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Summary

The receptor-binding cancer antigen expressed on SiSo cells (RCAS]) is a human tumor-associat-
ed antigen that has been considered to play a crucial role in tumor progression by enabling can-
cer cells to evade immune surveillance. The present study aimed to evaluate the clinical signifi-
cance of RCAS1 expression in mobile tongue squamous cell carcinoma (SCC).

RCASI protein expression was assessed immunohistochemically on 49 mobile tongue SCC tissue
samples obtained from an equal number of patients and was statistically analyzed with clinicopath-
ological characteristics and overall and disease-free patients’ survival.

Enhanced RCASI1 expression was significantly associated with reduced depth of invasion (p=0.0069),
low mitotic index (p=0.0251) and no evidence of muscular invasion (p=0.0098). A borderline asso-
ciation between RCAS] expression and stromal inflammatory reaction was also noted (p=0.0660).
RCASI expression was not associated with overall and disease-free survival.

Our data support evidence for possible implication of RCAS1 at the early stage of tumor progres-
sion in mobile tongue SCC, whereas the survival prediction using RCASI expression as a clinical
marker seems uncertain for this type of malignancy.
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BACKGROUND

Receptor-binding cancer antigen expressed on SiSo cells
(RCAST) was initially recognized by the mouse monoclonal
antibody, 22-1-1, which was raised by immunization of mice
with the human uterine cervical adenocarcinoma cell line SiSo
[1]. Itis a 40-kd type Il membrane protein that forms homo-
oligomers through its C-terminal coiled-coil structures, but it
also exists in soluble form, probably by alternative spicing [2].
RCASI has recently been considered as a novel tumor-associ-
ated antigen that induces cell-cycle arrest and/or apoptosis in
RCASI receptor-bearing human cells [3]. Substantial evidence
supports that RCAS1 can function as ligand for a putative re-
ceptor present on various human cell lines, such as erythroid
leukaemia and normal peripheral lymphocytes, inhibiting cell
growth and inducing apoptosis [4]. Thus, RCAS1 up-regula-
tion is considered to play a crucial role in tumor progression
by enabling cancer cells to evade immune surveillance [5,6].

Mobile tongue Squamous Cell Carcinoma (SCC) is an aggres-
sive malignancy with increasing incidence in Western commu-
nities, and is frequently associated with poor prognosis [7,8].
Although new advanced therapeutic strategies have been ap-
plied to date, the 5-year survival rates have not been consider-
ably improved due to the increased rate of lymph node me-
tastasis [9-11]. The detection of occult metastasis remains
difficult, thus the establishment and validation of prognostic
markers in primary tumor specimens has been a high priority
[12,13]. Substantial evidence has suggested that clinicopath-
ological parameters in mobile tongue SCC provide crucial
clinical information regarding disease prognosis and further
adjuvant therapeutic approaches [14,15]. Tongue carcinoma
has been shown to present high local failure and poor survival
rates compared to other anatomic sites of the oral cavity [10].
This difference is less related with the inherent tumor biolo-
gy and is mostly ascribed to anatomic factors, such as tumor
proximity to bone, density of regional lymphatics and tumor
accessibility to inspection and hence earlier detection [16].

In the last few years, RCASI protein expression has been de-
scribed in a variety of human malignancies, including breast,
lung, neurological, pancreatic, gastrointestinal, colorectal,
urothelial, endometrial, cervical and ovarian carcinoma [17].
Notably, RCAS1 expression has been shown to be associated
with important clinicopathological parameters for patient
management and prognosis, being considered as an infor-
mative biomarker in several types of the above malignancies
[17]. RCASI has also been reported to be expressed in sev-
eral types of head and neck neoplasia, including oral and
esophageal SCC and thyroid carcinoma [18-25]. However,
to our knowledge, there are no available studies so far eval-
uating RCASI expression in human mobile tongue SCC. In
view of above considerations, the present study aimed to im-
munohistochemically assess RCASI expression in 49 mobile
tongue SCC specimens. We also aimed to evaluate the associ-
ation of RCAS1 expression with clinicopathological parame-
ters, mitotic index and overall and disease-free patient survival.

