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Abstract

Introduction 
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Objectives: Interaction of cancer cells with endothelial cells plays an important role in metastasis. Our study hypothesised that SP 
might play a role in the early onset adhesion of OSCC to HUVEC cells lines via upregulating the adhesion molecule expression.

Methods: CAL 27, SCC25, DOK, H157, BICR22 (OSCC) and HUVEC cell lines were used. Adhesion molecules’ expression was mea-
sured by flowcytometry. The ECM645 adhesion assay was used for quantification of tumour-endothelial adhesion. Matrix metallo-
protienease-2 (MMP-2) expression in OSCC cells was measured by total ELISA kit. 
Results: Treatment with SP increased the adhesion of H157, CAL27 and DOK cells in a time-dependent manner, which was inhib-
ited SP receptor antagonist. Monoclonal anti-adhesion antibodies inhibited the adhesion between OSCC and HUVEC. SP treatment 
increased (very late antigen-4) VLA-4 adhesion molecule in CAL27 and SCC25 cells and (lymphocyte function associated antigen-1) 
LFA-1 in BICR22. SP treatment increased MMP-2 release but it was not significant.

Conclusion: The study showed that SP could promote early onset oral cancer–endothelial cell adhesion. The study provided insights 
into the regulatory mechanism of this adhesion that it can occur in acute phase and in pre-cancer cells. These findings may provide 
potential new therapeutic targets for metastasis prevention.

OSCC, which represents 90% of all oral cavity tumours, is a 
locally invasive lesion with its average survival rate at 50% [1]. 
Metastasis, whether local or distant, has shifted to becoming the 
prime killer of the cancer patient, not the original tumour itself 
[2]. The focus on exploring the mechanisms of cancer initiation 
has progressed the state of knowledge about primary tumours but 
added little to our understanding of how tumours can spread and 
kill the host [3]. The adhesion of tumour cells to endothelial cells 
represents a milestone event in the extravasation stage of metas-
tasis [4,5].

Insights into the malignant extravasation came from the recruit-
ment of leukocytes in the inflammatory process [6]. The main simi-
larity is that both processes are guided through localisation signals 
by the tumour, leukocytes or the endothelium, and responsible for 
promoting the adhesion molecule expression in both cells [7]. Sev-
eral studies highlighted the key role of integrin (VLA-4, LFA) and 
selectin (SLeX) in the tumour- endothelial adhesion and metastasis 
of several cancers [8-11]. However, the upregulating signal and the 
exact role in eliciting an acute adhesion in oral cancer are poorly 
understood. 
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SP was found to be significantly expressed in the tumour cell 
membrane, cytoplasm and nucleus of OSCC as well as the infiltrat-
ing lymphocytes of the neoplasms [12]. The expression of SP was 
found to be significantly associated with the presence of dysplasia 
and carcinoma in situ, which strongly suggested a role for SP in the 
early onset of oral oncogenesis [13]. Taking into consideration the 
main role of SP in inflammation (vessel permeability, adhesion and 
migration of leukocyte) and the up-regulated expression in OSCC, 
the study hypothesised that SP might play a role in the adhesion 
of OSCC cells to HUVEC cells. Therefore, the study aimed to exam-
ine the role of SP in stimulating OSCC-HUVEC adhesion as well as 
investigating the role of SP in upregulating the adhesion molecule 
expression of OSCC cell lines. The study also examined the effect 
of SP on tumour-endothelial adhesion and the effect of SP on the 
expression of MMP-2.

Materials and Methods
Cell lines and cell culture 

Cells were selected to represent the progressive stages of oral 
cancer as follows: HOK primary oral keratinocyte isolated from hu-
man oral mucosa from Sciencell®. CAL 27 (ATCC CRL- 2095) and 
SCC25 (ATCC CRL- 1628) tongue squamous carcinoma, both are 
from negative lymph node patients and were obtained from ATCC®. 
A DOK cell line (ECACC- 94122104) represents mild to moderate 
dysplasia, H-157 ell line (ECACC-07030901) from oral squamous-
cell carcinoma of a positive lymph node patient and a BICR-22 cell 
line (ECACC- 04072106) from OSCC lymph node metastases were 
obtained from Sigma-Aldrich®. Full description of culture media 
and cell culture of each cell line is provided in supplementary ma-
terial (Appendix 1).

