
ONCOLOGY LETTERS  2:  637-642,  2011

Abstract. This study aimed to screen the pathogenic genes 
and pathways that relate to the transformation of hamster 
buccal mucosa from precancerous lesions to squamous cell 
carcinoma by whole genome microarray and bioinformatics 
analysis. A DMBA (7,12-dimethylbenz[a]anthracene)-induced 
hamster model of a precancerous lesion and squamous cell 
carcinoma was established. The differentially expressed genes 
were detected using an Agilent whole rat genome microarray, 
which contains 41,000 genes/ESTs. Gene ontology (GO) func-
tional classification and pathway analyses were performed, 
and a subset of differentially expressed genes were validated 
using RT-PCR. The results showed that during the transfor-
mation of hamster buccal mucosa from the precancerous 
lesion to squamous cell carcinoma, a total of 1,981 genes were 
differentially expressed, of which 1,037 were up-regulated 
and 944 were down-regulated. GO analysis revealed that the 
differentially expressed genes are mainly involved in 14 func-
tional groups including those of metabolism and cell structure. 
Additionally, 9 significantly altered pathways were identified. 
Among the 1,861 known differentially expressed genes, 
14 genes including Casp3, CCL5 and CXCL12 were enriched 
in the 9 altered pathways. The up-regulation of SPARC and 
down-regulation of Casp3 were confirmed by RT-PCR. In 
conclusion, a total of 1,981 differentially expressed genes and 
9 significantly altered pathways were identified in the transfor-
mation of hamster buccal mucosa from precancerous lesions 
to squamous cell carcinoma. A total of 14 pathway-enriched 
genes including Casp3, CCL5 and CXCL12 may play critical 
roles in the alteration of cellular pathways leading to the 

transformation of buccal mucosa from precancerous lesions 
to squamous cell carcinoma. Future studies focusing on these 
genes and pathways are required in order to gain a better 
understanding and provide effective prevention and treatment 
of oral squamous cell carcinoma.

Introduction

Oral squamous cell carcinoma (OSCC) accounts for approxi-
mately 90% of cases of oral cancers and is currently ranked  
sixth among malignant human cancers (1). Although advances 
have been made in various treatment methods for oral cancer, 
the five-year survival rate of OSCC is only 55-60% after 
standard therapy (1,2). Long-term clinical observations have 
shown that a number of OSCCs are derived from various 
precancerous lesions (1-3). However, no effective treatment 
currently exists to prevent or block the development of 
malignant precancerous lesions. Therefore, reversal of the 
precancerous lesions or protection from the malignant trans-
formation through effective intervention is likely to have a 
great impact on the prevention and treatment of oral cancer.

Recent studies (3-5) have shown that the initiation of OSCC 
is a multi-staged complex pathological process involving the 
changes of numerous genes. The toxic effect of chemical 
substances is one of the major causes of OSCC. Due to its 
similarity to the malignant transformation process of human 
oral mucosal epithelia, the DMBA (7,12-dimethylbenz[a]
anthracene)-induced squamous cell carcinoma model with 
buccal mucosa from a hamster cheek pouch is currently 
considered to be the most ideal animal model of oral mucosal 
cancer (6,7). However, no studies are available at the whole 
genome level regarding the changes in genes and pathways 
during the DMBA-induced malignant transformation of oral 
mucosa from precancerous lesions to OSCC. Subsequently, 
a DMBA-induced Syrian hamster model of malignant trans-
formation of cheek pouch mucosa from precancerous lesions 
to squamous cell carcinoma was established. Additionally, 
the differentially expressed gene profile at the whole genome 
level was analyzed during this transformation process using 
an Agilent rat whole genome microarray, which contains 
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41,000 genes/ESTs. Oral mucosa malignant transforma-
tion-related genes and pathways were examined at the whole 
genome level using bioinformatics methods such as gene 
ontology (GO) functional classification and pathway analysis. 
These methods are crucial to the study of molecular mecha-
nisms involved in the initiation and progress of the malignant 
transformation of oral mucosa precancerous lesions, reversal 
of the precancerous lesions, and intervention methods which 
block the malignant transformation.

