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Abstract. KAI1/CD82 is a metastatic suppressor gene in 
human prostate cancer and several other types of cancer 
in humans. The present study aimed to examine the role 
of the overexpression of KAI1 in the progression of oral 
cancer. Human KAI1/CD82 cDNA was transfected into 
OSCC‑15 and 293T cell lines, and its effects on OSCC‑15 
cell proliferation, invasion and apoptosis were assessed by 
performing a 3‑(4, 5‑dimethylthiazol‑2‑yl)‑2, 5‑diphenyltetra-
zolium bromide assay, Matrigel invasion and Annexin V‑FITC 
staining, respectively. In addition, a xenograft model was used 
to assess the effect of KAI1/CD82 on the in vivo growth of 
tumors. The overexpression of KAI1/CD82 inhibited the 
proliferation and invasion of OSCC‑15 cells. It also enhanced 
the apoptotic rate of the OSCC‑15 cells. Furthermore, the 
overexpression of KAI1/CD82 inhibited tumor growth in the 
xenograft model. The results demonstrated that the overexpres-
sion of KAI1/CD82 significantly inhibited the proliferation 
and invasion of human oral cancer cells, and inhibited tumor 
growth in the xenograft model. Therefore, KAI1/CD82 may 
be considered as a potential therapeutic target in oral cancer.

Introduction

Head and neck cancer (HNC) is the sixth most common type 
of cancer in humans; it can develop in any of the following 
organs: Lips, oral cavity (mouth), nasal cavity (inside the 
nose), paranasal sinuses, pharynx and larynx. An estimated 
300,400 new cases of oral cavity cancer, and 145,400 cases 
of oral cavity cancer‑associated mortality occurred worldwide 
in 2012 (1). In cases of HNC, ~90% develop head and neck 
squamous cell carcinoma (HNSCC), which is the leading 
cause of HNC worldwide (2). The development of HNSCC 
has been associated with certain environmental and lifestyle 
risk factors, including alcohol consumption, tobacco smoking, 
UV light exposure, use of chemicals and viral infection (3). 
Furthermore, when patients develop this disease, they also 
experience maxillofacial deformity and psychological changes 
in addition to the common symptoms of cancer. As with other 
types of cancer, the development of HNSCC is also associated 
with multiple genetic alterations, including the overexpression 
of certain oncogenes and the reduced expression of tumor 
suppressor genes (4,5).

KAI1, which is also known as CD82, and antigens R2, 
C33, IA4 and 4F9, are members of the tetraspanin family 
of proteins. KAI1 is located in chromosome 11p11.2, and it 
encodes 267 amino acids with the transmembrane proteins 
in eukaryotes (6,7). Its expression was first identified during 
T‑cell activation (8). Later, it was found to elicit the suppression 
of prostate cancer metastasis using a somatic cell hybridiza-
tion technique (9). Previous studies have also reported that the 
expression of KAI1 is correlated with the progression of several 
types of human cancer. It has been categorized as a meta-
static suppressor in various types of human cancer, including 
cancer of the prostate (10,11), bladder (12,13), breast (14,15), 
colon (16,17), pancreas (18) and lungs (19,20). Previous studies 
have also reported that there is a significant association between 
downregulated expression of KAI1 and primary oral tumors, 
which are associated with lymph nodes (21‑23). However, there 
have been no reports on the outcome of the overexpression 
of KAI1 in oral cancer. Therefore, the present study aimed to 
investigate the role of KAI1 in oral cancer by transfecting its 
full‑length cDNA into malignant oral cancer cells.
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Materials and methods

Isolation and cloning of KAI1 cDNA. The complete DNA 
sequence of KAI1 was amplified from the human brain cDNA 
library using the polymerase chain reaction protocol (6). The 
primers used for KAI1 amplification were as follows: Forward 
5'‑ATG​GGC​TCA​GCC​TGT​ATC​AAA​G‑3' and reverse 3'‑GTA​
CTT​GGG​GAC​CTT​GCT​GTA‑5'. Following amplification, 
the KAI1 cDNA was digested with EcoRI and SalI restric-
tion enzymes (BLKW Biotechnology, Beijing, China). It was 
then ligated with the pIRES2‑EGFP vector overnight at 16˚C. 
Thus, the recombinant plasmid, pIRES2‑EGFP‑KAI1 was 
constructed. This plasmid was then purified using a QIAGEN 
Plasmid Purification kit (cat. no. 12125; Qiagen, Inc., Valencia, 
CA, USA).