MATERIAL AND METHODS

Patients

Medical records and archival histopathological material of
49 mobile tongue SCC patients who were initially treated

at the Department of Otorhinolaryngology-Head and Neck
Surgery of Institut Curie, Paris, France, within the period
2000 to 2009 were included in this study. All patients under-
went initial partial glossectomy as primary treatment, and
39 patients had elective neck dissections. The surgical spec-
imens were examined at the Department of Pathology of
the Institut Curie, according to standard histopathological
protocols. Patients with prior radiotherapy, chemotherapy
or surgery for malignancy were not included in the study.

Of the total 49 patients that were included in the study, 26 were
male and 23 female, with male to female ratio 1.13. Patient
age at first diagnosis ranged between 33 and 94 years (median
age 60 years, IQR: 53-72 years). Clinical and histopathologi-
cal parameters, including grade of histopathological differen-
tiation, tumor thickness, tumor shape (well defined wvs. ill de-
fined), nodal status, perineural invasion, and the presence of
lymphovascular emboli were assessed [26]. For the histopath-
ological tumor grade of differentiation, the 3-level grading of
WHO classification was applied: well, moderate and poorly
differentiated, according to a subjective assessment of kerati-
nization, cellular and nuclear pleomorphism and mitotic ac-
tivity [27]. Tumor thickness was measured from the surface of
the tumor to the deepest point of invasion [14,28]. Chronic
inflammatory infiltration was identified as small mononucle-
ar cells in the stroma of the entire tumor. The degree of infil-
tration was classified as mild, moderate and intense according
to the density of inflammatory cells [26]. The patients were
followed-up for a time interval between 2 and 116 months
(median 40 months, IQR: 13-66 months). Overall survival
was defined as the time interval between the date of surgery
and the date of death due to mobile tongue SCC. Disease-free
survival was defined as the time interval between the date of
surgery and the date of detection of recurrence or the date
of last follow-up without recurrence for mobile tongue SCC.
At the time of the last follow-up, 14 (28.57%) patients had
died from disease, 4 (8.16%) were alive with disease and 31
(63.27%) were alive and disease-free.

Immunohistochemistry

RCASI immunostaining was performed on formalin-fixed, par-
affin-embedded mobile tongue tissue sections using a mouse
monoclonal anti-RCAS] antibody that reacts with RCAS1 pro-
tein (MBL International Co, Nagoya, Japan). Briefly, 4 pm-
thick tissue sections were dewaxed in xylene and were brought
to water through graded alcohols. Antigen retrieval was per-
formed by microwaving slides in 10 mM citrate buffer (pH 6.1)
for 20 minutes (min) at high power, according to the manu-
facturer’s instructions. To remove the endogenous peroxidase
activity, sections were treated with freshly prepared 0.3% hy-
drogen peroxide in methanol in the dark, for 30 min, at room
temperature. Non-specific antibody binding was blocked us-
ing Sniper, a specific blocking reagent for mouse primary an-
tibodies (Sniper, Biocare Medical, Walnut Creek, CA, USA)
for 5 min. The sections were incubated for 1 hour (h) at room
temperature, with the primary antibody against RCAS1, dilut-
ed 1:750 in phosphate buffered saline (PBS). After washing
3 times with PBS, sections were incubated at room tempera-
ture with biotinylated linking reagent (Biocare Medical) for
10 min, followed by incubation with peroxidase-conjugated
streptavidin label (Biocare Medical) for 10 min. The resul-
tant immune peroxidase activity was developed using a DAB
substrate kit (Vector Laboratories, USA) for 10 min. Sections
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Figure 1. Representative immunostainings for cytoplasmic and
membraneous RCAST expression in tumor cells of
mobile tongue SCC. Streptavidin-biotin-peroxidase, DAB
chromogen, Harris hematoxylin counterstain. (A) Original
magnification %200 and (B). Original magnification x400.

were counterstained with Harris’ hematoxylin and mounted
in Entellan (Merck, Darmstadt, Germany). Appropriate nega-
tive controls were performed by omitting the primary antibody
and/or substituting it with an irrelevant anti-serum. Pancreatic
cancer tissue sections with known increased RCAS1 immuno-
reactivity were used as positive control [29].

