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FBLN3 inhibits the invasion and metastasis of colorectal cancer through the

AKT/mTOR pathway
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Fibulin-3 (FBLN3) levels vary among different types of cancers. We found that fibulin-3 was downregulated in colorectal
cancer (CRC) cells, particularly in the SW480 cell line. However, transfecting SW480 cells with a lentivirus overexpressing
fibulin-3 RNA inhibited proliferation, induced G1/S arrest, and promoted apoptosis. Fibulin-3 overexpression also
suppressed CRC invasion and metastasis. These effects were regulated through the AKT/mTOR signaling pathway.
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Colorectal cancer (CRC) is a common disease with high
morbidity and mortality rates globally, particularly in China.
CRC is a malignancy with the third-highest morbidity and is
the second-highest cause of cancer-related death worldwide
[1,2].

Based on cancer statistics from 2015, CRC is also associ-
ated with third-highest morbidity and the fifth-highest death
rate among all malignancies in China [2]. Despite earlier
diagnosis thanks to advanced diagnostic approaches, overall
survival remains poor. Moreover, many patients lose their
eligibility for surgery due to distant metastases. It has been
reported that marital status [3] and social integration [4]
are related to a poor prognosis. In recent years, researchers
have investigated molecular and biological factors to prevent
invasion and metastasis of CRC to prolong patient survival,
and studying these processes is vital for predicting the course
of the disease [5].

Fibulins (FBLNs) comprise a family of secreted glyco-
proteins that are characterized by epidermal growth factor
(EGF)-like domain repeats [6]. Fibulin-3 (FBLN3), encoded
by the EGF-containing fibulin-like extracellular matrix
protein 1 (EFEMP1) gene, is a member of the fibulin family
that has been newly recognized as an extracellular matrix
protein. It is also a unique C-terminal fibulin-like molecule.
FBLN3 was recently confirmed to act as a tumor suppressor
or activator in many cancers. It also plays an important role
in regulating cell growth. FBLN3 is closely associated with

CRC development, though the mechanism remains unclear.
In this study, we aimed to elucidate the exact mechanisms of
FBLN3 in CRC.

Materials and methods

Reagents. F-12K, RMPI-1640 medium and fetal bovine
serum (FBS) were purchased from Gibco (Thermo Fisher
Scientific, China) and stored at 4°C until use. FBLN3 lenti-
virus was obtained from Shanghai Genechem Co., Ltd
(Shanghai, China) and stored at -20°C. Trizol, SYBR Green
and BCA protein kits were all acquired from Thermo Fisher
Scientific. Annexin V Apoptosis Detection Kit APC was
obtained from eBioscience, the reverse transcription kit was
obtained from Fermentas. Antibodies against FBLN3, AKT,
p-AKT, mTOR, p-mTOR, cyclin D1, MMP-2, MMP-9, CKI,
Bcl-2, Bax and GAPDH were purchased from Abcam (all
Shanghai, China). Matrigel was obtained from BD Biosci-
ences (New Jersey, USA). Other reagents used in the experi-
ments were purchased from different chemical companies.

Cell culture and infection. The human normal colorectal
cell line FHC and CRC cell lines LOVO, SW620, SW1116,
SW480, and HCT116 were purchased from the Cell Bank
of the Chinese Academy of Sciences, Shanghai Institute of
Cell Biology (Shanghai, China). All CRC cells were cultured
in RPMI-1640 or F-12K medium containing 10% FBS and
1% penicillin and streptomycin in a humidified incubator
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at 37°C with 5% CO,. Selected SW480 cells were seeded
in six-well plates at 1.5x10° cells per well for 24 h and after
that the cells were transfected with 10 pl of lentivirus overex-
pressing FBLN3 RNA or a negative control. The sequences
were as follows: FBLN3 - sense, 5-GCGAATTCATGTTG-
AAAGCCCTTTTCCTAAC (EcoR 1), and antisense,
5-CGGGATCCCTAAAATGAAAATGGCCCCAC
(BamH I); NC - sense, 5-UUCUCCGAACGUGUCAC-
GUTT-3] and antisense, 5-ACGUGACACGUUCGGAGA-
ATT-3’ The underlined sequences are restriction enzyme
sites. Next, 2 ml of medium was added to each well and
experiments were performed after 48 h.

Cell proliferation assay. To detect cell proliferation,
MTT assays were performed according to the manufacturer’s
instructions. SW480 cells were seeded in 96-well plates at
3x10° cells per well. After transfection for 0 h, 24 h, 48 h and
72 h, 20pl of MTT (5 mg/ml) was added to each well and
incubated for 4 h; 150 ul of DMSO was then added to each
well. OD values were measured at 490 nm absorbance using
an ELISA microreader.
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Figure 1. A) FBLN3 mRNA expression in five colorectal cancer cell lines,
as analyzed by RT-PCR. B) FBLN3 protein expression in the five colorec-
tal cancer cell lines, as analyzed by western blotting.