Treatment

Substance P acetate salt hydrate (SP) and [succinyl-ASP6, ME-
PHE8] Senktide Substance P analogue were purchased from Sigma-
AldrichR. Tumour necrosis factor (TNF-α) was purchased from Sig-
ma-Aldrich®. A selective neurokinin receptor antagonist (NK-1R), 
CH123001 (N-(3,5-bis(trifluoromethyl)benzyl)-N-methyl-6-(4-
methylpiperazin-1-yl)-4(otolyl)nicotinamide) was a gift from CH 
Biotech Pty Ltd, Sydney, Australia.

Flow cytometry antibodies

Anti-integrin alpha 4 antibody CD49d PE (CAT No. 12-0499), 
Mouse IgG1, K isotype control (CAT No. 124714), Anti-CD11a 
antibody FITC (CAT No. BMS102FI) and Anti-CD15S Mouse anti-
human Alexa Flour 647 (CAT No. 563526) were purchased from 
Affymetrix eBioscience®.

Adhesion molecule expression by flow cytometry

Cells were adjusted to a concentration of >5x104 cells/ml as a 
single-cell suspension. Antibody cocktail was made at 1:20 concen-
tration of each antibody with the FACS buffer with 50 μL for each 
sample. 50 μL of the antibody cocktail was added and the sample 
was incubated for at least 30 minutes at 4°C in the dark. The cells 
were washed three times with FACS buffer by centrifugation at 
1500 RPM for 5 minutes and resuspended in 200 μl to 1ml of ice-
cold FACS buffer. The cells were kept in the dark on ice or at 4°C in a 
fridge until analysis by cell sorter (FACSCanto™ II, BD Biosciences) 
(n = 3).

Cell adhesion assay

HUVEC cells were harvested and seeded at a density of 5x104 
in a 96-well floursence microplate (ECM645, Merckmillipore®) or 
glass chamber slide and incubated for 48 hours at 37°C. Similarly, 
tumour cells were seeded at 2x105 cells/ml. cells were starved for 
12 h before adding the appropriate treatment to the correspond-
ing tumour or endothelial cells (Appendix 2, experimental design). 
After treatment, both the endothelial cells and the tumour cell me-
dia were discarded and the tumour cells were treated with Calcein-
AM to a final concentration of 2.5 μM for 30 minutes. Dye-loaded 
tumour cells from each well were co-incubated with the corresponding 
well of endothelial cells on the fluorescent plate for 30 minutes. Non-
specific binding was removed by washing each well 2-3 times with the 
assay buffer. The plate was read with a fluorescence plate reader using 
485/530 nm excitation/emission filter sets (n = 20). For the fluores-
cent microscope, images were obtained by Zeiss Axio Imager M1 
and the imaging system (camera) is a CRI Nuance multispectral 
imaging system (n = 4).
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Cell adhesion was measured as a percentage of the basal adhe-
sion according to the following:

 Particular cell adhesion plate reader value             X 100

Basal value plate value (non-treated cell adhesion value)

ELISA assay for MMP-2 expression 

Media from different treated and untreated cells were collected 
and stored at -20°C according to the manufacturer’s manual. 50 μL 
of assay diluents R1-116 (Quantikine Total MMP-2, R&DSystems®) 
was added to each well. 50 μL of the standard, control or sample 
were added to each well and incubated on an orbital microplate 
shaker (0.12”) orbit at 500RPM. After incubation, each well was 
washed three times with the wash buffer. 200 μL of Total MMP-
2 conjugate was added to each well and incubated for another 2 
hours. The washing procedure was repeated after incubation. 200 
μL of substrate solution was added to each well and incubated for 
30 minutes at room temperature in the dark. 50 μL of stop solution 
was added. Immediately, the optical density of each well was de-
termined using a microplate reader set to 450 nm and wavelength 
correction to 540-570 nm. Samples were run in duplicates and re-
peated.

