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Abstract. Due to the lack of a definite diagnosis, a frequent 
recurrence rate and resistance to chemotherapy or radio-
therapy, the clinical outcome for patients with advanced 
laryngeal cancer has not improved over the last decade. 
Annexin A2 is associated with the invasion and metastasis 
of cancer cells. In the present study, it was demonstrated 
using differential proteomics analysis that Annexin A2 is 
highly expressed in laryngeal carcinoma tissues and this was 
confirmed using immunohistochemistry, which demonstrated 
that the expression of Annexin A2 in laryngeal carcinoma 
tissues was significantly higher than in healthy adjacent tissue. 
In addition, its potential predictive value in the prognosis of 
patients with laryngeal carcinoma was evaluated. The results 
demonstrated that Annexin A2 expression was significantly 
associated with tumor size, lymph node metastasis, distant 
metastasis and clinical stage. In addition, higher Annexin A2 
expression was associated with a poor prognosis of patients 
with laryngeal cancer. Thus, the results of the present study 
indicate that Annexin A2 expression is an independent prog-
nostic biomarker for evaluating the malignant progression of 
laryngeal cancer.

Introduction

Laryngeal cancer is the most common type of head and neck 
cancer and the morbidity and mortality rates from laryn-
geal cancer are increasing worldwide (1). There is currently 
no established method of diagnosing laryngeal cancer. 
Furthermore, patients with laryngeal cancer have a high rate 
of recurrence and often develop resistance to chemotherapy or 

radiotherapy; therefore, the clinical outcome for patients with 
advanced laryngeal cancer remains poor (2,3). Thus, more 
effective diagnostic and therapeutic targets are required.

Annexin family proteins promote invasion and metastasis 
in several types of cancer, including breast cancer, esophageal 
carcinoma, liver cancer and nasopharyngeal carcinoma (4). 
However, different members of the Annexin family proteins 
are either up‑ or downregulated in cancer tissue, so different 
Annexins may perform different roles in specific types of 
cancer (5,6). It has been demonstrated that Annexin A1 is 
associated with esophageal cancer and is overexpressed in 
laryngeal carcinoma cells; it may therefore progressively 
migrate from the nucleus towards the membrane during 
laryngeal tumorigenesis (7). By contrast, Annexin A2 is 
associated with breast cancer (8) and knockdown of Annexin 
A2 by RNA interference decreases the proliferation and inva-
sion of breast cancer cells (9). Additionally, Annexin A2 is 
associated with prostate cancer, invasive cervical carcinoma 
and lung cancer (10). Similarly, Annexins A4 and A5 are 
highly expressed in laryngeal carcinoma, indicating that they 
may contribute to its onset and development (11). The afore-
mentioned results indicate that Annexin A2 expression may 
be important in determining the invasion and metastasis of 
various types of cancer. However, it remains unknown whether 
Annexin A2 is associated with the development of laryngeal 
carcinoma and whether it may act as a prognostic biomarker.

In the present study, differential proteomics analysis 
indicated that Annexin A2 was highly expressed in laryngeal 
carcinoma and its increased expression was confirmed using 
immunohistochemistry in tissues taken from patients with 
laryngeal carcinoma. The predictive value of Annexin A2 
in the prognosis of patients with laryngeal carcinoma was 
subsequently evaluated.

Materials and methods

Study population. A total of 209 laryngeal cancer tissue 
samples and 88 adjacent tissues were collected from patients 
undergoing surgery at the Department of Otorhinolaryngology 
Head and Neck Surgery, Xiangya Hospital of Central South 
University (Changsha, China) between February 2010 
and December 2011. The patients included 120 males and 
89 females, aged 38‑88 years old. The clinical character-
istics of the patients with laryngeal cancer are summarized 
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in Table I. All the tissues were fixed with formalin for 4 h at 
4˚C, embedded in paraffin and stored at 4˚C prior to usage. An 
additional 5 laryngeal cancer tissue samples and 5 matched 
adjacent tissue samples were immediately frozen at ‑150˚C 
and used for proteomics analysis. Prior to sample collection, 
no participants received any therapy. The present study was 
approved by the Ethics Committee of Xiangya Hospital of 
Central South University and all the participants provided 
written informed consent for inclusion in the current study.

