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Abstract: Objective: This study aimed to investigate the expression and distribution of KAI1/CD82 and CD44v6 in 
laryngeal squamous cell carcinoma (LSCC), to analyze their relationship with the clinicopathological factors of LSCC 
and the mutual relations of the two factors in LSCC, to explore their roles in the carcinogenesis and development 
of LSCC and their effect on prognosis. Methods: The expression levels of the mRNA and protein of KAI1/CD82 and 
CD44v6 were analyzed in 86 cases of LSCC tissues and 30 cases of adjacent normal mucosa tissues by polymerase 
chain reaction and western blot analysis, respectively. Immunohistochemistry was used to detect the expression 
and distribution of KAI1/CD82 and CD44v6 in 86 LSCC tissues and corresponding adjacent normal mucosa tis-
sues, and the relationship between the expression of KAI1/CD82 and CD44v6 and the clinical parameters was ana-
lyzed. Statistical analyses and creation were carried out using Graphpad Prism 6 software. Results: It was revealed 
that expression of KAI1/CD82 mRNA and protein was significantly lower in LSCC tissues than in adjacent normal 
mucosa tissues (P<0.05), and expression of CD44v6 mRNA and protein was significantly higher in LSCC tissues 
than in adjacent normal mucosa tissues (P<0.05). In addition, both KAI1/CD82 and CD44v6 were mostly located 
in the cytoplasm and membrane, and KAI1/CD82 expression was negatively correlated with CD44v6 expression in 
these tissues. The expression of KAI1/CD82 was significantly correlated with clinical stages, tumor differentiation 
and tumor recurrence (P<0.05), and there was no significant correlation with sex, age and lymph node metast0a-
sis (P>0.05). The expression of CD44v6 was significantly correlated with clinical stages, lymph node metastasis 
and tumor recurrence (P<0.05), and there was no significant correlation with sex, age and tumor differentiation 
(P>0.05). Patients with positive expression of KAI1/CD82 had an obvious higher survival rate and shorter survival 
time than patients with low expression (P<0.05), and patients with positive expression of CD44v6 had an obvious 
lower survival rate and shorter survival time than patients with low expression (P<0.05). Cox regression analysis 
indicated that age, lymph node metastasis, clinical stages and tumor recurrence were independent prognostic fac-
tors for LSCC. Conclusions: This study illuminated that the abnormal expression of KAI1/CD82 and CD44v6 was 
closely related with the carcinogenesis and development of LSCC, and that downregulation of CD44v6 along with 
the upregulation of KAI1/CD82 in LSCC tissues resulted in the inhibition of LSCC migration and invasion. Thus, our 
results suggested that combined detection of KAI1/CD82 and CD44v6 can be used as a valid reference index for 
the prognosis of LSCC patients.
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Introduction 

The occurrence, development, metastasis and 
prognosis of cancer are a complicated process 
involving multiple genes and multiple steps, 
which is as a result of cooperation and interac-
tion of multiple factors. This is not an exception 
for laryngeal squamous cell carcinoma (LSCC). 
However, despite advance in surgical and ther-
apeutic strategies, the majority of LSCC 
patients have not yet achieved good curative 
effects. Therefore, many scholars have recently 
proposed that the combined detection of mul-

tiple genes may obtain a satisfactory result for 
prognostic judgment. Alone with tissue microar-
ray technology and proteomics development, 
more and more molecular markers have been 
discovered, including growth factors, proteolyt-
ic enzymes penetrating the extracellular matrix, 
adhesion molecules, and angiogenesis factors 
which vascularize the tumor in several steps 
throughout metastasis [1]. Thus, to explore the 
relationship among genes exerting inhibitory 
effects on cancer metastasis is clinically impor-
tant for the evaluation of prognosis and treat-
ment of cancer. Molecular markers of LSCC for 
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prognostic prediction and therapeutic guidance 
remain urgent in clinical practice.

Both KAI1/CD82 and CD44v6 genes were 
mapped to the short arm of human chromo-
some 11, which belong to the adhesion mole-
cules and play an important role in tumor 
growth, progression and metastasis. Many 
studies indicate that KAI1/CD82 and CD44v6 
in relation to tumor metastasis are involved in 
the process of tumor progression through regu-
lating the intercellular adhesion [2, 3]. However, 
there are few studies on the interaction be- 
tween them. In this study, we detected the 
expression of KAI1/CD82 and CD44v6 in LSCC 
tissues and normal laryngeal mucosa by using 
quantitative real-time PCR, western blot assay 
and immunohistological technique, and observ- 
ed the relationship between their expression 
and clinical pathological features, especially 
metastasis. The expression dependability of 
KAI1/CD82 and CD44v6 in LSCC, and their 
functions and interactions during the stages of 
initiation, development, and metastasis of LS- 
CC were also discussed. The study aimed to 
investigate whether KAI1/CD82 and CD44v6 
may serve as novel molecular prognostic mark-
ers in human LSCC and whether they could 
serve as new predictive factors for the diagno-

sis, treatment, and prognostic judgment of 
patients with LSCC. 