Flow cytometric analysis. Flow cytometry was applied to
measure apoptosis and cell cycle. Briefly, after 48 h transfec-
tion, cells were collected and re-suspended. Apoptosis and
cell cycle kits were used according to the manufacturer’s
instructions, and the cells were analyzed by flow cytometry
as soon as possible.

Invasion and migration assays. Transwell inserts were
used to assess migration and invasion abilities. For the
invasion assays, after 48 h transfection log-phase cells
were trypsinized, washed with serum-free medium and
re-suspended at 4x10° cells/ml in medium containing 1%
serum. The cells were then seeded in Boyden chambers (8 pm
pore size). Matrigel was not used in cell migration assays.
Filters were inserted into the lower chamber of a 24-well
transwell chamber apparatus (Costar, Cambridge, MA, USA)
with medium containing 10% FBS (700 ul) and incubated
for 24 h. Afterwards, the material in each well was dyed with
a crystal violet solution for 30 minutes and cells on the top
filter were carefully wiped off with a cotton swab. For each
filter, the number of migratory or invasive cells was calcu-
lated under a fluorescence microscope.

Real-time polymerase chain reaction (RT-PCR). Total
RNA was extracted with Trizol (Invitrogen, CA, USA), and
RT-PCR was carried out using a reverse transcription reagent
kit (Thermo, USA) and SYBR Green PCR reagent (Fermentas)
according to the manufacturer’s instructions. PCR amplifica-
tion of FBLN3 and GAPDH was performed for 15 s at 95°C
and 45s at 60°C, followed by 40 cycles for 10 minutes and
extension at 60°C for 1 minute. The results were analyzed
with ABI 7300 SDS software (Applied Biosystems, Foster
City, CA, USA). The specific primer sequences for each gene
were as follows: FBLN3 - forward, 5-ATGCAGAACCT-
CAAGCTACC-3; and reverse, 5-GAAGCCGCCATGATA-
ATTCC-3’; GAPDH - forward, 5-CACCCACTCCTC-
CACCTTTG-3; and reverse, 5-CCACCACCCTGTTGCT-
GTAG-3’

Western blot assay. SW480 cells were lysed in cold lysis
buffer with PMSF and protease and phosphatase inhibitors.
Proteins were extracted according to the reagent instructions
and denatured with loading buffer for five minutes at 95°C.
Total protein concentrations were measured by BCA assay.
Equal amounts of proteins were loaded, separated by 10%
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
(SDS-PAGE) and transferred onto polyvinylidene fluoride
(PVDF) membranes by electrophoresis. Each membrane
was incubated with different antibodies (FBLN3 1:1000,
AKT 1:1000, p-AKT 1:1000, p-mTOR 1:1000, mTOR 1:1000,
MMP2 1:1000, MMP9 1:500, cyclin D1 1:1000, P21 1:2000,
Bcl2 1:300, Bax 1:300, and GAPDH 1:1500). Bands were
detected with a Western blotting analysis system.

Statistical analysis. All data were analyzed with SPSS 20.0
statistical software and the results are expressed as the mean
+ standard deviation (SD). p-values <0.05 and <0.01 were
considered statistically significant. Each experiment was
repeated at least three times.
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Results

FBLN3 expression in five CRC cell lines. To determine
whether CRC cell lines have low levels of FBLN3 expres-
sion, we measured FBLN3 mRNA and protein levels in
normal colorectal cell line FHC and colorectal cancer cell
lines LOVO, SW620, SW1116, SW480, and HCT116 using
RT-PCR and western blotting. FBLN3 expression was the
lowest in SW480 cells (Figure 1).

FBLN3 overexpression via lentivirus vectors infection.
After SW480 cells were cultured in six-well plates for 24 h, the
cells were divided into three groups: 1) control, treated with
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Figure 2. A) FBLN3 mRNA levels increased in SW480 cells after transfec-
tion. B) FBLN3 protein levels increased in SW480 cells after transfection
(*p<0.001).
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Figure 3. Proliferation of SW480 cells at different times after transfec-
tion. Compared with the control and pLVX-puro groups, the FBLN3
overexpression group presented significantly inhibited cell proliferation
(p<0.01).

2 ml of medium; 2) pLVX-puro, treated with 2 ml of medium
containing 10ul of NC lentivirus; and 3) pLVX-FBLN3,
treated with 2 ml of medium containing 10 pl of lentivirus
overexpressing FBLN3; the FBLN3 target sequence used is
mentioned in the Materials and methods section. According
to the results of RT-PCR and western blotting, FBLN3 levels
were markedly higher in the pLVX-FBLN3 group than in the
other two groups after 48 h, confirming successful infection
(Figure 2).

