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Abstract. Non‑small cell lung cancer (NSCLC) is a poten-
tially fatal disease and the incidence is increasing annually. 
In order to diagnose and treat NSCLC effectively, greater 
understanding of its molecular mechanism is required. In the 
present study, 36 NSCLC tissues and 10 normal tissues were 
selected. Reverse transcription‑quantitative polymerase chain 
reaction (RT‑qPCR) was used to analyze the CD44 mRNA 
expression level in NSCLC tissue and DNA sequencing 
was performed to further verify the CD44 expression level. 
Differentially expressed genes between tumor tissues and 
controls were determined by DNA sequencing and the 
Gene_act_net between CD44 and its associated genes was 
constructed. Gene Ontology (GO) term enrichment analysis 
of the differentially expressed genes was performed by the 
Biological Networks Gene Ontology tool. Kyoto Encyclopedia 
of Genes and Genomes (KEGG) pathway enrichment analysis 
was performed based on the Expression Analysis Systematic 
Explorer test applied in the Database for Annotation, 
Visualization and Integrated Discovery. RT‑qPCR results 
showed that CD34 was overexpressed in 21 of the 36 NSCLC 
tissues (58.3%). The Gene_act_net indicated that there were 
20 differentially expressed genes with 17 upregulated and 
3 downregulated. Among them, CD44, MET, ERBB2, EGFR, 
AKT1, IQGAP1 and STAT3 were associated with the occur-
rence and migration of NSCLC. In KEGG pathway analysis, 
extracellular matrix‑receptor interaction and hematopoietic 

cell lineage pathways were the most affected by overexpressed 
CD44; and thus may be important in the development and 
migration of NSCLC. In conclusion, CD44 was overexpressed 
in NSCLC and the overexpression was associated with the 
occurrence of NSCLC and migration of NSCLC cells.

Introduction

Primary lung cancer is the most common type of malignancy 
after non‑melanocytic skin cancer, and the leading cause of 
human cancer‑related fatality worldwide (1). While it has been 
the most important cause of cancer‑related mortality in men 
since the 1960s, it and breast cancer have been identified as the 
most important causes of mortality in women (2). Lung cancer 
is increasing in prevalence and mortality rates worldwide (3). 
In developed countries, the latter has begun to decline in men, 
reflecting a decrease in smoking, and is reaching a plateau 
for women in the majority of European countries and in the 
United States, where lung cancer mortality rates in women 
are approaching those in men (4). Lung cancer fatalities in 
women were expected to increase (+7%) in the EU in 2012 (5). 
Non‑small cell lung cancer (NSCLC) accounts for 80‑85% 
of all lung cancer cases  (6). The management of NSCLC 
requires a multidisciplinary approach. Patients generally 
require a combination of surgery, radiotherapy and/or chemo-
therapy, depending on the stage, resectability and overall 
performance status (7). Chemotherapy is now recognized as 
an important component in the treatment of all stages of the 
disease, including in patients with completely resected, early 
stage disease, who benefit with improved survival rates when 
adjuvant platinum‑based chemotherapy is administered (8). 
However, the majority of patients are not diagnosed until the 
disease has spread beyond the primary tumor site. Moreover, 
the occurrence rate is increasing annually (9). Therefore, there 
is a high unmet need for innovative approaches to prevent the 
occurrence and migration of NSCLC.

CD44 is a 90‑kDa transmembrane glycoprotein that is 
widely distributed on the surface of T cells, granulocytes, 
monocytes, fibroblasts, keratinocytes and epithelial cells, and 
is involved in various cell adhesion events, including lympho-
cyte migration, hematopoiesis and tumor metastasis (10). It 
is expressed on cell surfaces in several isoforms, which are 
generated by alternative splicing of mRNA (11). Expression of 
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CD44 and its variants has been shown to be associated with 
tumor progression in various types of human malignancy (12). 
CD44 is a broadly distributed cell surface protein hypoth-
esized to mediate cell attachment to extracellular matrix 
components or specific cell surface ligands (13). The CD44 
family of surface receptors regulates adhesion, movement and 
activation of normal and neoplastic cells (14). A previous study 
demonstrated that the expression of the CD44 variant exon 6 
is associated with lymph node metastasis in NSCLC (15). 
Furthermore, standard and variant CD44 isoforms are 
commonly expressed in lung cancer of the non‑small cell 
type but not of the small cell type (16). In addition, CD44 
stimulation is known to downregulate Fas expression and 
Fas‑mediated apoptosis of lung cancer cells (17). CD44 stan-
dard and CD44 variant 6 levels in patients with NSCLC were 
not significantly different from those in patients with benign 
lung disease (18,19).

