
Summary
Purpose: Laryngeal squamous cell carcinoma (LSCC) 
represents one of the most common cancers of the head 
and neck and the search for molecular markers is required 
for early diagnosis, prognosis and optimal therapy. The 
purpose of this study was to investigate the clinical sig-
nificance of Cyclin D1, FGF3, p16 and p21 protein expres-
sion in LSCC and laryngeal dysplasia (LD) and to eval-
uate the associations between their expression levels and 
clinicopathological parameters of patients with LSCC.

Methods: Immunohistochemistry was employed to detect 
and quantify the expression levels  of Cyclin D1, FGF3, 
p16 and p21 in the laryngeal tissues of 48 LSCC patients, 
32 patients with LD and 28 subjects with healthy larynge-
al mucosa (HLM).

Results: Significantly higher percentage of LSCC pa-
tients had positive Cyclin D1 expression compared with 
LD patients and HLM subjects (both p<0.01) and positive 
FGF3 expression than HLM subjects (p<0.05), while no 
differences in p16 and p21 positive expression were found 

among studied groups. The levels of Cyclin D1, FGF3 and 
p16 expression, as evaluated by immunostaining score, 
were significantly higher in patients with LSCC compared 
with LD and HLM groups (all p<0.05). Cyclin D1 proved 
to be highly sensitive and specific marker in differentiating 
LSCC from LD (sensitivity 81.2%, specificity 83.9%), while 
high sensitivity (81.2%) and lower specificity (41.4%) was 
observed in differentiating from HLM. Cyclin D1 and p21 
expression levels were associated  with regional lymph 
node metastases (both p<0.05) and Cyclin D1 expression 
levels significantly correlated with LSCC lymphatic inva-
sion (x2=8.862; df=3; р=0.031).  

Conclusions: Cyclin D1, FGF3 and p16 are overexpressed 
in patients with LSCC. Cyclin D1 is a highly sensitive 
marker in differentiating LSCC from LD or HLM. Cyclin 
D1 and p21 expression levels may be useful as predictive 
markers of metastases in LSCC. 
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Introduction 

Larynx represents a common site of malig-
nant tumors with an incidence rate of 20% for 
LSCC of all head and neck cancers [1,2].  LSCCs 
with analogous clinical and histomorphologic fea-
tures may have variable course and different clin-
ical outcomes, which indicate that TNM staging 
and histological grading are not sufficient for the 
prediction of tumor progression [3]. Precancerous 

lesions are referred to as dysplastic when histo-
pathologic evidence of loss of the normal progres-
sive maturation of cells from the basal layer to the 
superficial epithelium is present in the absence of 
invasion. Prognosis and prediction for cancer pro-
gression from LD will continue to be based on the 
histopathological features of LD until more defin-
itive molecular biomarkers are discovered.

Multiple cellular events are believed to occur 
in the development of LD and LSCC, as proposed 
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in the field cancerisation theory [4]. Cell cycle 
genes, cell cycle cyclin proteins, cyclin kinases, 
oncoproteins, tumor suppressor genes mutations, 
microsatellite loss of heterozygosity (LOH), nu-
clear image parameters and DNA ploidy are the 
markers of oncogenesis and have been investigat-
ed in oral and laryngeal carcinomas and dysplasia. 
These investigation have provided insights into 
the molecular mechanisms of carcinogenesis and 
further search for clinically relevant biomarkers 
would enable early diagnosis, prognosis and op-
timal therapy of patients with  LD and LSCC [5].

Proteins coded by oncogenes or tumor sup-
pressor genes can be detected and quantified in 
tissues by immunohistochemistry. Cyclin D1 reg-
ulates progression into the G1 cell cycle phase [6]. 
The FGF3 protein binds to fibroblast growth fac-
tor receptor 3 (FGFR3) with  broad mitogenic and 
cell survival activities including tumor growth 
and invasion [7]. p16 (INK4A) is upregulated by 
the CDKN2A protein [8]. Increased levels of p16 
lead to the formation of inhibitory cdk4–6/p16 
complexes, a loss of stimulatory cdk4–6/cyclin D 
complexes, which in turn results in the degrada-
tion of free Cyclin D by an ubiquitin-dependent 
proteasome pathway and inhibits cell cycle pro-
gression [9]. p21 protein is a general inhibitor of 
cyclin dependent kinases (CDKs) and is upregulat-
ed by wild-type p53 in response to DNA damage 
and contributes to G1 cell cycle arrest under these 
circumstances [10]. In the literature available to 
us no one has investigated the expression of these 
four markers in patients with LSCC and LD in the 
same study.

