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Abstract
Integrin αvβ8 expressed on tumor cells executes crucial regulatory functions during cell adhesion in the
tumor microenvironment and supports the activation of TGF-β1. This study aimed to investigate the
expression of integrin αvβ8 and its clinical significance in colon cancer, in addition to its influence on the
invasion and migration of cancer cells. Our results showed that integrin αvβ8 was an indicator of
progression and poor prognosis in patients with colon cancer. Moreover, integrin αvβ8 significantly
promoted the invasion and migration of colon cancer cells by the activation of TGF-β1 and upregulation
of metalloproteinase-9. Furthermore, suppression of integrin αvβ8 was found to inhibit the growth of
colon cancer in vivo. Our results indicate that integrin αvβ8 promotes tumor invasiveness and the
migration of colon cancer through TGF-β1 activation and is a potential prognostic biomarker. This study
may provide clues to further understand the manner in which the tumor microenvironment mediates the
development of colon cancer and develop strategies for novel therapeutic targets in the prevention and
treatment of colon cancer.
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Introduction
Colon cancer is the third most common cancer
and the fourth leading cause of cancer-related death
worldwide [1]. Recent developments in treatment
modalities, including radical resection-based surgery,
and new chemotherapy regimens have achieved a
marked improvement in the short-term survival of
patients with colon cancer. Nevertheless, long-term
prognosis in advanced cases remains unsatisfactory
because of distant metastases [2, 3]. Consequently,
there is an urgent need to further understand the
potential molecular mechanism involved in tumor
progression and migration of colon cancer as well as
to explore new and effective predictors of patient

outcomes and novel therapeutic approaches to colon
cancer.
Integrins are heterodimeric transmembrane cell
surface receptors consisting of one α- and one
β-subunit. At least 24 distinct integrin heterodimers
are formed by different combinations of 18 α-subunits
and 8 β-subunits [4, 5]. They execute crucial
regulatory functions during cell adhesion to the
extracellular matrix (ECM) and immunoglobulin
superfamily molecules [6]. Moreover, integrins are
capable of bidirectional signaling across cell
membranes, referred to as “outside-in” and
“inside-out” signaling, which results in information
http://www.jcancer.org
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exchange between the ECM proteins and intracellular
molecules [4, 7]. Among the 24 human integrin
subtypes known to date, 8 integrin dimers (αvβ1,
αvβ3, αvβ5, αvβ6, αvβ8, α5β1, α8β1, and αIIbβ3)
recognize RGD (arginine-glycine-aspartic acid)
peptide motifs in ECM proteins. These integrins
constitute a receptor subfamily instrumental in cancer
progression and metastasis [8-12].
Integrin αvβ8 is a transmembrane glycoprotein
that exclusively heterodimerizes with the αv subunit
[13]. Integrin αvβ8 can bind to numerous ECM
proteins and is reported to be a primary receptor for
latent TGF-β, which is an inactive complex produced
by kinds of cells. Integrin αvβ8 binding to the RGD
motif contained in the LAP of latent TGF-β complexes
mediates TGF-β activation and receptor pathway
signaling [14, 15]. Most of the proliferation, migration,
and immune effects relevant to malignant tumors
have been attributed to integrin-activated TGF-β[16,
17]. In contrast to other integrins, αvβ8 activates latent
TGF-β in a protease-dependent manner by the
co-localization of membrane-bound protease MT1MMP/MMP14. Additionally, αvβ8 binds to LAP and
brings the latent complexes in proximity with the
membrane-bound protease that cleaves LAP [18].
αvβ8 has been detected in tumor cells of various
carcinomas, including lung, ovarian, endometrial,
melanoma, breast, prostate, colon, skin, and stomach.
αvβ8 expression in human cancer cells is involved in
the progression of epithelial malignancies; increased
αvβ8 expression is also associated with decreased
survival in non-small cell lung carcinoma, triplenegative basal-type breast cancer, and advanced
ovarian cancer[19-21]. Additionally, αvβ8-mediated
TGF-β activation regulates tumor immune tolerance,
which results in the decreased infiltration of cytotoxic
T cells and proinflammatory tumor-associated
macrophages to the tumor center [19, 22, 23].
Integrin αvβ8 is far less studied than other
members of the αv integrin subfamily; however, it is
not only structurally but also functionally related to
integrin αvβ6 [24]. Our previous research showed that
integrin αvβ6 plays an important role in the
invasiveness, metastasis, and degradation of the ECM
of colorectal cancer and demonstrated that there is a
direct link between extracellular signal-regulated
kinase-2 (ERK2) and β6, which is essential for
β6-mediated ERK2 activation and corresponding
downstream effects[9, 25-27]. Nevertheless, the role of
integrin αvβ8 in the progression, invasion, and
migration of colon cancer is still largely unknown and
its precise mechanism remains to be clarified. In the
present study, we detected the expression of integrin
αvβ8 in colon cancer and investigated its tumor
prognostic significance. Moreover, we explored the
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potential role and underlying mechanism of
αvβ8-mediated TGF-β activation in cell migration in
colon cancer.

