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ABSTRACT. The mRNA expression of cell adhesion molecule 1 
(CADM1) and its clinicopathological significance in esophageal 
squamous cell carcinoma (ESCC) tissues were investigated. CADM1 
mRNA and protein expression were detected in tissue samples from 50 
patients with ESCC by reverse transcription-polymerase chain reaction 
(RT-PCR) and streptavidin-peroxidase (SP) immunohistochemistry; 
adjacent tissues served as controls. The average CADM1 mRNA 
expression was significantly downregulated in the cancer tissues (0.522 
± 0.247) than in the controls (0.871 ± 0.192), (t = 7.882, P < 0.05). 
CADM1 mRNA expression was significantly downregulated in ESCC 
patients with positive lymph node metastasis than in those with negative 
lymph node metastasis (t = 3.207, P < 0.05). There was a correlation 
between CADM1 mRNA expression and tumor-node-metastasis 
(TNM) stage (t = 2.673, P < 0.050), but not with age, gender, and 
histological grade (P > 0.05). The positive expression rate of CADM1 
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protein in the 50 cases of ESCC was significantly lower than that of 
the control group (χ2 = 29.87, P < 0.01). Out of 28 patients with non-
lymph node metastasis, 20 (71.43%) positively expressed CADM1; out 
of 22 patients with lymph node metastasis, only 7 (31.82%) positively 
expressed CADM1. There was a significant difference in the positive 
protein expression rates of CADM1 between the two groups (χ2 = 
7.782, P < 0.01). CADM1 mRNA expression was highly upregulated 
in normal tissues compared to ESCC tissues, indicating that the loss 
of CADM1 expression influenced the pathogenesis, invasion, and 
metastasis of ESCC, and allowing for the prognosis of the disease in 
patients with ESCC after treatment.
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INTRODUCTION

Esophageal squamous cell carcinoma is one of the most malignant types of cancer 
with the sixth highest global-mortality rate. China has high incidence and mortality rates of 
ESCC. Although there have been some improvements in the diagnosis and treatment of ESCC, 
the incidence and mortality rate are still high. According to statistics, the survival rate in 
5 years is 10~15% (Kuramochi et al., 2001). The inhibition of lymph node metastasis and 
invasion of ESCC is critical to treatment and improvements in survival rate.

Cell adhesion molecule 1 (CADM1) was identified by useful complementation 
method as a tumor-inhibiting factor (TIF), while researching lung cancer (Kuramochi et al. 
2001). CADM1 expression was downregulated and heterozygosity was lost in 85% of the 
primary tumors (Liang et al., 2011).

In this research study, we used reverse-transcription polymerase chain reaction (RT-PCR) 
and streptavidin-peroxidase (SP) immunohistochemistry to detect mRNA and protein expression 
levels of CADM1 in ESCC tissues and investigate its clinicopathological significance.

MATERIAL AND METHODS

Informed consent was obtained from all the patients and the study was approved 
by the Ethics Committee of the Department of Pathology, Nantong People’s Hospital. Data 
and ESCC tissue samples were collected from 50 patients admitted to the Nantong People’s 
Hospital from January 2010 to December 2014. All the patients were diagnosed with ESCC 
by using histopathology and no patient received radiotherapy or chemotherapy before the 
operation. Becrosis-free tissues were freshly collected, and then stored in liquid nitrogen at 
-80°C. There were 35 males and 15 females within an age range of 45-79 years (with a mean 
of 62 years). According to the international tumor-node-metastasis (TNM) staging system, 
there were 7 cases in stage I, 20 cases in stage II, 18 cases in stage III, and 5 cases in stage IV.

RNA extraction

Fifty milligrams of tissue was cut into cubes and homogenized at 4°C. Total RNA was 
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extracted using TRIzol reagent (Beyozol Co., USA). RNA samples (10 µL) were loaded and 
analyzed using agarose gel electrophoresis to determine purity.