Proteomics analysis. Total proteins were extracted and 
purified from fresh tissues using a ReadyPrep™ Protein 
Extraction kit (GE Healthcare Bio‑Sciences, Pittsburgh, PA, 
USA) following the manufacturer's instructions. A 2‑D Quant 
kit (GE Healthcare Bio‑Sciences) was used to determine the 
concentration of the total protein. Proteomics analysis was 
performed as previously described (12). Proteins (300 µg) were 
separated using 12.5% two‑dimensional polyacrylamide gel 
electrophoresis (2‑DE). The 20‑cm immobilized pH gradient 
strips (pH 3‑10) were loaded with samples and subjected to 
rehydration overnight. Samples containing 150 µg protein for 
analytical gels and unlabeled samples containing 1 mg protein 
were diluted to 450 µl with rehydration solution (Promega 
Corp., Madison, WI, USA) and used for isoelectric focusing 
(IEF). Proteins (60 µg) were separated by 12% SDS‑PAGE, 
and then each gel was stained with Coomassie Brilliant 
Blue dye and scanned with UMAXpowerlook 1120 (Umax 
Data Systems, Inc., Taipei, Taiwan). The DeCyder software 
version 6.5 (GE Healthcare, Chicago, IL, USA) was used to 
spot‑detect and determine the quantity, intergel matching and 
statistics. The statistical significance was assessed for each 
change in abundance using a one‑way analysis of variance 
with a post hoc Tukey's test. Protein spots for which the mean 
ratio was >1.5‑fold or <‑1.5‑fold were selected.

Immunohistochemical (IHC) staining assay. The expres-
sion of Annexin A2 was evaluated using IHC staining. IHC 
staining was performed as previously described (13). Briefly, 
the tissue sections (4 µm thick) were deparaffinized and 
hydrated and then retrieved using citrate buffer in boiling 
water for 15 min. Subsequently, sections were incubated with 
primary antibodies (mouse monoclonal anti‑Annexin A2; cat. 
no. WH0000302M1; 1:200; Sigma‑Aldrich; Merck KGaA, 
Darmstadt, Germany) overnight at 4˚C. Sections were then 
incubated with horseradish peroxidase conjugated‑polymer 
anti‑mouse secondary antibody (cat. no. KIT‑5902; 1:200; 
Maxim Biotech, Inc., Rockville, MD, USA) for 60 min at 37˚C. 
Sections were then visualized using diaminobenzidine, coun-
terstained with hematoxylin for 5 min at room temperature 
and observed under a light microscope (magnification, x100).

To measure the expression of Annexin A2 in tissues, the 
extent and intensity of staining were assessed in each section. 
All tissue sections were analyzed and scored independently by 
three experienced pathologists who were blinded to the experi-
ments designed. Annexin A2 staining intensity was scored as 
0 (negative, ‑), 1 (positive, weak, +), 2 (positive, moderate, ++) 
and 3 (positive, strong, +++). The extent of staining was scored 
as 0‑1.0 (0‑100%). The final staining score (0‑3) was calculated 
as the multiplication of the intensity score and extent score. 
The expression of Annexin A2 was determined to be high 

when the score was ≥1 and low when the score was <1. To 
compare the expression of Annexin A2 between adjacent and 
tumor tissues, Annexin A2 expression was normalized to the 
average score in normal tissues.

Statistical analysis. All data are expressed as the mean ± stan-
dard deviation. SPSS 16.0 software (SPSS, Inc., Chicago, IL, 
USA) was used for statistical analysis. Student's t test was used 
to analyze the differential expression of Annexin A2 between 
laryngeal cancer tissue and adjacent normal tissue. A χ2 test 
was used to analyze the association between Annexin A2 
expression and the clinicopathological parameters of patients 
with laryngeal cancer. Kaplan‑Meier analysis with a log‑rank 
test was used to examine the association between serum levels 
of Annexin A2 and overall survival (OS). The overall survival 
(OS) was defined as the time from diagnosis to the date of 
death or the date last known alive. The patients were followed 

Table I. Association between annexin A2 expression and clini-
copathological variables in patients with laryngeal cancer.

 Annexin A2
 ------------------------------------------------
 Low High
 expression expression
Variables (n=89) (n=120) P‑values

Age (years)    
  <60 45 65 0.674
  ≥60 44 55 
Sex   
  Male 50 70 0.779
  Female 39 50 
Tumor size (cm)   
  <5  60 47 <0.001a

  ≥5  29 73 
Histological grade    
  I 57 83 0.460
  II-III 32 37 
Histology type   
  Adenocarcinoma  11 24 0.881
  Squamous 68 96 
Lymph node    
metastasis
  No 68 64 0.001a

  Yes 21 56 
Distant metastasis    
  No 76 85 0.019a

  Yes 13 35 
Clinical stage    
  I‑II 74 81 0.011a

  III‑IV 15 39 

A χ2 test was performed to determine whether differences between the 
two groups were significant. aP<0.05.
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up every two months for five years. All the patients completed 
the follow‑up. Finally, the cox proportional hazard regression 
model was used to estimate the independent predicators for 
the prognosis of patients with laryngeal cancer. P<0.05 was 
considered to indicate a statistically significant difference.