Statistical analysis

Student t-test was employed to determine the significance of 
the mean of two groups. ANOVA was used to determine the mean 
of more than two groups. The SPSS software package was used as 
the statistical analysis software. P<0.05 was considered statisti-
cally significant.

Results 

Effect of Substance P on OSCC/HUVEC adhesion

We examined the effect of SP on the adhesion of OSCC to HUVEC. 
All the treatments were done in two main groups. The first group 
had the treatment applied to the cancer cells, whereas the second 
group had HUVEC cells treated with the experimental reagents. 
The results showed that SP treatment increased the adhesion in 
H157, DOK and CAL27, whereas no effect was observed in either 

SCC25 or BICR22 (Table 1). SP treatment 1 mcg/ml (10-6 M) signifi-
cantly increased the adhesion of OSCC cell lines in a time-course 
treatment from 1 to 4 hours (Figure 1). In both H157 and CAL 27 
cells (Figure 1b and c), the adhesion levels were higher for the HU-
VEC treated group. Both groups had (P = 0.001).

Cell Line
Time of Treatment/P Value for adhesion

1-Hour 2-Hour 3-Hour 4-Hour
SCC25 0.84 0.21 0.59 0.95

BICR22 0.44 0.95 0.95 0.33

Table 1: Shows the P- values for adhesion levels of SCC 25 and 
BICR22 OSCC cell lines to HUVEC endothelial cells at 1, 2, 3 and 4 

hour-time when treated with SP 1 mcg/ml.

Figure 1: Effects of SP treatment on (a) DOK, (b) H157 and 
(c) CAL27 cells adhesion to HUVEC. Two experimental groups in 
which H157 cells were treated with 1 mcg/ml (10−6) M, where the 
other group had HUVECcells (b and c) treated with the same treat-
ment. Treatment time was 1-4 hours and then both cells were in-
cubated according to the assay protocol. Data are expressed as per 
cent of adhesion. Statistical analysis established the following sig-
nificance: P<0.001 vs control (untreated adhesion levels) for all the 
time points for either group, however, the group in which HUVEC 

cells were treated had higher values of adhesion levels (n = 20).
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Comparing SP and TNF-α effect on the adhesion of OSCC cell 

lines to HUVEC

Next, the effect of SP and TNF-α treatment (as a positive control) 
on the levels of adhesion in OSCC lines to HUVEC was compared. 
The results showed that both SP 1mcg (10-6) M and TNF-α 100 ng 
(10-9) M stimulation for 3 hours significantly increased the adhe-
sion levels of H157 and CAL 27 to HUVEC (Figure 2). 

Figure 2: H157 tumour cell treated with either SP or TNF-α (a), 
H157 where the HUVEC cells treated (b) and CAL 27 (c) treated 
with SP 1mcg (10-6) M or TNF-α 100 ng (10-9) M at 1-4 hours ad-
hesion levels to HUVEC. Data are represented as per cent of ad-
hesion levels vs control adhesion (untreated adhesion levels). P= 
0.001 for all treatments. Error bars might be smaller than some 

data points. 

Effect of SP receptor (NK-1R) antagonist

To investigate the effect of NK-1R antagonist on inhibiting the 
adhesion levels triggered by SP stimulation, we applied NK-1R 
antagonist to either the tumour cells or HUVEC. The data showed 
that the NK-1R antagonist significantly inhibited adhesion levels, 
reversing back to untreated baseline adhesion levels. Treating 
of H157 cells with SP treatment 1 mcg/ml for 1, 2, 3 or 4 hours 
then treating the cells with 1 mcg/ml of the NK-1R antagonist for 
the same time point significantly inhibited (P = 0.001) the adhe-

