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Expression and role of EGFR, cyclin D1 and
KRAS in laryngocarcinoma tissues
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Abstract. Epidermal growth factor receptor (EGFR),
cyclin D1 and KRAS proto-oncogene, GTPase (KRAS) genes
serve roles in the occurrence and development of tumors. The
aim of the current study was to investigate the expression
levels of EGFR, cyclin DI and KRAS in laryngocarcinoma
tissues and their association with clinical features. In addition,
correlation between the expression levels of EGFR, cyclin D1
and KRAS was analyzed in laryngocarcinoma tissues. The
expression levels of EGFR, cyclin D1 and KRAS in 46 patients
with laryngocarcinoma and 20 patients with vocal cord polyps
as the control group were determined using Super Vision
immunohistochemical staining assay kits. The differences
in clinical and pathological parameters between groups were
statistically analyzed using SPSS software version 16.0. The
expression rates of EGFR, cyclin D1 and KRAS were 71.7,52.2
and 39.1%, respectively in laryngocarcinoma tissues, and 10.0,
5.0 and 10.0%, respectively in vocal cord polyps. There was a
positive correlation between the expression levels of EGFR,
cyclin D1 and KRAS. The expression of these genes was also
closely associated with the clinical stage, treatment response
and prognosis of patients with laryngocarcinoma. Multivariate
analysis of prognosis using the Cox regression model indicated
that EGFR expression in laryngocarcinoma tissues and the
clinical stage of patients with laryngocarcinoma were closely
associated with patient prognosis. The results of the current
study indicated that EGFR, cyclin D1 and KRAS were
synergistically involved in the occurrence and development of
laryngocarcinoma, directly affecting the prognosis of patients.
Additionally, high expression of EGFR, cyclin D1 and KRAS
facilitated the invasion and metastasis of laryngocarcinoma
cells. The expression of EGFR in laryngocarcinoma tissues

Correspondence to: Professor Xin Wang, Department of
Otolaryngology-Head and Neck Surgery, The First Hospital of Jilin
University, 71 Xinmin Road, Changchun, Jilin 130000, P.R. China
E-mail: docxinwang@126.com

Key words: laryngocarcinoma, epidermal growth factor receptor,
cyclin D1, KRAS proto-oncogene, GTPase, prognosis

and clinical stage were two independent risk factors affecting
the prognosis of patients.

Introduction

Laryngocarcinoma is one of the most common malignant
tumors in otolaryngology requiring head and neck surgery,
accounting for ~1-5% of all types of cancer and 7.9-35% of
otolaryngologic malignancies (1). With increasing incidence,
laryngocarcinoma ranks third in otolaryngologic malignan-
cies and is a squamous cell carcinoma in 90% of cases (2).

The mechanism underlying the occurrence of laryngocar-
cinoma remains to be elucidated. Progress in gene research
indicated that certain genes serve important roles in the occur-
rence and development of laryngocarcinoma. Among these,
epidermal growth factor receptor (EGFR) (3), cyclin D1 (4) and
KRAS proto-oncogene, GTPase (KRAS) (5) attracted atten-
tion in the field of head and neck cancer research due to their
strong association with tumorigenesis, invasion, lymph node
metastasis, recurrence and prognosis. Furthermore, EGFR and
cyclin DI are recognized as regulators of cancer cell prolifera-
tion, migration and patient survival in laryngocarcinoma (6-8).
In addition, EGFR expression is markedly increased during
the progression from laryngeal dysplasia to carcinoma (9). In
addition, the Ras signaling pathway is involved in the forma-
tion of tumor microenvironment and is closely associated
with tumorigenesis and progression (7,10). However, correla-
tion between EGFR, cyclin DI and KRAS is rarely reported
in laryngocarcinoma, and whether the three genes serve a
synergistic role in the occurrence and development of laryn-
gocarcinoma requires further investigation. To the best of our
knowledge, the expression and synergy of EGFR, cyclin D1
and KRAS in patients with laryngocarcinoma have not been
previously reported. Studies on the association between the
expression of EGFR, cyclin D1 and KRAS in laryngocarci-
noma and patient clinical features, and the correlation between
the expression levels of these three genes, may elucidate the
biological features of laryngocarcinoma.