Therefore, the purpose of this study was to 
investigate the expression patterns of Cyclin D1, 
FGF3, and the suppressor proteins p16 and p21 in 
patients with LSCC and LD and to evaluate their 
diagnostic and prognostic value. 

Methods

Study patients

This retrospective study comprised 108 consecu-
tive patients (18 females and 90 males, mean age 58 
years, range 20-87 years) who suffered from hoarseness 
and were referred to the Clinic of Otorhinolaryngolo-
gy, Clinical Centre, Kragujevac, Serbia, for microlaryn-
goscopic examination and biopsy. The diagnosis was 
based on clinical and histopathological criteria. The 
diagnosis, clinical staging and identification of the an-
atomical site of the LSCCs and the degree of laryngeal 
dysplasia were based on the UICC’s TNM classification 
of malignant tumors [11]. The grade of tumor differen-
tiation was determined according to the WHO criteria 

[12]. The type of epithelial morphology was classified 
as HLM (N=28), LD (N=32) and LSCC (N=48). LD was 
graded as mild (N=9), moderate (N=13) and severe 
(N=10). 

The clinicopathological characteristics of LSCC pa-
tients included age, gender, family and personal histo-
ry of malignancies, alcohol and tobacco use, anatomic 
subregion (supraglottis, glottis and subglottis), degree 
of dysplasia, type of tumor growth, TNM stage, clinical 
stage, histological grade, nuclear grade, in situ com-
ponent, invasiveness, vascular, lymph and perineural 
spreading, necrosis, mitotic index, mononuclear stro-
mal reaction and desmoplastic reaction. 

Regional metastases were detected by microlaryn-
goscopy, 64-slice multidetector computed tomography 
of the neck (MD-CT) and neck ultrasound, while distant 
metastases were diagnosed by chest X-rays and abdom-
inal ultrasonography. 

The design of the study was approved by the Eth-
ics Committee of the Clinical Centre Kragujevac. All 
enrolled patients gave written informed consent to par-
ticipate in the study. 

Immunohistochemistry (IHC) 

The expression of Cyclin D1, FGF3, p16 and p21 
proteins was assessed using IHC. Laryngeal biopsy 
specimens were routinely fixed in 4% buffered formal-
dehyde, dehydrated through graded alcohols, cleared 
in xylene, and subsequently embedded in paraffin. The 
paraffin-embedded tissue samples were sectioned at 
4-5 μm and were deparaffinized by two washings in 
xylene for 10 min and rehydrated in a series of 100, 
96, 70 and 50% alcohol solutions. IHC staining was 
performed by the streptavidin-biotin method. Briefly, 
sections were incubated with 3% hydrogen peroxide to 
block endogenous peroxidase activity and then micro-
waved for 20 min in 10 mmol/L sodium citrate (pH 6.0). 
The sections were incubated with mouse monoclonal 
antibodies against Cyclin D1 (1:1000 dilution; Clone 
CD1.1; AbD Serotec, Oxford, UK), FGF3 (1:500 dilution; 
Clone 254625; R&D Systems, Inc., Minneapolis, USA), 
p16 (1:100 dilution; Clone D25; Millipore, Maryland, 
USA) and p21/CIP1/CDKN1A (1:200 dilution; Clone 
195720; R&D Systems, Inc., Minneapolis, USA.) for 60 
min. After the incubation with primary antibodies, bi-
otinylated secondary antibodies were applied, followed 
by detection using the ABC (Avidin-Biotin peroxidase 
Complex) method (Mouse UniTectTM ABC Kit, CalBio-
chem, USA). Diaminobenzidine was used as  chromog-
en. Counterstaining was performed with haematoxylin. 
Negative controls were obtained using an irrelevant 
antibody provided in the staining kits (Anti-trpE Mouse 
monoclonal antibody, Clone I22-25). IHC staining was 
evaluated independently by three pathologists in the 
blinded fashion. Only nuclear staining was considered 
as positive staining for Cyclin D1, FGF3, p16 and p21. 
Based on the reported data, staining for Cyclin D1, 
FGF3, p16 and p21 was defined as positive when >10% 
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of the cells stained positive and negative when <10% 
of the cells were stained positive [13-15]. The staining 
was further quantified using a semi-quantitative scor-
ing system as described: score 0, < 10% cells; score 1, 
10–30% positively stained cells; score 2, 30-50% pos-
itively stained cells; score 3, >50% positively stained 
cells [15,16].

