

	 Sluga,b	 E-cadherina,c

	 ---------------------------------	 --------------------------------
	L ow	H igh	L ow	H igh
	 (n=67)	 (n=79)	 (n=91)	 (n=55)

Differentiation 
  W/D (n=83)	 49	 34	 44	 39
  M/D (n=53)	 15	 38	 39	 14
  P/D (n=10)	   3	   7	   8	   2
Stage
  Early (n=91)	 50	 41	 59	 32 
  Advanced (n=55)	 17	 38	 32	 23 
Nodal status
  Negative (n=88)	 41	 47	 51	 37 
  Positive (n=58)	 26	 32	 40	 18

W/D, well differentiated; M/D, moderately differentiated; P/D, 
poorly differentiated; Early, stages I and II; Advanced, stages III and 
IV. aStatistically significant, p<0.001 for differentiation; bStatistically 
significant, p<0.05 for stage; cStatistically significant, p<0.05 for 
nodal status.
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Relationship between E-cadherin expression and clinico-
pathologic parameters. The histological differentiation and 
lymph node status significantly correlated with the expression 
level of E-cadherin (p<0.001 and <0.05, respectively). As the 
histological differentiation became poorer, or in the group 
with lymph node metastasis, the expression of E-cadherin was 
significantly reduced. Nonetheless, E-cadherin expression was 
not significantly correlated with clinical stage (Table III).

Relationship between IL-1β and COX-2 expression. The 
expression of IL-1β and COX-2 showed a significant correla-
tion (p<0.05). In the cases strongly expressing IL-1β, COX-2 
also showed the tendency to be strongly expressed. In the cases 
weakly expressing IL-1β, COX-2 also showed the tendency to 
be weakly expressed (Table IV).

Relationship between Slug and E-cadherin expression. The 
expression of Slug and E-cadherin showed a significantly 
inverse correlation (p<0.005). In the cases strongly expressing 
Slug, E-cadherin showed the tendency to be weakly expressed. 
In the cases weakly expressing Slug, E-cadherin showed the 
tendency to be strongly expressed (Table V). 

Relationship between IL-1β/COX-2 and Slug/E-cadherin 
expression. IL-1β was positively correlated with Slug, yet 
statistical significance was not achieved. However, IL-1β was 
inversely correlated with E-cadherin, with statistical signifi-
cance (p<0.05). COX-2 was positively correlated with Slug, 
and statistical significance was achieved (p<0.05). COX-2 was 

inversely correlated with E-cadherin, but statistical signifi-
cance was not achieved (Table VI). 

Discussion 

EMT is a prerequisite mechanism in developmental stages, 
and is a process whereby cells lose polarity and acquire 
a mesenchymal phenotype. EMT has been shown to play 
a central role in the induction of invasion and metastasis 
involved in the progression of tumors (14,20-23). The major 
cause of death in HNSCC is lymph node and distant metas-
tases, such as lung metastases (24,25). According to studies, 
a decrease or loss of E-cadherin is generally associated 
with aggressiveness in tumors, which results in poor tumor 
differentiation, anaplasia and invasive growth (26-29). The 
reduction in E-cadherin induced by the binding of Snail to the 
E-box of the E-cadherin promoter results in the suppression of 
E-cadherin transcription, which induces EMT (30,31). When 
the suppression of E-cadherin was induced by Snail, tumors 
were found to acquire invasive characteristics and to readily 
form metastases (30). In addition, Snail was found to induce 
the expression of matrix metalloproteinase-2 (MMP-2) and 
to suppress cell-cell adhesion, contributing to an increase in 
tumor invasiveness (32). This was confirmed by a previous 
study. When the expression of Snail was suppressed by the 
use of siRNA, the EMT phenotype disappeared, MMP-2 
activity was reduced, the migration and invasiveness of cells 
were reduced in vitro and metastatic potential was elevated 
in vivo (33). 

In the present study, when the EMT level was evaluated by 
the reduction in E-cadherin, an inverse correlation between 
the reduction in E-cadherin and the differentiation of tumors 
and lymph node metastasis was observed. This confirmed that 
EMT plays an crucial role in the invasion, metastasis and the 
differentiation of tumors. 

Slug, a member of the Snail family, is a molecule that 
plays an important role in embryonic development (34). Slug 

Table IV. Correlation between the expression of IL-1β and 
COX-2 in head and neck squamous cell carcinoma.

	C OX-2	 p-value
	  --------------------------------------------------------
	 Strong	 Weak	A bsent
	 (n=96)	 (n=43)	 (n=7)

IL-1β				    <0.05
  Strong (n=54)	 45	   9	 0
  Weak (n=76)	 51	 24	 1
  Absent (n=16)	 0	 10	 6

IL-1β, interleukin-1β; COX-2, cyclooxygenase-2.

Table V. Correlation between the expression of Slug and 
E-cadherin in head and neck squamous cell carcinoma.

	 E-cadherin	 p-value
	  --------------------------------------------------------
	L ow (n=91)	H igh (n=55)

Slug			   <0.005
  Low (n=67)	 29	 38
  High (n=79)	 62	 17

Table VI. Correlation between the expression of IL-1β/COX-2 
and Slug/E-cadherin in head and neck squamous cell carcinoma.