Materials and methods 

Cases and specimens 

All subjects were Chinese. Tumor tissue and 
corresponding adjacent normal mucosa speci-
mens were obtained from the 86 patients with 
LSCC undergoing total or partial laryngeal 
resection at the Department of Otolaryngology-
Head and Neck Surgery, the People’s Hospital 
of Guizhou Province, China, between 2009 and 
2011. These tumor tissue samples and corre-
sponding adjacent normal mucosa tissues that 
were used in quantitative real-time PCR, west-
ern blot analysis and immunohistochemical 
analysis were randomly collected from LSCC 
tissues in 2012. None of the patients had 
undergone prior treatment for cancer and all 
had complete clinicopathologic and follow-up 
data. The laryngeal cancer was classified acc- 
ording to the World Health Organization (WHO) 
tumor classification system. Six out of the 86 
patients lost follow-up, and the follow-up time 
ranged from 60 months to 84 months. Written 
informed consent was obtained from all pati- 
ents before surgery. The clinicopathologic char-
acteristics of these patients are summarized in 
Table 1.

The study was approved by the Human Re- 
search Ethics Committee at the People’s Ho- 
spital of Guizhou Province, and the work was 
supported by a grant from the Science and 
Technology Research Program of Guizhou 
Province (No.[2012]031).

The obtained specimens were divided into 
three parts: Those for mRNA determination 
were removed from different tissues, another 
part for protein determination, whereas the 
third part specimens for immunohistochemis-
try were fixed, dehydrated, and embedded 
routinely.

RT-PCR and real-time PCR for mRNA expres-
sion 

Four groups which had various expressions of 
KAI1/CD82 and CD44v6 were selected for PCR 
assay. Briefly, total RNAs were extracted using 
Trizol (Invitrogen, US) in accordance with the 
manufacturer’s instructions. cDNA was synthe-
sized using Access RT-PCR System (Promega, 

Table 1. The clincopathological parameters of 
the patients with LSCC
Clincopathological parameters Case (n) Rate (%)
Sex
    Male 81 94.2
    Female 5 5.8
Age (years)
    ≤60 46 53.5
    >60 40 46.5
Tumor differentiation
    Well 42 48.9
    Moderately 27 31.4
    Poorly 17 19.8
Lymph node metastasis
    No 61 70.9
    Yes 25 29.1
Clinical stage
    I-II 56 65.1
    III-IV 30 34.9
Recurrence
    No 67 77.9
    Yes 19 22.1
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America). Real-time PCR was performed using 
SYBR Green ER quantitative PCR (qPCR) uper-
Mix (Thomero) according to the manufacturer’s 
instructions. The relative mRNA levels of KAI1/
CD82 and CD44v6 were respectively calculat-
ed using comparative cycle thresholds, acc- 
ording to the equation: 2-ÎCt[ÎCt=Ct(DNA-PKcs)-
Ct(β-actin)]. All experiments were performed in 
triplicate. The relative expression levels of the 
target genes were the same. Only the results 
using β-actin as the reference gene were 
shown. Experimental results were analyzed 
using a multiimage analyzer (Bio-Rad, Hercules, 
CA). The specific primer sequences are shown 
in Table 2.

Western blot for protein expression

The protein expression levels of KAI1/CD82 
and CD44v6 were detected with western blot-
ting by using the same tissue specimens as 
quantitative real-time PCR. Proteins were ex- 
tracted according to the manufacturer’s proto-
col (Keygen, China). Proteins (20 μg per lane) 
were electrophoresed on 6% SDS-polyacryla- 
mide gels. After electrophoresis, the separated 
proteins were transferred to polyvinylidene fluo-
ride membranes (Bio-Rad). The membranes 
were blocked for 2 h in 5% milk dissolved Tris-
buffered saline with 0.1% Tween and incubated 
overnight with the primary antibody at 4°C. The 
filters were incubated with the primary antibody 
(KAI1/CD82 and CD44v6, 1:200 dilution, Ab- 
cam, English, respectively). β-actin (1:200 dilu-
tion, Abcam, English) acted as the internal con-
trol. Antigen and primary antibody complexes 
were detected by the secondary antibody, 
horseradish peroxidase-conjugated antimouse 
IgG (cell signaling) (1:1000), and enhanced 
chemilumescence (Amersham Pharmacia Bio- 
tech). The signal was measured using Image 
LabTM software (BIO-RAD, America). The west-

H2O2 for 10 minutes, followed by treatment with 
goat serum for 30 min at room temperature. 
The slides were incubated with monoclonal 
mouse anti-human KAI1/CD82/FITC and 
CD44v6/FITC (1:100 dilution, Abcam, English), 
and monoclonal mouse β-actin (1:200 dilution, 
Abcam, English) antibodies diluted in blocking 
buffer at 4°C for 8-12 hour or overnight.  Im- 
munohistochemistry was performed by using 
the EnVision method and based on the instruc-
tions of kits (Beijing ZSGB-BIO, China). The pri-
mary antibodies were replaced with PBC in the 
negative control. The above samples were incu-
bated with the secondary antibody (EnVisionTM 
two anti goat anti pika universal reagent Poly-
HRP) for 15-30 min at room temperature. After 
washing with PBS (3×2 min), the samples were 
stained with 0.01% DAB hydrogen peroxide for 
about 3-10 min, thoroughly washed with tap 
water and then counterstained by hematoxylin 
for immunohistochemistry analysis using a light 
microscope.