sion levels with HUVEC cells at all the time points 1-4 hours. Ad-
ditionally, treating the HUVEC cells with SP 1 mcg/ml at 1, 2, 3 or 
4 hours, then adding NK-1R, inhibited adhesion levels (P = 0.001) 
for all time points ((Figure 3a), which had had higher values of in-
hibition than H157 cells treated with NK-1R antagonist. In CAL27 
cells, application of NK-1R antagonist to the cells significantly in-
hibited the adhesion levels compared with the same cells treated 
with SP only, with a maximum value of suppression at the 2-hour 
time point (Figure 3c). Also, the HUVEC cells treated with inhibi-
tor suppressed adhesion significantly as compared to HUVEC cells 
treated with SP only, reaching a maximum at 3 hours (P =0 .001) 

Figure 3: The effect of NK-1R antagonist on the inhibition of 
adhesion in H157, DOK and CAL27 to HUVEC cell. The effect of SP 
1 mcg/ ml treated H157 with the effect of the NK-1R 1 mcg/ml in-
hibitor applied to either H157 or HUVEC (Figure 3a). The effect of 
SP 1 mcg/ ml treated DOK with the effect of the NK-1R 1 mcg/ml 
inhibitor applied to the same cells (Figure 3b). (Figure 3c and 3d) 
compare the effect of SP 1 mcg/ml treated CAL27 with the effect of 
the NK-1R 1 mcg/ml inhibitor applied to CAL27 and the also the 
effect of SP treatment and inhibitor on HUVEC cells on the adhe-
sion to CAL 27. Data represented as per cent of adhesion levels vs 
control adhesion (untreated). P=0.001 for all the time points (as a 
mean difference between SP treated and NK-1R inhibited). Some 
error bars are smaller than the corresponding data points and 
therefore they might not appear on the graph (All data points are 

represented as “Mean, SEM”).
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(Figure 3d). The suppression of those adhesion levels brought back 
the adhesion levels triggered by the SP treatment to values below 
the untreated adhesion threshold. Similarly, adhesion of DOK cells 
to HUVEC was significantly suppressed by the application of NK-1R 
to DOK cells with a maximum at 3 hours (Figure 3b). 

Next, we performed a dose-response curve to investigate the ef-
fect of different concentrations of the NK-1R antagonist of the level 
of the adhesion. The NK-1R antagonist was used at concentrations 
of 100 ng, 300 ng, 750 ng and 1 mcg at time point 3-hour treatment 
(as this point was the average maximum for adhesion and inhibi-
tion for H157 and DOK). Application of increasing doses of NK-1R 
inhibitor to H157 cells produces a significant suppression of the 
adhesion which assumed a bell-shaped curve, with the maximum 
inhibitory point at 750 ng/ml and then the curve assumed a pla-
teau (Figure 4a). A similar curve was observed in DOK cells (Figure 
4b). 

Figure 4: Dose-response curve of NK-1R antagonist at concen-
tration 100 ng, 300 ng, 750 ng and 1mcg. (a) H157 cells adhesion 
levels at 3 hours showing SP stimulation levels above the untreat-
ed levels and the different concentration inhibition of adhesion by 
NK-1R, reversing the adhesion back to untreated basal levels. (b) 
DOK cells adhesion levels at 3 hours showing SP stimulation levels 
above the untreated levels and the different concentration inhibi-
tion of adhesion by NK-1R, reversing the adhesion back to untreat-
ed basal levels. Data are represented as per cent of adhesion levels 

versus control adhesion (untreated levels). 