	 Sluga	 E-cadherinb

	 -----------------------------------	 ----------------------------------
	L ow	H igh	L ow	H igh
	 (n=67)	 (n=79)	 (n=91)	 (n=55)

IL-1β
  Strong (n=54)	 17	 37	 46	   8
  Weak (n=76)	 40	 36	 41	 35
  Absent (n=16)	 10	   6	   4	 12 
COX-2
  Strong (n=96)	 28	 68	 63	 33
  Weak (n=43)	 34	   9	 26	 17
  Absent (n=7)	   6	   1	   2	   5

IL-1β, interleukin-1β; COX-2, cyclooxygenase-2. aStatistically 
significant, p<0.05 in the comparison of Slug and COX-2; bStatistically 
significant, p<0.05 in the comparison of E-cadherin and IL-1β.
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is a Snail transcription factor and is involved in the progres-
sion and metastasis of various types of tumors (35-37). Thus, 
Slug plays a role in enhancing the aggressiveness of tumors by 
suppressing E-cadherin through Snail. 

In the present study, the expression of Slug was positively 
correlated with the differentiation of tumors, and clinical stage 
and was inversely correlated with E-cadherin. These findings 
corroborate previous theories.

In HNSCC, the elevation of Snail expression is associated 
with activation by Akt or other mechanisms. However, only 
approximately 30% of cases of metastasis are associated with 
Snail. In some of the remaining patients, NBS1 was reported 
to be involved. Cancer occurs preferentially in the Nijmegen 
breakage syndrome (NBS), the chromosomal-instability 
syndrome associated with radiosensitivity and growth 
retardation. The NBS gene product is NBS1 (38). 

Inflammation is a finding frequently associated with inva-
sive tumors (3). In HNSCC, an increase in the levels of various 
inflammatory mediators has been observed (39). COX-2 is an 
inducible enzyme that is elevated or decreased depending on 
the condition and activity (9). COX-2 is regulated by various 
cytokines and ROS. It is involved in inflammatory reactions 
and is in charge of the regulatory action of cell growth by the 
involvement in the mitotic reaction. COX-2 is also involved in 
the tumorigenic and carcinogenic process (9-12). The COX-2-
dependent up-regulation of Snail leads to a reduction in 
E-cadherin and contributes to EMT. IL-1β has been reported 
to be associated with the invasion, metastatic potential and 
treatment resistance of HNSCC, and to elevate the expres-
sion of COX-2 (13,14). Therefore, the expression of IL-1β and 
COX-2 may be closely related. 

In the present study, the expression of IL-1β was positively 
correlated with lymph node metastasis, and COX-2 was 
positively correlated with not only histological differentia-
tion, but also with clinical stage and lymph node metastasis. 
In addition, the expression of IL-1β was positively correlated 
with the expression of COX-2. Therefore, an increase in IL-1β 
expression is anticipated to increase the expression of COX-2, 
leading to a reduction in E-cadherin through the up-regulation 
of COX-2-dependent Snail, which may induce EMT. This was  
substantiated by the results of our study. 

Ultimately, the elevation of proinflammatory mediators 
may induce EMT, and thus may augment the aggressiveness 
of tumors. In contrast, when proinflammatory mediators are 
blocked due to the suppression of the Snail axis, the EMT may 
disappear, resulting in the suppression of the invasiveness or 
metastatic potential of tumors.

The results of our study not only provide useful informa-
tion regarding the diagnosis of HNSCC and the prediction of 
prognosis, but also present crucial data for the development 
of effective treatments to block the invasion and metastasis of 
cancer.

Numerous studies have been conducted to characterize the 
association of inflammation with the development of cancer 
(40,41) and also with inflammation within tumors. Studies 
have demonstrated that inflammation induced by tumor 
necrosis associated with chemotherapy may mediate effects 
on the progression and metastasis of tumors. The theory of the 
role of anti-inflammatory agents was proposed, not only for 
cancer treatment, but also for its prevention (42).

The result of our study revealed that inflammation may 
mediate the effects on the progression and metastasis of 
cancer and, specifically, that it may act by the induction of the 
EMT process. 

The aggressiveness of cancer, such as invasiveness 
and metastatic potential, is controlled by a multitude of 
factors. Among these, proinflammatory mediators have been 
suggested to play a role. Thus, it is timely to consider the 
administration of anti-inflammatory agents concurrently with 
anti-cancer chemotherapeutics, in other words, the effect of 
COX-2 blockers according to the theory elucidated previously 
(43). COX-2 blockers also inhibit the release of PGE2, and 
subsequently block PGE2-mediated E-cadherin transcription 
suppressors and suppress EMT. Hence, a reduction in the 
metastatic potential of HNSCC is anticipated. 

Collectively, these results further support the possibility 
that COX-2 blockers may play an important role in the 
effective treatment of HNSCC. In addition, not only COX-2 
blockers, but also various other types of anti-inflammatory 
agents may be effective. Additional in vitro and in vivo studies 
are required to verify the link between IL-1β/COX-2 and 
Slug/E-cadherin expression. 
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