
Abstract. Background/Aim: Oncogene up-regulation
combined with suppressor gene down-regulation is a crucial
genetic combination that promotes cell neoplastic phenotype
and progressively malignant transformation in solid
malignancies, including laryngeal squamous cell carcinoma
(LSCC). Among oncogenes, the Kirsten ras oncogene
homolog (K-Ras) is involved in LSCC onset and progression.
Patients and Methods: Sixty (n=60) primary LSCC tissue
sections were analyzed by immunohistochemistry (IHC).
Digital image analysis (DIA) was also implemented for
measuring K-Ras protein expression levels. Results: High K-
Ras protein expression levels were observed in 20/60
(33.3%) LSCC tissue sections, whereas the rest of the cases
(n=40; 66.7%) demonstrated low expression. Overall K-Ras
expression was borderline significantly associated to the
grade of the examined malignancies (p=0.048), whereas no
other strong statistical correlations were identified. A
progressive K-Ras overexpression was observed in all grades
of the examined cases. Conclusion: K-Ras over expression is
correlated to a progressive dedifferentiation in LSCC.

Extensive molecular analyses in solid malignancies have
identified a broad spectrum of gene functional and numerical
imbalances that deregulate critical pathways including signal
transduction, apoptosis, cell-cycle progression and
angiogenesis (1). In fact, epithelial neoplastic and malignant
transformations are promoted by abnormal gene expression
combined with oncogene up-regulation and suppressor gene
down-regulation (2). A variety of gene modifications
including point mutations, polymorphisms, abnormal gene
copy number (amplification, deletion), or structural
chromosomal rearrangements (translocations) and also
epigenetic alterations detectable by different molecular
techniques provide critical information for the molecular
landscape in solid malignancies (3). Among oncogenes, the
Kirsten ras oncogene homolog (K-Ras, Cytogenetic
Location: 12p12.1) represents the most important in the
corresponding family of genes (proto-oncogenes) that also
include H-Ras and  N-Ras. These genes encode proteins
acting as hydrolase enzymes, converting guanosine
triphosphate (GTPase) to GDP. Interestingly, after
completing its role in this modification, K-ras is deactivated
(4). Among their functions, they promote cell division, cell
differentiation, and also, indirectly, programmed cell death
(apoptosis), whereas an intrinsic GTPase activity leading to
enzyme catalysis has been also confirmed (5). Concerning
the involvement of K-Ras in signal transduction, the gene is
a member of the RAS/RAF-MEK-ERK/MAPK pathway and
indirectly interacts with the PI3K-AKT-PTEN-mTOR
pathway (6). Deregulation of K-Ras is detected frequently in
solid malignancies as a result of point mutations or
amplification (7-11). In the current study, we analyzed K-Ras
protein expression levels in LSCCs tissue sections
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correlating their digitized staining intensity levels with the
corresponding clinical-histological features.

Patients and Methods

Patients and tissue samples. For the purposes of our study, sixty
(n=60) archival, for malin-fixed and paraffin-embedded tissue
specimens of surgically resected, histologically confirmed primary
LSCCs were used. The specimens were from fifty-eight (n=58)
male and two (n=2) female patients, all smokers without a positive
DNA test or a clear history of Human Papilloma Virus (HPV)
infection. The hospital Ethics Committee consented to the use of
these tissues in the Hippocration Hospital, University of Athens,
Athens, Greece, for research purposes (Research Protocol
Reference ID: 2226/09.09.2018), according to the World Medical
Association Declaration of Helsinki guidelines (2008, revised
2014). The tissue samples were fixed in 10% neutral-buffered
formalin. Hematoxylin eosin(H&E)-stained slides were reviewed
for confirmation of the histopathological diagnoses. All lesions
were classified according to the histological typing and staging
criteria of the World Health Organization (WHO) Pathology Series
(12). Clinicopathological data of the examined cases are
demonstrated in Table I.

Antibodies and immunohistochemistry assay (IHC). Mouse
Monoclonal anti-K-Ras antibody (clone 234-4.2 IgG2a, Abcam,
Cambridge, UK; dilution/concentration of 1:100) was selected and
applied. IHC for the marker expression was carried out in 4-μm
serial sections of the corresponding tissue blocks. The
corresponding slides were deparaffinised and rehydrated. After
rinsing in water, endogenous peroxidase activity was blocked by
immersion in 3% hydrogen peroxide for 5 minutes. The
EnVisionTM+ (Dako, Denmark) detection system was used for the
following detection steps. Blocking solution was applied to the
slides for 10 min, followed by incubation for 1 h at room
temperature. Following incubation with the secondary antibody for
10 min, diaminobenzidine-tetrahydrocloride-DAB (0.03%)
containing 0.1% hydrogen peroxide was applied as a chromogen
and incubated for 5 min. Sections were counterstained, dehydrated
and cover slips were added. For negative control slides, the primary
antibody was omitted. The IHC protocol was performed by the use
of an automated staining system (I 6000, Biogenex, San Ramon,
CA, USA). Membranous and diffuse cytoplasmic cellular staining
patterns were considered acceptable for K-Ras essential expression
(Figure 1a and b). Microscopically normal archival colon carcinoma
and normal appearing laryngeal epithelia tissue sections expressing
K-Ras protein were considered controls for different K-Ras
expression patterns. Protein expression levels were evaluated
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Table I. Clinicopathological parameters and total K-Ras expression results (Pearson Chi square test-χ2).