To the best of our knowledge, no studies have been 
conducted regarding the significance of CD44 expression 
with outcome and migration of NSCLC. In order to explore 
the significance of CD44 expression in human NSCLC, 
the expression pattern of CD44 was investigated using 
reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR) and DNA sequencing. Followed by Gene Ontology 
(GO) term and Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichment analysis.

Materials and methods

Patients and samples. NSCLC tissue wax block samples of 
36 cases were obtained from the Department of Thoracic 
Surgery in the First Hospital of Jilin University (Changchun, 
China) between January 2002 and July 2003. The samples 
were obtained from 28 men and 8 women, with a mean age 
of 63.5 years (range, 43‑73 years). Normal lung tissues (5 cm 
away from the cancer tissue) of 10 cases were taken as negative 
controls. The present study was approved by the First Hospital 
of Jilin University and written informed consent was obtained 
from the patients.

RT‑qPCR. RNA was extracted from tumor and normal tissues 
using the Agilent Technologies Total RNA Isolation Mini kit 
(Agilent Technologies, Palo Alto, CA, USA) according to the 
manufacturer's protocol. Spectrophotometric methods were 
used to assess the quality and quantity of the RNA samples. 
Reverse transcription was performed using 1  µg of total 
RNA and the Advantage RT‑for‑PCR kit (Takara Bio, Inc., 
Otsu, Japan) according to the manufacturer's instructions. 
Conventional PCR primers were designed to allow amplifica-
tion of regions that have no overlap with other known genes and 
span at least one intron. The following primers were synthe-
sized by BioAsia (Hyderabad, India): Forward: 5'‑ACA​ACT​
GGT​GAT​GGA​GAC​TCA​TCC‑3' and reverse: 5'‑GAT​TCC​
AGA​GTG​GCT​TAT​CAT​CTTGG‑3' for CD44; and forward 
5'‑TGG​AAT​CCT​GTG​GCA​TCC​ATG​AAAC‑3' and reverse 
5'‑TAA​AAC​GCA​GCT​CAG​TAA​CAG​TCCG‑3' for glyceral-
dehyde 2‑phosphate dehydrogenase (GAPDH). Conventional 
PCR was performed using cDNA from tissues together with 
the Real‑time qPCR Master mix‑SYBR Advantage qPCR 
Premix (Takara Bio, Inc.) using respective primers in a 

PTC‑100 thermocycler (Bio‑Rad Laboratories, Inc., Hercules, 
CA, USA). The reaction conditions were as follows: 95˚C for 
5 min, 94˚C for 1 min, 55˚C for 45 sec, 72˚C for 30 sec and a 
final extension phase at 72˚C for 7 min for 40 cycles. The PCR 
products were separated on a 2% agarose gel and stained with 
5 µl ethidium bromide prior to examination under UV light 
and images were captured (GIS‑700D digital imaging analysis 
system; Shanghai Tianneng Electronics Co., Ltd., Shanghai, 
China). Fluorescence data was collected at the extension 
step using a UV‑254 ultraviolet transmission and reflection 
analyzer (Beijing Dingguo Changsheng Biotechnology, Co., 
Ltd., Beijing, China). The relative expression of the target gene 
was determined using the 2‑ΔΔCq method (20). Optical density 
was analyzed by Imagemaster VDS (Amersham Biosciences, 
Freiburg, Germany) image analysis software. The CD44 
mRNA expression level was expressed as the CD44/β‑actin 
optical density ratio. CD44:β‑actin >0.5 was considered to 
indicate positive expression.