Materials and Methods
Clinical samples and colon cancer cell lines
Patients underwent successful tumor resection
surgery at the Department of Gastrointestinal
Surgery, Shandong Provincial Hospital, Jinan,
Shandong, China, between June 2012 and July 2016.
There were 90 males and 75 females with a median
age of 64.6 years and an age range of 42–81 years. To
be included, patients with colon cancer must have
received surgical resection as the initial treatment
modality without major perioperative complications,
as confirmed by histological examination. Colon
cancer was classified into right hemi colon cancer
(including cecum, ascending colon, and right
transverse colon) and left hemi colon cancer
(including left transverse colon and descending colon)
based on anatomical location of tumors. The pathologic tumor–node–metastasis (TNM) classification of
the International Union Against Cancer (2009). The
study complied with the requirements of The Ethics
Committee of Shandong Provincial Hospital, Jinan,
Shandong, China.
Caco-2, RKO, LoVo, SW620, SW480, DLD-1,
HT-29, and HCT-116 colon cancer cell lines were
purchased from American Type Culture Collection.
All cells were grown in Dulbecco's Modified Eagle’s
Media supplemented with 10% fetal bovine serum
and antibiotics.

Immunohistochemistry
Representative areas of the tumor were selected
based on hematoxylin-eosin (HE) staining. Tissue
sections were incubated for 60 min at 65°C and
rehydrated by using xylene and ethanol series. The
tissues were then dipped thrice in phosphate buffered
saline (PBS). Then, microwave antigen retrieval was
performed by the following method: sections were
spaced in antigen retrieval buffer (pH 6.4) for
microwaving, with high temperature for 5 min and
40°C for 15 min. After cooling to room temperature
and washing in PBS, the tissues were quenched of
endogenous peroxidase by 3% H2O2 for 20 min and
blocked with goat serum at 37°C for 30 min, followed
by incubation with anti-β8 antibodies (ab80673, 1:100,
Abcam, US) or anti-CD8 antibodies (sc-1177, 1:100,
Santa Cruz Biotechnology, US) overnight at 4°C. On
the following day, tissues were incubated with the
universal IgG antibody-Fab-HRP polymer for 30 min.
Subsequently, diaminobenzidine and hematoxylin
were stained and terminated sequentially. Normal
http://www.jcancer.org

Journal of Cancer 2020, Vol. 11
mouse IgG was substituted for the primary antibody
as the negative control. Finally, the samples were
observed under a light microscope (Olympus Corp,
Tokyo, Japan).

Evaluation of immunohistochemistry
Integrin αvβ8 was expressed both inside the cells
and on the cellular membrane, mainly seen on the
internal surface of the tumor cell membrane.
Expression levels were evaluated by three individuals
based on the average intensity and percentage of
positively stained cells. The intensity of staining was
scored as 0 (no staining), 1 (weak staining = light
yellow), 2 (moderate staining = yellow brown), and 3
(strong staining = brown). The percentage of stained
cells was scored as 0 (no positive cells), 1 (less than
25% positive cells), 2 (25–50% positive cells), 3 (more
than 50-75% positive cells), and 4 (more than 75%
positive cells). Scoring was validated by a consulting
histopathologist. Positive staining was judged by the
presence of an unequivocal brown staining in ≥10% of
tumor cells.
Tumor-infiltrating lymphocytes (TILs) were
evaluated according to previous reports. Briefly,
tumor-infiltrating CD8+T lymphocytes were counted
separately by intraepithelial or stromal localization.
CD8+T lymphocytes that infiltrated into cancer cell
nests were designated as intraepithelial CD8+T
lymphocytes. Three areas of intraepithelial CD8+T
lymphocytes with the most abundant infiltration were
selected, and the average count was calculated.

Western blot analysis
Cells were harvested and lysed. Samples with
equal amounts of protein were loaded onto an SDS–
PAGE (sodium dodecyl sulfate–polyacrylamide gel
electrophoresis) gel and electrophoresed. Subsequently, the separated proteins were transferred onto
polyvinylidene fluoride membranes. The membranes
were probed with primary antibodies overnight at
4°C, followed by horseradish peroxidase–labeled
secondary antibodies. Immunoreactive bands were
visualized using the electrochemiluminescence
method, and optical density was analyzed with
ImageJ. Values were expressed as a fold of GAPDH.

Quantitative real-time PCR
Total RNA was extracted from cells by Trizol
(Invitrogen). The reverse transcription reaction was
performed using RevertAid First Strand cDNA
Synthesis Kit (Fermentas) according to manufacturer
instructions. cDNA obtained from the reverse
transcription reaction was analyzed by a real-time
PCR thermocycler. Quantitative values were obtained
by the threshold cycle value. Relative mean fold
change in expression ratios was calculated by the
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2−ΔΔCT method. The primers for human integrin β8
were as follows: 5′-ACCAGGAGAAGTGTCTATCC
AG-3′ (forward) and 5′-CCAAGACGAAAGTCACGG
GA-3′ (reverse). The housekeeping gene GAPDH
served as internal control.

