
Abstract. Background: The deregulation of the cell cycle is
crucial for the processes of carcinogenesis and tumor
progression. The cell cycle is under the control of cyclin-
dependent kinases (CDKs) and their inhibitors (CDKIs).
Proteins p16 and p27 are CDKIs, and their altered
expression has been noticed in many types of cancers. The
aim of this study has been to compare the expression levels
of these proteins in laryngeal papillomas and carcinomas in
order to confirm their predictive value in cancer
development. Materials and Methods: Eighty-three cases of
laryngeal lesions were analyzed: cancers (51) and
papillomas (32). Immunohistochemical (IHC) reactions were
performed in order to detect the expression levels of p16,
p27 and Ki-67. Immunofluorescence (IF) and western blot
were performed on HEp-2 cell line. Results: The expression
of p16 and p27 was decreased in cancer cells in comparison
to papillomas. Additionally, we observed cytoplasmic
expression of p16 in cancers and lack of such expression in
papillomas. The same pattern of expression of p16 was also
detected by IF and western blot analysis in HEp-2 cell line.
The expression of Ki-67 protein revealed no significant
differences in the case of papilloma compared with cancer,
however a significant correlation between tumor grade and
the nuclear expression of Ki-67 was observed. Conclusion:
There is a necessity in finding biomarkers, which would
predict the risk level of  malignant transformation. Our study

has confirmed that altered expressions of the p16 and p27
proteins might be useful biomarkers in the progression of
laryngeal squamous cell carcinomas (LSCC). 

Laryngeal carcinomas are very common head and neck
tumors, which are increasing in prevalence worldwide. The
most abundant histological type is squamous cell carcinoma
(SCC) with predominantly diagnosed laryngeal localization
(1-4). The neoplastic transformation of the cells consists of
many phases associated with multiple changes in cell
genome often induced by exogenous factors, i.e. viral
infections (e.g. human papillomas virus–HPV). All these
factors influence the action of molecular regulatory
pathways through the deactivation of tumor suppressor
genes and the activation of oncogenes. They can be
inactivated or overexpressed due to mutations, loss of
heterozygosity, deletions or epigenetic modifications, such
as methylation (1, 2). The disruption of the proper function
of the suppressor genes results in the deregulation of cell
cycle, uncontrolled cell proliferation, and eventually cancer
development (5).

The regulation of the cell cycle is essential for a cell to
progress through it. The process of regulation takes place in
at least two main checkpoints, on the border of G1/S, and
G2/M phases, due to the interaction between activator and
suppressor proteins. Abnormalities in the regulation of the
cell cycle can lead to carcinogenesis.

Cell cycle progression is under the control of the
regulatory proteins: cyclins and their cofactors cyclin-
dependent kinases (CDKs), which are upregulated by cyclins
and down regulated by CDK inhibitors (CDKIs). Protein p16
and p27 are cyclin-dependent kinase inhibitors. They belong
to two different groups - Cip/Kip (p21, p27, p57) inhibiting
cyclin A/E-cdk2, and INK4 (p16, p18, p19), which inhibits
CDK4 and CDK6 (2, 6). 
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The p16 protein is an important inhibitor of CDKIs, as
well as a suppressor of the tumor development, and the loss
of its function may lead to neoplastic transformation (7, 8).
In proper cell cycle, p16 inhibits cell cycle progression by
preventing the Rb protein from being phosphorylated (7, 8).
In normal cells, the expression of p16 takes place only in the
nucleus, in the parabasal layers of epithelium; whilst in
SCCs it occurs in all layers. In the latter case the expression
is noticed predominantly in the nucleus, but also in the
cytoplasm of tumor cells (5, 9, 10).

The etiology of alterations of p16 expression in head and
neck squamous cell carcinomas (HNSCC) may be caused by
two important factors, smoking and HPV infection. In
patients with HPV infection, nuclear expression of this
protein is noticed. However, in cases where p16 function was
disrupted by mutation or other genetic alterations, moderate
or increased cytoplasmic expression of p16 could be
observed (11, 12).

The p27 protein also acts as a CDKI, which restrains
CDK/cyclin complexes, resulting in cell cycle arrest in the
G1 phase. Interestingly, p27 can also inhibit the cell cycle
directly without other cofactors, such as cyclin D or CDK4/6
(2). In normal cells, p27 expression is noticed in the nucleus,
whilst in tumor cells, expression loss is observed (8, 13).
Although mutations of the p27 gene are rare in human
cancer, a decreased expression of p27 in the nucleus of
cancer cells has been associated with poor prognosis and
reduced patient survival in many types of cancers, including
HNSCC (8, 13, 14). 