In the current study, the expression levels of EGFR,
cyclin D1 and KRAS were investigated to determine the
association between their expression in laryngocarcinoma
tissues and clinical features of the disease using immunohis-
tochemical staining and statistical analysis. In addition, the
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current study aimed to elucidate whether there is a synergistic
association among these genes and whether their expression
levels are associated with prognosis. The results of the present
may aid in evaluating the severity of laryngocarcinoma and
selecting the most appropriate treatment option and provides a
theoretical basis for gene targeted drug discovery and therapy.

Materials and methods

General patient information. Paraffin-embedded tissue
samples from 46 patients with primary laryngeal squamous cell
carcinoma (LSCC) and 20 patients diagnosed with vocal cord
polyps (VCPs) were collected as the study group and control
group, respectively, at the Shantou Central Hospital (Shantou,
China) from 2005 to 2011. All cases had >5 years of follow-up
results. Among the 46 cases of LSCC (Table I), 45 (97.83%)
were male and 1 (2.17%) was female; the age of onset was
43-70 years old, with 9 cases (19.57%) at the age <50, 37 cases
(80.43%) =50, and the median age was 60 years old. Prior to
treatment, the cancer stage was determined using electronic
laryngoscopy, B-mode ultrasound, X-ray analysis, computed
tomography, magnetic resonance imaging, pathology and clas-
sified using the Union for International Cancer Control Tumor
Node Metastasis (TNM) Classification System for laryngocar-
cinoma, the 8th Edition (2017) (11). A total of 19 cases were
stage T1-T2 (41.30%), 22 cases (47.83%) stage T3 and 5 cases
(10.87%) stage T4. Prior to treatment, there were 43 cases
(93.48%) free of cervical lymph node metastasis (NO), and
3 cases with cervical lymph node metastasis (6.52%), all of
which were stage N1. Following treatment, there were 28 cases
(60.87%) with recurrent disease or metastasis. The 46 patients
with LSCC were treated with surgery, including cordectomy,
partial laryngectomy, total laryngectomy and cervical lymph
node dissection. Stage T4 patients and certain patients with
stage T3 were treated with Cobalt-60 radiotherapy and/or
5-fluorouracil and cisplatin chemotherapy as adjuvant therapy.

Immunohistochemical detection. A total of 46 samples of
laryngocarcinoma tissues and 20 control samples of vocal
cord polyp tissues were collected. Immunohistochemical
(IHC) staining was performed using a Super Vision IHC
kit (cat. no. SV0002; Wuhan Boster Biological Technology,
Ltd., Wuhan, China). The samples were fixed with 4% para-
formaldehyde at 4°C for ~24 h, dehydrated through a graded
series of ethanol, washed with xylene and embedded in
paraffin. Serial 5 ym sections were then cut, conventionally
dewaxed and rehydratedin xylene and a descending alcohol
series, and rinsed in deionized water. Endogenous peroxidase
was quenched by 3% hydrogen peroxide in deionized water.
Antigen retrieval was performed by incubating the slides in
pH 6.0 citrate buffer (0.01 M sodium citrate-citric acid buffer;
EDTA buffer for cyclin D1) at 98°C for 10 min, followed
by incubation with 10% goat serum blocking solution (cat.
no. AR0009; Wuhan Boster Biological Technology, L.td.) for
20 min at room temperature and primary antibodies against
EGFR (1:50; cat. no. ZA-0505; OriGene Technologies, Inc.,
Rockville, MD, USA), CyclinD1 (1:50; cat. no. RMA-0541;
Fuzhou Maixin Biotech Co., Ltd., Fuzhou, China) and K-ras
(1:50; cat. no. bs-1033R; Bioss Antibodies, Inc., Woburn, MA,
USA) at 4°C overnight. After two washes with PBS, polymeric
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Table I. Baseline status of patients with LSCC.

Characteristic Patients with LSCC (n=46)
Age (mean = SD, years) 58.0+9.5
<50 9 (19.57%)
>50 37 (80.43%)
Sex
Male 45 (97.83%)
Female 1(2.17%)
BMI (mean + SD, kg/m?) 23.34+2 .33

Smoking status

Yes 24 (52.17%)

No 22 (47.83%)
Drinking status

Yes 20 (43.48%)

No 26 (56.42%)
Years since diagnosis, mean 0.62
Clinical stage

I-1I 19 (41.30%)

111 22 (47.83%)

v 5 (10.87%)
Metastasis status before treatment

Yes 3 (6.52%)

No 43 (93.48%)

SD, standard deviation; LSCC, laryngeal squamous cell carcinoma;
BMI, body mass index.

horseradish peroxidase-conjugated anti-rabbit immuno-
globulin G secondary antibody (provided in the Super Vision
THC kit) was incubated with the slides for 30 min in a 37°C.
Following 3,3'-diaminobenzidine staining, sections were
counterstained with hematoxylin for 2 min at room tempera-
ture, dehydrated and attached to coverslips.