Effect of adhesion molecule anti-Human Monoclonal Antibo-

dies on the adhesion

To investigate whether the monoclonal antibodies to the adhe-
sion molecules had an effect on the adhesion levels stimulated by 
SP treatment, we used the adhesion monoclonal antibodies to E-
selectin, vascular cell adhesion molecule (VCAM) and intercellular 
adhesion molecule (ICAM) (50 μg/ml.) to test whether they can 
block the adhesion initiated with SP (Figure 5). Our data showed 
that in general, monoclonal antibodies to adhesion molecules sup-
pressed the adhesion levels back to the untreated levels. However, 
the results were different for each cell line. In H157 cells, the maxi-
mum inhibitory effect was achieved with anti-E selectin followed 
by anti-ICAM which produced adhesion levels much lower than 
the threshold of the basal adhesion levels, while similar levels was 
observed for NK-1R inhibitor (750 ng/ml) as well as anti-VCAM 
antibody at levels close to the basal untreated adhesion levels. In 
DOK precancer cells, the situation was completely reversed with 
the most potent adhesion suppressors NK-1R antagonist and anti-
VCAM Mab.

Figure 5: Comparing the effect of adhesion molecule monoclo-
nal antibodies on the adhesion levels triggered by SP treatment to 
the NK-1R antagonist at time point 3 hours. (a): H157 cell line. (b): 

DOK cell lines.
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Effect of SP treatment on the adhesion molecule expression

We hypothesised that surface adhesion molecules should be the 
main player in the adhesion event and that the increase in cell ad-
hesion is attributable to induction of adhesion molecule expression 
on stimulated cells by either SP treatment. We used flow cytom-
etry to analyse the expression of adhesion ligands (CD49, CD15s, 
CD11a) for HUVEC adhesion receptors VCAM, E-selectin and ICAM, 
respectively in each cell line.

Basal levels of adhesion molecule expression in OSCC

First, we investigated the initial levels of those expression mol-
ecules in each cell line, according to the malignant potential, form 
normal, precancer, primary tumour (with/without lymph node 
metastases) to metastases. The untreated levels of adhesion mol-
ecule expression were plotted according to the mean value of the 
experimental samples for CD49, CD15s and CD11, respectively 
(Figure 6). Our results showed that each adhesion molecule ex-
pression increased significantly in direct proportion to the increase 
in the malignant potential of the cell line, ranging from a negligible 
expression in the normal oral keratinocyte to the more aggressive 
H157 cell line with positive lymph node, and then declined in the 
metastases cell line BICR22.

Effect of SP treatment on the expression of adhesion molecules 

Our hypothesis was that if SP increased adhesion levels and, 
given the trend of the expression of adhesion molecules in the 
different cell lines, SP treatment may trigger expression of these 
adhesion molecules. Therefore, we performed a time-course treat-
ment of SP 1mcg at 1-36 hours and analysed the expression of each 
adhesion molecule in each cell line using the FACS cell sorter. Our 
results showed that SP treatment increased the expression of CD49 
in CAL27 in a time-course treatment (Figure 7a and 7b).

The peak of expression increase was at 3 hours treatment and 
then the expression reverted to untreated levels. The 3-hour treat-
ment significantly increased the expression of both CD11 FITC and 
CD49 molecules as indicated by FACS analysis in both SCC25 and 
BICR22, respectively (Figure 7b and 7c).

Figure 6: (a) Untreated CD49 adhesion molecule expression 
levels. (b) Untreated CD15s adhesion molecule expression levels 
(c) Untreated CD11 adhesion molecule expression levels in differ-
ent stages of OSCC cell lines as illustrated by mean fluorescence 

intensity using FACS analysis.

Figure 7: (a) Mean values of VlA-4 (CD49) adhesion molecule 
expression (n=3) for CAL 27 cell lines treated with SP 1-36 hours. 
(b) FACS histogram showing CD11 FITC in SCC25 before and after 
treatment. (c) Effect of SP treatment at 3 hours on the expression 
of adhesion molecules CD11 and CD49 in both SCC25 and BICR22 
OSCC cell lines, indicating the untreated levels. (d) The expres-
sion of CD49 in CAL27 cells (untreated levels, treated for three 
hours, and inhibited with NK-1R antagonist) as shown by the FACS  

analysis.
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The effect of the NK-1R antagonist on the expression of adhesion 
molecules stimulated by SP treatment.