Results

The expression of Annexin A2 is higher in laryngeal cancer 
tissues than in adjacent healthy tissue. Proteins from 5 human 
laryngeal cancer tissues and 5 matched adjacent normal tissues 
were run in duplicate using difference gel electrophoresis 

together with an internal pool sample on each gel. DeCyder 
software determined that the positional deviation of the protein 
spot was 1.67±0.24 mm for IEF and 1.25±0.13 mm for 2‑DE. 
Fully automated spot detection and quantification were also 
conducted using the Decyder software (>1.5 fold). Among the 
differential proteins detected, it was identified that Annexin 
A2 was overexpressed in cancer tissues (Fig. 1). Additionally, 
IHC staining was performed to measure the expression of 
Annexin A2 in the 209 laryngeal cancer tissues and 88 adja-
cent tissues. It was demonstrated that Annexin A2 expression 
was significantly higher in laryngeal cancer tissue compared 
with adjacent healthy tissues (P=0.001; Fig. 2).

Figure 1. Three differential protein spots from two‑dimensional polyacrylamide gel electrophoresis gels stained with Coomassie Brilliant Blue were identified 
as Annexin A2 by differential proteomics analysis and it was determined that this protein was overexpressed in human laryngeal carcinoma tissues.

Figure 2. Annexin A2 was further identified as positively expressed by immunohistochemical staining analysis with diaminobenzidine staining and its 
expression was significantly higher in human laryngeal carcinoma tissues compared with adjacent tissues (P=0.001). Magnification, x100.
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Expression of Annexin A2 is significantly associated with 
tumor size, clinical stage and lymph node metastasis in 
laryngeal cancer. The association between Annexin A2 
expression and the clinical characteristics of patients with 
laryngeal cancer was further investigated. All patients with 
laryngeal cancer were divided into two groups: A high 
Annexin A2 expression group (score ≥1) and a low Annexin 
A2 expression (score <1) group, according to the final staining 
score. As presented in Table I, it was demonstrated that there 
were no associations between Annexin A2 expression and 
age (P=0.674), sex (P=0.779), histological grade (P=0.460) or 
histology type (P=0.881). However, high Annexin 2 expres-
sion was significantly associated with tumor size (P<0.001), 
lymph node metastasis (P=0.001), distant metastasis 
(P=0.019) and clinical stage (P=0.011). These results indi-
cate that Annexin A2 expression may be used as a prognostic 
biomarker in the evaluation of the malignant progression of 
laryngeal cancer.

High Annexin A2 expression is associated with poor 5‑year 
survival rates in patients with laryngeal cancer. The asso-
ciation between Annexin A2 expression and the survival rate 
was investigated in patients with laryngeal cancer using the 

Kaplan‑Meier method. It was demonstrated that the 5‑year OS 
rate of patients with laryngeal cancer with high Annexin A2 
expression was significantly lower (Fig. 3; P<0.001) than 
that of patients with low Annexin A2 levels. Therefore, high 
Annexin A2 expression is associated with poor prognosis in 
patients with laryngeal cancer.

In addition, the factors that could predicate the prognosis 
of laryngeal cancer patients were investigated using univariate 
and multivariate analyses. The results of the univariate anal-
ysis indicated that Annexin A2 expression (P=0.018), as well 
as tumor size (P=0.014), lymph node metastasis (P=0.005), 
distant metastasis (P=0.011) and clinical stage (P=0.009) were 
significantly associated with the survival of patients (Table II). 
Furthermore, Annexin A2 expression (P=0.001), tumor size 
(P=0.037), lymph node metastasis (P=0.013), distant metas-
tasis (P=0.002) and clinical stage (P=0.018) were identified as 
independent factors for predicating the prognosis of patients 
with laryngeal cancer (Table III).

Discussion

Laryngeal squamous cell carcinoma accounts for 85‑90% of 
all cases of laryngeal cancer and the mortality rate of patients 
with larynx adenocarcinomas is high (14). In 2012, ~157,000 
novel cases of laryngeal carcinoma were diagnosed and ~1% 
of all cancer‑associated mortalities are estimated to be from 
laryngeal carcinoma (15). Due to the lack of a definitive method 
of diagnosis and a frequent rate of recurrence, the prognosis of 
patients with advanced laryngeal cancer remains poor (2). In 
addition, many patients develop resistance to chemotherapy 
or radiotherapy, contributing to the high mortality rate (3). 
Therefore, it is necessary to improve understanding of the 
underlying molecular mechanisms of laryngeal carcinoma 
and to identify more effective diagnostic techniques and thera-
peutic targets.

Annexin A2, a calcium‑ and phospholipid‑dependent 
protein, is widely distributed in the nucleus, cytoplasm and 
extracellular surface, and is primarily expressed in endo-
thelial cells, macrophages and tumor cells (11). Annexin A2 
orchestrates multiple biological processes and clinical associa-
tions, particularly during cancer progression (16). It has been 

Table II. Univariate analysis of prognostic fac tors of laryngeal 
cancer.