Immunohistochemical staining was assessed 
blindly by two senior pathologists without kn- 
owledge of patient characteristics. Any discrep-
ancies were resolved by reaching a consensus. 
The expression of KAI1/CD82 and CD44v6 was 
present on the membrane and in the cyto-
plasm, with brown or tan particles was defined 
as positive. The following scoring system was 
used to evaluate KAI1/CD82 and CD44v6 
expression according to the intensity and per-
centage of positive cells: strong staining (sco- 
red as 3) indicated dark brown staining obscur-
ing on the membrane and in the cytoplasm of 
tumor cells; yellow staining (scored as 2); prim-
rose yellow staining (scored as 1); absence 
(scored as 0) indicated no appreciable staining 
in tumor cells. At the same time, staining was 
also scored according to the percentage of pos-
itive cells: negative, 0, positive cell rate ≤10%, 

Table 2. Primer Sequences of KAI1/CD82, CD44v6, and 
β-actin (internal reference)

Gene Primer Primer sequence Product 
size (bp)

KAI1/CD82 Forward 5’-CGTGGGTGTGGCCATCAT-3’ 83
Reverse 5’-TTGCTGTAGTCTTCGGAATGG-3’

CD44v6 Forward 5’-CCAGGCAACTCCTAGTAGTACAAC-3’ 107
Reverse 5’- GGGAGTCTTCTCTGGGTGTTTG-3’

β-actin Forward 5’-GCTACGAGCTGCCTGACG-3’ 112
Reverse 5’-TCGTGGATGCCACAGGAC-3’

ern blot analyses were done in 
triplicate.

Immunohistochemistry for protein 
expression 

Paraffin-embedded slides of the 
86 pairs specimens of tumor tis-
sues and corresponding adjacent 
normal mucosa tissues were dri- 
ed, deparaffinized, and dehydrat-
ed in a graded series of ethanol. 
The slides were treated with 3% 
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1; 11%~50%, 2; 51%~75%, 3; ≥75%, 4. The two 
scores were multiplied, and the result was the 
final score. For the final score: 0~1 indicated 
negative (-); 2~3 indicated weak positive (+); 
4~6 meant moderately positive (++); more than 
6 indicated strong positive (+++). 2~12 positive 
results were statistically analyzed.

Statistical analysis 

Statistical analyses and creation were carried 
out using Graphpad Prism 6 software. The 
bands were measured for integral optical den-
sity (IOD) and the results were described with 
mean ± standard errors. Mean values of the 
two groups were compared using t-test. The 
relationship of KAI1/CD82 and CD44v6 expres-
sion with clinicopathologic features was ana-
lyzed using the x2 or the Fisher exact test. 
Survival curves were plotted using the Kaplan-

analyses was used as the criterion for including 
KAI1/CD82 and CD44v6 expression in the mul-
tivariate backward stepwise elimination proce-
dure. The final multivariate model retained 
some prognostic factors. Difference with P< 
0.05 was considered statistically significant.

Results

RT-PCR and real-time PCR analysis

PCR results for the relative expression levels of 
KAI1/CD82 and CD44C6 mRNA are shown in 
Figure 1. Quantitative RT-PCR analysis was per-
formed for KAI1/CD82 and CD44v6 in four 
selected subjects, i.e., three tumor tissues and 
one adjacent normal mucosa tissue. In all the 
patients, KAI1/CD82 mRNA levels were signifi-
cantly higher in adjacent normal mucosa tis-
sues compared with tumor tissues (P<0.01, 

Figure 1. The quantitative RT-PCR results of KAI1/CD82 (A) and CD44v6 (B) and β-actin mRNA expression as the 
internal reference in four groups who had various expressions of KAI1/CD82 and CD44v6. Relative mRNA levels 
of KAI1/CD82 and CD44v6. Histograms represent the scanning densitometric analysis of PCR results shown in it. 
Each value was normalized for β-actin mRNA levels and expressed as a value relative to that of β-actin, which was 
set to a value of 1. The comparison of KAI1/CD82 and CD44v6 expression levels in normal mucosa tissues (normal) 
and different differentiated LSCC (well, moderately, poorly).

Table 3. The expression of KAI1/CD82 and CD44v6 mRNA 
levels in normal tissues and tumor tissues

Classification KAI1/CD82 
mRNA level

CD44v6 
mRNA level

Normal tissues 0.798 ± 0.495 0.305 ± 0.121
Well differentiated LSCC 0.516 ± 0.253 0.433 ± 0.206
Moderately differentiated LSCC 0.432 ± 0.228 0.473 ± 0.228
Poorly differentiated LSCC 0.234 ± 0.121 0.755 ± 0.371
KAI1/CD82 and CD44v6 mRNA levels are expressed as values relative to 
those of β-actin. Mean ± SD, n=86. P<0.05.