Cell culture, transfection and selection. 293T and OSCC‑15 
cells were purchased from American Type Culture Collection 
(Manassas, VA, USA). These cells were cultured in Dulbecco's 
modified Eagle's medium (Sigma‑Aldrich, Merck Millipore, 
Darmstadt, Germany), which was supplemented with 10% 
fetal bovine serum (Invitrogen; Thermo Fisher Scientific, Inc., 
Waltham, MA, USA). The cell culture was incubated at 37˚C 
in a humidified atmosphere containing 5% CO2. The cultured 
cells were passaged every 2 days and fresh medium was added 
to the culture.

The 293T cells were transfected with the pIRES2‑EGFP‑ 
KAI1 plasmid in a low serum culture medium (Opti‑MEM; 
Gibco; Thermo Fisher Scientific, Inc.) using Lipofectamine™ 
2000 transfection reagent (Invitrogen; Thermo Fisher 
Scientific, Inc.), according to the manufacturer's protocol, 
at room temperature. Following transfection, 90% confluent 
cells were cultured in a CO2 incubator at 37˚C. After 24, 
48 and 72 h of transfection, the expression of KAI1 was 
evaluated in the 293T cells using western blot analysis. This 
plasmid and the pIRES2‑EGFP vector were transfected into 
the OSCC‑15 cells. At 24 h post‑transfection, the cells were 
washed with phosphate‑buffered saline (PBS) and placed 
in fresh medium containing 600 mg/ml G418 antibiotics 
(Invivogen; Thermo Fisher Scientific, Inc.). The cells were 
grown for 7‑10  days  (24) at 37˚C. Subsequently, stable 
clones expressing KAI1 were selected via GFP detection. 
Fluorescence was examined under a fluorescence micro-
scope (BX51‑32FB3F01; Olympus Corporation, Tokyo, 
Japan) For performing additional functional assays, the 
cells were divided into three groups: OSCC‑15 cells as the 
blank control group; OSCC‑15 cells, which only expressed 
the pIRES2‑EGFP vector as the negative control (NC) 
group; and OSCC‑15 cells stably expressing the KAI1 gene 
as the experiment group. All transfection experiments were 
repeated at least three times.

Western blot analysis. Western blot analysis was performed 
to measure the protein expression of KAI1. The protein was 
extracted from the cultured cells by incubation in radioim-
munoprecipitation assay buffer (Norgen Biotek Corp., Thorold, 
ON, Canada) for 30 min at 37˚C; the lysis buffer contained a 
protease inhibitor (2 µg/ml), aprotinin (2 µg/ml), leupeptin, 
1M phenylmethylsulfonyl fluoride, 1% Nonidet P‑40, 0.5% 
sodium deoxycholate, and 0.1% sodium dodecyl sulfate (SDS) 

in 1X PBS. Following lysis, purification of the supernatant was 
achieved by performing centrifugation at 1,4000 x g for 5 min 
at 4˚C; following which a fixed quantity of protein (10 µl) from 
each sample was suspended in a loading buffer (1% SDS and 1% 
dithiothreitol). This suspension was heated to 100˚C for 5 min for 
denaturing of the proteins. The 50 µg (5 µg/µl) protein samples 
were then electrophoresed via 10% SDS polyacrylamide gel 
electrophoresis, following which the samples were transferred 
onto a nitrocellulose membrane (cat. no. 88018; Pierce; Thermo 
Fisher Scientific, Inc.). Following blocking of the membrane 
with 5% non‑fat dry milk in Tris‑Buffered Saline and Tween, 
containing 10 mmol/l Tris‑HCl (pH 8.0) 100 mmol/l NaCl and 
0.05% Tween, the membrane was incubated overnight at 4˚C 
with anti‑KAI1 polyclonal antibody (1:200; ab140238; Abcam, 
Cambridge, UK). Following incubation, the membrane was 
washed twice with PBS for 5 min and incubated with immu-
noglobulin G‑horseradish peroxidase secondary antibodies 
(1:2,000; ab6789; Abcam) for 2 h at 4˚C. The expression of 
glyceraldehyde 3‑phosphate dehydrogenase (GAPDH; 1:800; 
sc‑365062; Santa Cruz Biotechnology, Inc., Dallas, TX, USA; 
or anti‑GAPDH; 1;2,000; ab9485; Abcam) was measured in 
the control group, and each experiment was performed in trip-
licate. Gel‑Pro Analyzer 5.0 (Media Cybernetics, Rockville, 
MD, USA) was used to analyze the protein expression.