DNA sequencing. The DNA sequence represents a single 
format onto which a broad range of biological phenomena can 
be projected for high‑throughput data collection (21). Tumor 
and normal tissues were digested with appropriate volume 
of phosphate‑buffered saline (PBS) and proteinase K. Then 
DNA was extracted by saturated phenol and the mixed liquor 
of phenol, chloroform and isoamylol. The extracted DNA 
was precipitated with absolute ethyl alcohol, washed with 
70% ethanol and dissolved in cell lysis buffer after drying. 
Primers were designed and synthesized by the method 
reported by Guldberg et  al  (22) and the sequences were 
as follows: 5'‑ACA​ACT​GGT​GAT​GGA​GAC​TCA​TCC‑3' 
and 5'‑GAT​TCC​AGA​GTG​GCT​TAT​CAT​CTTGG‑3'. PCR 
was conducted using an ABI GeneAmp 2700 Mastercycler 
Personal (Applied Biosystems, Stockholm, Sweden). The 
total volume of the PCR reaction system was 25 µl, containing 
1 µl template DNA, 0.25 mmol/l dNTP, 0.25 µl Taq DNA 
polymerase, 0.8 µmol/l primer and 2.5 mmol/l Mg2+. The 
reaction conditions were as follows: Initial denaturation was 
performed at 94˚C for 5 min, 94˚C for 30 sec, 52˚C for 30 sec, 
72˚C for 60 sec for 40 cycles, and a final extension phase at 
72˚C for 10 min. The PCR products of 10 µl were selected for 
electrophoresis on a 2% agarose gel. Electrophoresis products 
were recycled and purified. DNA sequencing was performed 
by the 310 style DNA sequencer (Applied Biosystems, Foster 
City, CA, USA). The results were analyzed with DNASIS 
MAX V 3.0 software (MiraiBio; Hitachi Corporation, Tokyo, 
Japan).

Functional enrichment analysis and pathway enrichment 
analysis. In order to facilitate the functional analysis of the 
large lists of genes in the results, the Biological Networks 
Gene Ontology tool (BiNGO, plugin of Cytoscape) for GO 
term enrichment analysis was used (23). GO is a controlled 
vocabulary that is structured as a directed acyclic graph, 
and describes genes and their products (hereafter referred to 
simply as ‘genes’) in any organism (23). Genes from a number 
of organisms have been annotated to GO terms. A widespread 
application is the identification of annotation‑enriched GO 
terms in a list of genes that share biological characteristics, 
the so‑called study set compared with a larger list of genes, 
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the population set. These terms are often interpreted as repre-
senting the salient biological features of the genes in the study 
set (24). The false discovery rate is determined. It is a statis-
tical approach used in multiple hypothesis testing to correct for 
multiple comparisons. It is typically used in highthroughput 
experiments in order to correct for random events that falsely 
appear significant (25).

KEGG is a knowledge base for systematic analysis of gene 
functions, linking genomic information with higher order 
functional information (26). KEGG pathway enrichment anal-
ysis was conducted with P<0.01 based on Expression Analysis 
Systematic Explorer (EASE) test applied in The Database for 
Annotation, Visualization and Integrated Discovery (27). The 
EASE score was used to detect the significant categories. The 
threshold of EASE score <0.01 was considered significant for 
a category. The principle of EASE is shown in the following 
equation:

Where n is the number of background genes; a' is the gene 
number of one gene set in the gene lists; a'+b is the number of 
genes in the gene list including at least one gene set; a'+c is 
the gene number of one gene list in the background genes; a' is 
replaced with a=a'‑1.

Statistical analysis. Differences within groups in all assays 
were tested by analysis of variance and Dunnett's test. P<0.05 
was considered to indicate a statistically significant difference. 
Statistical analysis was implemented by SPSS 19.0 software 
(SPSS Inc., Chicago, IL, USA). All experiments were repeated 
three times.