Results assessment. Brown and tan color indicated positive
EGFR, cyclin DI and KRAS staining. Yellow staining in the
nucleus, cytoplasm or cell membrane was considered a posi-
tive signal. For the semiquantitative scoring analysis, each
section was observed in five randomly selected high-power
fields (x200) with a light microscope (Axioplan 2; Carl Zeiss
AG, Oberkochen, Germany). The total number of cells and the
number of positive cells were counted in each field of view, the
percentage of positive cells was calculated and averaged, and
the percentages were divided into four grades and recorded as
0, 1, 2, or 3 points. The following scoring system was used:
i) 0, <25% positive cells; ii) 1, 25-49% positive cells; iii) 2,
50-74% positive cells; and iv) 3, =75% positive cells. The
following scoring system was used to for staining intensity:
i) 0, no color development; ii) 1, light yellow; iii) 2, orange;
iv) 3 tan. The final scores were obtained by adding the two
score types, which were subsequently divided by 2. Negative
(-) result was defined as O points; 0.5 or 1.0 indicated a weakly
positive (+) result; 1.5 or 2.0 indicated a positive (++) result;
and 2.5 or 3.0 indicated a strong positive (+++) result. Negative
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Laryngocarcinoma

Vocal cord
polyp

and weakly positive expression was defined as low expression;
positive and strongly positive expression was defined as high
expression.

Statistical analyses. The experimental data were analyzed
using SPSS software (version 16.0; SPSS, Inc., Chicago, IL,
USA). A * test was used to analyze the association between
gene expression and sex, age, clinical stage of patients with
laryngocarcinoma, and metastasis status following treatment.
Spearman's correlation was used to analyze the association
between gene expression levels. The mean survival time
and survival rate of each group were calculated using the
Kaplan-Meier method for univariate analysis of prognostic
factors for overall survival. Log-rank test was used to compare
the survival rate of each group, and multivariate analysis of
prognostic factors was performed using the Cox proportional
hazards model. P<0.05 was considered to indicate a statisti-
cally significant difference.

Results

EGFR, cyclin DI and KRAS staining results and their
association with clinical features. EGFR was mainly located
in the membrane and cytoplasm of laryngocarcinoma cells, as
indicated by brown staining. Cyclin D1 was primarily located
in the nucleus, as indicated by tan staining, and KRAS was
mainly observed as tan or brown staining located in the cyto-
plasm and nucleus. The expression of EGFR, cyclin D1 and
KRAS in vocal cord polyp tissues were very low (Fig. 1).

The expression rates of EGFR, cyclin D1 and KRAS in
laryngocarcinoma tissues were 71.7, 52.2 and 39.1%, respec-
tively, while those in vocal cord polyps were only 10.0, 5.0 and
10.0%, respectively. The differences in EGFR, cyclin D1 and
KRAS expression levels between the laryngocarcinoma tissues
and the vocal cord polyp tissues were statistically significant,
(P<0.001,P<0.001 and P=0.021, respectively; Tables II-IV). The
expression levels of EGFR, cyclin D1 and KRAS were signifi-
cantly associated with the clinical stage and treatment response
(P<0.05). There was no association between the expression of
EGFR, cyclin D1 and KRAS and the age of patients, and no
significance in the different expression levels between the laryn-
gocarcinoma and vocal cord polyp groups (P>0.05).
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Figure 1. Immunohistochemical analysis of EGFR, cyclin D1 and KRAS expression in laryngocarcinoma tissues and vocal cord polyp tissues (magnification,
x200). EGFR, epidermal growth factor receptor; KRAS, KRAS proto-oncogene, GTPase.
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Correlation between EGFR, cyclin DI and KRAS expression
in laryngocarcinoma tissues. As presented in Tables V-VII,
positive co-expression of EGFR and cyclin D1, EGFR and
KRAS, and cyclin D1 and KRAS in laryngocarcinoma tissues
was identified in 33 (33/46), 34 (34/46) and 33 (33/46) of the
cases, respectively. Spearman's correlation analysis indicated
that the expression of EGFR was positively correlated with
the expression of cyclin D1 (r=0.356; P=0.015) and KRAS
(r=0.479; P=0.001) and the expression of cyclin DI was
positively correlated with the expression of KRAS (r=0.604;
P<0.001) in laryngocarcinoma tissues.