3‑(4,5‑dimethylthiazol‑2‑yl)‑2,5‑diphenyltetrazolium bromide 
(MTT) assay. The MTT colorimetric assay was used to deter-
mine the relative proliferation rate of the tumor cells. The cells 
(1x104) were seeded in 96‑well plates and were cultured over-
night at 37˚C in a humidified atmosphere containing 5% CO2. 
The following day, 1X MTT reagent was added to each well; 
the concentration of this reagent was 5 mg/ml in a volume 
of 20 µl. The cells were incubated for another 4 h, and the 
absorbance of the cell cultures at 570 nm were recorded. The 
experiments were repeated three times. The relative prolif-
eration rate of the cells was calculated using the following 
equation: Proliferation rate (%) = (experimental absorbance 
value / control absorbance value) x100%.

Invasion assay. The cell invasion assay was performed in a 
96‑well Transwell plate with polycarbonate filters (8‑µm pore 
size; EMD Millipore, Billerica, MA, USA). These filters were 
coated with 50 mg/l of Matrigel (EMD Millipore), which 
was previously diluted at a ratio of 1:8 (3.9 µg/µl, 60‑80 µl) 
in a serum‑free medium. The coated filters were air‑dried for 
24 h. The transfected OSCC‑15 cells (5x104) were trypsinized 
and washed in PBS. The cells were then suspended in 0.1% 
serum‑containing medium and were loaded into the upper 
chamber of the filter. The conditioned medium, as a chemoat-
tractant, was added into the lower chamber of the filter. The 
cells were incubated at 37˚C in 5% CO2 for 18 h, following 
which the cells, which had invaded the lower surface of the 
filter were fixed with methanol. Subsequently, the cells were 
washed in PBS and stained with hexamethyl‑pararosaniline. 
The experiment was repeated three times using different cell 
lines. For quantification, the cells were counted under a light 
microscope (Olympus Corporation) in five predetermined 
fields (magnification, x200).

The cell invasion inhibition rate was calculated using the 
following equation: Cell invasion inhibition rate = (number 
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of migrated cells in control group‑number of migrated cells 
in experimental group / number of migrated cells in control 
group) x100.

Apoptotic assay. At 72 h post‑transfection, the transfected and 
non‑transfected OSCC‑15 cells (105‑106 for each sample) were 
trypsinized, collected and washed twice with cold 1X PBS. 
Each sample was then re‑suspended in 100 µl of 5% Annexin 
V‑FITC (ADL, San Diego, CA, USA) reagent. This suspension 
was incubated at 37˚C for 15 min in the dark. Subsequently, 
10 µl propidium iodide (PI) was added to the suspension, and 
the cells were incubated for a further 30 min. The apoptotic 
cells were stained with Annexin V‑FITC and analyzed using 
flow cytometry. The experiments were performed in triplicate.

Tumor xenograft growth. BALB/c nude male mice (5‑week‑old) 
were obtained from the Animal Laboratory of the Fourth 
Military Medical University (Shaanxi, China). The animals 
were housed in a specific‑pathogen‑free laboratory (22˚C, 
natural  12‑h light/dark cycle, free access to food/purified 
water) and were divided into three groups, each containing  
21 mice. Non‑transfected cells (OSCC‑15), cells transfected 
with the NC plasmid (OSCC‑15 + NC), and cells transfected 
with CD82 (OSCC‑15 + CD82) were subcutaneously inoculated 
into the nude mice. Briefly, on day 1, 100 µl cell suspension 
(1x106 cells) was subcutaneously inoculated into the right rear 
flank of the nude mice. At 7 days post‑injection, tumor appear-
ance was detected in these mice. Consequently, the size of the 
tumors was measured every 3 days using a precision caliper; the 
measurements were recorded for 25 days. The tumor volume 
was calculated using the following formula: Volume (V)=a 
(length)xb2(width)x0.52. At 30 days post‑cellular injection, the 
mice were anesthetized with 4% hydrous ammonia aldehyde 
(intraperitoneal injection, 0.01 ml/g) sacrificed by cervical 
dislocation. Subsequently, the tumors were excised and the 
weights of the tumors were recorded. The tumor inhibitory 
rate was calculated using the following formula: (Vb‑Va/Va)
x100%. Vb represents the volume of the experiment group; Va 
represents the volume of the control group. The experimental 
procedure involving these animals was conducted in accordance 
with the Guide for the Care and Use of Laboratory Animals by 
the National Institutes of Health (NIH Pub. No. 85‑23, revised 
1996) (NIH pub. no. 85‑23, revised 1996) (25). The experi-
mental study design was approved by the Animal Care and Use 
Committee of The Fourth Military Medical University.