Statistics

SPSS for Windows, Release 10.0, (SPSS Inc, Chi-
cago, Ill) was used for statistical analyses. The statisti-
cal significance of positive/negative staining of tumor 
markers among the studied groups was tested by the 
non parametric Mann-Whitney Rank Sum test or Stu-
dent’s unpaired t-test, where appropriate. Associations 
between categorical variables were tested with the 
Pearson chi-square test. Specificity and sensitivity of 
each single parameter were examined by  ROC curve 
analysis. Cohen’s Kappa (κ) value was used for statis-
tical evaluation of three independent investigators 
agreement. A κ value of 1 indicated full agreement, 
while a κ value of 0 indicates agreement by chance. 
Intraobserver scores showed good agreement (κ=0.53-
0.73). 

Results

Demographic and clinicopathological characteristics 
of study patients

Clinical and pathological characteristics of 
the patients with LSCC are presented in Table 1. 
The patients with LSCC were older than subjects 
with HLM and patients with LD, but the differ-
ence was not statistically significant. There were 
no significant correlations between the expression 
of Cyclin D1, FGF3, p16 or p21 with gender, use of 
alcohol, use of tobacco, anatomical localization of 
the tumor, type of carcinoma growth (vegetative/
infiltrative), TMN stage, histological grade, nucle-
ar grade, invasion, vascular invasion, lymph node 
invasion, perineural invasion, necrosis, mitotic 
index and mononuclear stromal reaction (data not 
shown).

Cyclin D1, FGF3, p16 and p21 expression in LSCC, 
LD and HLM

The study subjects were classified on the ba-
sis of positive or negative expression of Cyclin 
D1, FGF3, p16 and p21 in laryngeal tissues. The 
positive expression of Cyclin D1 was found in 
significantly higher percentages of LSCC patients 
(39/48) compared with  patients with LD (5/32) 
and the HLM group (17/28) (x2=26, p<0.0001; 
x2=10.047, p=0.0066, respectively) (Figure 1A, Fig-
ure 2A, Figure 2B). Positive expression of Cyclin 

D1 was detected in significantly higher percent-
ages of HLM subjects in comparison with patients 
with LD (5/31) (x2=4.762, p=0.029). The positive 
expression of FGF3 was significantly more fre-
quently observed in LSCC patients (39/48) than 
in those with HLM (23/28) (x2=7.848, p=0.0198) 
(Figure 1B).  No significant differences of patients 
with positive expression of p21 and p16 were ob-
served among the studied groups. 

Semiquantitative analysis of Cyclin D1, FGF3, p16 
and p21 expression in LSCC, LD and HLM 

The semiquantitative analysis of Cyclin D1, 
FGF3, p16 and p21 expression in LSCC, LD and 
HLM was done according to the scoring system 
described in Methods. 

The frequency of LD patients with negative 
Cyclin D1 expression (score 0) was significantly 
higher (26/31; x2=10.093, p=0.0064) compared 
with HLM (12/28) and LSCC patients   (9/48; Fig-
ure 3A). The percentage of LSCC patients with 
staining score 1 for Cyclin D1 (19/48) was signifi-
cantly higher compared with HLM subjects (8/28) 
and LD patients  (4/31; x2=11.241, p=0.0036). The 
frequency of LSCC patients (9/28) and HLM sub-
jects with Cyclin D1 score 2 was significantly 
higher than LD patients (1/31; x2=9.909, p=0.0071; 
x2=4, p=0.0455, respectively). In contrast to pa-
tients with LSCC none of HLM subjects or LD pa-
tients had score 3 Cyclin D1 expression. 

There was no significant difference in the fre-
quency of patients with FGF3 expression score 0, 
1, and 2 between patients with HLM, LD or LSCC. 
The frequency of patients with LSCC (23/48) or 
LD (13/21) with positive staining for FGF3 score 
3 was significantly higher compared with HLM 
subjects (3/28) (x2=13.500, p=0.0012; x2=4.267, 
p=0.0389, respectively) with no significant differ-
ence between LSCC and LD patients (Figure 3B). 