Based on the CADM1 mRNA sequence available in the GenBank database, CADM1 
primers were designed with the help of Premier 5.0 software having a size of 440 base pairs. 
The sequence of the forward primer was 5'-GCAGGTGAAGAAGGCTCGAT-3' and that of the 
reverse primer was 5'-CCCAGAATGATGAGCAAGCA-3'. β-actin was taken as an internal 
parameter with the forward primer as 5'-TTCCAGCCTTCCTTCCTGG-3' and reverse primer 
as 5'-TTGCGCTCAGGAGGAGCAAT-3'. The primers were synthesized by Shanghai Sangon 
Biotech Co., Ltd. (China). The polymerase chain reaction (PCR) conditions were as follows: 
40 cycles of pre-denaturation at 95°C for 1 min, denaturation at 95°C for 10 min, annealing at 
95°C for 15 s, and extension at 60°C for 1 min.

PCR result

The PCR products were analyzed on 1.5% agarose gel and scanned using Eagle Eye 
II image analysis system. The ratio of optical density of CADM1 to that of β-actin was used 
for representing the CADM1 mRNA expression.

Detection of CADM1 proteins by SP immunohistochemical method

All samples were sectioned into 4-μm slices, fixed with 10% neutral formalin solution, 
and embedded in paraffin. The samples were stained using the hematoxylin and eosin (HE) 
and SP immunohistochemical stains. The primary anti-CADM1 antibody used was rabbit 
anti-human monoclonal antibody (1:100 dilutions), purchased from Beijing Zhongjin Jinqiao 
Biotechnology Co., Ltd. (China). It was graded according to the percentage of positive cells: 
0 points: no positive cells, 1 point: percentage of positive cells <30%, 2 points: percentage 
of positive cells of the range 30-70%, 3 points: percentage of positive cells >70%; and also 
according to the intensity of color: 0 points: no positive cells, 1 point: positive cells stained 
pale yellow, 2 points: positive cells stained yellow, 3 points: positive cells stained brown. The 
sum of the two scores was considered the final score: 0 points (-), 1-2 points (+), 3-4 points 
(++), and 5-6 points (+++). (-) and (+) were categorized into a negative group and (++) and 
(+++), a positive group.

Statistical analysis

All data were analyzed by using the Stata 7.0 software. The levels of CADM1 mRNA 
expression are reported as means ± SD. The t-test was used for comparisons between the 
different groups. A value of P < 0.05 was considered to be statistically significant.

RESULTS

CADM1 mRNA expression in esophageal squamous cell carcinoma

The levels of CADM1 mRNA expression were highly upregulated in ESCC tissues. The 
average CADM1 mRNA expression level in the control tissues from 50 cases was 0.871 ± 0.192, 
which was higher than that of the tumor tissues (0.522 ± 0.247) (t = 7.882, P < 0.01) (Figure 1).
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CADM1 mRNA expression and clinicopathological factors

In all the 50 cases of ESCC, CADM1 mRNA expression levels were downregulated 
with increase in histological grading, but there was no significant difference (t = 0.864, P > 
0.05) (Figure 2). CADM1 mRNA in those patients with lymph node metastasis was lower 
than that of those without lymph node metastasis (t = 3.027, P < 0.01) (Figure 3). There was a 
significant difference in the CADM1 mRNA expression levels between stages I+II and stages 
III+IV (t = 2.673, P < 0.05) (Figure 4). There was no correlation between CADM1 mRNA 
expression and clinicopathological factors such as gender and age (P > 0.05) (Table 1).

Figure 1. CADM1 mRNA expression in tumor and adjacent tissues of 50 patients with ESCC.

Figure 2. CADM1 mRNA RT-PCR amplification. Lane M = DNA Marker; lanes 1 and 2 = TNM grade I; lanes 3 
and 4 = TNM grade II; lanes 5 and 6 = TNM grade III.