FBLN3 overexpression inhibits SW480 cell prolifera-
tion. MTT assay was employed to determine cell prolifera-
tion ability after transfection. The OD490 values of FBLN3-
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Figure 4. A) Cell cycle analysis via flow cytometry. Compared with the
control and pLVX-puro groups, the FBLN3 overexpression group exhib-
ited G1/S arrest. B) Apoptosis analysis via flow cytometry. Compared
with the control and pLVX-puro groups, the FBLN3 overexpression
group showed increased apoptosis (**p<0.0001).
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overexpressing cells decreased gradually compared to those
of the control and negative groups. The differences were
increasingly clear over time and reached statistical signifi-
cance (p<0.001, Table 1, Figure 3).

FBLN3 overexpression alters cell cycle populations and
promotes apoptosis. Cell cycle percentages and apoptosis
were detected by flow cytometry analyses. According to the
results, the percentage of cells was increased in G1 phase and
decreased in S phase in SW480 cells overexpressing FBLN3
(Figure 4A). These results indicate that the G1/S cell cycle
transition was inhibited and that apoptosis was promoted
(Figure 4B). Taken together, the results suggest that FBLN3
overexpression had antitumor effects.

Cell invasion and migration assays. To further investi-
gate the inhibitory effects of FBLN3 overexpression, we used
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transwell assays to determine cell invasion and migration. As
shown in Figure 5A and 5B, the average counts of invading
and migrating cells were notably lower in the FBLN3 overex-
pression group than in the control and pLVX-puro groups
after 48 h transfection. Thus, cell invasion and migration
were inhibited.

Protein expression levels of AKT/mTOR pathway-
related targets. It is well known that the PI3K/Akt/mTOR
pathway has a vital role in modulating cell cycle, apoptosis,
proliferation, and autophagy. In many cancers, this pathway
is overactive to reduce apoptosis and permit prolifera-
tion. We had found that FBLN3 was downregulated in
patients with colorectal cancer, and its overexpression could
promote apoptosis and inhibit proliferation. But whether
it is related to the AKT/mTOR pathway activation remains
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Figure 5. A) Compared with the control and pLVX-puro groups, the FBLN3 overexpression group displayed reduced cell invasion (*p<0.01). B) Com-
pared with the control and pLVX-puro groups, the FBLN3 overexpression group had decreased cell migration (*p<0.01).
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unclear. Thus, we performed western blotting and found
that FBLN3 overexpression significantly downregulated
p-AKT, p-mTOR, MMP-2, MMP-9, Bcl-2 and Cyclin D1 and
significantly enhanced Bax and P21 expression. These results
explain why FBLN3 overexpression inhibited migration and
invasion of CRC (Figure 6).

Discussion

Many oncogenes, anti-oncogenes and pathways partici-
pate in the tumorigenesis process and metastasis. FBLN3,
which is also called epidermal growth factor-containing
fibulin-like extracellular matrix protein 1 (EFEMP1), is
related to many diseases, such as age-related macular
degeneration [7], knee osteoarthritis [8], asbestos-related
diseases [9], rheumatoid arthritis [10], mesothelioma [11],
glioblastoma [12], osteosarcoma [13], ovarian cancer [14]
and cervical cancer [15]. Many studies have reported that
the fibulin family, which consists of 7 secreted extracellular
glycoproteins, is involved in cell morphology maintenance,
cell growth, adhesion and movement. FBLN3 of the fibulin
family is widely expressed in blood vessel walls and exhibits
both tumor suppressive and oncogenic activities. Expres-
sion of FBLN3 varies among different cancer tissue types.
In ovarian cancer [14], cervical cancer [15], pancreatic
adenocarcinoma [16] and malignant gliomas [17], FBLN3 is
upregulated and correlates with advanced tumor stage and
lymph node metastasis. In contrast, FBLN3 is downregu-
lated in hepatocellular carcinoma [18, 19], gastric cancer
[20], lung cancer [21, 22], endometrial carcinoma [23]
and nasopharyngeal carcinoma [24]. The reasons for these
differences remain unclear. In our previous research, we
found that FBLN3 expression was downregulated in CRC
tissues and that this downregulation played an important
role in metastasis and poor survival. Thus, FBLN3 may be
considered a prognostic indicator [25]. Overall, the results
indicate that FBLN3 may act as an anti-oncogene in CRC.
FBLN3 can also have anti-cancer effects and be a therapeutic
target in malignant tumors [26, 27].