Evaluation of immunohistochemistry

Stained sections were independently assessed by observers
S.T. and J.K,, blinded to the clinical data, with complete
observers’ agreement. Specimens were considered “posi-
tive” for RCAS1 when more than 5% of tumor cells within
the section were positively stained [29,30]. The extent of
RCASI expression was calculated by the percentage of the
positive cells in the total number of tumor cells within each
specimen. The specimens were characterized as presenting
“high expression” for RCAS1 when the percentage of the
positively stained tumor cells exceeded the mean percent-
age value [29,30]. In RCAS1-positive cases, the intensity of
immunostaining was also estimated and graded in a 3-step
scale as mild (+), moderate (++) and intense (+++) [29,30].

Statistical analysis

Chi-square test was used to assess the associations of RCAS1
expression with clinicopathological variables. Survival curves

Figure 2. RCAST expression in (A) peripheral cell layers around keratin
pearl (original magnification x200) and (B) endothelial
cells in the vicinity of tumor nests (original magnification
%400). Streptavidin-biotin-peroxidase, DAB chromogen,
Harris hematoxylin counterstain.

were constructed using the Kaplan-Meier method and the
differences between the curves were compared by the log
rank test. A Cox proportional-hazard regression model was
developed to evaluate the association between the potential
prognostic marker and overall and disease-free survival. Cox
regression analysis was conducted at both univariate and mul-
tivariate levels. A p-value less than 0.05 was considered the
limit of statistical significance. SPSS for Windows software
was used for all analyses (SPSS Inc., 2003, Chicago, USA).

REsuLTs

RCAS]I positivity was noted in all of the mobile tongue SCC
cases examined (49/49, 100%). The pattern of RCAS] distri-
bution was both cytoplasmic and membraneous (Figure 1).
RCASI1 immunoreactivity was more frequently detected in the
peripheral cell layers around keratin pearl where the tumor
cells were less differentiated, whereas the cell layers inside
the keratin pearl where the tumor cells were more differen-
tiated and keratinized did not show positive RCAST immu-
noreactivity (Figure 2A). Weak RCAS1 immunoreactivity was
also occasionally detected in endothelial cells in the vicinity
of tumor nests (Figure 2B). Tongue epithelium with normal
appearance adjacent to tumor was found negative for RCASI.

High RCASI expression was noted in 27 (55.10%) out
of 49 mobile tongue SCC cases. The intensity of RCAS1
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immunostaining was classified as mild in 6 (12%), moder-
ate in 37 (76%) and intense in 6 (12%) out of 49 mobile
tongue SCC cases. High RCASI expression was significant-
ly more frequently observed in mobile tongue SCC cas-
es presenting no evidence of muscular invasion (Table 1,
p=0.0098). Mobile tongue SCC cases presenting reduced
depth of invasion showed significantly increased incidence of
high RCASI expression (Table 1, p=0.0069). Mobile tongue
SCC cases presenting reduced mitotic index also showed
significantly increased incidence of high RCAS1 expression
(Table 1, p=0.0251). A positive borderline association be-
tween RCAS]1 expression and stromal inflammatory reac-
tion was noted (Table 1, p=0.0660). SCC cases presenting
no evidence of vascular and perineural invasion, as well as
absence of lymph node metastases, showed increased inci-
dence of high RCAS1 expression without reaching statistical
significance (Table 1, p>0.05). RCAS1 expression did not
show statistically significant associations or trends of corre-
lation with patients’ age and sex, histopathological grade of
differentiation and tumor shape (Table 1, p>0.05). RCAS1
staining intensity was not associated with any clinicopatho-
logical parameters examined (data not shown).