Meier method and compared using 
the Log-rank test. Cox regression 
models were used for multiple factor 
analysis. We first evaluated all prog-
nostic factors individually in univari-
ate analyses and then in combina-
tion as multivariate models. The 
main end point in this study was per-
cent survival. A significant relation-
ship between KAI1/CD82 and CD- 
44v6 expression and percent surviv-
al (defined as P<0.05) in univariate 
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Figure 1), and average values of KAI1/CD82 
mRNA levels of the 30 adjacent normal mucosa 
tissues were significantly higher than those of 
86 tumor tissues (Table 3). CD44v6 mRNA lev-
els were lower in adjacent normal mucosa tis-
sues compared with tumor tissues (P<0.01, 
Figure 1). Average values of CD44v6 mRNA lev-
els of the 30 adjacent normal mucosa tissues 
were significantly higher than those of 86 tumor 
tissues (Table 3). The mRNA levels of KAI1/
CD82 in the well differentiated LSCC and the 
moderately differentiated LSCC were similar. 
The mRNA levels of KAI1/CD82 in poorly differ-
entiated LSCC were lower than in the well dif-
ferentiated LSCC or the moderately differenti-
ated LSCC (P<0.05, Figure 1). The mRNA levels 
of CD44v6 in the well differentiated LSCC and 
the moderately differentiated LSCC were simi-
lar. The mRNA levels of CD44v6 in poorly dif-
ferentiated LSCC were higher than those in the 

the same specimen as PCR. In all the patients, 
KAI1/CD82 protein levels were higher in adja-
cent normal mucosa tissues compared with 
tumor tissues (Figure 2), and average values of 
CD44v6 protein levels of the 30 adjacent nor-
mal mucosa tissues were significantly higher 
than those of 86 tumor tissues (Table 4). 
CD44v6 protein levels were lower in adjacent 
normal mucosa tissues compared with tumor 
tissues (Figure 2), and average values of 
CD44v6 protein levels of the 30 adjacent nor-
mal mucosa tissues were significantly higher 
than those of 86 tumor tissues (Table 4). The 
protein levels of KAI1/CD82 in the well differen-
tiated LSCC and the moderately differentiated 
LSCC were similar. The protein levels of KAI1/
CD82 in poorly differentiated LSCC were lower 
than those in the well differentiated LSCC and 
the moderately differentiated LSCC. The pro-
tein levels of CD44v6 in the well differentiated 

Figure 2. Western blot analysis of KAI1/CD82 and CD44v6 and β-actin in whole-cell extracts prepared from four 
individuals who had various expressions of KAI1/CD82 and CD44v6 (shown below the blots). A: The expression of 
KAI1/CD82 and CD44v6 protein in adjacent normal mucosa tissues (normal), well differentiated LSCC (well), mod-
erately differentiated LSCC (moderately), and poorly differentiated LSCC (poorly). B: Relative protein levels of KAI1/
CD82 and CD44v6. Histograms represent the scanning densitometric analysis of Western blots shown in B. Each 
value was normalized for β-actin protein levels and expressed as a value relative to that of β-actin, which was set 
to a value of 1. The comparison of KAI1/CD82 and CD44v6 expression levels in adjacent normal mucosa tissues 
(normal) and differently differentiated LSCC (well, moderately, poorly).

Table 4. The expression levels of KAI1/CD82 and CD44v6 
protein in normal tissues and tumor tissues

Classification KAI1/CD82 
protein level

CD44v6 
protein level

Normal tissues 0.799 ± 0.493 0.306 ± 0.119
Well differentiated LSCC 0.519 ± 0.251 0.434 ± 0.203
Moderately differentiated LSCC 0.434 ± 0.226 0.474 ± 0.266
Poorly differentiated LSCC 0.235 ± 0.109 0.756 ± 0.369
KAI1/CD82 and CD44v6 protein level is expressed as values relative to 
that of β-actin. Mean ± SD, n=86. P<0.05.

well differentiated LSCC or the mod-
erately differentiated LSCC (P<0.05, 
Figure 1). mRNA levels of KAI1/
CD82 and CD44v6 correlated to 
tumor differentiation. β-actin was 
used as the internal reference.

Western blotting analysis

As shown in Figure 2, protein levels 
of KAI1/CD82 and CD44v6 in tumor 
and normal tissues were also exam-
ined by western blot analysis using 
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LSCC and the moderately differentiated LSCC 
were similar. The protein levels of CD44v6 in 
poorly differentiated LSCC were higher than 
those in the well differentiated LSCC and the 
moderately differentiated LSCC. Protein levels 
of KAI1/CD82 and CD44v6 correlated to tumor 
differentiation. β-actin was used as the internal 
reference.

Immunohistochemistry analysis

As shown in Figure 3, EnVision immunohisto-
chemistry analysis was performed to examine 
KAI1/CD82 and CD44v6 expression by using 
86 cases of tumor tissues and corresponding 
adjacent normal mucosa tissues. The positive 
reaction of KAI1/CD82 and CD44v6 staining 
assumed brown or tan particles in different tis-
sues, and KAI1/CD82 and CD44v6 were pri-
marily located on cell membranes and in cyto-

sion levels between LSCC tissues and adjacent 
normal mucosa tissues (P<0.05), as shown in 
Table 5.