No significant difference in the frequency of 
patients with p16 expression score 0, 1, and 2 was 
observed among the studied groups with different 
laryngeal epithelial cell types. A higher frequen-
cy of LSCC patients (20/36) with p16 expression 
score 3 was observed when compared with LD pa-
tients (3/31; x2= 13.400, p=0.0012), but not with 
subjects with HLM (8/21; Figure 3C). Similarly, 
there was no significant difference in the percent-
age of patients with p21 expression score 0, 1, 
and 2 between the studied groups. The frequency 
of patients with score 3 p21 expression was sig-
nificantly higher in the LSCC group (25/46) com-
pared with HLM (7/28) and LD patients (9/31; x2= 
12.684, p=0.0018)  (Figure 3D). 
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We found significant positive correlation of 
both Cyclin D1 and p21 expression with the pres-
ence of metastasis in regional lymph nodes (both 
p<0.05), while FGF3 and p16  immunoreactivity 
in patients with LSCC was not significantly asso-
ciated with metastasis in lymph nodes of the neck 
(not shown). Furthermore, the increase of Cyc-
lin D1 expression score significantly correlated 
with the presence of lymphatic invasion in LSCC 

(x2=8.862; df=3; р=0.031). 

Logistic regression analyses of Cyclin D1, FGF3, p16 
and p21 expression and laryngeal epithelial tissue 
types

In the case of positive expression of Cyclin D1, 
the odds/likelihood of LSCC increased 22.5-fold 
(p<0.0001, odds ratio/OD=22.53, 95% CI=6.78 to 
74.86) compared with LD and 3-fold increase com-

Table 1. Demographic, clinical, and pathological characteristics of patients with laryngeal squamous cell carcinoma

Variable Number of patients 
(%)

Variable Number of patients 
(%)

Carcinoma growth Intraepithelial carcinoma

Vegetative 31 (64.6) Positive 19 (39.6)

Infiltrative 6 (12.5) Negative 29 (60.4)

Ulcero-vegetative 8 (16.7) Invasiveness

Ulcero-infiltrative 3 (6.2) Positive 46 (95.8)

Tumor stage Negative 2 (4.2)

T1 9 (18.8) Vascular invasion

T2 10 (20.8) Positive 3 (6.2)

T3 22 (45.8) Negative 45 (93.8)

T4 7 (14.6) Lymph node invasion

Regional nodal stage Positive 6 (12.5)

N0 40 (83.3) Negative 42 (87.5)

N1 1 (2.1) Perineural invasion

N2 6 (12.5) Positive 4 (8.3)

N3 1 (2.1) Negative 44 (91.7)

Distant/metastatic stage Necrosis

M0 46 (95.8) Negative 0 10 (20.8)

M1 2 (4.2) Positive 1 21 (43.8)

Clinical stage Positive 2 11 (22.9)

I 12 (25) Positive 3 6 (12.5)

II 10 (20.8) Mitotic index

III 17 (35.4) Positive 1 17 (35.4)

IV 9 (18.8) Positive 2 28 (58.3)

Histological grade Positive 3 3 (6.3)

1 23 (47.9) Mononuclear stromal reaction 

2 21 (43.8) Negative 0 2 (4.2)

3 4 (8.3) Positive 1 15 (31.2)

Anatomical location Positive 2 18 (37.5)

Supraglottic 8 (16.7) Positive 3 13 (27.1)

Glottic 9 (18.7) Desmoplastic reaction

Supraglottic and glottic 27(56.3) Negative 0 2 (4.2)

Supraglottic, glottic and subglottic 4 (8.3) Positive 1 30 (62.5)

Nuclear grade Positive 2 16 (33.3)

1 8 (16.7)

2 35 (72.9)

3 5 (10.4)

Given are the number and percentage of patients per categorical and ordinal variables
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pared to HLM (p=0.0343, OR=3.06, 95% CI=1.09 
to 8.61). Analysis of positive Cyclin D1 expression 
in the HLM and LD groups indicated 7.4-fold like-
lihood of HLM (p=0.0012, OR=7.37, 95% CI=2.20 

to 24.68). The increase of FGF3 expression indi-
cated 6-fold OR/likelihood of LSCC compared to 
HLM (p=0.0362, OR 6, 95% CI=1.12 to 32.09). In 
the case of p16 positive expression 6-fold increase 

Figure 1. The frequency of patients with positive expression of Cyclin D1 (A), FGF3 (B), p16 (C) and p21 (D) 
within the groups of subjects with healthy laryngeal mucosa (HLM), patients with laryngeal dysplasia (LD) and 
patients with laryngeal squamous cell carcinoma (LSCC).  *p <0.05, LSCC vs HLM, LD; ‡p<0.05, LSCC vs HLM; 
†p <0.05, HLM vs LD (x2, p). 

