
Purpose: To study the effect of integrin αvβ6 on the prolif-
eration and apoptosis of thyroid carcinoma cells. 

Methods: The experiment was conducted on 3 groups : 
the control group, the positive observation group (in which 
the αvβ6 on the surface of the thyroid carcinoma cell line 
SW579 was blocked by monoclonal antibody 10D5) and 
the negative observation group (in which the αvβ6 was dealt 
with the negative placebo of 10D5—the IgG2a). Cell prolif-
eration was detected by MTT assay, apoptosis by flow cy-
tometry and the protein levels in Caspase-3, CyclinB1 and 
Bcl-xl as well as the protein levels in ERK, p-ERK, JNK, p- 
JNK, p38 and p- p38 were detected by Western blot. 

Results: The cell survival rates of the control group and the 
negative observation group were prominently higher than 
those of the positive observation group, following decrease 
in the apoptosis rates, and the differences were statistical-
ly significant (p<0.05). The protein levels in CyclinB1 and 

Bcl-x1 of the control group and the negative observation 
group were prominently higher than those of the positive 
observation group, whereas the levels in Caspase-3 were 
decreased; the differences were statistically significant 
(p<0.05). The protein levels in p-ERK, p- JNK and p-p38 of 
the control group and the negative observation group were 
prominently higher than those of the positive observation 
group, while the protein levels of ERK, JNK and p38 showed 
no difference. 

Conclusion: Integrin αvβ6 can mediate the MAPK signal 
pathway of the cells and regulate the expression of Cy-
clinB1 and the apoptosis-related proteins like Bcl-x1 and 
Caspase-2, thus affecting the process of the proliferation 
and apoptosis of thyroid carcinoma cells.
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Thyroid carcinoma is the most common ma-
lignant tumor in the head and neck region with 
a high incidence and mortality rate among the 
neoplasms of the endocrine system. There are 
about 100,000 new cases in China every year 
[1], and surgical resection is the treatment of 
choice with recurrence and metastasis playing 
key roles on the survival outcome [2]. Integrin 
αvβ6, being a member of cell surface adhesion 
molecules family, mediates the interaction and 
bidirectional signal transduction between the 

cells and the extracellular matrix, and takes 
an important part in the adhesion, prolifera-
tion, differentiation, metastasis and apopto-
sis of cells [3]. It has been verified that αvβ6 
is intimately correlated with the proliferation, 
apoptosis, grade of malignancy and prognosis 
of rectal and gastric carcinoma [4,5]. This study 
further analyzed the effect of αvβ6 on the pro-
liferation and apoptosis of thyroid carcinoma 
and the mechanism of MAPK signal transduc-
tion pathway. 
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Methods
Experimental materials

 Thyroid carcinoma cell line SW579 was purchased 
from Shanghai Biotech Co., Ltd, China. RPMI1640 cell 
medium and fetal calf serum were purchased from Bey-
otime Co., Ltd, Beijing, China. Mouse anti-human αvβ6 
monoclonal antibody 10D5 and IgG2a were purchased 
from Sigma Corporation, St. Louis, MO, USA. Mouse 
anti Caspase-3, CyclinB1, Bcl-xl, ERK, p-ERK, JNK, p- 
JNK, p38 and p- p38 monoclonal antibody and mouse 
anti β-actin polyclonal antibody were purchased from 
Santa Cruz Corporation, CA, USA. MTT kit and DMSO 
were purchased from ZSGB-Bio Co., Ltd, Beijing, China. 
Annexin V-FITC/PI apoptotic kit and marker purchased 
from R&D Corporation, Minneapolis, USA were used 
for this study.

Cell culture and experiment grouping

 The cell line was cultured in complete medium 
(RPMI 1640+10% fetal calf serum+1% penicillin-strep-
tomycin) in the incubator under 5% CO2, saturation 
humidity and 37ºC. Cells in the logarithmic growth 
phase were taken in suspension and were inoculated on 
96-well plate. Each well contained 1×104 cells (100 μl 
volume). Three groups were established in this exper-
iment: the control group (with no treatment), the posi-
tive group (in which the αvβ6 on the surface of the thy-
roid carcinoma cell line SW579 was blocked by mono-
clonal antibody 10D5) and the negative observation 
group (in which the αvβ6 was dealt with the negative 
placebo of 10D5—the IgG2a). After 30-min ice bath, the 
3 groups were put into the incubator for another 6-hr 
culture, and the reaction was terminated by PBS wash. 

Detection of cell proliferation 

 MTT assay was applied and the 96-well plate with 
1×104 cells in each well and 5 duplicate wells for each 
group were used. MTT was added until the concentra-
tion reached 5 mg/ml. After 4-hr incubation, 150 μl 
DMSO were added and the optical density value (OD) 
at 490 nm was detected by a microplate reader (Bio-Rad 
Corporation, Hercules, California, USA). The survival 
rate was estimated as: OD of the experiment group/OD 
of the control group×100.