Correlation between the expression of KAI1/
CD82 and CD44v6 and the pathological pa-
rameters of LSCC 

The positive expression rates of KAI1/CD82 
and CD44v6 also varied according to different 
pathological parameters of LSCC. The positive 
expression rates of KAI1/CD82 in patients with 
poorly differentiated, clinical stage III-IV, and 
recurrence LSCC were noticeably lower than 
those in patients with well differentiated, clini-
cal stage I-II, and non-recurrence LSCC (P<0.01 
or 0.05), whereas no significant difference was 
observed with regard to sex, age, and lymph 
node metastasis (P>0.05). The positive expres-

Figure 3. Expression of KAI1/CD82 and CD44v6 in the LSCC tissues and adjacent normal mucosa tissues revealed 
by immunohistochemical analyses (EnVision). KAI1/CD82 expression in the adjacent normal mucosa tissues, A 
(positive) and B (negative). KAI1/CD82 expression in the LSCC tissues, C (positive) and D (negative). CD44v6 ex-
pression in the adjacent normal mucosa tissues, E (positive) and F (negative). CD44V6 expression in the LSCC tis-
sues, G (positive) and H (negative). Magnification ×400.

Table 5. The expression of KAI1/CD82 and CD44v6 in normal tis-
sues and LSCC (positive rate %)

Classification
KAI1/CD82 CD44v6

Positive 
n (%)

x2 
value

P 
value

Positive 
n (%)

x2 
value

P 
value

Normal mucosa tissues
    Negative 14 (16.2) 4.350 0.011 75 (87.2) 5.015 0.009
    Positive 72 (83.8) 11 (12.8)
LSCC tissues
    Egative 56 (65.1) 3.043 0.023 28 (32.6) 2.039 0.032
    Positive 30 (34.9) 58 (67.4)
P<0.05 was considered statistically significant.

plasm, which were stained 
positive in different tissues. 
The expression of KAI1/
CD82 was weakly positive 
or negative in tumor tis-
sues, with strong positive in 
adjacent normal mucosa 
tissues. The expression of 
CD44v6 was strong positive 
in tumor tissues, which was 
weakly positive or negative 
in adjacent normal mucosa 
tissues. There was signifi-
cant difference in KAI1/
CD82 and CD44v6 expres-
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sion rates of CD44v6 in patients with lymph 
node metastasis, clinical stage III-V, and recur-
rence LSCC were noticeably higher than those 
in patients with non-lymph node metastasis, 
clinical stage I-II, and non-recurrence LSCC 
(P<0.01 or 0.05), whereas no significant differ-
ence was observed with regard to sex, age, and 
tumor differentiation (P>0.05). The results are 
summarized in Table 6.

The spearman correlation results showed KA- 
I1/CD82 expression was positively related to 
tumor differentiation, clinical stage and tumor 
recurrence (P<0.05). The spearman correlation 
results showed that CD44v6 expression was 

were divided into 4 groups, and the correlation 
between KAI1/CD82 expression and CD44v6 
expression was evaluated. Results showed the 
KAI1/CD82 expression was negatively related 
to the CD44v6 expression (γs=-0.584, P<0.05) 
(Table 8).

Correlation between the expression of KAI1/
CD82 and CD44v6 in LSCC and prognosis 

Follow-up began from the operation, and the 
patients were followed up every half a year or 
one year. The 3-year survival rate and 5-year 
survival rate of the patients were 77.9% and 
47.7%, respectively. Among 45 cases of death, 

Table 6. Correlation between the expression of KAI1/CD82 and CD44v6 and the clincopathological 
parameters of LSCC/Case number (positive rate %)

Clincopathological parameters n
KAI1/CD82 CD44v6

Positive n (%) x2 value P value Positive n (%) x2 value P value
Sex
    Male 81 29 (35.8) 0.135 1.000 54 (66.7) 0.368 0.778
    Female 5 1 (25.0) 4 (75.0)
Age (years)
    ≤60 46 14 (30.4) 0.601 0.520 32 (69.6) 0.579 0.895
    >60 40 16 (40.0) 26 (65.0)
Tumor differentiation
    Well 69 16 (23.2) 7.532 0.003 46 (66.7) 2.898 0.237
    Poorly 17 14 (82.4) 12 (70.6)
Lymph node metastasis
    No 61 21 (34.4) 2.719 0.221 35 (57.4) 9.794 0.003
    Yes 25 9 (36.0) 23 (92.0)
Clinical stage
    I-II 56 23 (41.1) 4.213 0.015 33 (58.9) 6.015 0.008
    III-IV 30 7 (23.3) 25 (83.3)
Recurrence
    No 67 26 (38.8) 4.045 0.023 41 (63.0) 3.456 0.028

    Yes 19 4 (21.1) 17 (89.5)
P<0.05 was considered statistically significant.