As inhibitory proteins, p16 and p27 play an important role
in the prevention of neoplastic transformations of cells. In
different ways they stop the progression of the cell cycle, and
they both cause cell cycle arrest to repair DNA damages.
They exhibit decreased or increased levels of expression and
different nuclear or cytoplasmic localization in many types
of malignant neoplasms, e.g. head and neck, urinary bladder,
lung cancer and brain tumors (8, 15). The aim of this study
was to investigate the differences in expression of cell cycle
regulatory proteins p16 and p27 in LSCC and papillomas of
the larynx in order to understand the pathogenesis of these
lesions.

Materials and Methods 

Tissue samples (patients). Eighty-three formalin-fixed, paraffin-
embedded blocks containing tissue samples of laryngeal cancers
(n=51) and laryngeal papillomas (n=32) were obtained from patients
treated at the Department of Otolaryngology, Head and Neck
Surgery, Wroclaw Medical University, Poland.

The study population of the papilloma cases included 12 women
and 20 men. The average age of the study group was 40.28 years.
The study population of carcinoma cases included 9 women and 42
men. The average age of the study group was 60.22 years. The
grade of malignancy (G) was determined on TNM (tumor size,

lymph nodes, metastases) classification of malignant tumors.
Clinical and pathological characteristics of patients are presented in
Table I. 

Immunohistochemistry (IHC). In each case, haematoxylin and eosin
(HE) staining was performed for verification of histopathological
diagnosis. For HE staining, 7-μm-thick sections were prepared
(microtome RM 2145; Leica Biosystems, Nussloch, Germany). For
IHC reaction, 4-μm-thick sections were placed onto Superfrost Plus
slides (Menzel Gläser, Braunschweig, Germany). Deparaffinization,
hydration and heat-induced epitope uncovering were carried out
according to the 3-in-1 procedure by boiling for 20 minutes at 97˚C
in a Dako PT Link (Dako, Glostrup, Denmark) device, in high or
low pH Target Retrieval Solution (Dako). Endogenous peroxidase
activity was blocked with the use of Peroxidase-Blocking Solution
(Dako). For the evaluation of the antigens’ expression levels, specific
mouse monoclonal antibodies directed against p16INK4A (clone
G175-405, 1:50+linker; BD Pharmingen, Franklin Lakes, New
Jersey, USA), p27KIP1 (clone SX53G8, 1:25; Dako) and Ki-67 (clone
MIB-1, 1:100; Dako) were used. The antibodies were diluted in the
background-reducing reagent Antibody Diluent (Dako). Incubation
was carried out for 1 h at room temperature with the use of an
Autostainer Link 48 (Dako) automated staining platform and the
EnVision™ FLEX Reagents visualization system (Dako). Antigen
location sites were visualized by DAB (3, 3’-diaminobenzidine
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Table I. Patients’ clinicopathological characteristics.

                                  Papilloma  (n=32)              Carcinoma (n=51)
                                                 
Mean age±SD               40,28±19,18                        60.22±8.47 
(range)                                 (4-84)                                 (44-74)

Parameters                   N                  %                 N                   %       

Gender                                                                                                  
   Male                         20               62.5               42                82.35    
   Female                     12               37.5                9                 17.65    
Tumor size                                                                                            
   T1                                                                       0                 00.00    
   T2                                                                       7                 13.73    
   T3                                                                      26                50.98    
   T4                                                                      18                35.29    
Lymph nodes                                                                                        
   N0                                                                     29                56.86    
   N1, N2, N3                                                       22                43.14    
Grade                                                                                                    
   G1                                                                     11                21.57    
   G2                                                                     27                52.94    
   G3                                                                     13                25.49    
pTNM                                                                                                   
   I                                                                          0                 00.00    
   II                                                                        4                 07.84    
   III                                                                      25                49.02    
   IV                                                                      22                43.14    
Stage                                                                                                     
   Early                                                                  4                 07.84    
   Advanced                                                          47                92.16



tetrahydrochloride) staining. The negative control used was an IHC
reaction without the use of the primary antibody. The expression of
the tested proteins was analyzed by two independent investigators at
magnification of ×200 with the use of a BX41 (Olympus, Tokyo,
Japan) light microscope coupled with a DP-12 camera and CellD
(Olympus) software for computer image analysis. The intensity of
the expression of p16, p27 and Ki-67 was determined by using a
five-point evaluation scale (score 0 to 4), taking into account the
percentage of cells with a positive IHC reaction relative to all cancer
or papilloma cells in a given specimen (Table II). For the evaluation
of the cytoplasmic expression of p16, semiquantitative
immunoreactive score, IRS - method according to Remmele and
Stegner was used, shown in Table III (16). The scale is based on the
estimation of the percentage of cancer cells with positive reaction in
relation to all cancer cells in the whole tissue section and the
intensity of color reaction. 