Statistical analysis. SPSS software version 19.0 (IBM SPSS, 
Armonk, NY, USA) was used to perform the statistical 
analysis. The expression of was assessed using the χ‑test. 
The values are presented as the mean ± standard deviation. 
P<0.05 was considered to indicate a statistically significant 
difference.

Results

Analysis of pIRES2‑EGFP‑KAI1 plasmid transfection 
efficiency. In the 293T and OSCC‑15 cells transfected 
with the pIRES2‑EGFP‑KAI1 plasmid, the overexpression 
of KAI1/CD82 was analyzed using western blot analysis 
(Fig. 1A). The data indicated that the expression of KAI1 

increased with increasing duration following transfection of 
the 293T cells with the pIRES2‑EGFP‑KAI1 plasmid. At the 
time point of 72 h, the maximum expression of KAI1 was 
found. As shown in Fig. 1B, the expression of KAI1/CD82 
was normalized with GAPDH. The expression of KAI1 was 
also verified on the basis of GFP expression, which was deter-
mined using fluorescent microscopy following the selection of 
stable cells from the transfected 293T cells (Fig. 2, above) and 
OSCC‑15 cells (Fig. 2, below). These representative images in 
the fluorescent fields indicated that the GFP signal was rela-
tively high in ~90% of the cells.

Effect of the overexpression of KAI1/CD82 on cell growth. 
The present study performed an MTT assay to determine the 
relative proliferation rate of the three groups of cells (OSCC‑15 
wild‑type; OSCC‑15 transfected with the control vector and 
OSCC‑15 transfected with KAI1‑expressing vector). The results 
indicated that the overexpression of KAI1/CD82 in OSCC‑15 
cells markedly inhibited cell proliferation. The inhibitory effect 
was most marked 96 h following plating of the cells (Fig. 3).

Effect of the overexpression of KAI1/CD82 on cell invasion. 
Following 24 h of culture of cells in the three groups, the 
number of cells in each group, which migrated through the 
Transwell polycarbonate membrane, were counted. As shown 
in Fig. 4A and B, the total number of KAI1/CD82‑transfected 
cells, which migrated was significantly lower, compared with 
the numbers in the blank and negative control groups (P<0.05). 
This data indicated that the overexpression of KAI1/CD82 in 
OSCC‑15 cells was associated with reduced invasive capability.

Effect of the overexpression of KAI1/CD82 on cell apoptosis. The 
present study determined the effect of KAI1/CD82 on apoptosis 

Figure 1. Detection of the protein expression of KAI1/CD82 in transfected 
293T cells. (A) Protein levels of KAI1/CD82 were detected using western 
blot analyses in 293T cells at different time points (0, 24, 48 and 72 h) 
following transfection. (B) Expression of KAI1/CD82 was normalized by the 
expression of GAPDH. Data are presented as the mean ± standard deviation 
(n=3). *P<0.05.
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by labeling the cells with Annexin‑V staining. As shown in 
Fig. 5A and B, the percentage of Annexin‑V‑positive staining 
was significantly higher in the KAI1/CD82‑overexpressing 
cells, compared with the OSCC‑15 cells in the blank control or 
vector control groups. This data indicated that the overexpres-
sion of KAI1/CD82 accelerated the apoptosis of OSCC‑15 cells.

Effect of the overexpression of KAI1/CD82 on xenograft 
tumor growth. To further determine the effect of the over-
expression of KAI1/CD82 on the tumor growth of OSCC‑15 
cells, the present study used a xenograft tumor model. The 
KAI1/CD82‑overexpressing OSCC‑15 cells and negative 
controls were subcutaneously injected into nude mice, and 
the tumor volumes were recorded over a period of 1 month. 
As shown in Fig.  6A, the overexpression of KAI1/CD82 
significantly reduced the tumor volumes and weights of the 
OSCC‑15 cells, compared with those of the control vector or 
blank control groups. Based on the tumor volumes, the tumor 
inhibitory rate was calculated, which revealed that the over-
expression of KAI1/CD82 was associated with the highest 
tumor inhibitory rate among the three groups (Fig. 6B and C). 