Results

RT‑qPCR. RT‑qPCR was used to determine CD44 mRNA 
expression in NSCLC and the normal tissue. The electro-
phoresis results were recorded by a gel scanning imaging 
system. Optical density values were analyzed by Imagemaster 
VDS image analysis software. The CD44 mRNA expression 
level was determined by the CD44/β‑actin optical density 
ratio. CD44/β‑actin >0.5 was considered to indicate positive 
expression. CD44 expression occurred in AGAR condensed 
electrophoresis after 10 cases of the normal tissues was ampli-
fied by RT‑PCR and the result is shown in Fig. 1. Representative 
CD44 expression is indicated in lane 2, compared to the DNA 
ladder. In the same conditions, CD34 was overexpressed in 21 
of the 36 cases NSCLC tissues and the overexpression rate was 
58.3% (Fig. 2).

DNA sequencing. In order to further demonstrate that CD34 
was overexpressed, DNA sequencing was used to analyze the 
CD34 expression conditions in NSCLC and normal tissues. The 
sequencing results underwent bioinformatics analysis. In total, 
1,375 genes were found to be differentially expressed between 
the NSCLC and normal tissues. Among them, 136 genes were 
downregulated and 1,239 genes were upregulated. CD44 and all 
related genes were used to construct Gene_act_net (Fig. 3). As 
shown, 20 genes were differentially expressed. Among them, 
17 genes were upregulated (MET, ERBB2, EGFR, ITPR3, 
ARHGEF1, RHOA, JUN, ACTG1, ITGA3, AKT1, ACTB, 
IQGAP1, ITGA9, ITGB6, STAT3, DDX5 and CD44) and three 
genes were downregulated (COL6A3, LAMB1 and COL1A1).

GO enrichment analysis. The results of GO enrichment anal-
ysis of the differentially expressed genes are shown in Fig. 4. 
GO enrichment analysis of total genes, upregulated genes 
and downregulated genes is shown in Fig. 4A‑C, respectively. 
From the results, it was demonstrated that the following path-
ways in the biological process GO term (P<0.05): Respiratory 
electron transport chain (5.27E‑08), cellular metabolic process 
(1.40E‑07), mitochondrial electron transport, NADH to 
ubiquinone (1.16E‑06), SRP‑dependent cotranslational protein 
targeting to membrane (2.64E‑42), translational initiation 
(5.2E‑41) and viral transcription (5.08E‑40). The cellular 

Figure 2. CD44 expression of the 36 cases of NSCLC after amplification 
by reverse transcription‑quantitative polymerase chain reaction. M, marker; 
Lanes 1, 2, 3, 4, 7, 8, 9, 10, 11, 13 and 14, overexpression; and lanes 5, 6, 12, 
15 and 16, normal expression.

Figure 1. CD44 expression in the 10 normal tissues following amplification 
by reverse transcription‑polymerase chain reaction. Lane 1, DL1000 DNA 
Ladder Marker; lane 2, CD44 gene.
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component GO term (P<0.05) was associated with respiratory 
chain (4.11E‑07), mitochondrial respiratory chain complex I 
(1.39E‑06), mitochondrial inner membrane (6.94E‑05), 
ribonucleoprotein complex (1.33E‑34), ribosome (1.99E‑29) 
and cytosolic large ribosomal subunit (6.86E‑25). Molecular 
function GO term (P<0.05) was associated with nicotinamide 
adenine dinucleotide (NADH) dehydrogenase (ubiquinone) 
activity (1.35E‑06), prolactin receptor binding (0.0006), 
oxidoreductase activity (0.0011), structural constituent of ribo-
some (4.75E‑29), RNA binding (8.7E‑11) and protein binding 
(1.04E‑10).

Pathway enrichment analysis. The EASE analysis method 
conducted in the present study included a number of factors 
including the statistical significance of the set of differentially 
expressed genes in the pathway, the topology of the signaling 
pathway and their interactions.

Pathway enrichment analysis of the differentially 
expressed genes yielded a number of significant pathways, the 
extracellular matrix‑receptor interaction and hematopoietic 
cell lineage pathways were most affected by overexpression of 
CD44 and, thus, important in the development and migration 

of NSCLC. As shown in Fig. 5, differentially expressed genes 
CD44, SDC3, LAMB1, ITGA9, ITGA3, ITGB6, SDC4, 
COL1A1, HSPG2, SDC1 and COL6A3 were involved in the 
ECM‑receptor interaction pathway. Differentially expressed 
genes CD44, CD9, HLA‑DRB5, CSF1R, IL1R1, HLA‑DRA, 
ITGA3, CD14, CD55, CD4, CD59 and HLA‑DRB1 were 
involved in the hematopoietic cell lineage pathway.