Univariate analysis was performed to assess the strength of the
association of each clinicopathological parameter and RCAS1
expression (low vs. high) with overall and disease-free survival.
Patients’ sex and depth of invasion were identified as signifi-
cant prognostic factors of overall survival (Table 2, p=0.0135
and p=0.0438, respectively). Patients’ sex and histopatholog-
ical grade were identified as significant prognostic factors of
disease-free survival (Table 2, p=0.0090 and p=0.0388, respec-
tively). RCAS1 expression was not associated with overall and
disease-free survival (Table 2, p=0.9077 and p=0.7042, respec-
tively). In multivariate analysis, patients’ sex was identified as
independent prognostic factor of overall survival (Table 3,
p=0.0167). Patients’ sex and grade of differentiation proved
to be independent prognostic factors of disease-free survival
(Table 3, p=0.0070 and p=0.0165, respectively).

DiscussIioN

It is well-established that RCASI is overexpressed in var-
ious tumors and that it may thus affect many aspects of
cancer biology, such as differentiation, proliferation, inva-
sion and angiogenesis [6,17]. Elevated RCASI expression
has been associated with the malignant state of several tis-
sue types and may play a crucial role in tumor progression
by enabling cancer cells to evade immune surveillance
[6,17]. However, few studies have assessed the clinical sig-
nificance of RCASI expression in head and neck neopla-
sia remains, as the available studies have been restricted to
oral and esophageal SCC and thyroid carcinoma [18-25].
It should be taken into account that head and neck malig-
nancies arise in various sites, such as the oral cavity and the
oropharynx. Thus, tumors from these different anatomic
sites have distinct clinical presentations and outcomes and
are associated with different risk factors and genetic char-
acteristics, which may complicate the evaluation of poten-
tial prognostic markers [31,32].

In view of the above considerations, the present study aimed
to focus on 1 anatomic site, assessing for the first time the
clinical significance of RCAS1 expression in mobile tongue
SCC. In fact, we found that all the examined mobile tongue

SCC cases were RCAS1-positive. This incidence of RCAS1 pos-
itivity is among the highest reported incidences for all types
of head and neck malignancies, including oral and esopha-
geal SCC [18-25]. A similar incidence of RCASI positivity was
reported in laryngeal and pharyngeal SCC, in which RCAS1
protein was detected in all the examined tissue samples [33].
To this respect, current substantial evidence supports that
RCASI may be considered as a promising target for future
(gene) therapeutic approaches [6,17]. The increased fre-
quency of RCAS] positivity in mobile tongue SCC reinforc-
es the therapeutic utility of this receptor in tongue cancer
chemoprevention and treatment. In this aspect, the recent
evidence that RCAS]1 siRNA suppressed RCAST mRNA and
protein expression and delayed tumor growth, in vivo, has
already opened-up new perspectives for the development
of future inhibitors to target RCAS1 receptor [34]. Anti-
estrogens may also employ RCAS1 as a molecular switch
to activate immune cytotoxicity against tumor cells [35].