Detection of cell apoptosis

 The cells were resuspended to 1×104 cells per well. 
After 10 min centrifuging at 2000g, the supernatant 
was discarded and 500 μl binding buffer was added. 
Then 5 μl AnnexinV-FITC and 10 μl propidium iodide 
(PI) were added. After 20 min incubation in the dark, a 
relevant detection and analysis were respectively per-
formed by fluorescence activated cell sorting (FACS) 
caliber flow cytometry (BD Corporation, New Jersey, 
USA) and software WinMDI 2.9 (Applied Biosystems 

Corporation, City Foster, California, USA). 

Detection of the apoptosis protein and signal pathway protein

 Western blot method was used for protein detec-
tion. Proteins were extracted from the cells with con-
ventional way (kit purchased from Invitrogen Corpo-
ration, Carlsbad, California, USA). Bicinchoninic acid 
(BCA) assay kit purchased from TaKaPa Corporation, 
Japan, was applied for the test of the protein concen-
tration. Each sample in each well was loaded with 30 
μg of protein, subjected to protein electrophoresis for 
2.5 hrs at 36V (the electrophoresis apparatus was pur-
chased from Beijing Liuyi Company), and transferred to 
PVDF membrane for 1.5 hrs at 60V (Costa Corporation, 
Corning, New York, USA). The samples were blocked 
with skimmed milk powder for 2 hrs, incubated with 
primary antibody (1:1000) at 4ºC overnight, and by sec-
ond antibody (1:500) for 1 hr at room temperature. En-
hanced chemiluminescence (ECL) was used for image 
development (Beijing Biotime Technology Co., Ltd), 
and Jieda 801 Analysis software 3.3 was applied for the 
OD detection of the stripe.

Statistics

 SPSS20.0 software was applied for statistical anal-
ysis. The measurement data were presented as mean±-
standard deviation, one way ANOVA analysis was ap-
plied for comparisons among groups, and the LSD-t 
test was applied for comparison between groups. A p 
value <0.05 suggested that the difference was statisti-
cally significant. 

Results

Comparison of cell proliferation 

The cell survival rates of the control group 
and the negative observation group were prom-

Figure 1. Cell viability as detected by MTT assay. Cell 
survival rate of the control and the negative observa-
tion groups were significantly higher than the positive 
observation group (p<0.05).
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inently higher than those of the positive obser-
vation group, and the differences were statistical 
significant (p<0.05; Figure 1).

Comparison of cell apoptosis

 Apoptosis rates of the control group and 
the negative observation group were prominent-
ly lower than those of the positive observation 
group, and the differences were statistically sig-
nificant (p<0.05; Figure 2).

Comparison of the levels of apoptosis protein expression 

The protein levels in CyclinB1 and Bcl-x1 of 
the control group and the negative observation 
group were prominently higher than those of 
the positive observation group, while the level in 
Caspase-3 decreased, and the differences were sta-
tistically significant (p<0.05; Table 1).

Comparison on the protein levels in the cell signal 
pathways

The protein levels in p-ERK, p-JNK and p-p38 
of the control group and the negative observation 
group were prominently higher than those of the 

positive observation group, while the protein lev-
els of ERK, JNK and p38 showed no difference (Ta-
ble 2).

Discussion

Integrin αvβ6 is expressed only in embryo-
genesis, tissue repair and the epithelium-derived 
malignant tumors. Niu et al. [6] and Agrez et al. 
[7] have found that induction of overexpression of 
αvβ6 in colon cancer cells can stimulate the secre-
tion of MMP-9 and degrade the extracellular ma-
trix, which created a preferable mini environment 
for the proliferation and invasion of tumor cells, 
and was also the important occurrence mechanism 
of the hepatic metastasis and implantation of co-
lon carcinoma. The proliferation of colon cancer 
cells can be promoted by αvβ6 through inhibition 
of the mitochondria apoptosis pathway [8]. Zhang 
et al. [9] have considered that the expression of 
αvβ6 in 36.7% gastric carcinoma patients, to be 
correlated with the tumor stage, lymphatic metas-
tasis and recurrence and an individual risk factor 
of prognosis. The aforementioned results can be 
proved by specific antagonist of ανβ6, interference 
measure like RNA interference or antisense oli-
godeoxynucleotide technology and so on [10,11]. 
In the present study it was found that the cell sur-
vival rates of the control group and the negative 

Figure 2. Cell apoptotic rate as detected by flow cy-
tometry. Apoptosis rates of the control and the negative 
observation groups were significantly lower than the 
positive observation group (p<0.05).

