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Abstract. The etiology of laryngeal squamous cell carcinoma 
(LSCC) has not yet been adequately examined. Therefore, the 
present study aimed to investigate the association between 
serum folate deficiency and abnormal expression of the cell 
adhesion molecule 1 (CADM1) protein in the progression of 
LSCC. Samples were collected from 60 patients with LSCC 
and 30 healthy people. Radioimmunoassays and immunohis-
tochemical staining were performed to measure serum folate 
levels and CADM1 protein expression, respectively. The 
results demonstrated that CADM1 expression in LSCC speci-
mens was significantly lower than in adjacent normal tissues 
(χ2=28.229, P<0.001), which was associated with histological 
differentiation and clinical stage (P=0.010 and 0.020, respec-
tively). Levels of serum folate in patients with LSCC were 
significantly lower than those observed in healthy individuals 
(P=0.002). Furthermore, TSLCl expression and serum folate 
levels were positively correlated in LSCC (r=0.642, P=0.001). 
Thus, the present study determined that decreased CADM1 
protein expression and low levels of serum folate were corre-
lated with an increased severity of LSCC.

Introduction

Laryngeal squamous cell carcinoma (LSCC) is one of the 
most common malignant tumors identified in the head and 
neck. LSCCs account for 90% of all larynx carcinomas, ~90% 

of which are in males. Furthermore, the majority of patients 
are aged between 40 and 60‑years‑old (1). At present, there 
is no specific biomarker for LSCC diagnosis and prognosis. 
Thus, the current study aimed to examine potential biomarkers 
that could improve the early diagnosis of LSCC.

The cell adhesion molecule 1 (CADM1) gene encodes 
a membrane protein, which is silenced in ~44% of patients 
with non‑small cell lung cancer and 30‑60% of those with 
other types of cancer (2). Previous studies have identified two 
mechanisms of CADM1 inactivation: Promoter hypermeth-
ylation and loss of heterozygosity (3‑5). Furthermore, it has 
been demonstrated that the CADM1 protein participates in 
a number of biological functions, including synapse forma-
tion, cell adhesion and tumor suppression  (6). In several 
types of tumors, the absence of CADM1 expression is closely 
related to invasive tumor behavior (6‑9). However, the role of 
CADM1 in LSCC remains largely unknown. To investigate 
the association between CADM1 protein expression and the 
development of LSCC, 60 surgically resected specimens 
were collected and assessed for loss of the CADM1 protein 
using immunohistochemistry. Subsequently, the association 
of CADM1 protein expression with LSCC clinicopathological 
parameters and the histological growth pattern of the tumors 
were investigated.

Folate is a water‑soluble B vitamin that mediates 
one‑carbon metabolism in vivo and serves multiple functions 
in physiological processes. Folate provides one‑carbon groups 
for DNA replication, epigenetic modifications and DNA muta-
tion prevention, thus protecting against tumorigenesis (10). 
Additionally, tetrahydrofolate synthesis in  vivo requires 
folate for blood cell development and maturation (11). Folate 
deficiency is closely associated with glossitis, anemia and, in 
pregnancy, fetal neural tube defects (12). Previous studies have 
suggested that folate may aid cancer prevention (13,14), and 
several studies have demonstrated that a reduction in serum 
folate levels may be closely related to several types of cancer, 
including colorectal cancer (15‑17). However, no similar report 
in LSCC was found in the literature. Therefore, it is necessary 
to investigate the relationship between serum folate levels and 
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cancer progression and prognosis. The present study aimed 
to investigate the underlying association between folate defi-
ciency and CADM1 protein expression in LSCC.

Patients and methods

Patients and tissue specimens. A total of 60 pairs of LSCC 
and precancerous specimens were collected from patients 
treated at the Department of Otolaryngology, Head and Neck 
Surgery at the First Affiliated Hospital of Henan Univer-
sity of Science and Technology (Luoyang, China) between 
September  2011 and September 2014. The control group 
consisted of 30 healthy volunteers whose blood was collected 
during routine health examinations. The ratio of patients 
to healthy volunteers was 1:2. Precancerous tissues were 
defined as the laryngeal mucosa 2 cm from the edge of the 
cancerous site. Patients had undergone preoperative partial 
or total laryngectomy without radical and chemical therapies. 
Patients with megaloblastic anemia or other types of anemia, 
upper gastrointestinal tract diseases, and those treated with 
any other surgical procedures, were excluded. Patients with a 
history of smoking, oral contraceptive use or those who had 
taken B vitamins in the past 6 months were also excluded 
from the current study. The Ethics Committee of the First 
Affiliated Hospital of Henan University of Science and Tech-
nology (Luoyang, China) approved the use of human tissues 
for the current study. All patients and volunteers provided 
written informed consent to participate.