The present study further showed that RCAS1 expression
was associated with clinicopathological characteristics, which
are considered crucial for patient management. More to
the point, high RCAS1 expression was significantly more
frequently observed in mobile tongue SCC cases present-
ing no evidence of muscular invasion and reduced depth of
invasion. Mobile tongue SCC cases presenting low mitotic
index also showed significantly increased incidence of high
RCASI expression. These findings further support evidence
implicating RCASI at the early stage of tumor progression
in mobile tongue SCC. We also found a borderline posi-
tive association between RCASI expression and stromal in-
flammatory reaction. In this context, RCAS1 was reported
to facilitate tumor cell invasion of connective tissue via en-
hancement of invasive potency by induction of stromal tis-
sue remodeling [5]. Recent studies have also documented
that RCAS1 expression is significantly associated with tumor
histopathological stage, tumor size or lymph node positivity
in oral and esophageal SCC [18,20,21,24,25]. Moreover, in
laryngeal and pharyngeal SCC, RCAS1 expression was sig-
nificantly greater in the cancerous areas than in the clear
surgical margins, and was associated with tumor histopatho-
logical grade and presence of lymph node metastases [33].
Most of the above studies also showed that RCAS1 expres-
sion was associated with patients’ survival, which was not
seen in the case of mobile tongue SCC of the present study.
This discrepancy may be ascribed to the fact that the differ-
ent anatomic sites of the oral cavity generally have distinct
clinical presentations and outcomes and are associated with
different risk factors and genetic characteristics [31,32].

Substantial evidence further suggests that up-regulation of
RCASI expression may play a crucial role in tumor progres-
sion by enabling cancer cells to evade immune surveillance
[3,36]. More to the point, RCAS] receptor expression was
enhanced by activation of lymphocytes, and secreted RCAS1
in turn inhibited the in vitro growth of such activated cells,
inducing their apoptotic cell death. Thus, tumor cells may
evade immune surveillance by expressing RCASI. In this
context, Nakashima et al demonstrated that RCAS1 induced
apoptosis in both cultured human lymphoma cell lines and
normal peripheral lymphocytes, which express RCAS1 re-
ceptor [3]. This apoptotic effect was shown to be mediat-
ed through induction of genes or caspase molecules, which
strongly abrogated RCAS1-induced apoptosis, in vitro [3].
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Table 1. Associations of RCAST expression with clinicopathological parameters in 49 mobile tongue squamous cell carcinoma patients.

Clinicopathological RCAS1 expression
characteristics Low (%) High (%) p-value
N=49 22 (45) 27 (55)
Age (mean +5D; ys) 0.8012
<62.23+£14.89 yrs 13 (27) 15 (31)
>62.23+£14.89 yrs 9 (18) 12 (24)
Gender 0.6983
Male 1M1 (22) 15 (31)
Female 1 (22) 12 (24)
Histopathological grade 0.6826
| 16 (33) 21 (43)
I 6 (12) 6 (12)
Stromal inflammatory reaction 0.0660
Mild 4 9 0(0.00)
Moderate 4 (8) 5 (10)
Dense 14 (29) 22 (45)
Muscular invasion 0.0098
Yes 22 (45) 20 (41)
No 0 (0 7 (14)
Shape 0.5862
Diffuse 17 (35 19 (39)
Well defined 5 (10) 8 (16)
Vascular invasion 0.4768
Yes 5 (10) 4 @9
No 17 (35 23 (47)
Perineural invasion 0.3864
Yes 10 (20) 9 (18)
No 12 (25) 18 (37)
Depth of invasion 0.0069
I 1T Q) 12 (25
Il 12 (25) 8 (16)
Il 9 (18) 7 (14)
Lymph node metastases 0.6170
Yes 8 (16) 8 (16)
No 14 (29) 19 (39)
Mitotic index 0.0251
< Median value 6 (12) 16 (33)
> Median value 16 (33) 1 (23)
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Table 2. Association of clinicopathological parameters and RCAST expression with patients’survival: Univariate analysis.