Figure 2. Cyclin D1, FGF3, p16 and p21 expression in laryngeal squamous cell carcinoma. A. Negative cyclin 
D1 staining  (40x). B. Positive cyclin D1 staining (40x).  C. Negative FGF3 staining  (40x). D. Positive FGF3 
staining  (40x). E. Negative p16 staining  (40x). F. Positive  p16 staining  (40x). G. Negative p21 staining  (40x). 
H. Positive p21 staining  (40x).
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of likelihood was noticed for LSCC compared to 
LD (p=0.0112, OR=6.14, 95% CI= 1.51 to 24.95). 
The positive p21 expression was not significant-

ly associated with the laryngeal epithelial tissue 
types studied.

The expression of Cyclin D1 proved to be a 

Figure 3. The frequency of patients with graded  Cyclin D1, FGF3, p16 and p21 expression (immunostaining 
scores 0-3) in subjects with healthy laryngeal mucosa (HLM), patients with laryngeal dysplasia (LD) and pa-
tients with laryngeal squamous cell carcinoma (LSCC). A: Frequency of patients with different cyclin D1 expres-
sion scores (p<0.05, LSCC vs HLM, LD; p<0.05, LSCC vs LD; p<0.05, LD vs HLM, LSCC; p<0.05, HLM vs LD).   
B: Frequency of patients with different FGF3 expression scores (p<0.05, LSCC vs HLM; p<0.05, LD vs HLM ).  
C: Frequency of patients with different p16 expression scores (p<0.05, LSCC vs LD). D: Frequency of patients 
with different p21 expression scores (p<0.05, LSCC vs HLM, LD). (x2, p).

Figure 4. Specificity and sensitivity of Cyclin D1 expression. A: ROC curve illustrates the specificity and sensi-
tivity of Cyclin D1 expression, comparing LSCC with HLM. B: ROC curve illustrates the specificity and sensitivi-
ty of Cyclin D1 expression, comparing LSCC with LD.
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highly sensitive and specific marker in differenti-
ating LSCC from LD (sensitivity 81.2%, specifici-
ty 83.9%, cut-off >0; Figure 4B), and showed high 
sensitivity (81.2%) and lower specificity (41.4%; 
cut-off >0) in differentiating LSCC from HLM (Fig-
ure 4A). 

Discussion

In this study we showed that positive immu-
nostaining for Cyclin D1 and FGF3 was signifi-
cantly higher in the LSCC group compared with 
LD and HLM groups. The positive Cyclin D1 ex-
pression is a highly sensitive and specific marker 
in differentiating LSCC from LD, and shows high 
sensitivity but lower specificity in differentiat-
ing LSCC from HLM. In addition, Cyclin D1 and 
p21 expression levels may be useful as predic-
tive markers of metastases in LSCC. As LSCCs is 
known to have variable clinical course and  clini-
cal outcomes, evidence indicates that TNM stag-
ing and histological grading are not sufficient for 
predicting prognosis of LSCC [17]. Search for spe-
cific and sensitive tumor markers is required for 
improvement of early diagnosis, prognosis and 
therapeutic interventions in patients with LSCC. 

In this study the investigated tumor markers 
were oncogenes (Cyclin D1, FGF3) and tumor sup-
pressor genes (p16, p21) that are involved in the 
cell cycle regulatory machinery, deregulation of 
which is a fundamental hallmark of carcinogene-
sis [18]. The cell cycle regulatory process is inti-
mately linked to cell proliferation, differentiation, 
senescence, and apoptosis. Most of the genetic 
alterations that cause abnormal biologic behav-
iors in cancer cells are usually aberrations in the 
cell cycle regulation [19]. The core component of 
the regulatory cell cycle machinery is a family of 
enzymes cyclin-dependent kinases (CDKs), which 
regulate a number of target molecules by phos-
phorylation. CDKs are activated by a group of pos-
itive regulators called cyclins, such as Cyclin D1, 
and are inhibited by an emerging set of proteins, 
including  p15, p16, p21 and p27 [20]. The reported 
data indicate various genetic changes and overex-
pression of tumor markers in a wide range of hu-
man tumors, particularly in head and neck squa-
mous cell carcinomas (HNSCC) and LSCC [21]. 
Overexpression of Cyclin D1 has been observed 
in primary breast cancers, hereditary colorectal 
cancers, head and neck carcinomas, thyroid carci-
nomas, oesophageal cancer, liver carcinomas and 
in 19-58% of patients with LSCC [22-24]. 

