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Abstract

Background: The immunohistochemical expression of Cyclin D1 and Ki-67 were analyzed in tongue squamous
cell carcinomas (SCC), relating them to the clinical and morphological exhibition of these tumors.

Material and Methods: Twenty-nine patients fulfilled the inclusion criteria; clinical data included gender, age, eth-
nicity and use of licit drugs such as alcohol and tobacco. The TNM staging and histopathological differentiation
grading was assessed for each case. In addition, T1 patients were gathered with T2 patients; and T3 patients were
gathered with T4 patients to assemble two distinct groups: (T1/T2) and (T3/T4).

Results: The mean follow-up time was 24 months and 30% of the patients died as a consequence of the disease,
while 23.3% lived with the disease and 46.7% lived lesion-free. T1 and T2 tumors showed statistically lesser Ki-67
and Cyclin DI staining when compared to T3 and T4 tumors.

Conclusions: Ki-67 and Cyclin D1 pose as auxiliary tools when determining the progression of tongue SCC at the
time of diagnosis.
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Introduction

Oral squamous cell carcinoma (SCC) is responsible for
a high mortality rate of 3 to 10% worldwide (1). The
great majority of oral SCC is diagnosed late, what poses
as one of the main factors that compromise patients’
survival rates, though the early detection of this lesion
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is in fact increasing (2). In that way, almost 50% of oral
SCC cases diagnosed between 2002 and 2008 in the
United States presented regional consequences instead
of only local commitment (1).

The great majority of oral malignant tumors consist on
tongue SCCs, which mainly affect middle age men (1);
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in fact, patients older than 65 can correlate to worse
prognosis of T1 and T2 (tumor size - TNM classifica-
tion) tongue SCCs (3). The TNM staging is widely used
to predict the clinical behavior of tumors (4). However,
T staging alone does not envisage the local recurrence
or distant spreading of the tumor (5); accordingly, sev-
eral demographic and histopathological features have
been closely related to the TNM system (3).

Higher T stages along with Ki-67 overexpression can
in fact be linked to loco-regional recurrence of oral
and oropharynx SCCs (6); and among the genetic aber-
rations frequently seen in tongue SCC, Cyclin DI su-
perexpression can surely be mentioned besides Ki-67
(7,8), though the exact interference of these genetic mu-
tations in the transition between a normal to a neoplas-
tic epithelium is still yet to be established (9). A single
histopathological specimen may hold precious informa-
tion about the comportment of the lesion from which
this specimen originated.

Although the early detection of oral SCC is eventually
turning into reality (2) along with advances in cancer
prevention or treatment, the five-year survival rate of
a patient diagnosed with head and neck SCC remains
poorer than those of other cancers, such as cervix,
breast and colorectal (10). Actually, the survival rates
of tongue SCC have not been improved over the years
(11), and oral cancer rates have become higher in some
countries (12); all of these reflect the need for studies
to check the current incidence and clinical behavior of
these lesions. Moreover, there is actually no established
marker to routinely predict the prognosis of head and
neck SCC (13); besides, the mechanisms underlying the
malignant progression of head and neck SCCs remains
unclear (14). Thus, this study aimed to evaluate the ex-
pression of Cyclin D1 and Ki-67 within tongue SCCs to
correlate this expression to the clinical appearance and
behavior of the tumors.

Material and Methods

The authors wish to declare that all experiments on hu-
man subjects were conducted in accordance with the
Declaration of Helsinki; all procedures were carried out
after the adequate understanding and written consent of
the subjects. The study was only carried out after ob-
taining approval from the Human Subjects Ethics Com-
mittee of our institution; protocol number 358.828.

The medical records of 30 patients diagnosed with oral
SCC located exclusively in the tongue were randomly
collected from a regional Oncology Center between 2006
and 2013. The clinical data included gender, age, ethnic-
ity and use of licit drugs such as alcohol and tobacco.
The TNM staging, as well as lesion type (Exophytic or
infiltrative growth or not described), treatment realized
(surgery, radiotherapy, chemotherapy), compromised
lymph nodes, time to recurrence (if any) and current situ-
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ation of the patient were also included in the evaluation of
the files. In addition, T1 patients were gathered with T2
patients and T3 patients were gathered with T4 patients to
assemble two distinct groups: (T1/T2) and (T3/T4).

The patients were followed from the date they received
treatment until the patient’s death or through an aver-
age of 24.14 months. Clinical specimens of the tumors
were collected from all the patients, fixed in formalde-
hyde, and routinely processed until paraphin inclusion
for morphological and immunohistochemical analyses;
3um-thick slides were stained with hematoxylin and
eosin (HE) and proceded to morphological evaluation.
Complete specimens for all the cases who underwent
resection were obtained. Regarding the non-resectable
cases, biopsies were obtained for the immunohisto-
chemical procedures.

