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Abstract. Calpains are a family of intracellular cysteine prote-
ases involved in various biological processes. Previously, the 
family was identified to have abnormal expression in several 
types of malignant tumor. Calpain 6 was less well known; 
however, it was recently identified to be involved in the carci-
nogenesis of certain types of malignant tumor. However, the 
expression of calpain 6 in head and neck squamous cell carci-
noma (HNSCC) remains unclear. A total of six datasets from 
the Gene Expression Omnibus (GEO) was analyzed and an 
association between calpain 6 expression levels and HNSCC 
was identified, with the expression of calpain 6 observed to 
be significantly decreased in HNSCC (P<0.01). However, the 
expression of calpain 6 may vary between distinct tumor stages 
of HNSCC. Furthermore, calpain 6 expression was positively 
associated with the survival rate in patients with HNSCC 
(P<0.05), with increased expression of calpain 6 associated 
with an improved survival outcome. Calpain 6 expression was 
analyzed using an HNSCC tissue microarray and these results 
were consistent with the statistical analysis of the bioinfor-
matics data from the GEO, indicating that calpain 6 may be a 
tumor suppressor protein in HNSCC.

Introduction

Head and neck squamous cell carcinoma (HNSCC) is a type 
of malignant epithelial tumor that occurs as a result of the 

dysregulation of multiple genes (1,2). The underlying patho-
logical mechanisms involved are complex and remain unclear. 
Recently, the incidence of HNSCC has increased; furthermore, 
the survival rate and prognosis of patients is poor, particularly 
when local lymph node metastasis has occurred  (3). The 
identification of the underlying molecular mechanisms and 
development of more effective adjuvant therapies is warranted.

Calpains were identified as a family of intracellular 
cysteine proteases, whose functions are dependent on the 
concentration of Ca2+  (4,5). Calpains were identified to be 
involved in various biological processes, including cytoskel-
eton remodeling, signal transduction and cell apoptosis (6‑8). 
Currently, 16 family members have been identified (9), which 
are classified into two types: The classical calpains and the 
non‑classical calpains  (4,5,10‑15). Due to slight variations 
in their structure, the various calpains were identified to be 
associated with various physiological activities.

Calpain 6 was identified to be a non‑classical calpain, 
coded for by a gene located on the X chromosome (16). Active 
calpains are heterodimers comprising a catalytic subunit 
and a regulatory subunit  (9). The catalytic subunit is the 
larger subunit (80 kDa), which contains four domains: The 
N‑terminal anchor helix region; the conserved CysPc catalytic 
domain, composed of two protease core (PC) domains (PC1 
and PC2); the calpain type β‑sandwich (CBSW) domain, 
which undergoes a conformational change when bound to 
calcium; and the penta‑EF‑hand (PEF) domain (9). The regu-
latory subunit is the smaller subunit (30 kDa), coded for by the 
calpain small subunit 1 gene (also known as calpain 4), which 
contains two domains (9). Although calpain 6 is a type of 
non‑classical calpain (7,10), its catalytic subunit contains only 
the CBSW domain and not the classical PEF domain (7,10). 
Calpain 6 also lacks an active catalytic cysteine residue in 
the PC1 domain, which is replaced by lysine, resulting in 
it being devoid of proteolytic activity  (7,10). Furthermore, 
calpastatin, an inhibitor of the classical calpains, has no effect 
on calpain 6 (7,10).

Calpains were identified to exhibit abnormal expression 
in several types of malignant tumor, including schwannoma, 
breast cancer, gastric cancer, colorectal cancer, melanoma, 
pancreatic cancer, laryngeal carcinoma and endometrial 
carcinoma (9,11,12,14,17‑20). Compared with other calpain 
family members, calpain 6 is less well known; however, it was 
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revealed to be associated with the carcinogenesis of certain 
types of malignant tumor. Lee et al (21) reported calpain 6 
overexpression in uterine sarcoma, carcinoma and uterine 
fibroids. The expression characteristic of calpain 6 in HNSCC 
remains to be reported. In the present study, data from the 
Gene Expression Omnibus (GEO) were analyzed, and it was 
identified that the expression of calpain 6 was associated with 
the occurrence of HNSCC. HNSCC tissues were also collected 
for further verification.