Clinicopathological K-Ras p-Value
parameters

OE LE

LSCC (n=60) 20/60 (33.3%) 40/50 (66.7%) 
Gender 0.309

Male 58 (96.7%) 20/60 (33%) 38/60 (63.3%)
Female 2 (3.3%) 0/60 (0%) 2/60 (3.3%)

Anatomical region 0.704
Supraglotis 6 (10%) 2/60 (3.3%) 4/60 (6.6%)
Transglotis 54 (90%) 18/60 (30%) 36/50 (60%)

Grade 0.048
1 4 (6.7%) 2/60 (3.3%) 2/60 (3.3%)
2 21 (35%) 4/60 (6.6%) 17/60 (28.3%)
3 35 (58.3%) 14/60 (23.3%) 21/60 (35%)

Stage 0.271
p T3 27 (45%) 7/60 (11.6%) 20/60 (33.3%)
p T4 33 (55%) 13/60 (21.6%) 20/60 (33.3%)

Alcohol consumption 0.443
Yes 51 (85%) 16/60 (26.6%) 35/60 (58.3%)
No 9 (15%) 4/60 (6.6%) 5/60 (8.3%)

Treatment regimens
Chemotherapy (C) 19 (31.6%) 5/60 (3.3%) 14/60 (23.3%) 0.828
Radiotherapy (R) 6 (10%) 3/60 (5%) 3/60 (5%)
Combined RT (CRT) 35 (58.3%) 12/60 (20%) 23/60 (38.3%)

Tumour size (max diam)
<3 cm 38 (63.3%) 11/60 (18.3%) 27/60 (45%) 0.272
>3 cm 22 (36.6%) 9/50 (15%) 13/60 (21.6%)

LSCC: Laryngeal squamous cell carcinomas; OE: Over-expression (Moderate to high expression): staining intensity values ≤131 at 100% of the
examined malignant cells (spectrum between 82 and 131); LE: Low expression: staining intensity values >142 at 100% of the examined malignant
cells (spectrum between 142 and 179). Statistically significant p-Values are shown in bold.



quantitatively by implementing a digital image analysis protocol.
Digital image analysis assay (DIA). K-Ras protein expression levels
were evaluated quantitatively by measuring the corresponding
staining intensity levels. We performed DIA using a semi-automated
system (Microscope: CX-31, Olympus, Melville, NY, USA; Digital
camera: Sony, Tokyo, Japan; Windows XP/NIS-Elements Software
AR v3.0, Nikon Corp, Tokyo, Japan). Areas of interest per tissue
section were identified (5 optical fields at ×100 magnification) and
filed in a digital database as snapshots. Measurements were
performed by implementing a specific macro (diffuse and focal
membranous/cytoplasmic protein expression patterns). Based on an
algorithm, normal tissue sections (control) were measured
independently and compared to the corresponding values in
malignant tissue sections. A broad spectrum of continuous grey
scale values (0-255) at the RedGreenBlue (RGB) analysis was
available for discriminating different protein expression levels.
Values decreasing to 0 represent a progressive over-expression of
the marker, whereas values increasing to 255 show a progressive
loss of its staining intensity. Total results and DIA values are
demonstrated in Table I.

Statistical analysis. Descriptive statistics were performed. Associations
between variables including protein expression levels and
clinicopathological parameters such as gender, tumor grade and stage,
anatomic location and alcohol consumption were performed using the
Pearson Chi square test (χ2) estimated along with its 99% CI and
Spearman Correlation coefficient (SPSS v20; Chicago, IL, USA).
Two-tailed p-values ≤0.05 were considered statistically significant.
Results and correlations (p-Values) are described in Table I.

Results

All examined tissue sections were evaluated and measured
properly by implementing the previously described DIA
protocol. High K-Ras protein expression levels were observed
in 20/60 (33.3%) LSCC tissue sections, whereas the rest of
the cases (n=40; 66.7%) demonstrated low expression.