Cell lines. In order to conduct western blot and immunofluorescence
experiments, Larynx Epidermoid Carcinoma HEp-2 reference
adherent cell line was cultured (the cell line was obtained from the
Ludvik Hirszfeld Institute of Immunology and Experimental
Therapy, Polish Academy of Sciences, Wroclaw, Poland). 

Immunofluorescence (IF). In order to perform IF reactions on HEp-
2 cells, 24-hour micro-cultures were set up on 8 wells slides covered
with Teflon (Roth, Karlsruhe, Germany). The cells were trypsinized,
centrifuged and resuspended in 5 ml of medium. A 50 μl of 2.5×103
cells/ml suspension was transferred to the wells on slides, which
were placed in an incubator on Petri dishes at 37˚C for 24 hours.
The medium was removed after the incubation and the wells were
washed with PBS. Subsequently, the cells were fixed in wells with
the use of 4% formaldehyde in PBS for 12 minutes at room
temperature. Cell membrane permeabilization was performed with
0.2% Triton in PBS for 10 minutes at room temperature. Specific
primary mouse monoclonal antibodies were used for the reaction:
p16INK4A (clone G175-405, 1:50+linker; BD Pharmingen), p27KIP1
(clone SX53G8, 1:25; Dako). Overnight incubation with primary
antibodies was carried out at 4˚C. The preparations were then
incubated for 1 h with donkey anti-mouse secondary Alexa Fluor
488 conjugated antibody (Invitrogen, Waltham, Massachusetts,
USA) diluted 1:2000 in the reagent with background-reducing
component (antibody diluent, Dako). Preparations were mounted
using Prolong Gold Mounting Medium (Invitrogen), which contains
DAPI for cellular DNA visualization. Observations were made at
×200 magnification with the use of a BX51 microscope (Olympus)
coupled with CellF software (Olympus).

Western blot (WB). For each western blot sample, 3.5-4×106 of HEp-
2 cells in the exponential growth phase were taken. The nuclear and
cytoplasmic fractions of the studied cell line were isolated with the
use of the NE-PER Extraction Kit (Thermo Fisher, Waltham,
Massachusetts, USA) according to the manufacturers’ instructions.
To determine the concentration of protein sex tracted, the BCA
protein assay was used (Thermo-Pierce, Waltham, Massachusetts,
USA). The cellular extracts were mixed with GLB sample buffer
(250 mM TRIS pH 6.8, 40% glycerol, 20% β-mercaptoethanol, 100
mM DTT, 0.33 mg/mL bromophenol blue, 8% SDS) and then
denatured for 10 min at 95˚C. Equal amounts of proteins from cells
were loaded into a gel (30 μg/lane) and separated by means of
electrophoresis in 7.5% polyacrylamide gel with SDS in a Mini
Protean 3 (Bio-Rad, Hercules, California, USA) apparatus. The
proteins were the electrophoretically transferred onto a PVDF -
Immobilon P (Millipore, Billerica, MA, USA) membrane, which was
blocked with milk solution in TBS with 0.1% Tween 20 (TBST) for
non-specific binding sites. The expression levels of the proteins were
determined using specific mouse monoclonal anti-human antibodies:
p16INK4A (clone G175-405, 1:50+linker; BD Pharmingen) and
p27KIP1 (clone SX53G8, 1:25; Dako). Incubation was conducted
overnight at 4˚C with mild shaking. The membrane was washed
three times using 0.2% TBST buffer. Subsequently, it was incubated
in the solution of donkey anti-mouse antibody conjugated with
horseradish peroxidase (1:3000, Jackson Immuno Research
Laboratories, West Grove, PA, USA). The detection was performed
with the use of chemiluminescence substrate from Luminata
Crescendo Western HRP (Millipore). The data were collected in a
Chemi-Doc XRS Molecular Imager (Bio-Rad) apparatus. The
quantifications of cytoplasmic proteins were based on calpain
expression, which was determined with the use of rabbit anti-human
calpain polyclonal antibody (1:500, Protein Tech, Chicago, IL,
USA). The quantification of nuclear proteins was based on histone
H3 expression, determined with the use of rabbit polyclonal anti-
histone H3 antibodies (1:1000, Cell Signaling, Beverly, MA, USA).
The purity of the nuclear and cytoplasmic fractions were manifested
by the absence of binding of the anti-calpain antibody to the nuclear
proteins and of the anti-histone H3 antibody to the cytoplasmic
proteins. The optical density of the protein bands was measured with
the use of the Quantity One (Bio-Rad) software.