5CADM1 mRNA expression

Genetics and Molecular Research 16 (2): gmr16029178

Figure 3. CADM1 mRNA RT-PCR amplification. Lane M = DNA Marker; lanes 1, 2 and 3 = ESCC without lymph 
node metastasis; lanes 4, 5 and 6 = ESCC with lymph node metastasis.

Figure 4. CADM1 mRNA RT-PCR amplification. Lane M = DNA Marker; lane 1 = TNM grade I; lanes 2 and 3 = 
TNM grade II; lanes 4 and 5; TNM grade III; lane 6 = TNM grade IV.

Table 1. Correlation of CADM1 mRNA expression with clinicopathological factors in 50 cases of ESCC.

Groups Cases CADM1 mRNA (means ± s) t P 
Gender   0.143 0.887 
Male 35 0.527 ± 0.312   
Female 15 0.514 ± 0.247   
Age (years)   -0.540 0.591 
≤60 21 0.505 ± 0.146   
>60 29 0.537 ± 0.241   
TNM grade   0.864 0.104 
I 12 0.724 ± 0.271   
II 23 0.521 ± 0.178   
III 15 0.413 ± 0.264   
Lymph node metastasis   3.207 0.002 
Positive 28 0.634 ± 0.246   
Negative 22 0.435 ± 0.175   
TNM grade*   2.673 0.010 
I+II 27 0.612 ± 0.219   
III+IV 23 0.451 ± 0.204   

 Data are reported as means ± SD. *Grades I and II have been combined and grades III and IV have been combined.
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Detection of the expression of CADM1 protein in esophageal squamous cell carcinoma 
by immunohistochemical analysis

The cells with positive expression of the CADM1 protein in normal esophageal 
tissues showed the presence of brown granules in the cytoplasm, and the cells with positive 
reaction were widely distributed throughout the esophageal tissue including the whole layer of 
the esophageal epithelium (Figure 5); 50 patients with normal esophageal tissues exhibited a 
strong positive reaction, and the expression rate of CADM1 protein was 100.0%. The positively 
expressed CADM1 protein in ESCC tissues appeared as light yellow, yellow, or brownish 
granules in the cytoplasm (Figures 6-8). There were 27 out of 50 cases of esophageal cancer 
with positive expression, and the positive expression rate of CADM1 protein was 54%. There 
was a statistically significant difference in the positive expression rate of CADM1 protein 
between esophageal carcinoma tissues and normal esophageal tissues (χ2 = 29.87, P < 0.01).

Figure 5. CADM1 protein in the form of brown granules in cytoplasm of normal esophagus tissues (+++, SP, 100X).

Figure 6. CADM1 protein in the form of brown granules in cytoplasm of esophageal carcinoma tissues (+++, SP, 100X).
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In 50 cases of ESCC, there were 20 cases (71.43%) with positive expression of the 
CADM1 protein in 28 patients with non-lymph node metastasis, and there were only 7 cases 
(31.82%) with positive expression of the CADM1 protein in 22 patients with lymph node 
metastasis. There was a significant difference in the positive expression rates of CADM1 
protein between the two groups (χ2 = 7.782, P < 0.01). The positive expression rate of CADM1 
protein in patients in TNM stages I+II was significantly different from that of patients in stages 
III+IV (χ2 = 9.522, P < 0.01). The positive expression rate of CADM1 protein in ESCC grades 
I, II, and III decreased, but there was no significant difference between the groups (P > 0.05). 
There was no correlation between the positive expression rate of the CADM1 protein and 
gender, age, and other clinicopathological factors (P > 0.05).

Figure 7. CADM1 protein in the form of yellow granules in cytoplasm of esophageal carcinoma tissues (+++, SP, 100X).