Table 1. Comparison of the levels of apoptosis protein 
expression

Group CyclinB1 Bcl-xl Caspase-3

Control group 
(mean±SD)

0.62±0.16 0.58±0.12 0.12±0.06

Negative ob-
servation group 
(mean±SD)

0.57±0.15 0.55±0.13 0.14±0.08

Positive obser-
vation group 
(mean±SD)

0.33±0.11 0.24±0.09 0.69±0.22

F 6.527 6.234 6.628

p 0.000 0.000 0.000

Table 2. Comparison of the protein levels in the cell signaling pathways

Group ERK p-ERK JNK p-JNK p38 p-p38

Control group (mean±SD) 0.52±0.16 0.35±0.12 0.43±0.13 0.29±0.09 0.65±0.21 0.44±0.15

Negative observation group 
(mean±SD)

0.53±0.17 0.32±0.14 0.44±0.12 0.26±0.08 0.63±0.22 0.42±0.17

Positive observation group 
(mean±SD)

0.54±0.18 0.14±0.07 0.42±0.15 0.08±0.03 0.64±0.23 0.19±0.08

F 0.126 5.627 0.154 5.218 0.096 5.459

p 0.867 0.000 0.823 0.000 0.921 0.000
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observation group were clearly higher than those 
of the positive observation group, the apoptosis 
rate decreased, and the differences were statisti-
cally significant. It was noted that αvβ6 had sim-
ilar effect on the biological behavior of thyroid 
carcinoma. 

 Caspase-3, a key factor in apoptosis, is gen-
erated in the terminal stage of all kinds of apop-
totic pathways [12]. Mitochondrial apoptosis 
pathway is the principal internal apoptosis path-
way of nucleated organisms, and the proteins of 
Bcl-2 family play a prominent role [13], includ-
ing the anti-apoptosis members of Bcl-2 and Bcl-
xL which exert their effects on the outer mito-
chondrial membrane to maintain the integrity 
of membrane, as well as Bax and Bak which are 
functioning through destroying the integrity of 
mitochondrial membrane. Bcl-xL protein inhibits 
the release of cytochrome C through preventing 
the outer mitochondrial membrane from the de-
stroying effect of Bax [14]; Bcl-xL can also form a 
ternary complex with Apaf-1 and Caspase-9 to re-
alize the anti-apoptosis function [15]. Therefore, 
the change of the balance of pro-apoptosis and 
anti-apoptosis is a marking factor in the regu-
lation process of mitochondrial apoptosis path-
way. CyclinB1 is a significant cycle regulatory 
protein in the process of mitosis, it participates 
in the activity regulation of MPF and influenc-
es the activation and withdrawal of mitosis [16]. 
Research has proven that CyclinB1 protein level 
and subcellular localization vary with the cell 
cycle progression [17]. The level in G1 phase was 
extremely low, it gradually increased in S and G2 
phases, and formed a MPF enzyme complex with 
CDK1, which was located in the centrosome, and 
of which the catalytic subunit CDK1 was phos-
phorylated to be deactivated. The protein level 
reached the peak in the late G2 phase, the N ter-
minal being phosphorylated, which promoted 
the quick transduction import of MPF, and with 
the effect of CDC25C, the CDK1 region was phos-
phorylated and MPF activated. The mitosis-relat-
ed proteins like lamin, histone and microtubu-
lin were phosphorylated by the activated MPF, 
which led to karyotheca disintegration, chromo-
some agglutination and microtubule formation, 
and accelerated the process of cells entering the 
M period. In the medium and terminal phase 
of mitosis, CyclinB1 disappeared immediately 

through degradation, MPF deactivated, the chro-
matid separated, the cell mitosis terminated and 
the cells entered into the next cycle. This study 
showed that the protein levels in CyclinB1 and 
Bcl-x1 of the control group and the negative ob-
servation group were clearly higher than those 
of the positive observation group, while the level 
in Caspase-3 decreased; the differences were sta-
tistically significant. It was noted that αvβ6 could 
regulate the expression of CyclinB1 and the apop-
tosis-related proteins like Bcl-x1 and Caspase-2, 
thus affecting the process of the proliferation and 
apoptosis of thyroid carcinoma cells [18].

 On one hand, the integrin connects with the 
extracellular matrix protein or adjacent cells, and 
the cytoskeleton system in the cell, thus form-
ing the space link on which the survival of tu-
mor cells relies. The integrin, on the other hand, 
acts as an acceptor to integrate with multiple 
cytokines, and through bilateral transduction of 
bio-information, it becomes an information hinge 
for the tumor cells to accept the outer stimula-
tion and make reaction [19]. The αvβ6 can par-
ticipate in several signal pathways like MAPK, 
TGF-β1, Fyn, PKC and so on, each being the cas-
cade of the other one, and they connect with each 
other and exert synergistic effect [20,21]. Among 
those signal pathways, MAPK can activate mul-
tiple kinds of downstream proteins, and plays an 
important regulating role in cell proliferation, 
apoptosis and differentiation, etc. [22]. ERK is 
a significant part of the Ras-Raf-MEK-ERK cell 
signal transduction system which is the charac-
teristic cascade in the MAPK signal transduction 
pathway, and also a key signaling molecule for 
the integrin to regulate the conversion, growth, 
invasion and metastasis of cells [23,24]. It was 
demonstrated in this study that the protein lev-
els in p-ERK, p-JNK and p-p38 of the control 
group and the negative observation group were 
clearly higher than those of the positive obser-
vation group, while the levels in ERK, JNK and 
p38 showed no difference. It was noted that αvβ6 
could regulate the proliferation and apoptosis of 
thyroid carcinoma cells through activation of the 
MAPK signal transduction pathway. 
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