Table 7. Spearman correlation between the expression of KAI1/
CD82 and CD44v6 and the clincopathological parameters
Clincopathological 
parameters

KAI1/CD82 CD44v6
Spearman CC P value Spearman CC P value

Sex -0.038 1.000 -0.066 0.675
Age (years) -0.082 0.512 -0.810 0.502
Tumor differentiation 0.456 0.000 -0.168 0.137
Lymph node metastasis -0.294 0.007 0.364 0.001
Clinical stage 0.367 0.001 0.429 0.001
Recurrence 0.338 0.003 0.267 0.013
Abbreviations: CC, correlation coefficient.

positively correlated with clini-
cal stage, lymph node metasta-
sis and tumor recurrence (P< 
0.05), and negatively correlated 
with tumor differentiation. The 
results are summarized in Table 
7.

Correlation analysis on the 
expression of KAI1/CD82 and 
CD44v6 in LSCC 

The expressions of KAI1/CD82 
and CD44v6 in LSCC patients 
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23 cases died of tumor recurrence or metasta-
sis, and 15 cases died of non tumor factors.

To investigate whether KAI1/CD82 expression 
in LSCC was associated with patient survival 
time, the percent survival curves were plotted 
with the Kaplan-Meier method and compared 
using the log-rank test. The results suggested 
that patients with high KAI1/CD82 expression 
had longer percent survival than patients with 
low expression, and the 3-year survival rate 
and 5-year survival rate of patients with high 
KAI1/CD82 expression were 86.7% and 63.3%, 
respectively, compared to 73.2% and 39.3% of 
patients with low KAI1/CD82 expression. More- 
over, percentage survival of patients with high 
KAI1/CD82 expression was longer than that of 
patients with low KAI1/CD82 expression, and 
the significant difference was observed in the 
percent survival curves between high and low 
KAI1/CD82 group (Figure 4A, log-rank test, 
x2=5.871, P=0.015).

To investigate whether CD44v6 expression in 
LSCC was associated with patient survival time, 
the percent survival curves were plotted with 
the Kaplan-Meier method and compared using 
the log-rank test. Patients with high CD44v6 
expression had shorter percent survival than 
those with low expression, and 3-year survival 
rate and 5-year survival rate in patients with 
high CD44v6 expression were 78.6% and 
39.7%, respectively, compared to 82.1% and 
64.3% of patients with low CD44v6 expression 
. Moreover, percentage survival of patients with 
high CD44v6 expression was shorter than that 
in the low expression group, and the significant 
difference was observed in the percent survival 
curves between high and low CD44v6 group 
(Figure 4B, log-rank test, x2=7.556, P=0.006).

Analysis on Cox proportional risk model re-
lated factors for prognosis of LSCC

Univariate Cox model was used to analyze sex, 
age, tumor differentiation, lymph node metas-

that such factors affected the regression equa-
tion after stepwise regression analysis, as age 
(P=0.001), lymph node metastasis (P=0.043), 
clinical stage (P=0.002) and tumor recurrence 
(P=0.001) (Table 9).

Discussion 

KAI1/CD82 is a member of the tetraspan trans-
membrane superfamily (TM4SF) and is a gene 
located on human chromosome 11p11.2 [4], 
which mediates the adhesion function between 
cells as well as between cells and the extracel-
lular matrix (ECM) [2]. KAI1/CD82 plays an 
important role in cell fusion, adhesion, migra-
tion, signaling, fertilization, differentiation, and 
invasion [5-7]. Cell adhesion to the ECM is the 
first step of metastasis, required for cell migra-
tion and invasion of primary tumor. Moreover, 
adhesion of cancer cells to the ECM in microves-
sels and migration into the other organs are 
critical in the multistep metastatic process [8]. 
Cell adhesion to cells or ECM was altered by 
KAI1/CD82 expression. Specifically, higher lev-
els of KAI1/CD82 were correlated with lower 
cell adhesion to cells or ECM. Consistent with 
these observations, previous reports have 
shown that KAI1/CD82 expression inhibits 
adhesion of cancer cells to cells or ECM, while 
KAI1/CD82 silencing enhanced the adhesion 
of cancer cells. In addition to cell adhesion, 
KAI1/CD82 expression levels also affected cell 
detachment from cells or ECM, further support-
ing the role of KAI1/CD82 in cell-to-ECM inter-
actions. It has been shown that KAI1/CD82 
suppresses metastasis by various mechanisms 
involving inhibition of invasion and motility, 
induction of apoptosis and senescence in 
response to extracellular stimuli [9]. 

In normal tissues, KAI1/CD82 is ubiquitously 
expressed. In tumor tissues, the presence of 
KAI1/CD82 expression predicts a better prog-
nosis for cancer patients [10-12], whereas the 
downregulation or loss of KAI1/CD82 expres-
sion is constantly found in the clinically ad- 

Table 8. Correlation between the expression of KAI1/CD82 
and CD44v6 in LSCC 

KAI1/CD82
CD44V6

Total (n) γs value P value
Positive (n) Negative (n)

Positive (n) 22 8 30 -0.584 0.006
Negative (n) 36 20 56
Total (n) 58 28 86
P<0.05 were considered statistically significant.