Cell adhesion assay and active TGF-β reporter
cell assay
Untreated polystyrene 96-well flat plates were
coated with LAP (R&D Systems, Minneapolis, MN,
USA) at 37°C for 1 h. As a negative control, wells were
coated with 1% bovine serum albumin. Wells were
washed with PBS. Cells (5 × 104 cells/well) were
harvested and added to each well. Cells were
centrifuged at 10G for 3 min to ensure uniform
settling of cells and incubated for 1 h at 37°C.
Non-adherent cells were then removed by
centrifugation (top-side down) at 10G for 5 min. The
attached cells were fixed and stained with 1%
formaldehyde/0.5% crystal violet/20% methanol for
30 min at room temperature. After washing with PBS,
adherence was determined by absorption at 595 nm
on a microplate reader.
To determine the TGF-β activation, transformed
mink lung epithelial cells (TMLC) stably transfected
with a portion of the plasminogen activated
inhibitor-1 promoter were cocultured with test cells as
described previously [28]. TMLC cells are highly
responsive to TGF-β and produce a very low
background of TGF-β activation. TMLC cells can thus
be used in coculture with other cell lines to test for the
presence of active TGF-β using luminescence as a
readout. Colon cancer cells (1.5 × 104 cells/well) were
co-cultured with TMLCs (1.5 × 104 cells/well) in a
96-well plate overnight at 37°C. Then, luciferase levels
were measured using the Luciferase assay system kit
according to manufacturer instructions (Promega,
Madison, WI, USA). An active TGF-β standard curve
was used to calculate levels of active TGF-β from
luminescence intensity.

Cell invasion assays
The invasive ability of colon cancer cells was
assessed using a 24-well transwell chamber (cell
invasion assay kit), by calculating the number of cells
that passed through a polycarbonate membrane
(Corning Costar). The polycarbonate surface of each
chamber was covered with 20 μl matrigel (BD
Biosciences; 1:4 dilution). Cells were pretreated with
β8-siRNA or β8 antibodies (E-6, Santa Cruz, US)
overnight. Cells (1 × 105 cell /well) in 150 μl serum
free medium with latent TGF-β1 (2 μg/ml) were
seeded into the upper chamber. After culture for 24 h
at 37°C, the upper surface of the Transwell membrane
was wiped gently with a cotton swab to remove
http://www.jcancer.org
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non-migrating cells. The membranes were fixed with
methanol and stained with 0.1% crystal violet. The
number of invaded cells in five random optical fields
of each filter from triplicate inserts was averaged.
Migration index was plotted as the mean ± standard
deviation (SD) against the dose with control cells set
to 100%. Shown are the means ± SD of three
independent experiments.

Wound-healing assays
The monolayer wound-healing assay was used
to assess cell migration. In total, 5 × 105 cells were
seeded in 6-well plates, incubated overnight and,
then, pretreated with β8-siRNA or β8 antibodies.
After achieving 90% confluency, cells were pretreated
with latent TGF-β1 (2 μg/ml) and scratched with a
sterile pipette tip; the floating cells were removed
with PBS, and the cells were cultured for 24 h.
Photographs were taken at 0 and 24 h along the scrape
line using a microscope. The results are expressed as
the actual wound closure distance.

Enzyme-linked immunosorbent assay (ELISA)
Cells (1 × 105 cells/well) were cultured in a
6-well cell culture plate and treated for 24 h with
β8-siRNA or β8 antibodies. Then, cells were incubated
in serum free medium with latent TGF-β1 (2 μg/ml)
overnight. The culture supernatant was collected; the
level of secreted matrix metalloproteinase-9 (MMP-9)
was analyzed via enzyme-linked immunosorbent
assay (ELISA) following manufacturer guidelines
(R&D). Samples were assayed in triplicate and
calibrated against a standard curve.