Association between the expression levels of EGFR, cyclin DI
and KRAS in laryngocarcinoma tissues and patient prognosis.
Survival analysis of patients with laryngocarcinoma with low
and high EGFR, cyclin D1 and KRAS expression indicated that
the prognosis of patients was associated with the expression
levels of these proteins (log rank value, 4.261, 6.219 and 5.916,
respectively; Tables VIII, IX and Fig. 2; P=0.039, P=0.013 and
P=0.015, respectively; Tables VIII, IX and Fig. 2).

Association between the clinical features in laryngocar-
cinoma and prognosis. Survival analysis of patients with
laryngocarcinoma indicated that the prognosis was associated
with the treatment response and clinical stage (log rank value,
53.047 and 45.233; all P<0.05). The prognosis of patients
with laryngocarcinoma was not significantly associated with
age, smoking and drinking (log rank value, 0.166, 0.168 and
0.212, respectively; Table IX and Fig. 2; P=0.684, P=0.682 and
P=0.645, respectively; Table IX and Fig. 2).

Multivariate analysis of prognosis using the Cox propor-
tional hazards model. A total of eight variables, including
age, clinical stage, recurrence or metastasis after treat-
ment, smoking and drinking status, and EGFR, cyclin D1
and KRAS expression levels, were selected for the Cox
regression model for multivariate analysis (Table X). The
results indicated that treatment response was significantly
associated with patient prognosis (P=0.001). Furthermore,
clinical stage was significantly associated with patient prog-
nosis, with P=0.001 for TNM I-1I, P=0.017 for TNM III and
P<0.001 for TNM IV.
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Table II. Association between EGFR expression and clinical features.
EGFR
Clinical parameter Total Low High High expression rate, % e P-value
Tissue source
Polyp of vocal cord 20 18 2 10 21.332 <0.001
Laryngocarcinoma 46 13 33 71.7
Age group
<50 9 1 8 88.9 1.623 0.203
=50 37 12 25 67.6
TNM classification
I-1I 19 8 11 579 63.773 <0.001
I 22 5 17 77.3
v 5 0 5 100.0
Recurrence or metastasis after treatment
No 28 11 17 60.7 4.290 0.049
Yes 18 2 16 88.9
EGFR, epidermal growth factor receptor; TNM, tumor, node metastasis.
Table III. Association between cyclin D1 expression and clinical features.
Cyclin D1
Clinical parameter Total Low High High expression rate, % e P-value
Tissue source
Polyp of vocal cord 20 19 1 5.0 13.183 <0.001
Laryngocarcinoma 46 22 24 522
Age group
<50 9 4 5 55.6 0.008 0.999
=50 37 18 19 514
TNM classification
I-II 19 14 5 26.3 8.902 0.012
I 22 7 15 68.2
v 5 1 4 80.0
Recurrence or metastasis after treatment
No 28 18 10 35.7 6.286 0.027
Yes 18 4 14 77.8

TNM, tumor, node metastasis.

Discussion

The results of the current study indicated that the expression of
EGFR, cyclin D1 and KRAS in laryngocarcinoma tissues was
significantly increased compared with the vocal cord polyps,
and the expression of EGFR, cyclin D1 and KRAS was closely
associated with the clinical stage, treatment response and prog-
nosis. The expression levels of EGFR, cyclin D1 and KRAS
in laryngocarcinoma tissues were positively correlated, indi-
cating that these proteins may be involved in the occurrence

and development of laryngocarcinoma. Furthermore, it may
be hypothesized that increased expression of EGFR, cyclin D1
and KRAS promote invasion and metastasis of laryngocarci-
noma cells and act in synergy to promote the occurrence and
development of laryngocarcinoma. In the current study, the
clinical stage, recurrence or metastasis status after treatment,
and the expression levels of EGFR, cyclin DI and KRAS
were the factors affecting the prognosis of patients. Treatment
response and clinical stage were two independent risk factors
affecting the prognosis of patients.
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Table I'V. Association between KRAS expression and clinical features.