tasis, clinical stage, tumor recurren- 
ce, and the expression of KAI1/CD- 
82 and CD44v6, and the results sh- 
owed that the patient survival rate 
was associated with the expression 
of KAI1/CD82 and CD44v6, tumor 
differentiation, lymph node metasta-
sis, clinical stage and tumor recur-
rence. Furthermore, multivariate Cox 
regression analyses demonstrated 
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vanced cancer [13-15]. In addition, several 
studies have revealed that there are an associ-
ation between reduced expression of KAI1/
CD82 and increased metastatic ability in 
human malignant tumor such as bladder, cervi-
cal, ovarian, breast, prostate and hepatocellu-
lar carcinoma [16]. Many studies indicate that 
KAI1/CD82 expression is downregulated or 
abolished in a variety of malignant tumor [17]. 
Decreased KAI1/CD82 expression has been 
observed to correlate with metastasis and poor 
prognosis in many types of human solid tumor, 
such as prostate cancer [18], breast cancer 
[19], gastric cancer [20], basal cell carcinoma 
[21] and melanoma angiogenesis [22]. Although 
the mechanism underlying these pathological 
phenomena remains unknown, CD44v6, a vari-
ant of CD44, is located on chromosome 11p13 
and encoded by a single gene [23] and is a 
member of the CD44 family which belongs to 
cell adhesion molecules. CD44 mediates cell-
cell and cell-matrix interactions [24] by binding 
to its main ligand, hyaluronan, a glycosamino-
glycan that is highly concentrated in the endos-

metastasis and prognosis of tumor, has been 
demonstrated in various malignant neoplasms 
[27]. 

The expression of CD44v6 in normal tissues is 
restricted to squamous and transitional epithe-
lia [28, 29]. It has been reported that CD44v6 
can regulate the extracellular matrix, promote 
cell motility, and suppress tumor apoptosis. In 
fact, CD44v6 has been implicated in promoting 
tumor progression [26]. CD44v6 overexpres-
sion has been shown in a variety of epithelial 
malignant tumor, such as head and neck, colon, 
endometrium and ovarian cancer, which is 
probably capable of promoting cancer cells to 
adhere to the vascular endothelium and base 
membranes, as well as enhancing the motility 
of cancer cells [30-32]. In addition, studies indi-
cated that increased CD44v6 expression 
induced a high metastatic potential, which co- 
uld serve as a prognostic marker in various 
malignant tumor, such as nonsmall cell lung 
cancer [33], gastric cancer [34], pharyngolaryn-
geal cancer [35], and esophageal squamous 

Figure 4. A: Kaplan-Meier analysis: Correlation between KAI1/CD82 expression and patients’ survival time (Log-
rank test: x2=5.871, P=0.015). B: Kaplan-Meier analysis: Correlation between CD44v6 expression and patients’ 
survival rates (Log-rank test: x2=7.556, P=0.006).

Table 9. Analysis on Cox proportional risk model related fac-
tors for prognosis of LSCC

Influencing factors B P 
value

Exp 
(B)

95.0% CI for Exp (B)
Lower Upper

Age 1.386 0.001 4.012 1.826 8.793
Lymph node metastasis 0.872 0.043 2.392 1.038 5.048
Clinical stage 0.002
    I+II -1.863 0.039 0.141 0.212 0.925
    III+IV 0.583 0.266 1.801 0.643 5.048
Tumor recurrence 1.504 0.001 4.505 1.872 9.846
Abbreviations: CI, confidence interval.

teal region [25]. Like other iso-
forms, CD44v6 plays an important 
role in tumor invasion and metas-
tasis by regulating the ECM, pro-
moting cell motility and suppress-
ing tumor apoptosis [26]. Previous 
studies have shown that CD44v6 
may enhance the invasion and me- 
tastasis of tumor cells by changing 
the composition and function of 
cell surface adhesion molecules. 
In recent years, abnormal expres-
sion of CD44v6, which is closely 
correlated with the progression, 
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cell carcinoma [36]. Currently, several studies 
have indicated a relationship between CD44v6 
and the prognosis in laryngeal cancer. However, 
the results of these studies are inconsistent.

Many studies confirmed that the expression 
abnormalities presented by cell adhesion mol-
ecules were closely correlated with the tumor 
invasion and metastasis, and might be one of 
the determinants of tumor cells to gain the abil-
ity of invasion and distant metastasis. Changes 
in adhesion molecules that participate in cell-
cell boundaries and cell-matrix interactions are 
a prerequisite for tumor invasion and dissemi-
nation. Adhesion molecule KAI1/CD82 is integ-
rin-mediated cell adhesion to ECM [37], and 
CD44v6 changes the structure and function of 
adhesion molecules. Both KAI1/CD82 and 
CD44v6 are located on the short arm of human 
chromosome 11, which belong to the adhesion 
molecules. These proteins have a role in adhe-
sion, and KAI1/CD82 inhibits the adhesion of 
tumor cells and metastasis, while CD44v6 pro-
motes adhesion of tumor cells and invasion as 
well as metastasis. However, the specific mech-
anism of this protein in human LSCC is not 
clear.