Clinicopathological

Overall survival

Disease free survival

variables HR (95% (1) p-value HR (95% (1) p-value

Age (<60/=60 yrs) 2.11 (0.70-6.41) 0.1837 1.67 (0.63—4.46) 0.3004
Gender (Male/Female) 5.04 (1.39-18.23) 0.0135 449 (1.45-13.88) 0.0090
Histopathological grade (1/11) 0.44 (0.14-1.39) 0.1634 0.34 (0.12-0.94) 0.0388
?;A';T(?f,:ﬁi;‘fe?:::/‘ggg)'ea‘ti°“ 235 (082-6.74) 0.1106 212 (081-5.52) 0.1221
Muscular invasion (Yes/No) 1.76 (0.22-13.76) 0.5860 0.96 (0.21-4.34) 0.9642
Shape (1ll/Well defined) 5.05 (0.66-38.69) 0.1188 6.21 (0.82-46.95) 0.0763
Vascular invasion (Yes/No) 1.69 (0.52-5.44) 0.3752 1.36 (0.44-4.23) 0.5864
Perineural invasion (Yes/No) 0.78 (0.27-2.25) 0.6481 0.56 (0.20-1.53) 0.2613
Depth of invasion (I+II/111) 0.33 (0.11-0.97) 0.0438 0.49 (0.18-1.27) 0.1451
Lymph node metastases (Yes/No) 1.42 (0.49-4.11) 0.5129 1.35 (0.51-3.56) 0.5390
Mitoticindex (Low/High) 1.06 (0.37-3.06) 0.9013 1.20 (0.46-3.14) 0.7024
RCAS1 expression (Low/High) 1.06 (0.32-2.95) 0.9077 1.20 (0.47-3.20) 0.7042

Table 3. Multivariate analysis for patients’ gender, depth of invasion and histopathological grade of differentiation.
Clinicopathological Overall survival Disease free survival

variables HR (95% C1) p-value HR (95% C1) p-value

Gender (Male/Female) 0.20 (0.10-0.97) 0.0167 0.20 (0.12-0.98) 0.0070
Histopathological grade (I/11) 2.88 (1.08-6.88) 0.0885 3.77 (1.30-7.45) 0.0165
Depth of invasion (I-+I1/111) 231 (0.98-5.02) 0.1241 0.95 (0.31-2.86) 0.3281

RCASI1 was also shown to facilitate tumor cell invasion of CONCLUSIONS

connective tissue in uterine cervical cancer via enhancement
of invasive potency by induction of stromal tissue remodel-
ing, as well as through evasion of antitumor immune sur-
veillance by an apoptotic counter-attack mechanism against
lymphocytes [5]. Moreover, RCAS1 was shown to be secret-
ed through ectodomain shedding, and its expression was
related to alterations of extracellular matrix characteristics
and to a reduced number of vimentin-positive tumor stro-
mal cells, supporting evidence that RCAS1 may induce con-
nective tissue remodeling [6,37]. RCAS1 may also modulate
surface expression of tumor-associated O-linked glycan struc-
tures, which are thought to participate in cell adhesion, in-
vasion, and metastasis of cancer cells [38]. Taking into ac-
count the above considerations, further studies should be
conducted to evaluate the relationship between RCASI ex-
pression and the frequency of tumor-infiltrating lympho-
cytes (TILs) apoptosis in mobile tongue SCC in order to
determine whether RCASI-positive tumor cells may induce
apoptosis to their surrounding TILs. As RCAS] is easily de-
tectable in biofluids [39], further research efforts should
focus on the determination of RCASI levels in serum or sa-
liva during and after the treatment of mobile tongue SCC
patients, with the aim of recognizing patients’ recurrence.

We demonstrated for the first time that RCAS1 was ex-
pressed in human mobile tongue SCC, and that it is cor-
related with clinicopathological characteristics crucial for
patient management. Enhanced RCAS1 expression was as-
sociated with reduced depth of invasion, low mitotic in-
dex and no evidence of muscular invasion, supporting evi-
dence for possible implication of RCAS] at the early stage
of tumor progression in mobile tongue SCC. On the other
hand, the survival prediction using RCASI expression as a
clinical marker seems uncertain for this type of cancer, and
needs to be assessed by larger cohort studies to allow pre-
cise conclusions to be drawn. Further studies are required
in order to assess whether RCAS1 may be considered as a
useful biomarker in mobile tongue SCC, as well as evaluat-
ing its therapeutic utility in tongue cancer chemopreven-
tion and treatment.
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