Immunohistochemistry. Expression of the CADM1 protein 
was tested using an Immunohistochemical S‑P kit against 
CADM1 (Kangwei Bio, Ltd., Beijing, China), according to the 
manufacturer's protocol. A rabbit polyclonal antibody against 
CADM1 (1:100 dilution, cat. no. Rs‑1147R) was purchased 
from Kangwei Bio, Ltd. Tissues were fixed with 10% formal-
dehyde solution, cut into 3‑µm sections, embedded in paraffin 
blocks and subsequently incubated with the polyclonal anti-
body at 4˚C overnight (>14 h). Sections were subsequently 
incubated with biotinylated goat anti‑rabbit immunoglobulin 
G (1:100 dilution, cat. no. CW2035S; Kangwei Bio, Ltd.) for 
40 min at room temperature. Phosphate‑buffered saline was 
used as a negative control. 3,3'‑diaminobenzidine was used 
to stain the sections and hematoxylin was used as a counter-
stain to highlight the cytoblasts and background color. Each 
section was observed in 10 random fields under x200 magni-
fication (18). The score was calculated by adding the scores 
for intensity (weak=1, moderate=2, intense=3) and propor-
tion (5%=1, 6‑24%=2, 25‑49%=3, 50‑74%=4, ≥75%=5) of 
positively stained cells (19). Scores of ≥2 were considered 
positive. Two independent pathologists assessed each slide.

Radioimmunoassay. Whole blood samples (6 ml) were drawn 
from a peripheral vein of each participant after overnight 
fasting. Following the centrifugation of whole blood samples 
at 300 x g for 15 min, serum samples were collected and 
stored at ‑80˚C until analysis. Serum folate levels were tested 
using radioimmunoassay quantification with a commercial kit 
for measurement of folate (Shanghai Ruiqi Bio‑Technology, 
Co., Ltd., Shanghai, China), according to the manufacturer's 
instructions.

Statistical analysis. Data were analyzed using Student's 
t‑test, χ2 test, one‑way analysis of variance (ANOVA), 
Student‑Newman‑Keuls test, Fisher's exact test and Spearman's 
rank correlation coefficient. SPSS version 16.0 for Windows 
(SPSS Inc., Chicago, IL, USA) was used to analyze all results. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Expression of the CADM1 protein in LSCC. CADM1 protein 
expression was detected via immunohistochemical analysis 
of 60 malignant squamous cells of larynx tumors and 60 
corresponding healthy adjacent non‑neoplastic tissues, which 
were examined as a comparison. The results demonstrated 
that 47 specimens (78%) of adjacent normal tissues expressed 
CADM1 protein. By contrast, only 12 tumor specimens (20%) 
expressed the CADM1 protein (P<0.001; Table I). The asso-
ciations among CADM1 expression patterns in the tumors, 
serum folate levels and patient clinical characteristics are 
presented in Table II. Positive staining indicated that CADM1 
was primarily located in the cytoplasm in the adjacent normal 
tissues, but was absent in the tumor tissues (Fig. 1A and B, 
indicated by shapes). Expression of the CADM1 protein 
was not correlated with patient age or anatomic localization 
(P=1.000 and 0.386, respectively), but was correlated with 
histological differentiation and clinical stage (P=0.010 and 
0.020, respectively; Table II).

Associations among patient characteristics, expression of 
CADM1 and serum folate levels. One‑way ANOVA was used 
to determine differences in the serum folate levels among 
LSCC tissues with different clinical characteristics, including 
age, clinical stage, histological differentiation and anatomic 
localization. The differences were statistically significant 
among tumor tissues with different clinical stages, histo-
logical differentiation and anatomic localizations (P=0.001, 
0.001 and 0.001, respectively; Table II). To further clarify the 
relationship between serum folate levels and stage of LSCC, 
a Student‑Newman‑Keuls test was used for multiple compari-
sons of clinical stage, histological differentiation and anatomic 
localization. The results indicated that serum folate levels 
decreased as tumor malignancy increased (Table III). Addi-
tionally, serum folate levels were significantly lower in patients 
with LSCC compared with healthy control subjects (P=0.002; 
Table  IV). The spearman correlation analysis identified a 

Table I. Expression of the CADM1 protein in laryngeal squa-
mous cell carcinoma and adjacent normal tissues.

	 CADM1
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Group	 n	 Positive	 Negative	 χ2	 P‑value
 
Tumors	 60	 12	 48	 28.229	 0.001a

Adjacent	 60	 47	 13	
normal tissues
 
aP<0.01; n, number of samples; CADM1, cell adhesion molecule 1.
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significant correlation between CADM1 protein expression 
and serum folate levels (r=0.642, P=0.001). Therefore, folate 
deficiency may decrease the methylation of CADM1 promotor 
and regulate CADM1 expression. However, further studies are 
required to confirm this.