It has been well established that combined 
markers promote clinical prediction when com-
pared with a single factor [38, 39]. In this study, 
both mRNA and protein expression levels of 
KAI1/CD82 and CD44v6 were examined by the 
quantitative RT-PCR and western blot assay, 
respectively. Our data showed that KAI1/CD82 
and CD44v6 expression levels of samples were 
exactly tested, which provided the correlation 
between the two markers (KAI1/CD82 and 
CD44v6) and the development of LSCC. KAI1/
CD82 expression in the LSCC tissue specimens 
was significantly lower than that in the normal 
mucosa tissues, while CD44v6 expression in 
LSCC was noticeably higher than that in normal 
mucosa tissues. It was concluded that KAI1/
CD82 and CD44v6 showed basically reverse 
changes in both mRNA and protein expression.

In this study, expression levels of KAI1/CD82 
and CD44v6 in 86 patients with LSCC and 86 
adjacent normal mucosa tissues were detect-
ed by immunohistochemistry. The results indi-
cated that both KAI1/CD82 and CD44v6 pro-
teins were located on cell membranes and in 
cytoplasm, and their expressions negatively 
correlated with each other. KAI1/CD82 expres-

sion in the LSCC tissue specimens was notice-
ably lower than that in the normal mucosa tis-
sues, and their expression in patients with 
poorly differentiated, clinical stage III-IV, and 
metastatic LSCC was significantly lower than 
that in patients with well differentiated, clinical 
stage I-II, and non-metastatic LSCC. Muneyuki 
et al. and Maurer et al. reported that KAI1/
CD82 expression decreased progressively with 
the advance of the tumor stage and was absent 
in lymph nodes [40, 41], consistent with our 
results (Table 7). However, CD44v6 expression 
in the LSCC tissue specimens was noticeably 
higher than that in the normal mucosa tissues, 
and its expression in patients with poorly dif-
ferentiated, clinical stage III-IV, and metastatic 
LSCC was significantly higher than that in 
patients with well differentiated, clinical stage 
I-II, and non-metastatic LSCC. KAI1/CD82 and 
CD44v6 expression varied according to differ-
ent tumor differentiation degrees, clinical stag-
es, and lymphatic metastasis conditions. These 
findings indicate that the more powerful the 
invasiveness and metastasis potential of tumor 
cells are, the more serious the expression loss 
of KAI1/CD82 will be. The expression of CD- 
44v6 is opposite to that. The expression of 
KAI1/CD82 and CD44v6 did not show the cor-
relation with age and sex.

Nevertheless, we conclude that KAI1/CD82 
and CD44v6 expression are related to metas-
tasis of LSCC. Moreover, increasing evidence 
demonstrates that cell surface adhesion and 
ECM components are crucial for tumor metas-
tasis [42]. In particular, KAI1/CD82 and CD0 
44v6 are cell membrane proteins that bind to 
ECM or adhesion proteins [43, 44]. In addition, 
based on our analysis, KAI1/CD82 expression 
was negatively correlated with CD44v6 expres-
sion (Table 8). Similarly, Wei et al. demonstrat-
ed that the ablation of KAI1/CD82 increased 
CD44v6 expression and enhanced migration 
and invasion in endothelial cells [45]. Thus, we 
speculate that KAI1/CD82 may play a role in 
mediating the expression of CD44v6. Overall, 
these results indicate that there is a complex 
relationship between the KAI1/CD82 and CD- 
44v6 in tumor progression. Combined with the 
results of the present study, it is reasonable to 
believe that the interaction of these factors is 
related to metastasis in LSCC. From our pres-
ent study, it was found that the tumor metasta-
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sis was closely related to the prognosis (Table 
9). 

In the present study, univariate and multivari-
ate analyses indicated that KAI1/CD82 and 
CD44v6 mRNA and protein expression can 
serve as independent prognostic factors for 
survival in patients with LSCC, respectively. The 
downregulation of KAI1/CD82 and the upregu-
lation of CD44v6 were markedly correlated 
with the worse survival rate, and patients with 
high expression of KAI1/CD82 had significantly 
longer percentage survival than those with low 
expression, while the expression of CD44v6 
was opposite to that. Both by univariate and 
multivariate analysis, in accordance with other 
reports, our survival analysis showed that the 
reduction in KAI1/CD82 expression [46] and 
increased CD44v6 [47] expression were indica-
tors of poor prognosis in LSCC patients (Figures 
3 and 4). KAI1/CD82 expression and CD44v6 
expression were identified as independent fac-
tors, consistent with the results of previous 
studies [48, 49] (Table 9), indicating that these 
molecules played important roles in LSCC 
prognosis.

In summary, this study illuminated that the 
abnormal expressions of KAI1/CD82 and CD- 
44v6 were closely related to the carcinogene-
sis and development of LSCC, and that down-
regulation of CD44v6 along with the upregula-
tion of KAI1/CD82 in LSCC tissues resulted in 
the inhibition of LSCC migration and invasion. 
Both KAI1/CD82 and CD44v6 expressions 
were negatively correlated with each other. 
Based on these findings, it is predictable that 
their inhibitory effect on tumor metastasis is 
related to their regulatory effect on cell adhe-
sion. Therefore, the combined detection of 
these two genes is promising to provide an 
important index for the prognostic prediction of 
LSCC and to open up a new channel for the 
diagnosis and treatment of LSCC.
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