Finally, we investigated the effect of the NK-1R antagonist on 
the expression of adhesion molecules in OSCC cell lines, as we pre-
dicted that it would negate the stimulation caused by SP treatment 
1 mcg. The inhibitor produced an inhibitory effect on CD49 (VLA-4) 
integrin in CAL27 at 3 hours adhesion in which it reverted the ex-
pression levels back to untreated levels (Figure 7d). Interestingly, 
the NK-1R antagonist inhibited the effect of TNF-α stimulation to 
CD49 in the BICR22 cell line (P = 0.002). 

Fluorescence microscope

Using the same protocol as the endothelial adhesion assay, we 
investigated the effect of SP and its inhibitor NK-1R antagonist 
on the adhesion of DOK and H157 OSCC cell lines to HUVECs on a 
chamber glass with the fluorescent microscope. The result showed 
that the adhesion of both cell lines to HUVEC increased significant-
ly with SP stimulation at 3 hours (Figure 8). By contrast, when cells 
were treated with NK-1R inhibitor for 3 hours, it showed signifi-
cant reduction of this adhesion to HUVEC (n = 20).

Figure 8: (a) Untreated basal adhesion levels of H157 to HU-
VEC cell lines. (b) SP treatment at 3 hours adhesion levels of H157 
to HUVEC. (c) Inhibition of adhesion of H157 to HUVEC by NK-1R 

antagonist.

Effect of SP and TNF-α on the release of MMP-2 

Finally, we investigated the effect of SP and TNF-α treatment on 
the release of MMP-2 in OSCC cell lines. The experimental design 
involved measuring MMP-2 levels at basal (untreated levels) as 
well as after treatment at the 3-hour time point using the ELISA 

Cell Line Basal Expression Treatment/P Value
DOK ++  1.76 ng/ml SP: 0.36 TNF: 0.82

CAL27 + 1.91 ng/ml SP: 0.45 TNF: 0.12
SCC25 ++ 1.51 ng/ml SP: 0.92 TNF: 0.98
H157 +++ .23. ng/ml SP: 0.32 TNF: 0.23

BICR22 +++ 1.85 ng/ml SP: 0.04* TNF: 0.78

Table 2: MMP-2 expression in OSCC cell lines before and  
after treatment of either SP or TNF-α using ELISA assay.

technique. Neither SP nor TNF-α treatment significantly affected 
the expression (results shown in table 2). However, some interest-
ing findings have been obtained. Firstly, the untreated expression 
of OSCC cell lines assumed an increasing expression of MMP-2 
with the exception of DOK premalignant cells, which remarkably 
showed higher baseline expression of MMP-2 at a mean 1.76 ng/
ml. This expression was proportional to the malignant potential of 
the corresponding cell lines. Secondly, SP treatment significantly 
decreased the expression of MMP-2 in BICR22 metastatic cell line 
(P = 0.003). 

Discussion

Metastasis, the main cause of cancer patient deaths, starts with 
the tumour cell losing adhesion with its neighbouring cells, invad-
ing the surrounding tissues, gaining access to blood vessels, and 
finally adhering to and exiting the blood vessels to implant in sec-
ondary sites [14]. Interaction of cancer cells with endothelial cells 
plays an important role in both tumour angiogenesis and metas-
tasis [15]. Recent studies support an important role for inflamma-
tion in cancer initiation, progression and metastasis. In addition, 
emerging studies highlight inflammation as a main driver of the 
different stages of metastasis, such as tumour-endothelial cell ad-
hesion [16]. However, the current literature has not identified the 
particular mechanism of the relationship of inflammation of me-
tastasis or the precise effect of inflammatory mediators on adhe-
sion and extravasation of tumour cells. 

Our results showed that: 1) SP and TNF-α increased the adhe-
sion of H157, CAL27 and DOK cells to HUVEC endothelial cells in 
a time-course treatment with a peak adhesion at 3 hours; 2) the 
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endothelial treated group had higher adhesion values than the 
tumour treated groups; 3) NK-1R inhibitor reduced adhesion in a 
time and dose-dependent manner; and 4) Monoclonal anti-adhe-
sion antibodies inhibited adhesion between OSCC and HUVEC. 