KRAS
Clinical parameter Total Low High High expression rate, % e P-value
Tissue source
Polyp of vocal cord 20 18 2 10.0 5.601 0.021
Laryngocarcinoma 46 28 18 39.1
Age group
<50 9 6 3 222 0.158 0.999
=50 37 22 15 40.5
TNM classification
I-II 19 16 3 15.8 8.943 0.011
11 22 11 11 50.0
v 5 1 4 80.0
Recurrence or metastasis after treatment
No 28 20 8 28.6 4041 0.044
Yes 18 8 11 61.1

TNM, tumor, node metastasis; KRAS, KRAS proto-oncogene, GTPase.

Table V. Correlation between EGFR and cyclin D1 in  Table VII. Correlation between cyclin D1 and KRAS in

laryngocarcinoma tissues. laryngocarcinoma tissues.
Cyclin D1 KRAS
- + ++ +++ Total - + ++ +++ Total
EGFR Cyclin D1
- 3 2 2 0 7 - 5 3 1 0 9
+ 2 2 1 1 6 + 3 9 0 1 13
++ 3 4 9 0 16 ++ 1 6 11 1 19
+++ 1 5 7 4 17 +++ 0 1 1 5
Total 9 13 19 5 46 Total 9 19 15 3 46
r=0.356; P=0.015. EGFR, epidermal growth factor receptor. r=0.604; P<0.001. KRAS, KRAS proto-oncogene, GTPase.
Table VI. Correlation between EGFR and KRAS in EGFR is aligand-mediated multifunctional transmembrane
laryngocarcinoma tissues. glycoprotein that activates tyrosine kinase and is present on the
cell membrane of the majority of tissue types with the excep-
KRAS tion of the hematopoietic system in the human body (12). EGFR
binds EGF with high affinity and this interaction exhibits time
- + ++ +++ Total  and temperature dependence, saturation and reversibility (12).
Following activation of the EGFR tyrosine kinase, cascade
EGFR amplification of signal transduction is achieved through the
- 4 2 1 0 7 RAS-RAF-MEK-MAPK, PI3K-PKC-IKK, and JAK-STAT
+ 3 3 0 0 6 pathways, which deliver extracellular mitotic signals into the
++ 2 5 9 0 16 cell, thus regulating normal cell growth, differentiation and
T+ 0 9 5 3 17 cell cycle and promoting damage repair (13). EGFR is highly
Total 9 19 15 3 46 expressed in a number of solid tumors and is closely associated

to tumor progression, apoptosis, angiogenesis and metas-
1=0.479; P=0.001. EGFR, epidermal growth factor receptor; KRAS,  tasis (14). In vitro and in vivo experiments have demonstrated
KRAS proto-oncogene, GTPase. that EGFR is an important anticancer target in the develop-
ment and progression of laryngocarcinoma (15). Inhibition of
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Table VIII. Mean and median survival time.

Median survival  Mean survival

Variable time (month) time (month)
EGFR

Low expression - 127.31

High expression 58.00 63.91
Cyclin D1

Low expression - 120.18

High expression 29.00 66.58
KRAS

Low expression - 112.45

High expression 32.00 5723
Recurrence or metastasis

No - 143.04

Yes 16.00 20.39
Clinical stage

I-11 - 126.16

I 37.00 83.59

v 9.00 8.00
Age

<50 - 96.33

=50 - 92.62
Smoking

No - 88.32

Yes - 98.21
Drinking

No - 99.42

Yes - 86.05
EGFR, epidermal growth factor receptor; KRAS, KRAS

proto-oncogene, GTPase.

Table IX. Univariate analysis results for prognosis of patients
with laryngocarcinoma using the Kaplan-Meier method.

Variables $ P-value
EGFR 4261 0.039
Cyclin D1 6.219 0.013
KRAS 5916 0.015
Recurrence or metastasis 53.047 <0.001
Clinical stage 45.233 <0.001
Age 0.166 0.684
Smoking 0.168 0.682
Drinking 0.212 0.645

EGFR, epidermal growth factor receptor; KRAS, KRAS proto-onco-
gene, GTPase.