Statistical analysis. The Kolmogorov–Smirnov test was used in
order to evaluate the normality assumption of the examined groups.
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Table III. Scale assessing the level of p16 expression in LSCC and
papillomas of the larynx (according to Remmele and Stegner, 1987).

Points                 Percentage of                  Points            Intensity of the 
                              cells with                                             color reaction
                        positive reaction                 

0                                  0%                           0                               No 
1                             1%-10%                       1                             Poor 
2                            11%-50%                      2                          Average 
3                            51%-80%                      3                            Strong
4                               >80%                         

LSCC, Laryngeal squamous cell carcinomas.

Table II. Estimate dprotein expression levels of p16, p27 and Ki-67 in
laryngeal papillomas and cancer cells.

Degree of expression      Percentage of cells with positive IHC reaction

0:                                                       0 % (Lack of expression)
1:                                                                   1 %-10%
2:                                                                    11%-25%
3:                                                                    26%-50%
4:                                                                       ≥51%

IHC, Immunohistochemistry.



The comparison of the differences between the examined protein
expressions in all the patient groups and the clinicopathological
data were prepared with the use of the Mann Whitney test.
Additionally, the Spearman correlation test was performed in order
to analyze the correlation of the data sets. The Kaplan Meyer

method was used to construct survival curves. To evaluate the
analysis of survival rate, the Mantel Cox test was performed. All
statistical analyses were performed using Prism 5.0 (GraphPad, La
Jolla, California, USA). The results were considered statistically
significant when p<0.05.
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Figure 1. Nuclear expression of p16 (A) and p27 (C) in papilloma cells. Nuclear and cytoplasmic expression of p16 in cancer cells (B). Nuclear
expression of p27 in cancer cells (D). Magnification ×200.

Table IV. Degree of nuclear expression of p16, p27 and Ki-67 in cancer and papilloma cells.

                                                                                          Cancer (n=51)                                                                            Papilloma (n=32)

Degree of expression                           p16                              p27                           Ki-67                          p16                          p27                     Ki-67 
                                                         (No (%))                      (No (%))                     (No (%))                    (No (%))                 (No (%))               (No (%))

0: Lack of expression                      47 (92.1)                         1 (2)                               0                            2 (6.2)                     1 (3.1)                        0
1: 1-10% of cells                               3 (5.9)                        10 (19,6)                    14 (27.5)                     7 (21.9)                    1 (3.1)                  6 (18.7)
2: 11-25%                                               0                            17 (33.3)                    15 (29.3)                     4 (12.5)                         0                       8 (25.0)
3: 26-50%                                            1 (2)                          9 (17.6)                     14 (27.5)                     5 (15.5)                  10 (31.3)               15 (46.9)
4: ≥51%                                                  0                            14 (27.5)                     8 (15.7)                     14 (43.8)                 20 (62.5)                 3 (9.4)



Results

Expression of the cell cycle-related proteins p16 and p27
were localized in the nuclei of epithelial papillomas and
cancer cells (Figure 1, Table IV). Additionally, in the case of

cancer cells, we also observed cytoplasmic expression of the
p16 protein (Figure 1, Table IV).

The nuclear expression of p16 was detected in 30/32 of
laryngeal papillomas and only in 4/51 cases of cancers
(Table IV). In addition, weak nuclear and strong cytoplasmic
expressions of p16 were detected in cancer cells (Figure 1B).
Nuclear expression of p27 was also observed in 50/51 cases
of cancer and in 31/32 cases of papilloma (Table III). The
statistical analysis revealed that the expression of both
analyzed proteins was significantly stronger in papillomas in
comparison to cancer cells (p=0.001 for both) (Figure 2,
Mann-Whitney test). Moreover, we did not notice
cytoplasmic expression of p16 in papilloma cells, but only
in cancer cells (Figure 1). On the contrary, in the case of p27
only nuclear expression was observed, in both papilloma and
laryngeal cancer cells, although the expression was
significantly lower in the latter ones (Figures 1, 2). 