Gelatin zymography
Cells (1 × 105 cells/well) were cultured in a
6-well cell culture plate and treated for 24 h with
β8-siRNA or β8 antibodies. Then, cells were incubated
in serum free medium with latent TGF-β1 (2 μg/ml)
overnight. Subsequently, MMP-9 activity was
determined by gelatin zymography, using a Gelatin
Zymo Electrophoresis Kit (Genmed Scientifics,
Arlington, MA, USA), according to manufacturer
instructions. The conditioned media of cells incubated
in serum-free medium for 48 h was removed and
centrifuged. SDS-PAGE were copolymerized with
gelatin. After electrophoresis, the gels were renatured
in 2.5% Triton X-100 and incubated at 37°C for 24 h in
5 mM calcium chloride and 50 mM Tris–hydrogen
chloride buffer (pH 7.5), containing 0.05% sodium
azide. The gels were stained with 0.5% Coomassie
blue R-250 and destained in 10% methanol and 5%
acetic acid in water. Gelatinolytic activities were
detected as transparent bands on a blue background.
Band intensities were quantified using ImageJ.
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Tumorigenicity assay
The ability of human colon cancer cells to form
tumors in BALB/C female nude mice was assessed by
measuring length and breadth of tumors following
subcutaneous inoculation of 106 viable tumor cells
suspended in 100 μl of standard complete culture
medium (Dulbecco's Modified Eagle’s Medium). Each
group had 8 mice. The growth of primary tumors was
monitored by measuring tumor diameters with
electronic calipers every other day continuously from
the second week after injection. Volumes were
calculated using the formula (length)×(width)2/2.
After 3 weeks, the mice were sacrificed and the
tumors were dislodged and weighed. Experiment was
repeated three times. For the determination of Ki-67
expression, paraffin-embedded tumor tissues were
immunostaining with primary Ki-67 antibodies. For
assessment of Ki-67 index, over 1000 tumor cells per
specimen were counted on three photographs. The
Ki-67 index was estimated by the percentage of
Ki-67-positive cancer cells in all of the counted tumor
cells. All animal studies were conducted using a
protocol approved by the institutional animal care
and use committee at Shandong Provincial Hospital
Affiliated to Shandong University.

Statistical analysis
A chi-square test of cross-tabulations and a
Fisher exact test were used to examine the
relationship between the expression of integrin αvβ6
and the clinicopathologic characteristics of patients.
Survival analyses were conducted by the KaplanMeier method and the log-rank test. Both univariate
and multivariate analyses for cancer specific deaths
were done with the Cox proportional hazard model.
Data are presented as the mean ± SD; all measurements were obtained from at least three independent
experiments. P <0.05 was considered statistically
significant. Statistical analyses were performed using
GraphPad Prism (GraphPad Software, Inc.).

Results
Analysis of integrin αvβ8 expression in human
colon cancer and its relationship with
clinicopathological factors of colon cancer
Integrin αvβ8 expression in colon cancer was
determined by immunohistochemistry. For 165
primary colon cancer samples, αvβ8 staining was
observed both in the membrane and cytoplasm of
tumor cells. Positive αvβ8 expression was observed in
61 patients (36.9%; Figure 1A, Table 1). Integrin αvβ8
was stained in colon cancer tissues but negligibly in
para-neoplastic normal tissues. We also compared
integrin expression levels by immunoblots prepared
from seven different freshly resected colon cancer
http://www.jcancer.org
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samples. All samples expressed similar levels of αv
integrin protein; six of the seven samples expressed
robust levels of β8 integrin protein, with one sample
expressing lower levels of β8 integrin (Figure 1B and
C).
We used anti-αv integrin and anti-β8 integrin
antibodies to detect integrin protein expression levels
in eight different human colon cancer cell lines. All
cell lines expressed similar levels of integrin αv,
whereas integrin β8 was expressed at varying levels
in different cell lines (Figure 1D and E). The human
colon cancer cell lines SW480, SW620, HT-29,
HCT-116, RKO, and Caco-2 expressed high levels of
integrin β8. In contrast, DLD-1 cells had decreased
expression of integrin β8. Real-time PCR was used to
analyze the expression of integrin αvβ8 at the mRNA
level. SW620 and HT-29 expressed higher levels of
integrin αvβ8 mRNA, whereas HCT-116 and SW480
had moderate αvβ8 mRNA expression (Figure 1F).
Table 1. Relation between integrin αvβ8 expression and
clinicopathologic variables in colon cancer cases
Clinicopathological
factors

n
(165)

Gender
Male
90
Female
75
Age(years)
≤60
85
>60
80
Tumor anatomical location
Right hemicolon cancer
87
Left hemicolon cancer
78
T stage
T1#
4
T2#
19
T3#
66
T4#
76
N stage
N0
93
N1
43
N2
29
M stage
M0
124
M1
41
TNM stage
I - II
82
III-IV
83
Differentiation
Well
67
Moderate
59
Poor/undifferentiated
39
CD8+TILs density
Low
73
high
92
Survival (60-month follow-up)
Death
78
Censored
87
*

Αvβ8 expression
Positive (n=61)

Negative (n=104)

37
24

53
51

37
24

48
56

33
28

54
50

1
5
19
36

3
14
47
40

26
24
11

67
19
18

40
21

84
20

23
38

59
45

19
10
32

48
49
7

38
23

35
69

38
23

40
64

P
Value
0.227

0.072

0.787

0.086

0.007

0.029

0.018

<0.001

<0.001

0.003

Log-rank test

We investigated the relationship between
integrin αvβ8 expression and clinicopathological
factors of colon cancer from the 165 primary samples.
There was a substantial association between integrin

αvβ8 expression and N stage, M stage, TNM stage,
and tumor cell differentiation of colon cancer. The
percentage of late N (N1, N2) and M stage (M1)
among integrin αvβ8-positive samples was much
higher than these among integrin αvβ8-negative
samples. In other words, integrin αvβ8-negative
samples had an increased percentage of early N and
M stage. Likewise, among integrin αvβ8 positive
samples, the percentage of TNM III-IV-stage was
higher than that of TNM I-II-stage. Integrin
αvβ8-positive specimens revealed a higher percentage
of poor differentiation than αvβ8-negative specimens
(Table 1). Moreover, patients with αvβ8 expression
(median survival time = 43 months) had an obviously
poorer overall survival rate than those with negative
αvβ8 expression (median survival time = 56 months;
P<0.001 log-rank test: χ2 = 12.435; Figure 1G).