Oral SCC diagnoses were revised by two expert patholo-
gists and were classified into two groups according to
Bryne et al. (15): WD = well diferentiated SCC; MD =
moderately diferentiated SCC; and PD = poorly differen-
tiated SCC. After diagnostic confirmation the cases fol-
lowed immunohistochemical reactions with anti-Cyclin
DI (SP4 clone Rabbit Monoclonal, ref 100419, Spring,
Pleasanton, CA, USA) and anti-Ki-67 (MIB-1 clone Rab-
bit Monoclonal, ref 56534, Dako, Glostrup, Denmark).
The immunohistochemical staining was performed
through the standard streptavidin-biotin-peroxidase
complex (StreptABComplex/HRP, Duet Mouse/Rabbit,
ref K0492, Dako, Glostrup, Denmark). After antigen re-
trieval assured by specimen incubation with 10mM of
Citric Acid buffered solution), pH 6.0, the endogenous
peroxidase was quenched by incubation in 3% hydrogen
peroxide in methanol (1:1) for 15 minutes at room tem-
perature. Slides were then incubated overnight at 40C
with the previously mentioned antibodies and at the fol-
lowing dilutions: 1:400 and 1:300 for Cyclin D1 and Ki-
67, respectively.

The slides were counter-stained with Harris hematoxy-
lin before serial hydration. For both biomarkers a posi-
tive control was represented by a tonsil fragment, and as
negative control, a representative slide of the same tis-
sue, however lacking the primary antibody was used.
To quantify all samples through immunohistochemical
staining 10 fields were analyzed (107.040.116 um?2) for
each biomarker (16) in a 400 magnification utilizing an
optic microscope (AxioLab Al Plus, Carl Zeiss, Jena,
Germany). Images were then captured with the help
of an appropriate camera (AxioCam MRc, Carl Zeiss,
Jena, Germany) and examined with special software
(AxioVision Rel 4.8.2, Carl Zeiss, Jena, Germany). The
analysis was performed in 10 fields of the invasive front
for all cases. All cells that exhibited brownish stained
nuclei were considered positive, independently of the
color intensity; all positive cells were counted in each
field and the mean of all 10 fields was obtained for each
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field (6). One case was excluded from the immunohisto-
chemical analysis due to insufficient material.

First, to verify the differences between the patients’ mean
ages the Student’s t-test was used and, subsequently, the
age variable was categorized. The Fisher exact test or
chi-square test was used to assess the association among
demographic, clinical and microscopic variables, with a
significance level of 5%. Only patients who underwent
resection were included to verify association between re-
currence and the expression of the biomarkers.
According to Wangsa et al. (6), to verify the associa-
tions between immunostaining and clinicopathological
characteristics a cut-off point was statistically decided
for each immunohistochemical biomarker staining con-
sidering the median: 19 for Cyclin D1 and 28 for Ki-
67. The software utilized to perform all the statistical
analyses was STATA 7.0 (StataCorp LP, College Sta-
tion, TX, USA).

Results

White men prevailed among the studied subjects with
a mean age of 54.6 years. Among the lesion types we
found 23 with an infiltrative growth (76.6%); 5 with
exophytic growth (16.7%) and 2 not described in the re-
spective medical files (6.7%). Smokers and alcoholics
represented 70% of all collected data. Regarding TNM
staging, 08 (26.6%) patients were classified as T1, 11
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(36.6%) as T2, 04 (13.3%) as T3 and 07 (23.3%) patients
were classified as T4.

Treatment modalities included surgery alone for 3
(10%) patients; surgery with neck dissection followed
by radiotherapy for 9 (30%) patients; surgery without
neck dissection followed by radiotherapy for 3 (10%)
patients; surgery with and without neck dissection fol-
lowed by adjuvant radiochemotherapy for 7 (23.3%) and
1 (3.3%) patient, respectively. All 7 patients (23.3%)
who did not undergo surgical excision received concur-
rent radiochemotherapy.