Materials and methods

Animals and reagents. Twelve Syrian hamsters were purchased 
from the Chengdu Institute of Biological Products (Chengdu, 
China). The reagents used were: DMBA (Sigma, St. Louis, 
MO, USA), PCR instrument (PTC-100, MJ Company, USA), 
hybridization oven (G2545A, Agilent Technologies, Santa 
Clara, CA, USA), Agilent scanner (G2565AA, Agilent 
Technologies), a spectrophotometer (ND1000, NanoDrop 
Technologies Inc., Wilmington, DE USA), an RT-PCR kit 
(Bioflux, Japan), and an Agilent rat genome cDNA microarray 
(Agilent Technologies).

Experimental methods. To establish the hamster model of 
cheek pouch precancerous lesions and squamous cell carci-
noma, a total of 12, 6-8-week old Syrian hamsters, weighing 
90-120 g, were randomly divided into groups I and II, with six 
animals in each group. The cheek pouch was opened, and 5% 
DMBA in acetone solution was applied to the bilateral cheek  
pouch every Monday, Wednesday and Friday. The animals 
were sacrificed after 6 weeks (precancerous lesion group) and  
12 weeks (squamous cell carcinoma group), respectively, 
following the DMBA treatment. Samples of the cheek pouch  
tissues were removed. Half of the sample was stored immedi-
ately in liquid nitrogen, and the remaining half was fixed with 
10% formalin, paraffin-embedded, sectioned, stained with 
hematoxylin and eosin (H&E), and observed under a light 
microscope. The experimental procedures were approved by  
the Laboratory Animal Management Committee of Chongqing  
Medical University.

Extraction and purification of total RNA. Total RNA from the 
two groups was isolated from frozen tissues using a TRIzol 
RNA Extraction kit (Invitrogen, Carlsbad, CA, USA) and 
further purified using a RNeasy mini kit (Qiagen, Valencia, 
CA, USA) according to the manufacturer's instructions. The 

purified RNA was dissolved in RNase-free water and stored 
in a freezer at -80˚C until required.

cRNA labeling and synthesis. Extracted total RNA in the two 
groups was fluorescently labeled with Cy3 through reverse 
transcription according to the kit's instructions. Following the 
synthesis, cRNAs of each group were labeled with aaUTP and 
purified with a RNeasy mini kit (Qiagen). The cRNAs were 
then quantified with a spectrophotometer and purified again.

cRNA fragmentation and microarray chip hybridization. 
Cy3-labeled cRNA (875 ng) from each group was used in 
the experiment. Fragmentation was carried out following 
the manufacturer's instructions. The microarray chips were 
hybridized with 100 µl of fragmented cRNAs for 17 h (65˚C, 
10 r/min) and then washed subsequently in solution 1 and 2 at 
37˚C for 1 min each time.

Chip scanning and data processing. Hybridized microarray 
chips were scanned with an Agilent G2565AA Microarray 
Scanner (Agilent Technologies) and the results were normal-
ized with feature extraction software. Ratio ≥2 and ≤0.5 
criteria were used to select differentially expressed genes.

Bioinformatics analysis. Abnormally expressed genes were 
functionally classified based on the GO standard (http://
www.ncbi.nlm.nih.gov/). The abnormally changed pathways 
were identified by searching pathway databases KECG, 
GENMAPP and BIOCARTA (www.biorag.com). P<0.05 was 
used to select the pathways that were significantly altered.

Validation of microarray results by RT-PCR. Up-regulated 
gene SPARC and down-regulated gene Casp3 were randomly 
selected for RT-PCR validation. PCR primers (Table Ⅰ) were 
designed using Primer3 software.

Results

Pathological examination of precancerous lesion and squa-
mous cell carcinoma tissues. Routine H&E staining showed 
that among the six cases of precancerous lesions in group I, 
there were five cases of moderate dysplasia and one case of 
mild dysplasia. An experiment was performed with the five 
moderate dysplasia cases to detect precancerous lesions. The 
six cases in group II were all squamous cell carcinoma tissues 
(Fig. 1).

Table Ⅰ. RT-PCR primers.