Correlation between integrin αvβ8 expression
and tumor-infiltrating CD8+T lymphocytes in
colon cancer
Integrin αvβ8 detected on tumor cells serves as a
platform for TGF-β1 activation on tumor-infiltrating
immune cells, which has been suggested to be a
dominant mechanism of tumor immunosuppression
[22]. Tumor-infiltrating CD8+T lymphocytes, which
are a crucial component of the cellular immune
system, constitutes the effector arm of adaptive antitumor immunity[29, 30]. We determined the association between integrin αvβ8 expression and CD8+TILs
in colon cancer by immunohistochemistry. Among
165 colon cancer cases, a low CD8+TIL density was
detected in 73 (44.2%) cases, whereas a high CD8+TIL
density was present in 92 (55.7%) cases. There was
significant correlation between integrin αvβ8 expression and CD8+TIL density (P<0.001). Among the low
CD8+TIL density cases, positive αvβ8 expression was
detected in 52.0% of cases (Table 1). Moreover, there
was a significant inverse correlation between
CD8+TIL count and αvβ8 expression (Figure 1H).
Collectively, it is likely that integrin αvβ8 expression
on tumor cells prohibits the invasion of CD8+TILs,
resulting in immunosuppression of the tumor.

Univariate and multivariate analysis for
prognosis of patients with colon cancer
To determine the prognostic value of integrin
αvβ8 expression, univariate and multivariate analysis
was performed using the Cox proportional hazards
regression model. In addition to age at diagnosis, M
stage, and poor differentiation, integrin αvβ8
expression was able to predict a poor prognosis in
univariate analysis (P < 0.05; Table 2). Variables
deemed to be significant were used to conduct
multivariate analysis. The results revealed that αvβ8
http://www.jcancer.org
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expression was an independent unfavorable
prognostic factors (relative risk: 1.681; P = 0.031).
Moreover, age at diagnosis and M stage were also
independent prognostic factors (relative risk: 1.085
and 1.854; P =0.007 and 0.037, respectively; Table 2).

increase was abolished by either the β8 integrin
antibody or anti-TGF-β1 antibody (Figure 2C and D).
Additionally, SW620 and HT-29 transfected with
con-siRNA or β8-siRNA were co-cultured with
TMLC. Luciferase activity decreased nearly 2-fold in
cells transfected with β8-siRNA. These results suggest
that integrin αvβ8 mediates latent TGF-β1 activation
within colon carcinomas by interacting with LAP.

Integrin αvβ8 in colon cancer cells promotes
TGF-β1 activation through adhesion to LAP
To determine whether integrin αvβ8 binds to
LAP in colon cancer cells, we performed adhesion
assays with the SW620 and HT-29 colon cancer cell
lines. We found both cell lines were able to adhere to
LAP; adhesion increased in tandem with the
concentration of LAP (Figure 2A). Adhesion of the
SW620 and HT-29 cells to LAP was abolished by β8
integrin antibodies. Moreover, when the expression of
integrin αvβ8 on SW620 and HT-29 cells was inhibited
by β8-siRNA, cell adhesion to LAP was also reduced
(Figure 2B).
Integrin αvβ8 is a receptor for ECM-bound latent
TGF-β1 and mediates its activation and subsequent
receptor engagement [31]. To investigate roles for
αvβ8–mediated TGF-β1 activation in colon cancer
cells, we co-cultured SW620 and HT-29 cells with
TMLC. Both cell lines caused a significant increase in
luciferase levels when compared to TMLC alone. This

Integrin αvβ8-mediated TGF-β1 activation and
signaling are essential for invasion and
migration of colon cancer
TGF-β1 have been reported to promote
migration and invasion of cancers[31, 32]. To further
explore whether integrin αvβ8 is required for
TGF-β1-mediated cell migration of colon cancer, we
examined SW620 and HT-29 cell invasion under the
condition of latent TGF-β1. Cell invasion assays
showed that latent TGF-β1 treatment dramatically
increased cell invasion for both cell lines. Then
specific αvβ8 blocking antibody and specific β8
siRNA were used. Compared with that of the control
cells, inhibition of αvβ8 by antibody or siRNA
significantly decreased latent TGF-β1-induced cell
invasion of SW620 and HT-29 cells (Figure 3A and B).