The mean follow-up time was 24.14 months, varying
between 5 to 81 months. During follow-up 12 subjects
(40%) presented lesion recurrence, being 4 and 8 pa-
tients from (T1/T2) and (T3/T4) groups, respectively.
Interestingly, (T3/T4) group presented significantly
more lesion re-incidence (p= 0.009) than the (T1/T2).
The local recurrence was the most frequent (41.6%). Re-
currence mean time was 11.8 months, varying between
1.2 to 21.7 months after the initial diagnosis. At the end
of the follow up period 18 patients (60%) were alive
without any recurrence, and among the 6 non-resectable
patients 5 (83.3%) presented an active illness. Moreover,
6 (54.5%) patients from the (T3/T4) group died, whilst
only 3 (15.8%) patients from (T1/T2) group deceased.
Cyclin D1 positive cells varied from 0 to 136 in each
counted field (mean of 31.7 and median of 19.5) (Fig. 1
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Fig. 1. Cyclin D1 and Ki-67 immunohistochemical staining in tongue squamous cell carcinoma. a and b - Cyclin D1
staining (< 19 stained cells per field) and Ki-67 staining (< 28 stained cells per field) in the same tumor, respectively;
c and d - Cyclin D1 staining (> 19 stained cells per field) and Ki-67 staining (> 28 stained cells per field) in the same

tumor respectively. 400X magnification.
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a, ¢). Cyclin DI immunostaining was less than 39.5 cells
per field in 21 cases (72.4%); its expression showed a
statistically significant relation with T staging (p=0.02),
but there was not a statistically significant association
with gender, age, ethnicity, type of lesion, N staging,
histopathological differentiation, involved lymph nodes
or recurrence (Table 1).

Regarding Ki-67, stained cell counting varied from 0
to 214.4 (mean of 44.4 and median of 28.4) (Fig. 1 b,
d). Its expression showed the same prevalence (50%) of
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ertheless, there was not a statistically significant asso-
ciation with gender, age, ethnicity, type of lesion, his-
topathological differentiation, involved lymph nodes or
recurrence (Table 1).

Discussion

Most oral SCC arise from tongue in men older than 50
years of age (1,17), and a significant increase of this le-
sion in patients over 80 years-old was observed lately,

Table 1. Clinical and histopathological features of tongue squamous cell carcinomas relating to Ki-67 and cyclin D1

immunostaining.
Ki-67 Cyclin D1
Variable < %8 > 38 p value* 19 19 p value*
nte  n0 n%) | n@%)
Gender
Male 9 (42.8) 12 (57.2) 427 11 (52.4) 10 (47.6) .687
Female 5(62.5) 3(37.5) 3(37.5) 5(62.5)
Age (vears)
Min-Max 42-76 37-72 246 38-76 32-64 213
Mean (SD) 56.5(10.6) | 51.8 (10.7) 55.6 (10.8) | 50 (10.1)
Ethnicity
White 9(52.9) 8(47.1) 71 10 (58.9) 7 (41.1) 263
Non-White 5(41.7) 7 (58.3) 4(33.3) 8 (66.7)
Clinical appearance”
Exophytic growth 2 (40) 3 (60) 999 2 (40) 3 (60) 648
Infiltrative growth 11 (50) 11 (50) ) 12 (54.6) 10 (45.4) )
T stage
T1/T2 12 (63.2) 7 (36.8) .049 12 (63.2) 7 (36.8) 027
T3/T4 2 (20) 8 (80) 2 (20) 8 (80)
N stage
NO 10 (66.7) 5(33.3) 066 8(53.3) 7 (46.7) 715
N+ 4 (28.6) 10 (71.4) ) 6(42.9) 8 (57.1) )
Histopathological grading
WDSCC 6 (60) 4 (40) 450 5(50) 5(50) 1
MDSCC + PDSCC 8 (42.1) 11 (57.9) 9(47.3) 10 (52.6)
Lymph node positivity"
No 6 (85.7) 1(14.3) 282 4(57.1) 3(42.9) 1
Yes 4 (50) 4 (50) ) 5(62.5) 3(37.5)
Recurrence’
No 9(56.2) 7 (43.8) 035 11 (68.7) 5(31.3) 0.62
Yes 5(83.3) 1(16.7) 3(50) 3(50)
Cyclin D1
<395 12 (57.1) 9(42.9) 215 - - -
>39.5 2 (25) 6 (75) )

Abbreviations: SD, standard deviation; WDSCC, well differentiated squamous cell carcinoma; MDSCC, moderately
differentiated squamous cell carcinoma; PDSCC, poorly differentiated squamous cell carcinoma. * Analysis by Fisher
exact test at 5% significance level. ** Analysis by Chi-square test at 5% significance level.

#Excluding patients whose records could not be assessed.

§Considering only patients that underwent resection.

patients for both higher than and lesser than the cut-off
point {28}. Ki-67 staining was also statistically associ-
ated to the T staging (0.049); besides, Table 1 shows a
possible trend of statistical connection between Ki-67
positivity and the N staging of tumors (p= 0.06). Nev-
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probably due to a higher life expectancy (2). There is
also a classic ratio between men and women of 3.5:1 or
3:1 to present this cancer, while novel reports reveal a
more equal leveling between the genders (1,17); how-
ever, our study is in accordance with the majority of
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published literature, disclosing 70% of male patients
and a gender proportion of 2.33 men to each woman
(mean age of 54.63 years).