Materials and methods

Datasets. The GEO repository of the National Center for 
Biotechnology Information (Bethesda, MD, USA; www.ncbi.
nlm.nih.gov/geo) is a public functional genomics data reposi-
tory. In order to investigate the potential association between 
the expression of calpain 6 and the occurrence of HNSCC, 
six datasets were retrieved from the GEO and were subjected 
to data analysis. The gene expression data series (GSE) of 
human HNSCC tissues, benign lesions of the head and neck, 
and wild‑type tissues, included the GSE33205, GSE55550, 
GSE59102, GSE39366, GSE65858 and GSE27020 datasets. 
The early stage and advanced stage mentioned in dataset 
GSE59102 refer to tumor stage (T)1/T2 and T3/T4, respec-
tively. The analysis of the potential association between the 
expression of calpain 6 and the occurrence of HNSCC was 
conducted on each of the six datasets independently.

Tissue microarray (TMA). The HN803b TMA was purchased 
from US Biomax, Inc. (Derwood, MD, USA). The TMA 
consisted of three types of tumor, including tongue carcinoma, 
larynx carcinoma and nose carcinoma, and wild‑type tissues. 
A total of 62 males and 18 females formed the group. The 
mean age was 53.4 years (range, 18‑90 years). The number of 
cases of grades 1, 2 and 3 were 10, 34 and 21 respectively; the 
number of cases of T stages 1, 2, 3 and 4 were 5, 33, 15 and 9, 
respectively; and the number of cases of node (N) stages 0, 1 
and 2 were 38, 16 and 3, respectively.

Immunohistochemistry (IHC). The expression of calpain 6 in 
the TMA was detected using IHC. The IHC was performed 
using a two‑step method with an IHC kit (Guge Biotechnology 
Co., Ltd., Wuhan, China), according to the manufacturer's 
protocol. The TMA was deparaffinized and rehydrated at 
room temperature with the following treatments: Xylene I, 
5 min; xylene II, 5 min; 100% ethanol, 5 min; 95% ethanol, 
5 min; 85% ethanol, 5 min; 70% ethanol, 5 min; distilled 
water, 5 min. Citric acid buffer solution (pH 6.0) was used 
for antigen retrieval in a microwave. To block endogenous 
peroxidase activity, the TMA was immersed in 3% H2O2 for 
10 min, and incubated with anti‑calpain 6 primary antibody 
(1:100 dilution; cat. no. HPA005992; Sigma‑Aldrich; Merck 
Millipore, Darmstadt, Germany) overnight at 4˚C. The TMA 
was incubated with poly‑horseradish peroxidase‑conjugated 
goat anti‑rabbit secondary antibody (cat. no. BA1039; Boster 
Biological Technology, Wuhan, China) for 30 min at 37˚C 
(following each of the steps, the TMA was washed three times 
with PBS for 5 min), stained with diaminobenzidine at room 
temperature for 5 min and then stained with hematoxylin at 
room temperature for 2 min. Finally, the TMA was dehydrated 

and mounted with neutral balata, then observed and imaged 
using a BX40 microscope (Olympus Corporation, Tokyo, 
Japan) and the CC‑12 Soft‑Imaging System (Olympus Soft 
Imaging Solutions GmbH, Münster, Germany).

Evaluation of IHC staining. The evaluation of calpain 6 
expression was quantified and scored for intensity (range, 0‑3) 
and frequency (range, 0‑4). The intensity was referred to as 
follows: Grade (0), negative staining; grade (1), weak staining 
intensity; grade (2), moderate staining intensity; or grade (3), 
strong staining intensity. The frequency scores were divided 
into four grades (0‑25, 26‑50, 51‑75 and 76‑100%) according 
to the number of positively stained tumor cells. The composite 
expression score (CES) was calculated as follows: Intensity 
x frequency. The CES was scored (range, 0‑12) as follows: 
Negative (0); weak positive  (1‑4); positive  (5‑8); or strong 
positive (9‑12).