Discussion

In the present study, all included patients were male and 
most patients aged <50 years were TNM stage III or IV with 
higher serum folate levels, whereas patients aged >50 years 
were stages I‑II with lower serum folate levels. The critical 
factor in the prognosis of LSCC is tumor metastasis, however, 
the etiopathogenesis of tumor metastasis remains largely 
unknown and may involve immune dysregulation. CADM1, 

located on chromosome 11q23.2, encodes a transmembrane 
protein from the immunoglobulin superfamily (20). Previous 
studies have demonstrated that CADM1 is a human tumor 
suppressor and mutations in its cytoplasmic domain have 
been linked to lung tumor cell metastasis, aggravated 
histological differentiation, clinical stage classification and 
a poor prognosis (6,21,22). The results of the present study 
were consistent with previous studies (23,24) and established 
that, as compared with adjacent non‑neoplastic tissue, tumor 
tissues express lower levels of CADM1. This is important 
as CADM1 may serve a potential role in the diagnosis and 
prognosis of LSCC.

Duthie et al (25) affirmed the effect of folate deficiency 
on chromosome breaks and the risk of carcinogenesis. 
Furthermore, it has been determined that folate deficiency 

Table II. Associations among patient clinical characteristics, protein expression of CADM1 and serum folate levels.

				    Folic acid	 P‑value:	 P‑value: 
Characteristic	 n	 P	 N	  (ng/ml)	 Fisher's exact test	 One‑way ANOVA

Age (years)						    
  ≥50	 49	 15	 34	 3.53±1.53		
  <50	 11	   3	   8	 2.36±0.98	 1.000	 0.058
TNM stage 						    
  I	 27	 12	 15	 3.69±1.45		
  II	 17	   6	 11	 3.65±1.57		
  III	 11	   0	 11	 2.44±1.32		
  IV	   5	   0	   5	 2.46±1.07	 0.010a	 0.001b

Histological differentiation						    
  Well	 34	 15	 19	 3.85±1.33		
  Moderately	 16	   3	 13	 3.18±1.66		
  Poorly	 10	   0	 10	 1.95±0.86	 0.010a	 0.001b

Anatomic localization						    
  Supraglottic	   8	   2	   6	 2.08±0.96		
  Glottic	 39	 14	 25	 3.86±1.45		
  Subglottic	 13	   2	 11	 2.94±1.23	 0.386	 0.001b

aP<0.05; bP<0.01; n, number of patients; P, CADM1‑positive cells; N, CADM1‑negative cells; CADM1, cell adhesion molecule 1; ANOVA, 
analysis of variance; TNM, tumor‑node‑metastasis. 

Figure 1. Cell adhesion molecule 1 (CADM1) expression in laryngeal squamous cell carcinoma tumor tissue compared with adjacent normal tissue. (A) CADM1 
expression in severe atypical hyperplasia tissue and the absence of its expression in the tumor (magnification, x100). ▲=Severe atypical hyperplasia tissue, 
●=tumor tissue. (B) CADM1 expression in mild atypical hyperplasia tissue and the absence of its expression in the tumor (magnification, x100). ▲=Mild 
atypical hyperplasia tissue. ●=tumor tissue.
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may decrease thymidine synthesis and stimulate uracil 
misincorporation into DNA (26,27). Homeostasis of folate is 
critical to DNA stability and integrity, as well as the repair 
of damaged DNA, and folate supplementation may have a 
protective effect against cancer  (15,16,28,29). The results 
of the current study demonstrated that serum folate levels 
in patients with LSCC were markedly lower than those in 
healthy individuals and decreased with the deterioration 
in the degree of tumor malignancy. This indicates that low 
serum folate levels may be associated with the increased 
malignancy of LSCC.

The results of the present study suggested that there was 
a significant association between CADM1 protein expres-
sion and serum levels of serum folate in patients with LSCC 
(r=0.642, P=0.001). CADM1 expression varied among 
different anatomic localizations; therefore, this relationship 
may result from the different malignant degrees and carci-
noma progression. However, the unique microenvironments 
of different anatomical localizations may also contribute 
to the difference. Therefore, further studies are required to 
understand why these differences occur.

The analysis demonstrated that the decline of serum folate 
levels may be the cause of low CADM1 expression in LSCC 
tumor tissue. It was observed that a significant proportion 
of LSCC patients had low serum folate levels. Furthermore, 
as the severity of LSCC increased, serum folic acid levels 
decreased. Therefore, folate deficiency may be associated 

with the excessive consumption of folic acid in the body (due 
to the increased energy needs of patients with cancer) during 
repair of the damaged CADM1 gene (17).

Folate is a critical factor of DNA methylation (29) and 
methylation of promoter DNA has been regarded as an 
important mechanism of CADM1 gene silencing (30). In the 
present study, CADM1 downregulation in LSCC tumor tissue 
was observed; however, the underlying mechanism was not 
investigated. Therefore, further clinical studies are necessary. 
In future studies, we intend to evaluate the effectiveness of 
serum folic acid supplementation in patients with LSCC and to 
identify the intrinsic relationship between folate and promoter 
methylation of the CADM1 gene.
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