Table 2. Univariate and multivariate analysis of association of clinicopathologic features with 5-year survival in colon cancer
Variable
Age at diagnosis
Gender
Male
Female
Tumor anatomical location
Right hemicolon cancer
Left hemicolon cancer
T stage
T1
T2
T3
T4
N stage
N0
N1
N2
M stage
M0
M1
TNM stage
I
II
III
IV
Differentiation
Well
Moderate
poor/undifferentiated
αvβ8
Negative
Positive

Univariate analysis
Relative risk
1.063

95% CI
1.037, 1.068

P Value
0.026

1.000(Ref.)
0.847

0.487, 1.212

0.535

1.000(Ref.)
0.653

0.515, 1.164

0.361

0.000, > 105
0.756, 3.251
0.597, 1.579

0.892
0.294
0.977

1.000(Ref.)
1.218
1.527

0.627, 2.420
0.875, 3.087

0.534
0.135

1.000(Ref.)
1.531

0.912, 3.142

0.029

1.000(Ref.)
0.573
0.674
1.264

0.256, 1.387
0.295, 1.765
0.445, 2.789

0.235
0.474
0.847

1.000(Ref.)
0.901
2.362

0.567, 1.723
1.406, 4.621

1.000(Ref.)
2.224

1.280, 3.675

0.021
0.561
0.975
1.000(Ref.)

Multivariate analysis
Relative risk
95% CI
1.085
1.042, 1.082

P Value
0.007

1.000(Ref.)
1.854

0.967, 3.238

0.037

0.723
0.002

1.000(Ref.)
1.327
1.653

0.573, 1.658
0.785, 2.973

0.256
0.056

<0.001

1.000(Ref.)
1.681

0.976, 3.109

0.031
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Figure 1. Expression of integrin αvβ8 in colon cancer. The relationship between integrin αvβ8 and overall survival and CD8+TILs. A. Immunohistochemical
expression of integrin αvβ8 and CD8+TILs in colon cancer tissues. Bar = 100 μm. Red arrows indicate tumor infiltrating CD8+ cells B. Expression of the αv and β8 subunit in
seven different colon cancer tissues as analyzed by western blot. All expressed similar levels of αv integrin protein, and six samples expressed robust levels of β8 subunit, with
one sample expressing lower level of β8 subunit. C. Quantification of αv and β8 subunit expression in three independent experiments performed. Values are expressed as a fold
of GAPDH. Data represent the mean ± SD (n = 3). D. Expression of αv and β8 subunit in different colon cancer cells as analyzed by western blot. All cell lines expressed similar
levels of αv integrin protein. SW480, SW620, HT-29, HCT-116, RKO, and Caco-2 cells expressed high level of β8 integrin. E. Quantification of αv and β8 subunit expression
measured by Western blot in three independent experiments. Values are expressed as a fold of GAPDH. Data represent the mean ± SD (n = 3). F. Expression of αv and β8
mRNA determined by real-time PCR in three independent experiments. G. Association between integrin αvβ8 expression and overall survival of colon cancer patients. H.
Box-and-whisker graph of CD8+TILs. **P < 0.01.
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Figure 2. Integrin αvβ8 mediates colon cancer cells adhesion to LAP and regulates activation of TGF-β. A. Integrin αvβ8 binding to LAP in SW620 and HT-29
colon cancer cells as detected by adhesion assays. Integrin αvβ8 binding to LAP was elevated as LAP concentrations increased. BSA was used as negative control. B. Integrin αvβ8
binding to LAP in SW620 and HT-29 colon cancer cells treated with β8-antibodies or β8-siRNA. β8-Antibody or β8-siRNA inhibited cell adhesion to LAP. C and D. Co-cultured
with transformed mink lung epithelial cells (TMLC) to detect the TGF-β activity. The activity of TGF-β was abolished when cells were treated with β8-antibody or β8-siRNA. **P
< 0.01 versus IgG; ##P < 0.01 versus con-siRNA. Results are representative of three independent experiments.

Cell migration was next analyzed by in vitro
wound-healing assays. The addition of latent TGF-β1
enhanced directional migration in SW620 and HT-29
colon cancer cells, compared with untreated cells
(Figure 3C). Similarly, we found that αvβ8 antibodies
or β8-siRNA significantly inhibited wound healing
under the condition of latent TGF-β1 (Figure 3C).
These data suggest that TGF-β1 might promote cell
migration and invasion of colon cancer via integrin
αvβ8.

Integrin αvβ8 mediates regulation of MMP-9
by TGF-β1 activation in colon cancer cells
It has been reported that TGF-β1 enhances tumor
invasion by stimulating MMPs, such as MMP-9
[33-35]. To determine whether integrin αvβ8 could
induce the stimulation of MMP-9 by activating TGFβ1 in colon cancer cells, the activity of MMP-9 was
examined by zymography on SW620 and HT-29 cell
lines with the treatment of latent TGF-β1. For integrin
αvβ8 positive cell lines, latent TGF-β1 promoted the
activity of MMP-9. However, this upregulation could
be inhibited by prior incubation of cell lines with αvβ8
antibodies or β8-siRNA (Figure 3D and E). The
expression of MMP-9 in whole-cell lysates of colon
cancer cells was also determined by immunoblotting.