Statistical analysis. Gene expression profiling data from the 
GEO were imported into Microsoft Excel 2007 (Microsoft 
Corporation, Redmond, WA, USA). Results are presented as 
the mean ± standard deviation. All statistical analyses were 
performed using SPSS software (version 16.0; IBM SPSS, 
Armonk, NY, USA). Calpain 6 expression in primary tumors 
was analyzed using a χ2 test, Fisher's exact test and independent 
samples t‑test. The survival time of patients with calpain 6 
positive and negative expression status was compared with 
the survival analysis. Calpain 6 expression in the TMA was 
analyzed using one‑way analysis of variance and Bonferroni's 
multiple comparison tests among groups. P<0.05 was consid-
ered to indicate a statistically significant difference.

Results

Calpain 6 expression is significantly decreased in HNSCC. 
The GSE33205 dataset originated from 44 HNSCC tumor 
and 25 wild‑type mucosa tissue samples, and the wild‑type 
samples derived from a uvulopalatopharyngoplasty. The 
expression of calpain 6 was significantly decreased in HNSCC 
tissue compared with wild‑type tissue (P=0.0001; Fig. 1A).

The GSE59102 dataset originated from 29 laryngeal 
squamous cell carcinoma (LSCC) cancer and 13 marginal 
tissue samples, which were collected from patients under-
going surgical ablation of LSCC. The expression of calpain 6 
was significantly decreased in LSCC tissue (early‑stage and 
advanced stage) compared with marginal tissue (early stage, 
P=0.0193; advanced stage, P=0.0372, Fig. 1B).

The GSE55550 dataset originated from 56  tumor and 
9 benign tissue samples. The tumor tissue samples consisted 
of 38 oropharyngeal cancer samples, 16 oral cancer samples, 
1 hypopharyngeal carcinoma sample and 1 maxillary carci-
noma sample. The nine benign samples were wild‑type benign 
uvula tissue samples collected from patients with sleep apnea. 
The expression of calpain 6 was significantly decreased in 
tumor tissue compared with benign tissue (P=0.0008; Fig. 1C). 
These data suggest that the expression of calpain 6 was signifi-
cantly different between HNSCC tissue and wild‑type tissue.

Calpain 6 expression is not significantly associated with 
HNSCC tumor grade. The GSE39366 dataset originated from 
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a total of 138 HNSCC samples. No significant difference in the 
expression of calpain 6 among the distinct tumor grades was 
identified (P=0.0644; Fig. 2A).

The GSE27020 dataset originated from 59 fresh‑frozen 
laryngeal cancer tissues. No significant difference in the 
expression of calpain 6 among the distinct tumor grades was 
identified (P=0.0703; Fig. 2B).

These data suggest that the expression of calpain 6 was not 
significantly different among distinct HNSCC tumor grades.

Calpain 6 expression is not significantly associated with 
HNSCC N stage. For the GSE65858 dataset, no significant 
difference in the expression of calpain 6 among distinct N 
stages in HNSCC was identified (P=0.0813; Fig. 2C). For the 
GSE39366 dataset, no significant difference in the expres-
sion of calpain 6 among the distinct N stages in HNSCC was 
identified (P=0.1014; Fig. 2D). These data suggest that the 
expression of calpain 6 was not significantly different among 
distinct N stages of HNSCC.

Calpain 6 expression may be significantly associated with 
HNSCC T stage. The GSE65858 dataset originated from 
270 HNSCC patient samples. A significant difference in the 
expression of calpain 6 among distinct T stages in HNSCC 
was identified (P=0.0152; Fig. 3A).

For the GSE39366 dataset, no significant difference in the 
expression of calpain 6 among distinct T stages in HNSCC 
was identified (P=0.0561; Fig. 3B).

These data suggest that the expression of calpain 6 may 
be significantly different among distinct T stages of HNSCC; 
however, this remains unclear.