Nonetheless, the raise of tongue SCC in women can be
explained by behavioral changes along the past years;
accordingly, tabagism and etilism were encountered as
routines for the majority of men and women (76.7 and
70%, respectively), what surely reassures these habits as
strong risk factors to promote oral SCC (12,18,19).
With respect to TNM classification Group T3/T4 was
statistically connected to lesion recurrence, what poses
as an indeed interesting factor to guide clinical conduct.
Consonantly to our study, previous reports point the ad-
vanced T4 staging and committed lymph nodes as predic-
tors of a less favorable prognosis (1,17,20). Nevertheless,
as already mentioned T staging solely does not envisage
the local recurrence or distant spreading of the tumor (5)
and that explains the urge to correlate demographic and
histopathological features to the TNM system (3).

In fact, biomarkers have been widely utilized to eluci-
date the clinical behavior of oral SCCs (21,22), mainly
Cyclin D and Ki-67 proteins (6,17,23). Cyclin D is a cell
cycle regulator that binds to cyclin-dependent kinase
(CDK) 4 and CDK®. This cyclin-CDK complex plays
a key role on the induction of DNA synthesis and tran-
sition of cells between G1/S phases (24), making it a
true target during carcinogenesis (25). Accordingly, cy-
clin D1 amplification has been recognized in 30% of
head and neck SCC (26). Consonantly, NF-kB signaling
pathway may play an important role at the early stages
of carcinogenesis; its levels increase gradually from
pre-malignant lesions to invasive head and neck SCC
(27,28); in accordance, the overexpression of NF-kB
leads to the activation of growth promoting genes such
as c-myc and Cyclin D1 (29,30).

Moreover, an elevated Cyclin D1 expression has been
associated with higher tumor size, lymph node commit-
ment and poor prognosis (17,31-33); interestingly, we
have seen that invasive clones of a tongue SCC cell line
presented increased levels of cyclin D1 when compared
to its non-invasive counterpart (7). Accordingly, cyclin
D1 is often a target when treating oral cancer (34). A
higher level of dysplasia in oral SCCs and pre-malignant
lesions was also previously related to Cyclin D1 overex-
pression (31,35,36). Suitably, the present study showed
that 80% of T3/T4 cases had significantly higher Cyclin
D1 and Ki-67 expression, what serve as a useful link
between the clinical and histopathological appearance
of tongue SCCs.

Regarding Ki-67, it is a current nuclear antigen in S,
G2, and M phase, i.e., it presents throughout the cell
cycle, which offers a reliable outcome of the growth rate
of neoplastic human cells (37). In oral normal epithe-
lium, low levels of Ki-67 expression have been found
while normal appearing mucosal epithelium bordering

€661

Cyclin D1 and Ki-67 in tongue carcinoma

the cancerous lesions has demonstrated low to moderate
levels of this marker (38). Several studies verified the
possible association between highly expressed Ki-67
and dysplasia degrees, for instance (39,40); and a recent
study demonstrated that CD147 and Ki-67 overexpres-
sion is linked to a worse prognosis of tongue SCC (41).
Remarkably, Sittel et al. (42) mentioned that tumors
widely stained with Ki-67 respond better to radiation
therapy, what is understandable since highly prolifera-
tive cells are more sensible to radiation (43).

Although Martinez et al. (44) failed to demonstrate a
statistical difference of Ki-67 expression between nor-
mal and dysplastic mucosa of the lips, Wangsa et al.
(6) stated that a high-proliferative activity encountered
with Ki-67 staining relates to an elevated risk of recur-
rence in tongue SCCs. An interesting recent study also
showed that Ki-67 expression in mucosal areas distant
from oral SCCs serves as a prognostic factor for these
lesions (45).

The fact that we had no data on the clinical appearance
of the lesions for two patients poses as a limitation to
the current study. Actually, retrospective studies often
present incomplete clinical data. Moreover, the reason
why some patients, but not others, underwent neck dis-
section remains unclear (46), once lymph node positiv-
ity at diagnosis was not described for fourteen patients.
Secondly, immunohistochemical staining is widely used
in OSCC (6,17,47,48); however, this method allows for
the evaluation of individual molecules, while cancer bi-
ology involves the interaction of some distinct molecules
and pathways (49). Moreover, this technique depends on
sufficient paraffin specimens to be performed.

In conclusion, tumors presenting higher T stages and
poor prognosis also presented higher Cyclin D1 and Ki-
67 staining, what enforces these biomarkers as an auxil-
iary tool to predict the progression of tongue SCC at the
time of diagnosis.
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