Gene name GenBank accession Primer sequence Product length (bp)

SPARC NM_012656 F: 5'-GTGCCAGGACCCCACCAG-3' 504
  R: 5'-ATGGGAATGAGGGGAGCG-3'

Casp3 NM_012922 F: 5'-ACCCTGAAATGGGCTTGT-3' 348
  R: 5'-GTTTCGGCTTTCCAGTCA-3'

β-actin NM_001101.2 F: 5'-GTAAAGACCTCTATGCCAACA-3' 227
  R: 5'-GGACTCATCGTACTCCTGCT-3'
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Screening the genes that are differentially expressed in precan-
cerous lesions and squamous cell carcinoma tissues. A total 
of 1,981 genes were differentially expressed during the trans-
formation of hamster cheek mucosa from the precancerous  
lesions to OSCC. Of these genes, 1,861 are known, 120 
are unknown, 1,033 are up-regulated and 944 are down-
regulated.

Functional classification of differentially expressed genes. 
The 1,861 differentially expressed known genes were classi-
fied into 14 functional gene categories (Table Ⅱ) based on the 
GO functional classification.

Pathway analysis. By checking the 1,861 known differentially 
expressed genes against three major pathway databases, 
9 pathways were determined to have been significantly alered  
during the transformation from precancerous lesions to 

squamous cell carcinomas (P<0.05). However, only 14 out 
of the 1,861 known genes were enriched in these 9 pathways 
(Table Ⅲ).

RT-PCR validation. The results from the RT-PCR validation 
of the up-regulated gene SPARC and the down-regulated 
gene Casp3 are shown in Fig. 2. The gene expression of Sparc 
and Casp3, which is shown as integral optical densities of the 
PCR products, has been normalized with the expression of 
β-actin and compared (Table Ⅳ). The PCR results confirmed 
the trend of gene expression determined in the microarray 
analysis.

Discussion

This study has established a DMBA-induced hamster model 
of transformation of buccal mucosa from precancerous lesions 

Figure 1. Pathological examination under a light microscope (H&E; magnification, x200). (A) Precancerous lesion (moderate dysplasia). (B) Squamous cell 
carcinoma.

Table Ⅱ. Gene ontology (GO) analysis of the differentially expressed genes.

GO functions Up-regulated genes Down-regulated genes Total %

Metabolism 298 185 483 24.38
Development 179 212 391 19.74
Cell structure 133 178 311 15.70
Stress 72 107 179   9.04
Signal transduction 83 42 125   6.31
Immune 41 52 93   4.69
Transportation 47 15 62   3.13
Cellular localization 19 32 51   2.57
Cell adhesion 17 24 41   2.07
Transcription 25 9 34   1.72
Cell growth 13 19 32   1.62
Cell differentiation 23 8 31   1.56
Apoptosis 6 12 18   0.91
Cell cycle 7 3 10   0.50
Unknown function 74 46 120   6.06
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to squamous cell carcinoma. A total of 1,981 differentially 
expressed genes were identified through microarray analysis of 
whole mouse genome. Of these, 1,861 are known genes. These 
differentially expressed genes were grouped into 14 functional  
categories: metabolism, development, cell structure, stress, 
signal transduction, immune, chemical transportation, cellular 
localization, cell adhesion, transcription, cell growth, cell 
differentiation, apoptosis and cell cycle. This classifica-
tion indicates that the malignant transformation of the oral 
mucosa precancerous lesion is a complex pathological process 
involving changes in numerous genes.

Further pathway analysis shows that there were 9 signifi-
cantly altered pathways in the DMBA-induced malignant 
transformation of oral mucosa precancerous lesions. However, 
out of the 1,861 differentially expressed known genes, only 
14 genes were found to be enriched in the 9 abnormally 
altered pathways. These genes were: Casp3, CCL5, CXCL12, 
CCL24, Dhfr, Tyms, Vcam1, Vtn, Fn1, Apoe, Alb, Serping1, 

Table Ⅳ. Validation of microarray results by RT-PCR.

Gene name Target gene mRNA/β-actin mRNA (mean ± SD)  B/A Microarray
 ---------------------------------------------------------------------------------------------
 A B

SPARC 0.1157±0.0031 0.5023±0.0131 4.34 4.70
Casp3 0.4401±0.0024 0.1467±0.0008 0.32 0.3a

A, precancerous lesion; B, squamous cell carcinoma; aabsolute value of the reciprocal of the original microarray fold change -3.2.