Calpain 6 expression is significantly associated with the 
survival rate of patients with HNSCC. For the GSE27020 
dataset, a significant association between the high (posi-
tive expression status) and low (negative expression stats) 
expression of calpain 6 and disease‑free survival rate (DFS) 
in HNSCC was identified (P=0.0295; Fig. 3C). These data 
suggest that the HNSCC patients with increased expression of 
calpain 6 exhibited improved survival rates.

Calpain 6 expression is not significantly associated with the 
degree of tumor differentiation in HNSCC tissue. To further 
study the effect of calpain 6 expression in HNSCC, an HNSCC 
TMA was used. IHC staining was used for the detection of 
calpain 6 (Fig. 4A). The expression of calpain 6, measured as 
the CES, was significantly decreased in tumor tissues of each 
grade compared with wild‑type tissue (P=0.0374; Fig. 4B). No 
significant difference in the expression of calpain 6 among 
distinct grades of tumor differentiation was identified in the 
TMA (P=0.1429, Fig. 4B).

Calpain 6 expression is significantly associated with T stage 
in HNSCC tissue. To investigate the association between the 
expression of calpain 6 and the T/N stage of HNSCC, an HNSCC 
TMA was analyzed. IHC staining was used for the detection of 
calpain 6 (Fig. 4C). The expression of calpain 6, determined as 
the CES, was significantly decreased in tumor tissues at each T 
stage compared with wild‑type tissue (P=0.0353; Fig. 4D), and 
the expression of calpain 6 was significantly different between 
stages T1/T2 and T3/T4 (P=0.0266; Fig. 4D); however, no 
significant difference between stages T1 and T2 (P=0.0737), or 
between stages T3 and T4 (P=0.0619) was identified (Fig. 4D).

Calpain 6 expression is not significantly associated with 
N stage in HNSCC tissue. The HNSCC TMA was used to 
investigate the potential association between the expression 
of calpain 6 and the N stage of HNSCC. IHC staining was 
used for the detection of calpain 6 (Fig. 4E). The expression of 
calpain 6, determined as the CES, was significantly decreased 
in tumor tissues at each N stage compared with wild‑type 
tissue (P=0.0437; Fig. 4F), whereas the difference in calpain 6 
expression between stages N0, N1 and N2 was not statistically 
significant (P=0.0866; Fig. 4F).

Discussion

The calpain family was initially identified in rat brain tissue 
in 1964 (16,22). Subsequently, calpains have been extensively 
studied, and family members were reported to serve important 
roles in multiple processes and diseases, including cytoskeleton 

Figure 1. Expression of calpain 6 is decreased in HNSCC. A total of three datasets were obtained from the Gene Expression Omnibus for analysis of calpain 6 
expression: (A) GSE33205, (B) GSE59102 and (C) GSE55550. *P<0.05; **P<0.01. HNSCC, head and neck squamous cell carcinoma; GSE, gene expression 
data series.
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remodeling, signal transduction, cell apoptosis, the generation 
and development of neurodegenerative diseases, diabetic 
polyneuropathy and myodystrophy (5,6,8,11,23,24). Consistent 
with the increasing number of studies on calpains associated 
with malignant tumors, the involvement of calpains in the 
carcinogenesis of several types of cancer has been identi-
fied (14,17,19‑21,25‑29).

Calpain 6 was recently reported to be overexpressed in 
uterine stromal sarcoma, carcinosarcoma, cervical neoplasia 
and osteosarcoma  (25,26). Calpain 6 was predominantly 
expressed in embryonic striated muscle and in placenta, and in 
adult cells its expression was low (8). Furthermore, the expres-
sion of calpain 6 increased in association with the progression 
of cervical cancer (25). Lee et al (25) identified that calpain 
6 expression was significantly increased during the progres-
sion from low‑grade squamous intraepithelial lesions (cervical 
intraepithelial neoplasia) to invasive squamous cell carcinomas 
with lymph node metastases.