These observations demonstrate a new observation of cancer-
endothelial cell adhesion, occurring in the acute phase, which 
may be of fundamental importance to the process of metastasis. 
Firstly, early tumour-endothelial cell adhesion may contribute to 
enhanced tumour cell survival via bypassing immune attack and 
loss of attachment [17,18]. Secondly, it provides tumour cells with 
an early seeding capacity. In fact, early adhesion has been found to 
increase the metastatic capability of cancer cells [19]. Cancer-en-
dothelial cell adhesion has been speculated to be related to cancer 
progression and metastasis via a number of studies. However, the 
mechanisms of adhesion between cancer cells and endothelial cells 
and its main drivers remain unclear. 

There has been a lack of research into the triggers and mecha-
nisms underlying cancer-endothelial adhesion in an acute phase. 
Inflammation is a cardinal characteristic of the tumour microenvi-
ronment and plays multifaceted and critical roles in every aspect 
of tumour development and progression [20]. In the present study, 
we demonstrated for the first time that the inflammatory media-
tors, SP 1 mcg/ml and TNF-α -α 100 ng/ml were involved in oral 
cancer-endothelial cell adhesion in acute phase manner with a 
peak of 3 hours in-vitro. 

It is well established that SP acts as a mitogenic stimulator for 
tumour growth and proliferation of tumour cells [21-23]. Brener., 
et al. described SP expression in infiltrating lymphocytes in 81.6% 
(n = 71) and in peritumoural or intratumoural blood vessels in 
58.1% (n = 43), where they proposed a diffusion mechanism for 
SP from lymphocytes to the parenchyma of the tumour [17]. Simi-
larly, Munoz., et al. identified NK-1R receptors in smooth muscle of 
the blood vessels surrounding the primary malignant melanoma 
[24]. Similar results were obtained in leukaemia cell lines [25]. In 
all those studies, the NK-1R antagonist inhibited the growth of tu-
mour cells, suggesting a potent mitogenic action for SP/NK1R com-
plex interaction, where several mechanisms have been proposed. 
The SP/NK-1R complex activates different mitogen activated 

protein kinase (MAPK) signalling cascades such as extracellular-
signal-regulated kinase (ERK) and P38 MAPK, through forming a 
scaffolding complex with β-arrestin [26]. Additionally, the SP/NK-
1R complex can mediate other pathways such as the nuclear fac-
tor kappa-light-chain-enhancer of activated B cells (NF-kβ) path-
ways [27], and transactivates other tyrosine kinase receptors such 
as epidermal growth factor receptor (EGFR). In one recent study, 
Carotid artery injection of Walker 256 cells (for experimental me-
tastasis induction) increased SP reactivity in coincidence with the 
primary tumour invasion of brain microvessels [28]. These results 
can be explained in the context of SP acts as a mitogenic inducer 
of a mutant phenotype that selects for more invasive subpopula-
tions of tumour cells with enhanced growth and migratory abilities 
that follow a concentration gradient, providing a pathway for these 
cells’ invasion. 

Based on previous observation that the close contact and ad-
hesion of cells is a prerequisite for cell transmigration [18], we 
hypothesised that adhesion molecules are the main requirement 
of the adhesion process. Firstly, the adhesion molecule expression 
followed a predicted pattern which increased from no expression 
in the normal oral keratinocytes to the lymph node positive cell 
line H157 and declined in the metastatic cell lines (for the three 
adhesion molecules). The precancer cell line DOK had an elevated 
expression profile which agrees with previous studies, suggesting 
an early invasive/metastatic phenotype in the tumour cycle [29]. 