 Hazard
Variables ratio P‑values

Age (≥60/<60 years) 1.391 0.669
Sex (male/female) 1.115 0.713
Tumor size (≥5/<5 cm) 2.733 0.014a

Histological grade (II‑III/I) 1.562 0.063
Histology type (adenocarcinoma/  1.096 0.758
squamous)
Lymph node metastasis (yes/no) 4.256 0.005a

Distant metastasis (yes/no) 3.511 0.011a

Clinical stage (III‑IV/I‑II) 3.221 0.009a

Annexin A2 expression 2.653 0.018a

(high/low)

aP<0.05.

Table III. Multivariate analysis of independent prognostic 
fac tors of laryngeal cancer.

Variables Hazard ratio P‑values

Tumor size 2.153 0.037a

Lymph node metastasis 2.958 0.013a

Distant metastasis 3.316 0.002a

Clinical stage  2.718 0.018a

Annexin A2 expression 3.643 0.001a

aP<0.05.

Figure 3. Association between Annexin A2 expression and the overall 
survival rate of patients with laryngeal carcinoma. The survival rate of 
patients in the high Annexin A2 expression group was significantly lower 
than that of patients in the low Annexin A2 expression group (P<0.001).
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demonstrated that Annexin A2 dysregulation is associated 
with the onset, invasion, metastasis and drug resistance of 
cancer (17). Furthermore, it has been suggested that Annexin 
A2 may be used as a potential biomarker for the diagnosis, 
treatment and prognosis of tumors (18). Zhang et al (18) 
reported that the soluble Annexin A2 concentration detected 
by ELISA in serum samples from 42 patients with lung 
cancer was significantly higher than in 43 healthy individuals. 
Furthermore, it has been demonstrated that Annexin A2 is 
upregulated in hepatocellular carcinoma tissues and serum 
samples compared with benign liver disease samples and 
its expression is associated with differentiated degree, intra-
hepatic metastasis and tumor node metastasis staging (19). 
These results indicate that Annexin 2 may be an independent 
prognostic factor for hepatocellular carcinoma (20). Previous 
studies have demonstrated that the expression of Annexin A2 
is significantly associated with metastasis and poor survival in 
nasopharyngeal and endometrial carcinoma, bladder cancer 
and serous ovarian cancer (21‑24). Using a proteomic assay, 
the present study identified that Annexin A2 was highly 
expressed in laryngeal carcinoma tissues, consistent with the 
results of the aforementioned studies. This high expression of 
Annexin 2 was confirmed by IHC staining. Furthermore, the 
expression of Annexin A2 was significantly associated with 
tumor size, lymph node and distant metastasis and the clinical 
stage. Therefore, the results of the current study indicated that 
high Annexin A2 expression is associated with poor prognosis 
in patients with laryngeal cancer, suggesting that Annexin A2 
may act as an independent prognostic biomarker for evaluating 
the malignant progression of laryngeal cancer. Measuring the 
expression of Annexin A2 as well as the expression of other 
Annexins, including Annexins A4 and A3, may accurately 
predict the prognosis of different types of cancer, including 
urothelial carcinoma and cervical cancer (11,25,26). The predic-
tive efficiency of Annexin A2 combined with other Annexins 
in laryngeal carcinoma requires further investigation.

Mechanically, silencing of Annexin A2 expression 
suppresses cell proliferation, adhesion, migration, invasion 
and vascular formation in nasopharyngeal carcinoma cells by 
downregulating epithelial‑mesenchymal transition‑associated 
signaling proteins (22). Decreased expression of Annexin 
A2 causes defects in tumor growth in vivo and cell prolifera-
tion in vitro without causing cytotoxicity. This occurs by the 
induction of cell cycle arrest at the G2 phase in non‑small 
cell lung cancer cells and esophageal squamous cell carci-
noma, which occur in a p53‑dependent or ‑independent 
manner (27,28). Furthermore, it has been demonstrated that 
decreased Annexin A2 expression alters cell polarity, disrupts 
the formation of actin filaments and reduces C‑X‑C chemokine 
receptor type 4 expression via the Rho/Rock pathway in renal 
cell carcinoma (29). However, further studies are required to 
determine the mechanism by which Annexin A2 promotes the 
development of laryngeal cancer.

In conclusion, to the best of our knowledge, the current 
study is the first to demonstrate that Annexin A2 is upregu-
lated in laryngeal cancer and high Annexin A2 expression is 
significantly associated with malignant progression and poor 
prognosis in patients with laryngeal cancer. Therefore, the 
expression of Annexin A2 may be a potential predictor for the 
prognosis of patients with laryngeal cancer.
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