It was observed that latent TGF-β1 could increase the
expression of MMP-9 (Figure 3D and F). This increase
was inhibited by αvβ8 antibodies or β8-siRNA.
Moreover, we examined the levels of secreted MMP-9
in the cell culture media. Similarly, the secretion of
MMP-9 could be enhanced by latent TGF-β1, which
was abolished by αvβ8 antibodies or β8-siRNA
(Figure 3G). Thus, integrin αvβ8 was required for
upregulation of MMP-9 by TGF-β1 signaling.

Silencing of integrin αvβ8 expression inhibits
tumor growth of colon cancer in vivo
To examine the effect of αvβ8 suppression on in
vivo tumor growth, SW620 and HT-29 colon cancer
cells transfected with β8-siRNA or con-siRNA were
inoculated into BALB/C female nude mice. Suppression of αvβ8 greatly delayed xenograft growth for
both colon cancer models (Figure 4A and C). The
weight of isolated tumors from the β8-siRNA group
were significantly reduced when compared to control
(Figure 4B and D). Additionally, the tumor growth
was detected by immunohistochemical analysis of
Ki-67 staining. Silencing of integrin αvβ8 significantly
suppressed the expression of Ki-67 in tumor tissues
and reduced the Ki-67 proliferation index by about
30% compared to control groups (Figure 4E and F).
http://www.jcancer.org
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Figure 3. Integrin αvβ8 promotes migration and invasion of colon cancer cells and upregulates MMP-9. A. Cell invasion was measured with the Transwell
experiment. TGF-β1 was found to increase the cell invasion of colon cancer cells; this increase could be inhibited by β8-antibody or β8-siRNA. B. Invasion index was calculated
by three independent experiments. C. Cell migration was examined by wound healing assay. Cell migration was also inhibited by β8-antibody or β8-siRNA for both cell lines. D.
MMP-9 activity and expression under the condition of latent TGF-β1 was detected, respectively, by gelatin zymography and western blot. β8-Antibody or β8-siRNA was able to
reduce both activity and expression of MMP-9. E. Quantification of MMP-9 activity. F. Quantification of MMP-9 expression. G. Secretion of MMP-9 in SW620 and HT-29 colon
cancer cells as examined by enzyme-linked immunosorbent assay (ELISA). Shown are mean±SD of three independent experiments. **P < 0.01, *P < 0.05 versus IgG; ##P < 0.01, #P
< 0.05 versus con-siRNA.
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Figure 4. Knocking down integrin αvβ8 expression reduces the growth of colon cancer tumor xenografts. A. The growth curve of tumors for SW620 colon
tumor xenograft models. B. The mean tumor weight of SW620 colon tumor xenograft. n= 8 in each group, **P < 0.01, *P < 0.05 versus con-siRNA. C. D. The growth curve and
mean tumor weight of HT-29 colon tumor xenograft. E. Immunohistochemical expression of Ki-67 in the tissue of colon tumor xenograft. F. Ki-67 index is shown. Shown are
mean±SD of three independent experiments. **P < 0.01 versus con-siRNA.

Discussion
Cellular recognition relies on cell-ECM or
cell-cell communication which is indispensable for
individual tumor cells in the microenvironment and is
required in all solid tumors [36]. Integrins are
performing bidirectional signaling through cellular
membranes, which results in “messages” exchange
between the ECM and cells or between individual cell