Although SP treatment increased a specific adhesion molecule 
in each cell line as observed by FACS, the VLA-4 (α4β1 integrin) 
pathway was the main molecule affected with the SP treatment and 
may mediate the enhanced oral cancer-endothelial cell adhesion 
in this study. Rebhun., et al. reported that B16α4+ tumours gener-
ated lymph node metastases in 80% of mice and that melanoma 
cells that were deficient in α4 integrins (B16α4−) were non-tumor-
igenic [30]. Okahara., et al. showed that interaction between VLA-4 
on tumour cells and VCAM-1 on endothelial cells is implicated in 
progression of metastasis in-vivo [16]. Collectively, these data show 
that the α4 integrin expressed by cancer cells contributes to tumor-
igenesis and may also facilitate metastasis to regional lymph nodes 
by promoting stable adhesion of tumour cells to the lymphatic 
vasculature. It has been reported that cancer cell-endothelial adhe-
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sion is thought to be regulated by the mechanical properties of the 
cancer cells and also by the specific expression of various adhesion 
molecules and/or ligands to adhesion molecules on the surface of 
cancer cells and endothelial cells induced by inflammatory media-
tors [31-33]. Thus, these results provided preliminary evidence for 
the adhesion of oral cancer cells to endothelial cells, suggesting a 
role for VLA-4 in this adhesion.

Our study reports a number of interesting findings; firstly that 
DOK precancer cells treatment with SP has produced adhesion re-
sults comparable with H157 positive lymph node cells. This indi-
cates an early invasive phenotype in the tumour life cycle predis-
posing to an early metastatic potential. Secondly, although NK-1R 
inhibitor suppressed the adhesion, it was not as effective in sup-
pressing the adhesion molecule expression, except in CAL 27 and 
BICR22. In addition, the monoclonal human antibodies to adhesion 
molecules had a profound inhibitory effect on the adhesion. Those 
results will require further investigation to underpin the exact 
mechanism of the tumour-cell interaction. Thirdly, the endothelial 
treated group with either SP or NK-1R inhibitor had more signifi-
cant values of adhesion stimulation or adhesion suppression than 
the tumour-treated group in most cases. We suggest that this may 
be explained in the context of organ-specific metastasis. Finally, the 
NK-1R antagonist inhibited not only SP treatment but also TNF-α 
treatment which might be due to transactivation or for the sup-
pression of downstream pathways, as SP and TNF-α are known to 
activate downstream NF-Kβ pathway [27].

Adhesion of tumour cells to endothelial cells requires subse-
quent steps to promote tumour cell migration and implantation 
in the secondary site. The MMP group of enzymes has been impli-
cated in facilitating the tumour cell migration and invasion of the 
endothelial barrier [34]. In our study, OSCC cell lines had a varying 
basal level of expression of MMP-2, which was directly proportion-
al to its malignant potential. However, the treatment of SP or TNF-α 
did not significantly affect this expression. More importantly, the 
treatment of the BICR 22 cell line with SP treatment for 3 hours 
significantly decreased this expression significantly (P = 0.04). Ad-
ditionally, the DOK premalignant cell line had a high expression of 
MMP-2 which again suggests an early metastatic potential in tu-
mour cycle [29]. Li., et al. reported a significant effect of SP on the 

expression of MMP-2 on mRNA level [35]. This data will require 
further investigation to validate those results.

Limitations

The current study was performed in-vitro, using OSCC cell lines 
and this approach, despite providing an easy experimental ap-
proach, neglects the tumour microenvironment. Also, there is a 
limitation in the small sample size but the study provides a pre-
liminary dataset that can be used for further validation in either 
animal or clinical studies.

Conclusion

The present study inflammatory mediator SP could promote 
oral cancer-endothelial cell adhesion. The SP enhanced oral cancer-
endothelial cell adhesion can occur in an early onset and might be 
mediated through the VCAM-1/VLA-4 pathway. This adhesion was 
significantly suppressed with monoclonal antibodies to adhesion 
molecule as well as the NK-1R antagonist. These findings may pro-
vide insights into tumour microenvironment interaction and reveal 
new therapeutic targets for cancer prevention and treatment.
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