With the use of specific antibodies, WB analysis revealed
the presence of p16 in the cytoplasm of the laryngeal cancer
HEp-2 cell line (Figure 3). In the case of p27, it was only
detected in the nucleus of the HEp-2 cell line (Figure 3). In
addition, IF reaction was performed in order to visualize the
localization of p16 and p27 in the cell in the nucleus or/and
cytoplasm of the p16 and p27 proteins. IF confirmed the
cytoplasmic expression of p16 and the nuclear expression of
p27 protein in HEp-2 cell line (Figure 4).

In addition, the immunohistochemical expression of Ki-67
was also investigated. A significant correlation between
tumor grade and the nuclear expression of Ki-67 was
observed. The expression of this protein was significantly
higher in G2 and G3, and there were significant differences
between G2 vs. G3 (p=0.0062) and G1 vs. G3 (p=0.0019)
(Figure 5A). However, there were no statistically significant
differences in the expression of this protein between
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Figure 2. Nuclear expression of p16 (A) and p27 (B) in papillomas and
cancer cells. Cytoplasmic expression of p16 in cancer cells (C). Data
presented as mean±standard deviation (SD). ***p=0.001,
****p<0.0001. Mann-Whitney test.

Figure 3. Western blot analysis of nuclear (N) and cytoplasmic (C)
expression of p16 and p27 in the HEp-2 cell line (A). Histone H3 and
calpain served as internal controls, for nuclear and cytoplasmic
proteins, respectively.



papilloma and cancer cases. Moreover, we also noticed
similar associations in cytoplasmic expression of p16 in
cancer cells, which increased within the tumor grade (G2 vs.
G3 p=0.053, G1 vs. G3 p=0.0346; Figure 5B). Additionally,
a moderate positive correlation was revealed between Ki-67
nuclear expression and p16 cytoplasmic expression in cancer
cells (r =0.34, p=0.05; Figure 6).

Statistical analysis revealed no significant correlation
between the survival rate and the expression of all
aforementioned proteins.

Discussion

Despite the fact that the association between HPV infection
and benign as well malignant lesions of the upper respiratory
tract has been already well documented, there are still
ambiguities of the pathways leading to the malignant
transformation of the cells (8, 17-19).

The p16 and p27 proteins are CDKIs essential in
controlling cell cycle progression. The function of p16 is to
inactivate CDKs – D1, CDK4 and CDK6, which control the
G1/S checkpoint, and to reduce the rate of cell growth during
the cell cycle. The loss of p16 activity results in an increased
transition in the G1/S phase (20). It has been suggested that
in HNSCC the most common reason of p16 inactivation is
due to point mutation or homologous deletion of the gene
followed by its hypermethylation (20-22). The level of p16
expression also changes because of the inactivation of pRb.
A decreased level of p16 expression is often noticed in
different types of HNSCC (8, 23). Better knowledge of the
altered expression of p16 and its significance in pathogenesis
of HNSCC could contribute to the understanding of this
process. In this study, a significantly higher nuclear

expression of p16 has been observed in papillomas in
comparison to cancers. Our findings were in concordance
with previous observations of the p16 nuclear expression in
many types of head and neck cancers (12, 23, 24).
Additionally, some reports revealed that reduced or even lack
of p16 expression correlates with a poor prognosis (12, 21,
25, 26). It has also been stated that a negative status of p16
could be related to more aggressive pathological conditions,
probably because of its crucial role in the regulation of the
cell proliferation (20). Contrary to these findings, we did not
observe significant correlations between p16 expression and
survival. Interestingly, we noticed strong cytoplasmic
expression of p16 in cancer cells and lack of such expression
in papillomas. It has been suggested that tumors with high
nuclear expression of p16 have better oncologic outcomes,
such us a lower risk of death and recurrence in comparison
with those with high cytoplasmic expression (10, 11, 27).
Due to the fact that p16 is one of the major tumor suppressor
genes, it is believed that the loss of its expression is one of
the critical events in tumor progression (20, 27). It has also
been proposed by some authors that the cytoplasmic
localization of p16 expression could be the means of its
inactivation and preventing its inhibitory function in the
nucleus (5, 6). One of the possible explanations is that p16
binds to the cdk 4/6 in the nucleus and then the complex is
transferred to the cytoplasm (5, 6). Another explanation
suggests that the cytoplasmic p16 expression may be due to
the p16 gene mutation in some tumors, which results to
translocation of the defective protein to the cytoplasm (5,
28). The findings of this study have also revealed a
statistically significant correlation between increased
cytoplasmic expressions of p16 and tumor grade. These data
indirectly support previous findings by Satgunaseelan et al.
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Figure 4. Immunofluorescence reaction showing cytoplasmic expression of p16 (A) and the nuclear expression of p27 (B) in HEp-2 cell line.
Magnification ×400.