Overall K-Ras expression was borderline significantly
associated to the grade of differentiation in the examined
malignancies (p=0.048). No other statistically significant
associations were identified, correlating protein expression to
gender (p=0.309), anatomical region (p=0.704), pT stage
(p=0.271), alcohol consumption (p=0.271), treatment
regimens (p=0.828) or tumor size (p=0.272). 

Discussion

Alterations in oncogenes and suppressor genes are frequent
in LSCCs, but there are controversial results regarding their
value as potential independent prognostic biomarkers. A
study group co-analyzing p53 and Ras family genes (K/H/N-
Ras) in a series of LSCC tissues concluded that a fraction of
them demonstrated specific double or triple mutations, but
only the p53 and S-phase fraction was found to be a strong
biological indicator for predicting the outcome of the
examined patients (13). Additionally, another study group
reported a low K-Ras mutational incidence -focused on
codon 12-point mutations- analyzing LSCC cytological
specimens (14). Similarly, a molecular study showed no K-
Ras mutations regarding the codon12, whereas sporadic
oncogene amplification cases were detected in a series of
LSCCs (15). 

In the current study, we analyzed K-Ras protein expression
by IHC on tissue sections of LSCCS estimating the levels of
its staining intensity using a DIA protocol. K-Ras high protein
expression levels were observed in a significant proportion of
examined tissues. Overall K-Ras expression was associated to
the grade of the examined malignancies. A progressive K-Ras
over-expression was observed in all grades of the examined
cases. Concerning the K-Ras protein over-expression in LSCC,
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Figure 1. K-Ras protein expression patterns in laryngeal squamous cell carcinoma (LSCC) tissues. (a) Low K-Ras immunostaining level. Note the
membranous and diffuse cytoplasmic cellular staining (anti-k-RAS, brown DAB stain), original magnification 100×. (b) High K-Ras
immunostaining level.



another study based on combined IHC and polymerase chain
reaction (PCR) reported high levels of protein expression in the
examined LSCC tissues, but no evidence of K-Ras codons 12
or 13 point mutations (16). Because this analysis revealed a
high K-Ras oncogenic activity not only in carcinomas, but also
in dysplasias of different grades, the authors considered its
deregulation as an early genetic event potentially triggered by
epigenetic changes. Similarly, microRNA (miR) analysis in
LSCC based on specific markers such as miR-143-3p seems to
add critical molecular information regarding the K-Ras
expression patterns in them. A study group suggested that
enhanced miR-143-3p inhibited cell growth and metastasis
suppressing the K-Ras/Raf/mitogen-activated protein kinase
(MEK)/extracellular signal-regulated kinase (ERK) signalling
pathway (17). Co-analyzing epidermal growth factor receptor
(EGFR) and K-Ras genes by applying high resolution melting
analysis (HRMA) and one-step real-time polymerase chain
reaction (PCR), a study group reported a very limited K-Ras
mutational rate in the Belgian population with Head and Neck
Squamous Cell Carcinoma (HNSCC) including LSCC cases
(7% of the specimens, only one case with point mutation) (18).
Similarly, another molecular analysis confirmed the absence of
K-Ras mutations in codons 12 and 13 of LSCCs, whereas
EGFR overexpression was prominent in the corresponding
Japanese patients analyzed for the markers by another study
(19). In contrast, another study group identified only two cases
with a mutant K-Ras at codon 12, whereas EGFR exons 19 and
20 point missense and deletion mutations were detected in
significant proportions, whether or not combined with gene
amplification (20). Another study group co-analyzing EGFR
and KRAS mutations in Greek NSCLC patients detected a
low-level mutational status, but KRAS mutations should be
considered an independent prognostic factor that negatively
affects prognosis in these patients (21). Similarly, another study
showed that high co-expression of EGFR and another
important molecule (anaplastic lymphoma kinase (-ALK) are
associated with an aggressive biological behaviour (advanced
stage/grade) in LSCCs (22). Concerning novel micro-genetic
markers such as micro-RNAs, a study group showed that a
specific variant allele in the KRAS 3’ untranslated region
involving the let-7 miRNA complementary site (KRAS-
LCS6) is associated with aberrant KRAS expression.
Additionally, this variant led to poor prognosis (short survival
rates) the corresponding patients (23). 

Conclusion

According to our results extracted by protein analysis
implementation in a series of LSCCs, K-Ras over expression
is correlated with an aggressive phenotype (advanced grade
of dedifferentiation) in LSCCs. Additionally, because K-Ras
high expression levels are also observed in a small number
of well differentiated carcinomas, its oncogenic activation

could be considered an early genetic event in LSCC
development, despite its low mutational rates in them.
Concerning its clinical significance and impact in LSCC,
further molecular analyses should be focused on specific
genetic signatures in corresponding patients. 
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