EGFR can limit the growth of laryngeal squamous cell carci-
noma and enhance the anticancer effect when combined with
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other drugs (16-18). The results of the current study indicated
that EGFR expression in laryngocarcinoma was significantly
increased compared with the vocal cord polyp tissues. In
addition, increased EGFR expression was identified in tissues
with higher TNM stage. High expression rates of EGFR were
identified in 57.9, 77.3 and 100% of stage I-1I, stage 11T and
stage IV tissues, respectively. Furthermore, the EGFR expres-
sion rates were significantly different between different TNM
stages, indicating that the expression of this protein may be
closely associated with the occurrence, development, malig-
nant transformation and proliferation of laryngocatcinoma.
In addition, the results the current study indicated that EGFR
expression was increased among patients with recurrence or
metastasis following treatment of laryngocarcinoma compared
with patients without recurrence or metastasis (expression rate,
88.9 vs. 60.7%, respectively) suggesting that EGFR expression
may promote laryngocarcinoma cell invasion and metastasis.

Cyclin DI interacts with cyclin-dependent kinase
(CDK)4 or CDK®6 to induce cell cycle progression from
the GI1 to S phase and promote cell division or transforma-
tion (19). Aberrant expression of cyclin D1 may result in the
imbalance of the cell cycle, resulting in tumorigenesis (20).
Previous studies have confirmed that cyclin D1 is closely
associated with the evolution of malignant tumors (21,22).
Overexpression of cyclin D1 is considered to be of clinical
relevance in LSCC (23). Downregulation of cyclin DI can
inhibit cell growth and induce apoptosis in LSCC (24). In vivo
studies using an LSCC xenograft model indicated that tumor
growth can be inhibited by cyclin D1 downregulation (25,26).
In the present study, the expression levels of cyclin D1 were
significantly different in laryngocarcinoma tissues compared
with the vocal cord polyp tissues. Furthermore, higher TNM
stages were associated with increased cyclin DI expression.
The expression rates in tissues with different TNM stages were
26.3, 68.2 and 80.0%, respectively. Furthermore, the cyclin D1
expression rates were significantly different between different
TNM stages, indicating that the expression of this protein
may be closely associated with the malignant transformation
of laryngeal tissues and tumor progression. The expression of
cyclin DI was increased among patients with recurrence or
metastasis following treatment of laryngocarcinoma compared
with patients without recurrence or metastasis (expression
rate, 60.0 vs. 29.2%, respectively) suggesting that cyclin D1
expression may serve a role in laryngocarcinoma invasion and
metastasis.

KRAS is a proto-oncogene mediating oncogenic transforma-
tion viathe MAPK signaling pathway dependent on the activation
of Raf serine/threonine specific kinase (27,28). A number of
previous studies demonstrated that the KRAS gene served a role
in the occurrence and development of various tumors (29,30).
The majority of studies have focused on the expression of
KRAS in other tissues, including anal (31), oral (32), tonsil (33),
skin (34) and head and neck squamous cell carcinoma (35).
Although KRAS mutation has been reported in LSCC tissues
and cell lines (36,37), there is not sufficient evidence of the role
of KRAS in LSCC. The current research indicated that KRAS
expression in laryngocarcinoma tissue was significantly higher
compared with the vocal cord tissue, and higher TNM stages
were associated with increased KRAS expression. The high
expression rates of tissues with different TNM stages were 15.8,
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Table X. Multivariate analysis results for prognosis of patients with laryngocarcinoma using the Cox regression model.

95.0% CI for Exp(B)

Variable B SE Wald df P-value Exp(B) Lower Upper
EGFR -1.424 1.116 1.628 1 0.202 0.241 0.027 2.145
Cyclin D1 -0.177 0.829 0.045 1 0.831 0.838 0.165 4254
KRAS -0.502 0.588 0.731 1 0.393 0.605 0.191 1914
Recurrence or metastasis 6.490 1.777 13.348 1 0.000 658.792 20.257 21,424.605
Clinical stage I-1I - - 14.152 2 0.001 1 - -
Clinical stage 111 2.774 1.157 5.746 1 0.017 16.025 1.658 154.848
Clinical stage IV 5.078 1.389 13.355 1 0.000 160.439 10.533 2443721
Age -1.383 1.007 1.885 1 0.170 0.251 0.035 1.806
Smoking 0.308 0.659 0.218 1 0.640 1.361 0374 4950
Drinking -0.684 0.639 1.147 1 0.284 0.505 0.144 1.765

EGFR, epidermal growth factor receptor; KRAS, KRAS proto-oncogene, GTPase; df, degrees of freedom; CI, confidence interval; B, regres-
sion coefficient; SE, standard error; Wald, a statistic to test B value; Exp(B), the exponent of B.
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Figure 2. Kaplan-Meier survival curves for patients with different EGFR, cyclin D1 and KRAS expression levels, metastasis and recurrence status, clinical
stage, age, and smoking and drinking status. EGFR, epidermal growth factor receptor; KRAS, KRAS proto-oncogene, GTPase.