We found no correlation among clinicopatho-
logical parameters and the expression scores of 

the investigated tumor markers. The obtained 
results in this study show that the percentage of 
patients with positive Cyclin D1 expression was 
lower in the LD group than in subjects with HLM. 
Our results were in line with the Ohbu et al. study 
[25] who found positive Cyclin D1 expression in 
higher percentages in subjects with normal epi-
thelium compared with patients with dysplastic 
laryngeal epithelia.  Alterations in FGF3 gene to 
varying degrees have been reported in other stud-
ies and FGF3 gene was found to be amplified in 
37% of the cases of head and neck cancer [26]. No 
association was found between p16 expression 
and conventional clinicopathological factors in 
HNSCC, which is consistent with our study [27]. 
Allegra et al. recently showed that expression of 
BMI-1 marker in the absence p16 expression may  
indentify a subset of patients at higher risk for 
lymph node metastasis [28]. Previous studies re-
ported detection of p16 protein expression in 58% 
of LSCC patients [29] and an association between 
p16 protein expression and epithelial types [30]. 
This is in agreement with our data which indicate 
that the expression of Cyclin D1, FGF3 and p16 de-
pends on the laryngeal epithelial cell type. These 
proteins were expressed in significantly higher 
percentage of patients with LSCC in comparison 
with HLM subjects and LD patients. In our study 
score 3 p16 expression differentiated LSCC pa-
tients from those with LD, but not from HLM sub-
jects. It is not clear why the expression of p16 and 
p21, as products of tumor suppressor genes, were 
increased in laryngeal carcinoma cells. One possi-
ble explanation is that p16 overexpression might 
indicate a dysfunction in the regulatory complex 
for G1 arrest in the malignantly transformed cells 
[31]. 

Significantly higher numbers of LSCC pa-
tients had immunostaining score 3 of some of the 
investigated tumor markers compared with HLM 
subjects or LD patients. Namely, the Cyclin D1 ex-
pression score 3 was found only in LSCC patients 
and significantly higher numbers of LSCC pa-
tients expressed p21 score 3 in comparison with 
HLM and LD patients. The expression of score 3 
FGF3 differentiated patients with healthy laryn-
geal mucosa from those with pathologic larynge-
al mucosa. The association between Cyclin D1 and 
p16 overexpression and squamous cell carcinoma 
has also been previously reported [32]. 

While the expression of the studied tumor 
markers may be useful in the assessment of ad-
vanced LSCC, only Cyclin D1 expression is valu-
able in early cancer diagnosis. Cyclin D1 showed 
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a high sensitivity and specificity for LSCC in 
differentiating from LD and high sensitivity but 
moderate specificity for LSCC in differentiating 
from HLM. As previously reported [33], LD led to 
LSC 4.4% of the patients, and long-term follow-up 
studies showed that malignant transformation 
had occurred in more than half of the patients 
with severe LD. We demonstratd that the positive 
expression of Cyclin D1 could increase 22.5-fold 
the likelihood for LSCC. Huang et al. [34] reported 
that Cyclin D1 overexpression is an independent 
prognostic factor for oral cavity squamous cell 
carcinoma. 

We observed significant correlation between 
higher Cyclin D1 and p21 expression with the  
presence of regional lymph nodes metastasis. In 
addition, higher Cyclin D1 expression scores cor-
related with the presence of lymphatic invasion 
in LSCC, indicating that Cyclin D1 overexpres-
sion may be a useful marker of laryngeal cancer 
progression. Adenosquamous carcinoma (ADSC), 
a variant of LSCC often hides human papilloma 
virus (HPV). p16 is a surrogate marker of HPV, the 
signals of which activate viral transcription, and 
may be expressed in ADSC [35]. We did not evalu-
ate LSCC patients for the presence of HPV and this 
is a limitation of our study. Apart from the high 
expression of Cyclin D1 and FGF3, p16 and p21 

tumor suppressors were also highly expressed in 
LSCC which might be attributed to the fact that 
these anti-oncogenes could be mutated and could 
not function in laryngeal cancer [36]. 

The molecular biomarkers Cyclin D1, FGF3 
and p16 are overexpressed in patients with LSCC.   
Cyclin D1 expression level shows high sensitiv-
ity and specificity for differentiating LSCC from 
LD. Cyclin D1 and p21 expression scores could 
serve as predictive markers for  metastases in 
LSCC. The obtained results suggest that Cyclin 
D1, FGF3 and p16 may play important roles in 
the development of LSCC and further studies are 
needed to clarify their roles in laryngeal carcino-
genesis. 