These results confirmed that overexpression of KAI1/CD82 
had a suppressive effect on the tumorigenicity of oral cancer.

Discussion

KAI1, also known as CD82, is a member of the TM4SF protein 
family and has is considered to be a metastatic‑suppressor 
gene  (26). In general, TM4SF family proteins are known 
to be involved in the regulation of cell morphology, cell 
proliferation, fusion, motility, cell signaling and the immune 
system (27‑29). In particular, KAI1/CD82 has been reported 
to suppress metastasis in a Dunning rat model of prostatic 
adenocarcinoma  (6). Yang  et  al  (24) reported that the 
overexpression of KAI1 in breast cancer cells resulted in 
the suppression of in vitro invasion and in vivo metastasis. 
KAI1/CD82 interacts with other tetraspanin proteins, 
integrins and chemokines to regulate the migration, adhe-
sion and signaling of cells (30). Jee et al (19,31) reported 
that the upregulation of KAI1/CD82 protein is responsible 
for a significant reduction in the invasion and metastatic 
potential of non‑small cell lung cancer cells. In addition, the 
overexpression of KAI1/CD82 is associated with the attenu-
ation of integrin signaling. Odintsova et al  (32) reported 
that KAI1/CD82 contributes to epithelial growth factor 
(EGF)‑induced signaling, and described its association with 
EGF receptor (EGFR) and tetraspanin, which is critical for 
EGFR desensitization. In the present study, the effect of the 
overexpression of KAI1 in oral cancer was examined by 
transfecting KAI1/CD82 cDNA into the OSCC‑15 malignant 
oral cancer cell line. It was found that the overexpression of 
KAI1/CD82 had an inhibitory effect on in vitro cell growth 
and invasion. Similarly, a previous study demonstrated that 
the expression of KAI1/CD82 significantly suppressed the 
in vitro invasion of breast cells (29). Schoenfeld et al (33) 

Figure 2. Expression efficiency of KAI/CD82 following stable selection of 
cells. Expression of GFP indicates the overexpression of KAI1/CD82 in 
stable cells selected from the transfected 293T cells (top row) and OSCC‑15 
cells (bottom row). Images were captured at magnification, x10.

Figure 3. Effect of the overexpression of KAI1 on in vitro proliferation of 
oral cancer cells. The stably transfected cells were plated, and proliferation 
rates were determined using a MTT assay. The relative proliferation rate 
of the experiment group (OSCC‑15+ KAI1/CD82) was 2.04%, which was 
significantly different from those of other groups. Data are presented the 
mean ±  standard deviation of three different experiments. *P<0.05, vs. 
OSCC‑15 group and negative control group.

Figure 4. Effect of the expression of KAI1 on the in  vitro invasion of 
OSCC‑15 cells. (A) Representative images of the three groups of cells, which 
invaded through the Matrigel; images were captured under a light micro-
scope (magnification, x200). (B) Quantification of the number of invading 
cells in each group. Data are presented as the mean ± standard deviation 
(n=3). *P<0.05, vs. OSCC‑15 group and negative control group.
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reported that KAI1/CD82 is also involved in the induction 
of apoptosis as it produces reactive oxygen intermediates and 
regulates the pro‑apoptotic cdc42‑signaling pathway. This 
is in agreement with the results of the present study study. 
The data obtained in the present study also indicated that the 
overexpression of KAI1/CD82 accelerated the apoptosis of 
OSCC‑15 cells.

The xenograft tumor model used in the present study 
revealed that the overexpression of KAI1/CD82 decreased 
tumor volumes. Therefore, the overexpression of KAI1/CD82 
appeared to have a suppressive effect on the tumorigenicity 
of oral cancer cells. Although KAI1/CD82 has been exten-
sively investigated for its involvement in the progression 
of different types of human cancer, how it suppresses the 
in vivo tumorigenicity of oral cancer cells remains to be fully 
elucidated. To the best of our knowledge, the present study 
is the first to clearly demonstrate how the overexpression of 
KAI1/CD82 is able to significantly suppress the tumorige-
nicity of oral cancer cells.

In conclusion, KAI1/CD82 was found to be pivotal in the 
regulation of oral cancer cells. In relation to the clinical and ther-
apeutic implications of oral cancer, this is an important finding.
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