Figure 8. CADM1 protein in the form of pale yellow granules in cytoplasm of esophageal carcinoma tissues (+++, 
SP, 100X).
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DISCUSSION

CADM1 was identified by Kuramochi et al. in 2001 in their research on lung cancer. 
There are two transcriptosomes of 4.4 and 1.6 kb in CADM1 coding for the same protein. 
CADM1 is a transmembrane glycoprotein with 442 amino acids and comprises the extracellular, 
transmembrane, and cytoplasm domains. Most of the CADM1 expression is in the epithelial 
tissue; the extracellular domain of CADM1 protein has significant homology with other 
immunoglobulins. Therefore, we presumed that the CADM1 protein might participate in cell 
adhesion (Li and Zhang, 2006; Liang et al., 2011). According to van der Weyden et al. (2012), 
CADM1 expression was downregulated or repressed in epithelial tumor. Except for destroying 
cell adhesion, CADM1 might convey a signal to promote tumor metastasis and invasion. With 
the help of immunohistochemistry, Goto et al. (2005) detected lung adenocarcinoma in 93 
cases and found that CADM1 expression levels were downregulated with the increase in the 
grade of malignancy. Takahashi et al. (2012) showed that abnormal CADM1 expression was 
related to breast cancer, especially the processes of invasion and metastasis. Surace et al. 
(2004) studied meningioma and showed that 48% of benign tumors in grade I, 69% of atypical 
meningiomas in grade II, and 85% of malignant meningiomas in grade III were related to the 
loss of CADM1 expression; the CADM1 expression levels were downregulated with increase 
in the grade of malignancy. These results showed that the loss of CADM1 gene expression was 
related to the decrease in survival rate of patients with meningioma.

In China, Yang et al. (2006) found that the expression rate of CADMI in invasive 
squamous carcinoma of the cervix was high. Ito et al. (2003) studied 36 cell lines and 56 
tumor samples of human esophageal carcinomas, and found that CADM1 expression was 
downregulated in 75% of the cell lines and tissues. Additionally, in primary esophageal 
cancers, Lung et al. (2006) discovered that there was a higher incidence of loss of CADM1 
expression in grade II, III, and IV cancers than in grade I.

These results showed that many tumors exhibit the loss of CADM1 expression, 
especially tumors with higher invasiveness. Therefore, CADM1 is a potential biomarker in the 
prognosis of the patients with different carcinomas after treatment. There were a few reports 
on the correlation of CADM1 mRNA expression with the prognosis of ESCC.

In our research study, we used RT-PCR and SP immunohistochemical method to detect 
and compare the levels of expression of CADM1 mRNA and protein in the ESCC tissues and 
adjacent tissues. The results showed that the expression of CADM1 mRNA and protein was 
different, but were higher in the normal tissues than in the tumor tissues of the patients with 
ESCC; this indicated that the CADM1 gene was linked with a mutation in ESCC. There was 
a correlation between the expression of CADM1 mRNA and protein and the pathogenesis and 
development of ESCC, which helped in providing a diagnosis and identifying ESCC with a 
reference value.

Additionally, we detected and compared the levels of expression of CADM1 mRNA 
and protein in ESCC samples with different TNM grades. The results showed that CADM1 
mRNA expression levels were downregulated with increase in the grade of malignancy, but 
without a significant difference. However, levels of expression of CADM1 mRNA and protein 
in ESCC tissues with positive lymph node metastasis were significantly lower than that of those 
with negative lymph node metastasis. There was a significant difference in levels of CADM1 
mRNA and protein expression between carcinoma samples of TNM grades I+II and III+IV, 
which indicated that loss of CADM1 expression was related to uncontrolled proliferation of 
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cells in ESCC, and that the CADM1 gene might play a role in the invasion and metastasis 
of ESCC. In conclusion, the loss of CADM1 mRNA expression is a potential marker for the 
diagnosis of the metastasis and prognosis of ESCC.

In the later study, the relationship between the expression of CADM1 mRNA and 
protein and the prognosis of the patients was further investigated using a large amount of data 
and follow-up.
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