Acknowledgements

We thank Katerina Martinova and Milan Mi-
lojevic for their excellent technical assistance. 

Acknowledgements for research support

This work was supported by the Serbian Min-
istry of Science and Technological Development 
(Grants OP 175071, OP 175103 and OP 175069) 
and by the Faculty of Medical Sciences, Universi-
ty of Kragujevac, Serbia (Grant JP 8/07 ). 

References
1. Watkinson JC, Gaze JCW, Wilson JA. Tumours of the 

Larynx. In: Watkinson JC, Gaze MN & Wilson JA 
(Eds): Stell & Maran’s Head & Neck Surgery. Butter-
worth-Heinemann, Oxford, 2000, pp 233-275.

2. Jemal A, Siegel R, Ward E et al. Cancer Statistics. CA 
Cancer J Clin 2006;56:106-130.

3. Morshed K, Skomra D,  Korobowicz E et al.  An im-
munohistochemical study of cyclin D1 protein ex-
pression in laryngeal squamous cell carcinoma.  Acta 
Oto-Laryngologica 2007;127:760-769.

4. Perez-Ordoñez B, Beauchemin M, Jordan R.  CKMo-
lecular biology of squamous cell carcinoma of the 
head and neck.  J Clin Pathol 2006;59:445-453.

5. Goldsmith MM, Pillsbury HC. Pathologic and cyto-
metric indicators of biologic behavior in laryngeal 
cancer. In: Silver CE (Ed): Laryngeal cancer. Thieme 
Medical Publisher, New York, 1991, pp 27-32.

6. Michalides RJAM.  Cell cycle regulators: mechanisms 
and their role in aetiology, prognosis, and treatment 
of   cancer. J Clin Pathol 1999;52:555-568.

7. Represa J, León Y, Miner C et al. The int-2 proto-on-
cogene is responsible for induction of the inner ear. 
Nature 1991;353:561-563.

8. Debniak T, Gorski B, Huzarski T et al. A common var-
iant of CDKN2A (p16) predisposes to breast cancer. J 
Med Genet 2005;42:763-765.

9. Diehl  JA, Zindy F, Sherr CJ . Inhibition of cyclin D1 
phosphorylation on threonine-286 prevents its rapid 
degradation via the ubiquitin-proteasome pathway. 
Genes Dev 1997;11:957-972.

10. Harper JW, Adami GR, Wei N et al. The p21 Cdk-in-
teracting protein Cip1 is a potent inhibitor of G1 cyc-
lin-dependent kinases. Cell 1993;75:805-816.

11. Barnes L, Eveson JW, Reichart P et al. Pathology & 
Genetics. Head and neck tumors. In: World Health 
Organization Classification of Tumours. International 
Agency for Research in Cancer (IARC). Head and Neck 
Tumors, IARC Press, Lyon, 2005, pp 177-180.

12. Sengiz S, Pabuccuoglu U, Sulen S. Immunohistolog-
ical comparison of the World Health Organization 
(WHO) and Ljubljana classifications on the grading of 
preneoplastic lesions of the larynx. Pathol Res Pract 



Cyclin D1, FGF3 and p21 expression in laryngeal squamous cell carcinoma 952

JBUON 2014; 19(4): 952

2004;200:181-188.

13. Bova RJ, Quinn DI, Nankervis JS et al. Cyclin D1 and 
p16INK4A Expression Predict Reduced Survival in 
Carcinoma of the Anterior Tongue. Clin Cancer Res 
1999;5:2810-2819.

14. Lu DW, El-Mofty SK, Wang HL. Expression of p16, Rb, 
and p53 Proteins in Squamous Cell Carcinomas of the 
Anorectal Region Harboring Human Papillomavirus 
DNA. Mod Pathol 2003;16:692-699.

15. Oncel S, Cosgul T, Calli A et al. Evaluation of P53, 
P63, P21, P27, Ki-67 in Paranasal Sinus Squamous 
Cell Carcinoma and Inverted Papilloma. Indian J Oto-
laryngol Head Neck Surg 2011;63:172-177.

16. Agarwal S, Mathur M, Shukla NK. Expression of cy-
clin dependent kinase inhibitor p21waf1/cip1 in pre-
malignant and malignant oral lesions: relationship 
with p53 status. Oral Oncol 1998;34:353-360.