(26), Dong et al. (29) and Isayeva et al. (30), who suggest
that a stronger nuclear expression of p16 is correlated with
less aggressive tumor behavior in oral squamous cell
carcinomas. This study demonstrates that in larynx cancer
cells, a lower expression of p16 in the nucleus and a stronger
expression in the cytoplasm might be associated with tumor
progression as a result of the loss of the preventive function
of this protein in the nucleus.

The p27 protein is also a CDKI that inhibits the
CDK/cyclin complex formation, which results in inhibition
of pRb phosphorylation and cell cycle arrest at G1 phase (8,
15). Since CDKs and cyclins are necessary for cell cycle
progression and the proliferation of the tumor cells, the level
of expression of p27 in cancers is low, whereas in normal,
quiescent cells the nuclear expression of the protein is
detected by IHC (15, 31). It has been stated that the loss of
p27 expression can be one of the mechanisms leading to

tumor development and progression (14, 31, 32). In many
reports, alterations in the expression of p27 have been noticed
(8, 13-15). Some researches of HNSCC have revealed
decreased nuclear expression, of p27 which is comparable to
our observations (2, 13-15). Furthermore, Fillies et al. (33),
Kudo et al. (34) and Vallonthaiel et al. (15) also noticed
decreased expression of p27 in tumor cells and they suggest
that reduced expression of p27 occurs in the early stage of
cancer development. Vallonthaiel et al. (15) also noticed that
in normal epithelium adjacent to tumor, nuclear expression of
p27 was observed, while decreased expression in the nucleus
of tumor cells was observed. In this study we also noticed
reduced nuclear expression of p27 in cancer cells, which  was
weaker in comparison to papilloma cells. However, in our
study we detected significantly higher nuclear expression of
p27 in laryngeal papillomas compared to LSCC. 

In this study, a correlation between nuclear expression of
p27 in cancer cells and the survival rate was not observed.
Although many studies have revealed that the nuclear
expression of p27 is often associated with good prognosis,
there are also reports in which such correlation has not been
found (2, 13, 34, 35). It has been suggested that a decreased
p27 nuclear expression is associated with metastasis. It has
also been stated that a low p27 expression or the lack of it
may give cancer cells the possibility to grow because of
altered extracellular matrix properties and modified cellular
adhesion, which may lead to metastasis (31).

Ki-67 expression did not revealed any significant
differences in LSCC compared to papillomas. However, we
have observed a significant connection between the expression
of Ki-67 in LSCC and tumor grade. Our findings can support
the suggestions of other authors, i.e. that an increased Ki-67
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Figure 6. Medium positive correlation between the expression of
cytoplasmic p16 and nuclear Ki-67 in cancer cells (r=0.34, p<0.05;
Spearman correlation test). IRS: Immunoreactive Score.

Figure 5. Nuclear expression of Ki-67 (A) and cytoplasmic expression
of p16 (B) in cancer cells in regards to the tumor grade (G). Data
presented as mean±standard deviation (SD), *p<0.05, **p<0.01. Mann-
Whitney test.



proliferation index in cancer cells could be an important
indicator of tumor progression and aggressiveness (8, 36, 37).

In conclusion, the nuclear expression of p16 and p27 was
higher in LSCC than in laryngeal papillomas. Additionally, we
also observed cytoplasmic expression of p16 in LSCC, which
could support the hypothesis that the translocation of this
protein to the cytoplasm results in the loss of its suppressive
function in cell cycle progression. The results obtained may
help in the better understanding of the processes leading to
malignant transformation from benign lesions. There is a
constant necessity for finding markers that could help predict
the risk of malignant transformation. This study has confirmed
that altered expression levels ofp16 and p27 proteins might be
useful biomarkers in the progression of malignant LSCC. 
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