[37]. Many integrins are highly expressed in
carcinomas of the colon, stomach, breast and
pancreas, constituting an important receptor
subfamily that is instrumental in the progression and
metastasis of cancer [38, 39].
Integrin αvβ8 is far less studied in cancers than
other members of the integrin αv-subfamily. It has
been confirmed that the tumor cell is the main
compartment where αvβ8 is expressed [19]. When
http://www.jcancer.org
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compared to hematogenous- and lymphoid-derived
malignant lines, αvβ8 is significantly enriched in
carcinoma, glioma, and melanoma [21, 40]. The
current study provides strong evidence that integrin
αvβ8 may be expressed in colon cancer, as the
expression rate in resected samples was 36.9%. For
most human colon cancer cells, high expression of
integrin αvβ8 was detected. Additionally, our results
show that αvβ8 expression is significantly associated
with lymph node metastasis, distant metastasis of
tumors, and clinical TNM stage. According to the Cox
proportional hazard model and survival analysis, we
have shown that integrin αvβ8 predicts a poor
prognosis for colon cancer patients. Therefore, in
addition to being a potential immune-histochemical
marker for lymph node metastasis and distant
metastasis, integrin αvβ8 staining in surgical
specimens could serve as a clinical prognostic marker
of colon cancer.
Studies showed that integrin αvβ8, which was
highly expressed on the tumor cell surface but not on
immune cells, inhibited CD8+TIL response and the
recruitment of immune cells to tumor centers [19].
CD8+TILs are crucial components of the tumorspecific cellular adaptive immunity that attacks tumor
cells. In colon cancer, density and location of
CD8+TILs have a prognostic value superior to TNM
classification [41]. Here, we demonstrated that
integrin αvβ8 may be involved in the
immunosuppression of colon cancer by prohibiting
the invasion of CD8+TILs. Our results indicate that
αvβ8 may not only significantly promote progression
and metastasis of colon cancer but also evade host
immunity; therefore, integrin αvβ8 may represent a
potential therapeutic target in the treatment of colon
cancer. Thus, it is essential that we gain a complete
understanding of the role that the interaction between
integrin αvβ8, colon cancer cells, and its immediate
environment plays in colon cancer. While αvβ8 has
been shown to promote motility and TGF-β1
activation in a number of tumor types, no study has
yet examined how these functions are linked,
especially in colon cancer.
Besides the effects of integrin bidirectional
signaling on tumors, it has been reported that
RGD-binding integrins are also the main regulators of
TGF-β which could become tumor-promoting by
acting directly on the tumor cells to drive invasion
and indirectly by promoting a tumor-permissive
microenvironment [16, 31]. Some kinds of these
integrins have been strongly implicated in the
promotion of tumor growth and metastasis of many
different types of cancer by the activation of TGF-β
[17]. Integrin αvβ8 binds to LAP and brings the latent
complexes into proximity with the membrane-bound
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protease that cleaves LAP. Here, we revealed that
integrin αvβ8-expressing colon cancer cells, SW620
and HT-29, were able to bind to LAP; moreover, that
this binding was significantly inhibited by αvβ8
antibodies or β8-siRNA. Additionally, we explored
whether αvβ8 on colon cancer cells mediated TGF-β1
activation. Similarly, the TGF-β1 activation of colon
cancer was greatly reduced when treated with αvβ8
antibodies or β8-siRNA, which indicated that integrin
αvβ8 was a mediator of latent TGF-β1 activation for
colon cancer. Effects of integrin-depended TGF-β
activation on tumor cells are performed in a
"paracrine" way [42]. Thus, integrin on one tumor cell
presents active TGF-β which then bind to TGF-β
receptors (TGFβR) on adjacent cells, enhancing
migration
and
invasiveness
during
tumor
progression. As a result, we hypothesize that by
interacting with LAP, integrin αvβ8 expressed on
colon cancer cells activates TGF-β1 secreted by cancer
cells, and then active TGF-β1 acts on adjacent cells,
which likely results in driving invasion and
metastasis of colon cancer.
The integrin αvβ8-TGF-β1 axis contributes to the
regulation of angiogenesis and invasiveness of
glioblastoma [40]. Altering integrin αvβ8 levels had
an obvious effect on the angiogenic and invasive
growth properties of glioblastoma, in part, reflected
by a diminished activation of latent TGF-β [43].
However, the role of integrin αvβ8 in invasion and
migration of epithelial neoplasms, especially colon
cancer has not been well elucidated. Here, we
examined the effect of integrin αvβ8 on the TGF-β1
induced migration and invasion of colon cancer cells.
Our data demonstrated that αvβ8 promoted the
migration and invasion of colon cancer cells by
activating TGF-β1, as both αvβ8 antibodies and
β8-siRNA could abolish the effect of latent TGF-β1.
These results indicate that integrin αvβ8 on colon
cancer is an activator of TGF-β1, which contributes to
the invasion and migration of colon cancer cells.
Additionally, our previous research demonstrated
that integrin αvβ6 could increase the expression and
secretion of MMP-9 in colon cancer and
cholangiocarcinoma, which also plays a role in
migration of these two cancers [44]. Recently,
metastasis of cancer cells has been shown to be
associated with TGF-β1-mediated upregulation of
MMP-9[45]. We analyzed the effects of integrin
αvβ8-induced TGF-β1 activation on expression and
activity of MMP-9 in colon cancer. Integrin αvβ8 was
found to not only increase the expression of MMP-9
but also promote its activity in colon cancer cells
under the condition of latent TGF-β1. Our previous
data demonstrated that there was a direct link
between integrin αvβ6 and ERK2, which activates ETS
http://www.jcancer.org
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transcription factors Ets-1, leading to the upregulation
of MMP-9[46]. In comparison with integrin αvβ6,
integrin αvβ8 upregulated MMP-9 through activation
of TGF-β1. However, whether there is an “outside in”
signaling of integrin αvβ8 in colon cancer and its role
in cancer migration and invasion needs to be further
explored.
Colon cancer still has a poor prognosis because
of its inclination for distant metastasis. In the present
study, we present a novel marker, integrin αvβ8, as an
unfavorable indicator in colon cancer. Moreover, we
confirmed that integrin αvβ8 on colon cancer cells
activates TGF-β1 by binding to LAP, which has a large
contribution towards migration and invasion. This
finding advances our understanding of the
mechanisms of colon cancer progression; it may lead
to the development of integrin αvβ8-based strategies
for effective therapeutic approaches in colon cancer.
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