In the present study, the potential association of calpain 
6 with tumorigenesis of HNSCC was investigated. Initially, 
three large independent HNSCC datasets were analyzed. 
GSE33205 (44 HNSCC tumor tissues and 25 wild‑type mucosa 
samples), GSE55550 (56 tumor tissue samples and 9 benign 
samples) and GSE59102 (29 cancer samples and 13 marginal 
samples) were obtained from the GEO repository; three 
independent statistical analyses between the tumor tissues 
and the wild‑type tissues were performed. It was concluded 
that the expression of calpain 6 was significantly decreased 

in HNSCC tissues compared with wild‑type tissues. It was 
hypothesized that calpain 6 was a tumor suppressor protein 
in HNSCC, although the results of the present study were not 
consistent with the results from previous studies on cervical 
cancer (25,26). Calpain 6 has been less frequently reported 
in tumor‑associated studies, and the expression patterns 
of calpain 6 in tumors other than HNSCC remain unclear. 
The reason for this discrepancy is unknown; however, it 
was hypothesized that it may be due to the location of the 
tumor, the progenitor cells and the associated environmental 
factors (30,31). Further research is required to elucidate the 
reasons for this difference.

In the present study, the potential correlation between the 
expression of calpain 6 and tumor grade and tumor stage was 
analyzed. No significant difference in calpain 6 expression 
among tumor grades 1, 2 and 3 was identified; however, a 
significant difference in calpain 6 expression between T stages 
was identified for one dataset (GSE65858), but not another 
(GSE39366), suggesting that the expression of calpain 6 may 
be different between distinct T stages; however, this remains 
unclear.

An HNSCC TMA was analyzed and IHC staining was 
used for the detection of calpain 6 (Fig. 4). The expression 
of calpain 6 was significantly decreased in tumor tissues 
compared with wild‑type tissue; furthermore, the expres-
sion of calpain 6 was significantly decreased in T3 and T4 
compared with T1 and T2. The expression of calpain 6 was 
significantly decreased in tumor tissues at each N  stage 

Figure 2. Expression of calpain 6 is not significantly associated with tumor grade or N stage in head and neck squamous cell carcinoma. A total of two datasets 
were obtained from the Gene Expression Omnibus for analysis of calpain 6 expression in association with tumor grade: (A) GSE39366 and (B) GSE27020. A 
total of two datasets were obtained from the Gene Expression Omnibus for analysis of calpain 6 expression in association with N stage: (C) GSE65858 and 
(D) GSE39366. GSE, gene expression data series; N, node.

Figure 3. Expression of calpain 6 may be associated with the T stage of HNSCC and patient survival. Datasets were obtained from the Gene Expression 
Omnibus and differences in the expression of calpain 6 in different T stages of HNSCC were analyzed. (A) GSE65858. (B) GSE39366. (C) A Kaplan‑Meier 
survival curve was produced from GSE27020. *P<0.05 between stages 1, 2, 3 and 4. HNSCC, head and neck squamous cell carcinoma; GSE, gene expression 
data series; T, tumor; DFS, disease‑free survival rate.
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compared with wild‑type tissue; however, the difference in 
calpain 6 expression among N0, N1 and N2 stages was not 
statistically significant. These results suggested that calpain 6 
expression may be associated with tumorigenesis in HNSCC. 
Conversely, tumor growth or metastasis may be the reason 
for the downregulation of calpain 6 in HNSCC. According to 
this hypothesis, calpain 6 may serve a role in the prevention 
and management of HNSCC. Furthermore, calpain 6 may 
be considered to be a tumor biomarker in HNSCC. Further 
research is required to elucidate the role and underlying 
molecular mechanism of calpain 6 in cancer prevention, treat-
ment and prognosis.

As calpain 6 was speculated to be a tumor suppressor 
protein, further statistical analysis of calpain 6 and survival 
estimators in HNSCC patients was carried out. The GSE27020 
dataset (which originated from 59 fresh‑frozen laryngeal 
cancer tissues) was used for the statistical analysis of the 
expression of calpain 6 and the DFS in HNSCC. The data 
suggested that the HNSCC patients with increased expression 
of calpain 6 had improved survival rates.