Table Ⅲ. Pathway analysis.

Pathway P-value Gene changes

Activation of caspase-3 0.0366 Up: 0
  Down: Casp3

Chemokine receptors bind to chemokines 0.0406 Up: CCL5, CXCL12 and CCL24
  Down: 0

E2F-mediated regulation of DNA replication 0.0471 Up: 0
  Down: Dhfr and Tyms

G1/S transition 0.0370 Up: 0
  Down: Dhfr and Tyms

Integrin cell surface interactions 0.0070 Up: Vcam1, Vtn and Fn1
  Down: 0

Lipoprotein metabolism 0.0082 Up: Apoe and Alb
  Down: 0

Response to elevated platelet cytosolic Ca 0.0366 Up: Alb, Fn1, Serping1 and Sparc
  Down: 0

Arachidonic acid metabolism 0.012 Up: 0
  Down: Cyp2b13

Metabolism of xenobiotics by cytochrome P450 0.040 Up: 0
  Down: Cyp2b13

Figure 2. RT-PCR validation of differentially expressed genes SPARC and 
Casp3. Lane 1, precancerous lesions and lane 2, squamous cell carcinoma. 
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Sparc and Cyp2b13. Thus, we consider these 14 genes to play 
significant pathogenic roles in the malignant transformation  
of oral mucosa precancerous lesions. Studies have shown 
that Casp3 is an apoptosis regulatory gene; and that its down- 
regulation promotes tumor cell proliferation and inhibits 
tumor cell apoptosis (8). CCL5, CXCL12 and CCL24 are 
all chemokines, whose high expression promotes cell prolif-
eration and tumor metastasis (9-11). Dhfr and Tyms are key 
enzymes of intracellular folate metabolism (12-14), both 
of which are the target of the folic acid antagonist class of 
anti-cancer drugs and are responsible for drug resistance. 
Their expression levels correlate to the prognosis and drug 
resistance of the cancer, and a low expression level indicates 
a favorable prognosis. Vcam1 belongs to the immuno-
globulin superfamily, and its high expression enhances the 
migration of endothelial cells and angiogenesis, thereby 
promoting tumor invasion and metastasis (15). A high 
expression of either Vtn or Fn1 promotes tumor forma-
tion and metastasis (16-18). Apoe is an arginine-rich basic 
protein, whose high expression also promotes tumor cell 
proliferation and metastasis (19,20). Alb expression corre-
lates to cancer prognosis; the prognosis of tumors expressing 
high levels of Alb protein is better than that of tumors 
with a low Alb expression (21). Serping1 gene encodes 
the C1 inhibitor, which inhibits the activity of coagula-
tion factors XIIa and XIa, kallikrein and plasmin, thereby 
playing significant roles in the anticoagulation system of 
the body. Although studies have shown that the expression 
levels of Serping1 are variable among different types of 
tumors (22,23), Serping1 expression is up-regulated in the  
present study. Therefore, it is hypothesized that Serping1 
exerts diverse effects on different types of tumors; however, 
the underlying mechanisms should be investigated. A high 
expression of SPARC enhances the mobility of tumor 
cells and promotes tumor invasion and metastasis (24-26). 
Cyp2b13 belongs to the second family of cytochrome P450. 
It participates in the metabolism of a number of carcinogens 
and toxins, induces mutation in a number of genes, and 
inhibits certain gene expressions (27). The down-regulation 
of Cyp2b13 causes a decrease in carcinogen metabolism 
and detoxification. The present study has shown a similar 
expression pattern of the above-mentioned genes during the 
malignant transformation process of oral mucosa precan-
cerous lesions. The low expression of Dhfr and Tyms and 
the high expression of Alb indicate a positive prognosis of 
the tumor, which may be related to the fact that the animal 
model of OSCC in this study is currently at an early stage.

The present study is a preliminary one, and the gene 
expression results should be validated and verified. However, 
an overview is provided of the gene and pathway changes 
occurring during the transformation of oral buccal mucosa 
from precancerous lesions to squamous cell carcinoma at a 
whole genome level. The identified abnormally altered genes 
and pathways in this study potentially shed light on further 
in-depth investigations.
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