In the present study, we aimed to determine whether
FBLN3 overexpression inhibits migration and invasion of
CRC cells as well as the potential mechanisms. After trans-
fection of SW480 cells with a lentivirus overexpressing
FBLN3 RNA for 48 h, we found that cell proliferation was
attenuated, apoptosis was promoted and G1/S cell cycle
arrest was induced. FBLN3 upregulation also inhibited cell
migration and invasion. These data indicate that FBLN3
overexpression may control the CRC cell growth, acting as
an anti-oncogene in CRC. This conclusion is similar to that
in our previous study. However, the underlying mechanism
remains unclear.

CRC development is caused by migration and invasion
that occurs in cancer cells. Many pathological steps, including
signaling pathway activation, participate in this process. As
shown in previous reports, FBLN3 has been correlated with

Table 1. Time-dependent effect of FBLN3 expression on cell proliferation.

Time Control pLVX-puro pLVX-FBLN3 F p-value
24h 0.460+0.011 0.445%+0.009  0.386%0.008 55.999  <0.001
48h  0.787+0.009 0.750+0.004 0.535+0.011  785.804 <0.001
72h 1.031+£0.005 0.949+0.014 0.467+0.012  2304.702 <0.001
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Figure 6. Expression of AKT/mTOR-related targets, as determined by
western blotting. 1 - control, 2 - pLVX-puro and 3 - FBLN3 overexpres-
sion group (*p<0.01, **p<0.001).

many pathways, including Wnt/p-catenin and NF/kB. PI3K/
AKT/mTOR, which is one of the most commonly mutated
pathways in tumors [28], is critical in CRC. Moreover,
upstream and downstream targets of the PI3K/AKT/mTOR
pathway are involved not only in regulating cell metabo-
lism, proliferation, cell cycle and apoptosis, but also in the
cancer development and metastasis and chemoresistance
[29]. Evidence shows that activation status of this pathway
is associated with response to the platinum-based chemo-
therapy treatment in several cancers [30-32].

AKT is an important downstream molecule of PI3K, and
mTOR is the pivotal substrate of AKT. It has been reported
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that over-phosphorylation of AKT is associated with chemo-
resistance [33]. AKT over-phosphorylation may also activate
many downstream targets in the cytoplasm and nucleus to
induce cell growth. mTOR activation can promote eukary-
otic initiation factor 4E (4EBP1) and result in cell prolifera-
tion. In the present study, cell proliferation was reduced by
FBLN3 overexpression.

Cell death is controlled by apoptosis, an important physi-
ological process. Most apoptosis-inducing factors eventu-
ally cause cell death through the caspase family [34]. In the
PI3K/AKT/mTOR pathway, Bcl-2 and Bax, the two main
opposing proteins, induce apoptosis and tumorigenesis.
Bcl-2 functions as an anti-apoptosis protein, whereas Bax
acts as a pro-apoptosis protein. Members of the Bcl-2 family
critically regulate mitochondrial outer membrane permea-
bilization (MOMP), a point-of-no-return in the intrinsic
and extrinsic apoptosis pathways. Bax can induce release of
cytochrome c from the mitochondrial membrane, which can
form a heterodimer with Bcl-2. The relative expression levels
of these two factors determine cell survival.

Cell growth is also related to the cell cycle. Cyclin D1, a
G1/S-specific cyclin encoded by CCNDI, functions as a
regulator of cyclin-dependent kinases (CDKs). Cyclin D1
is overexpressed in many cancers and its upregulation can
drive proliferation. Cyclin D1 conjugates with and activates
CDK4 to phosphorylate the retinoblastoma gene (Rb), which
disaggregates from E2F to promote G1 to S phase transi-
tion. Cyclin D1 upregulation also positively regulates G1/S
cell cycle progression. P21 is an important member of the
cyclin-dependent kinase inhibitor family which is associated
with cell cycle progression and tumor inhibition [35]. In our
study, we found that FBLN3 overexpression induced G1/S
arrest by decreasing cyclin D1 expression and increasing P21
expression. Therefore, deregulation of the PI3K/AKT/mTOR
pathway induces apoptosis and G1/S arrest and alters energy
and substance metabolism [36].

MMPs are considered to have a role in cell proliferation,
adhesion, migration and metastasis [37]. Type IV collagen
is an important component of the extracellular matrix,
and MMPs can reduce its expression. Many experts have
studied MMP-2 and MMP-9, which can degrade and remold
the dynamic balance of the extracellular matrix. Down-
regulating these two proteins inhibits NSCLC migration,
invasion and metastasis. In the present study, we found that
MMP-2 and MMP-9 levels were reduced, inhibiting CRC
migration, invasion and metastasis.

In conclusion, FBLN3 can act as an anti-oncogene.
FBLN3 overexpression obviously inhibited growth, invasion
and metastasis of the CRC cells through the AKT/mTOR
pathway. FBLN3 is thought to be a potential target for the
prognosis and treatment of CRC and can be widely applied
in clinical practice.
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