In previous studies, calpains have been identified to be asso-
ciated with several types of malignant tumor (6,12‑14,17,18,24). 
Although the association between calpains and cancer has 
been investigated, the underlying molecular mechanisms 
remain unclear. In addition, several studies  (13,20,32,33) 
using calpain inhibitors were conducted. The calpain inhibitor 
PD150606 was used in pancreatic cancer cells, as soy isofla-
vones and calpain inhibition have been suggested to exert 
inhibitory effects on cancer development and progression (20). 
Rothe  et  al  (20) tested and identified that the anticancer 
activity of the beverage Haelan 951 may be potentiated when 
administered with calpain inhibitors.

Several studies have focused on the association of 
calpain 6 with chemoresistance. Rho et al (26) overexpressed 
calpain 6 or inhibited calpain 6 in HeLa cells and human 
umbilical vein endothelial cells, evaluated the levels of 
cisplatin‑mediated apoptosis and vascular endothelial growth 
factor‑mediated angiogenesis, and concluded that calpain 6 
induced tumorigenesis by inhibiting apoptosis and facilitating 
angiogenesis. Tonami et al (23) reported that, upon interaction 

Figure 4. Expression of calpain 6 in HNSCC TMA. IHC staining was used for the detection of calpain 6. (A) No difference in IHC staining of calpain 6 was 
revealed among distinct tumor grades of HNSCC in the TMA. (B) Calpain 6 expression, determined as the CES, was decreased in tumor tissues. (C) IHC 
staining of calpain 6 appeared to vary among distinct T stages of HNSCC in the TMA. (D) Calpain 6 expression, determined as the CES, was decreased in 
tumor tissues. (E) No difference in the IHC staining of calpain 6 was revealed among distinct N stages of HNSCC in the TMA. (F) Calpain 6 expression, 
determined as the CES, was decreased in tumor tissues. *P<0.05. HNSCC, head and neck squamous cell carcinoma; TMA, tissue microarray; IHC, immuno-
histochemical; CES, composite expression score; N, node; T, tumor; CAPN6, calpain 6.
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with guanine‑nucleotide‑exchange factor H1, calpain 6 regu-
lated Ras‑related C3 botulinum toxin substrate 1 activity and 
cell motility.

The calpains were identified as a family of cysteine prote-
ases that are expressed in various tissues (9,11). Numerous 
proteins have been revealed to be hydrolyzed by calpains; 
however, calpain 6 was identified to be a non‑proteolytic family 
member. To date, the development of drugs to promote the 
inhibition of calpains has focused on targeting the proteolytic 
function of calpains (34). The calpains may hydrolyze nuclear 
factor κB inhibitor or Myc proto‑oncogene protein to promote 
cell survival and decrease the response to apoptotic signaling; 
alternatively, several kinases may be hydrolyzed by calpains to 
promote cell migration, which may be associated with cancer 
metastasis (34). Calpain 6 has been less well studied owing to 
its non‑classical structure. Liu et al (7) reported that microRNA 
449a may downregulate calpain 6 and POU domain class 2 
transcription factor 1 (POU2F1) to promote liver cancer cell 
apoptosis; Liu et al (7) explored the association between the 
expression of calpain 6 and protein kinase B in several cell 
lines, including HeLa, human embryonic kidney‑293T, A549 
and the liver cancer cell line 7404, and they identified that the 
phosphoinositide 3‑kinase‑protein kinase B signaling pathway 
may upregulate calpain 6 gene promoter activity. Furthermore, 
activator protein 1, forkhead box D3 and POU2F1 were also 
revealed to be able to regulate calpain 6 expression and its 
activity.

The results of the present study confirmed the important 
role of calpain 6 in HNSCC, as the expression of calpain 6 
was significantly decreased in HNSCC tissues compared 
with the wild‑type tissues; in addition, the survival propor-
tions of HNSCC patients were statistically increased in the 
calpain 6 high expression group compared with the low 
expression group. Furthermore, the results from the TMA 
of HNSCC patients were similar. The exact role of calpain 6 
association with HNSCC carcinogenesis remains unclear, 
and the net effects of calpain 6 in HNSCC also require 
further research.
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