17. Lundberg AS, Weinberg RA. Control of the cell cycle 
and apoptosis. Eur J Cancer 1999;35:1886-1894.

18. R. Todd R, Hinds PW, Munger K et al. Cell cycle dys-
regulation in oral cancer. Crit Rev Oral Biol Med 
2002;13:51-61.

19. Pines J. Cyclins, CDKs and cancer. Cancer Biol 
1995;6:63-72.

20. Kamb A. Cell cycle regulators and cancer. Trends Gen-
et 1995;11:136-140.

21. Califano J, van der Riet P, Westra W et al. Genetic pro-
gression model for head and neck cancer: implications 
for field cancerization. Cancer Res 1996;56:2488-2492.

22. Wang S, Lloyd RV, Hutzler MJ et al. The role of cell 
cycle regulatory protein, cyclin D1, in the progression 
of thyroid cancer. Mod Pathol  2000;13:882-887.

23. Dai M, Al-Odaini AA, Fils-Aimé N et al. Cyclin D1 co-
operates with p21 to regulate TGFβ-mediated breast 
cancer cell migration and tumor local invasion. Breast 
Cancer Res 2013;20:15 (3):R49. DOI:10.1186/BCR3441.

24. Jeong JB, Lee SH. Protocatechualdehyde possesses 
anti-cancer activity through downregulating cyclin 
D1 and HDAC2 in human colorectal cancer cells. Bio-
chem Biophys Res Commun 2013;430:381-386.

25. Ohbu M, Kobayashi N, Okayasu I. Expression of cell 
cycle regulatory proteins in the multistep process of 
oesophageal carcinogenesis: stepwise over-expres-
sion of cyclin E and p53, reduction of p21WAF1/CIP1 
and dysregulation of cyclin D1 and p27KIP1. Histopa-

thology 2001;39:589-596.

26. Rodrigo JP, Suárez C, González MV et al. Variability of 
genetic alterations in different sites of head and neck 
cancer. Laryngoscope 2001;111:1297-1301.

27. Yuen WP, Man M, Lam YK et al. Clinicopathological 
significance of p16 gene expression in the surgical 
treatment of head and neck squamous cell carcino-
mas. J Clin Pathol 2002;55:58-60.

28. Allegra E, Puzzo L, Zuccalà V et al. Nuclear BMI-1 
expression in laryngeal carcinoma correlates with 
lymph node pathological status. World J Surg Oncol 
2012;10:206. DOI:10.1186/1477-7819-10-206.

29. Laco J, Slaninka I, Jirasek M et al. High-risk human 
papillomavirus infection and p16INK4a protein 
expression in laryngeal lesions. Pathol  Res Prac 
2008;204:545-552.

30. Fu ZJ, Ma ZY, Wang QR et al. Overexpression of Cy-
clinD1 and underexpression of p16 correlate with 
lymph node metastases in laryngeal squamous cell 
carcinoma in Chinese patients. Clin Exp Metastasis 
2008;25:887-892.

31. Jin YT, Kayser S, Kemp BL et al. The prognostic sig-
nificance of the biomarkers p21WAF1/CIP1, p53, and 
bcl-2 in laryngeal squamous cell carcinoma. Cancer 
1998;82:2159-2165.

32. Shigemasa K, Hu C, West CM. p16 overexpression: a 
potentially early indicator of  transformation in ovar-
ian carcinoma. J Soc Gynecol Investig 1997;4:95-102.

33. Namazie A, Alavi S, Olopade OI. Cyclin D1 amplifi-
cation and p16(MTS1/CDK4I) deletion correlate with 
poor prognosis in head and neck tumors. Laryngo-
scope 2002;112:472-481.

34. Huang SF, Cheng SD, Chuang WY et al. Cyclin D1 
overexpression and poor clinical outcomes in Taiwan-
ese oral cavity squamous cell carcinoma. World J Surg 
Oncol   2012;10:40. doi: 10.1186/1477-7819-10-40.

35. Masand PR, El-Mofty SK, Ma XJ et al. Adenosqua-
mous Carcinoma of the Head and Neck: Relationship 
to Human Papillomavirus and Review of    the Litera-
ture. Head and Neck Pathol 2011;5:108-116.

36. Santra M, Mann DM, Mercer EW et al. Ectopic ex-
pression of decorin protein core causes a generalized 
growth suppression in neoplastic cells of various 
histogenetic origin and requires endogenous p21, an 
inhibitor of cyclin-dependent kinases. J Clin Invest 
1997;100:149-157.