Discussion

Lung cancer is the leading cause of cancer‑related mortality 
worldwide and its prevalence and mortality is increasing. 
NSCLC accounts for 80‑85% of lung cancers. Chemotherapy 
is now recognized as an important component of treatment 
for all stages of NSCLC. However, the majority of patients are 
not diagnosed until the disease has spread beyond the primary 
tumor site. Moreover, the occurrence rate is increasing annually. 
Therefore, greater understanding of NSCLC at the molecular 
level is required. Defining new molecular targets may aid the 
development of more effective therapeutic strategies. In the 
present study, RT‑qPCR was used to investigate the expres-
sion level of CD44 mRNA and the result showed that CD44 

Figure 3. Gene_act_net between CD44 and its related genes. Purple represents the downregulated genes, yellow represents the upregulated genes, sky blue 
represents no differential expression.
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Figure 4. GO enrichment analysis results of the differentially expressed genes in NSCLC. (A) GO enrichment analysis result of all differential expressed genes. 
(B) GO enrichment analysis result of the upregulated genes. (C) GO enrichment analysis result of the downregulated genes. GO, gene ontology; NSCLC, 
non‑small cell lung cancer. 
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Figure 5. Pathway‑Act‑Net of the differentially expressed genes. (A) KEGG pathway of all differential expressed genes. (B) KEGG pathway of the upregulated 
genes. (C) KEGG pathway of the downregulated genes. KEGG, Kyoto Encyclopedia of Genes and Genomes pathway.
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  B

  A
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mRNA was overexpressed. To further prove the overexpression 
of CD44, DNA sequencing was used to analyze the differen-
tially expressed genes between NSCLC tissues and normal 
tissues. In total, 1,375 genes were found to be differentially 
expressed. Among them, 136 genes were downregulated and 
1,239 genes, including CD44, were upregulated. CD44 and all 
the related genes were used to construct Gene_act_net. Among 
them, 17 genes were upregulated and 3 were downregulated. 
The 17 upregulated genes were MET, ERBB2, EGFR, ITPR3, 
ARHGEF1, RHOA, JUN, ACTG1, ITGA3, AKT1, ACTB, 
IQGAP1, ITGA9, ITGB6, STAT3, DDX5 and CD44. The 
3 downregulated genes were: COL6A3, LAMB1 and COL1A1.

CD44 is a principle hyaluronate receptor and a trans-
membrane glycoprotein  (28). It exists in a standard form 
(CD44s), and in multiple isoforms (29). It has been described 
as important in various aspects of cancer progression, 
including cell growth control, adhesion, migration and 
invasion (30,31). A number of primary carcinoma tissues 
have been shown to express high levels of CD44 (32). Its 
expression was important for NSCLC COX‑2‑dependent 
invasion (33). Miyoshi et al (15) reported that in NSCLC, a 
number of variant forms of CD44 are frequently expressed 
and that the expression of CD44v6 is particularly associated 
with lymph node metastasis in NSCLC. Yasuda et al  (17) 
found that CD44 was highly expressed on the surface of 
lung cancer cells and it stimulated the downregulation of Fas 
expression and Fas‑mediated apoptosis of lung cancer cells. 
Therefore, it was concluded that CD44 was associated with 
the occurrence and migration of NSCLC.