50.0 and 80.0%, respectively. Furthermore, the KRAS expres-
sion rates were significantly different between different TNM
stages, indicating that the expression of this protein may be
closely associated with to the occurrence and development of
laryngocarcinoma. KRAS expression in tissues from patients
with recurrence or metastasis after laryngocarcinoma treatment
was significantly higher compared with patients without recur-
rence or metastasis (expression rate, 60.0 vs. 20.8%), suggesting
that KRAS expression may serve an important role in laryngo-
carcinoma invasion and metastasis.

The current study indicated that the expression levels
of EGFR, cyclin D1 and KRAS are closely associated with

the clinical stage of laryngocarcinoma and recurrence or
metastasis status after treatment. In addition, previous studies
indicated that EGFR, cyclin D1 and KRAS expression levels
were associated with the occurrence and development of laryn-
gocarcinoma, with high expression levels promoting invasion
and metastasis of laryngocarcinoma cells (37-39).

The results of the current study indicated that the
expression levels of EGFR, cyclin D1 and KRAS in laryngo-
carcinoma tissues increased compared with vocal cord polyp
tissues tissues and were closely associated with the clinical
stage and tumor recurrence or metastasis after treatment.
There was a positive correlation between the expression levels
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of any two of these factors in laryngocarcinoma, indicating
that these genes may act in synergy to promote the occur-
rence and development of laryngocarcinoma. The following
mechanism underlying such synergy may be hypothesized:
Activation of EGFR by ligand binding may active the
Ras/Raf pathway and induce the expression and activation
of cyclin D1 through the MAPK pathway to promote cell
cycle progression into S phase and initiate proliferation.
Previous studies have indicated that there was no significant
correlation among EGFR, cyclin D1 and KRAS expression
in laryngocarcinoma (40,41). The reason may be that EGFR,
cyclin D1 and KRAS is only a part of numerous complex
cellular signaling pathways involved in the process of carci-
nogenesis, and may have different expression stages in these
signaling pathways during the initiation and progression of
laryngocarcinoma (40,42).

In the present study, the Kaplan-Meier method was used to
calculate the mean survival time and survival rate of patients
in each group. The results indicated that there was a significant
difference in survival rate between the EGFR, cyclin D1 and
KRAS low and high expression groups. The Kaplan-Meier
survival curves indicated that the survival rates of patients in
the EGFR, cyclin D1 and KRAS high expression groups were
significantly lower compared with patients in the low expres-
sion groups. Therefore, the expression of EGFR, cyclin D1 and
KRAS may be associated with the survival rate of patients
with laryngocarcinoma and is one of the factors affecting the
survival and prognosis.

Multivariate analysis of prognosis using the Cox regression
model indicated that the clinical stage of laryngocarcinoma
and treatment response were closely associated with the prog-
nosis of patients. There were significant differences in survival
rates between patients with different TNM stages, which
suggested that the clinical stage of laryngocarcinoma and
treatment response are independent risk factors for the prog-
nosis of patients, whereas age, smoking, drinking states and
expression of EGFR, cyclin D1 and KRAS were the relative
risk factors and may influence the prognosis in the presence
of other factors.

The major limitation of the current study was that the
male/female ratio was 45:1, which is higher than that in
previously reported studies, although LSCC is more prevalent
among males (43). This limitation is due to the relatively
low case number and recruitment of patients from a single
hospital. Future studies should include patients from multiple
hospitals.

In conclusion, the current study indicated that the expression
levels of EGFR, cyclin DI and KRAS were closely associated
with the clinical stage of patients and may serve roles in the
recurrence or metastasis after treatment. Therefore, aberrant
expression of these three genes may accelerate the growth
and invasion of laryngocarcinoma cells and promote recur-
rence or metastasis, thus influencing the prognosis of patients.
Clinically, patient prognosis may be assessed by detecting
the expression of EGFR, cyclin DI and KRAS genes, espe-
cially EGFR, which could serve as a novel marker for LSCC.
Surgery combined with radiotherapy and/or chemotherapy,
which can be adopted for high-expression and high-stage
patients, combined with specific targeted EGFR, cyclin D1 or
KRAS gene recombination therapy may reduce the residual
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tumor size, prevent recurrence or metastasis and improve the
prognosis of patients.
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