MET amplification can activate ERBB3/PI3K/AKT 
signaling in EGFR mutant lung cancers and causes resis-
tance to EGFR kinase inhibitors (34). MET amplification in 
NSCLC is likely a primary oncogenic driver and is a valid 
clinical target (35). MET has a prognostic role in surgically 
resected NSCLC, gene copy number increased by MET is an 
independent negative prognostic factor in surgically resected 
NSCLC (36). ERBB2 is a 185‑Da transmembrane protein 
(p185 HER2) tyrosine kinase (37). Mutations in the ERBB2 
gene were recently found in ~2% of primary NSCLC speci-
mens (38). Overexpression of the ERBB2 protein is observed 
in a variety of malignancies, including NSCLC (39). EGFR is 
critical in the control of cellular proliferation, differentiation 
and survival (40). Mutations of the EGFR gene have been 
identified in specimens from patients with non‑small cell 
lung cancer respond to anilinoquinazoline EGFR inhibi-
tors (41). EGF is a promising target for anticancer therapy 
as it is expressed or highly expressed in a variety of tumors, 
including NSCLC (42). AKT1, a downstream mediator of 
phosphatidylinositol 3‑kinase (PI3K), is a signal transduc-
tion protein that is central in tumorigenesis (43). It has been 
implicated in lung tumorigenesis and lung cancer drug resis-
tance, and can be activated in NSCLC (44,45). IQGAP1 is 
a scaffold protein whose function is associated with signal 
transduction, cell adhesion, local invasion and distant metas-
tasis of cancer cells (46). Downregulation of IQGAP1 can 
decrease proliferation, migration and invasion potential in 
NSCLC metastasis (47). Activation of STAT3 is important 
in tumorigenesis and tumor progression (48). The overex-
pression of STAT3 has been found in various malignancies, 
including NSCLC (49). Thus, studies have indicated that 

MET, ERBB2, EGFR, AKT1, IQGAP1, STAT3 were associ-
ated with the occurrence and migration of NSCLC.

The KEGG pathway of the differentially expressed genes 
was investigated. ECM‑receptor interaction and hematopoietic 
cell lineage pathways were affected by overexpressed CD44. 
The ECM‑receptor interaction pathway involved CD44, 
SDC3, LAMB1, ITGA9, ITGA3, ITGB6, SDC4, COL1A1, 
HSPG2, SDC1 and COL6A3. ECM‑receptor interactions have 
a profound influence on major cellular programs including 
growth, differentiation, migration and survival (50). Of the 11 
genes, CD44, ITGA9, ITGA3 and COL1A1 were associated 
with NSCLC occurrence. ITGA9 was found to be down-
regulated in NSCLC and strongly inhibited colony formation 
in renal and lung cancer cell lines  (51,52). Fan  et  al  (53)
performed analysis of expression of integrins in three different 
lung cancer cell lines, including A549 adenocarcinoma cells, 
H1650 bronchioalveolar carcinoma cells and DMS53 small cell 
carcinoma cells. Upregulated expression of ITGA4 was detect-
able in H1650 cells and ITGA3 was observed in all the lung 
cancer cells (53). High expression of COL1A1 was found in 
NSCLC (54). In addition, loss of expression of SDC1 is known 
to be associated with biologic aggressiveness and poor outcome 
for patients with NSCLC (55). The soluble SDC1 is associated 
with shorter survival in chronic lymphocytic leukemia and 
lung cancer (56). Overexpression of this enzyme appears to be 
crucial to promote tumor growth and metastasis in a number 
of types of cancer, including lung cancer (57). CD44, CD9, 
HLA‑DRB5, CSF1R, IL1R1, HLA‑DRA, ITGA3, CD14, CD55, 
CD4, CD59 and HLA‑DRB1 were shown to be involved in the 
hematopoietic cell lineage pathway. CD44 was reported to be 
important in the occurrence and migration of NSCLC. CD9 
is involved in Schwann cell migration in vitro (58) and is also 
downregulated in metastatic tumors (59). ITGA3 is an impor-
tant integrin, and integrin α3/β1 was found to be expressed 
in 82% of metastatic tumors (60). It was reported to exhibit 
a role in MYC‑induced liver cancer (61). CD14 is involved 
in hemorrhagic shock‑induced alterations of the monocyte 
tumor necrosis factor response to endotoxin  (62). CD55 is 
overexpressed in certain tumor cell lines, and in colorectal 
carcinomas, it has been shown to be an indicator of a poor 
prognosis (63). Therefore, it was concluded that ECM‑receptor 
interaction and hematopoietic cell lineage pathway are key in 
the occurrence and migration of tumor.

Above all, it was concluded that CD44 was overexpressed 
in NSCLC and the overexpression was associated with the 
occurrence and migration of NSCLC. This may aid in the 
development of novel treatment strategies for NSCLC in the 
clinic.
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