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Introduction

Fibulin-2, a new parent protein, does not par-
ticipant in the integrity of tissue structure, but main-
ly involves the activation of regulatory enzymes,
proteases and growth factors(1). Spatially, fibulin-2
greatly up-regulates the site of epithelial-mesenchy-
mal transition during embryogenesis, but its expres-
sion is restricted to the vascular endothelial base-
ment membrane, heart valves, skin basal layer and
perimembranous membrane(2). It is up-regulated and
healed during skin tissue repair(3). Besides, its dele-
tion can prevent cardiac rupture and ventricular
dysfunction, and it significantly improves postoper-
ative survival by abating TGF-β signalling(4).

TGF-β family members play a complex role in
carcinogenesis. TGF-β was originally named for its

transformation activity in in vitro assays, and now,
it is clearly confirmed that TGF-β is a tumour sup-
pressor with carcinogenic activity. In the current
model, the inhibitory activity predominates in nor-
mal tissues, but changes in TGF-β expression and
cellular responses contribute to its balance of car-
cinogenic activity during tumourigenesis(5). In
epithelia, this process usually refers to the respon-
siveness of tumour cells to TGF-β, the increasing
secretion and/or weakening activation or quality
changes of TGF-β ligands. Almost all cells produce
and respond to ligands, so to understand the role of
TGF-β in tumourigenesis requires some insight into
the changing and response patterns of many inter-
acting cell types, including stromal cells. As a mul-
tifunctional peptide growth factor, TGF-β plays an
essential role in regulating cell proliferation, differ-
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ABSTRACT

Objective: To investigate the effect of fibulin-2 on the proliferation and apoptosis of gastric cancer cells and its mechanism. 
Methods: This study analysed the expression of fibulin-2 and TGF-β1 in 36 gastric cancer samples and 36 normal gastric epithe-

lial samples with immunohistochemistry and RT-PCR, respectively. The expression of fibulin-2 and pathological features of these clinical
cases were also studied. In addition, the expression levels of fibulin-2, TGF-β1, Smad4 and pSmad4 in various gastric cancer cell lines
were determined using RT-PCR and Western blot. Through transfecting a fibulin-2 mimic, we observed TGF-β1 expression at different
times. In order to validate that fibulin-2 impacts the proliferation and apoptosis of gastric cancer cells through the TGF-β1/Smad4
signal pathway, we used MTT and flow cytometry to analyse the proliferation and apoptosis of cells in different groups, successively. 

Results: The expression of fibulin-2 was much lower in the gastric cancer samples than in the control group, but the expression of
TGF-β1 was much higher in the gastric cancer samples. The expression and differentiation degree of fibulin-2 were significantly related
to TNM staging. Thereinto, the expression of fibulin was positively associated with differentiation degree, and the positive rate of fibulin-
2 declined from stage I to stage IV, successively. Besides, the fibulin-2 mimic greatly restrained the proliferation of gastric cancer cells
and promoted their apoptosis compared to the control group. 

Conclusions: Fibulin-2 promotes the apoptosis of gastric cancer cells and restrains their proliferation through inhibiting the
TGF-β1/Smad4 signal pathway.
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entiation, inflammation, angiogenesis and wound
healing(6-8). Excessive TGF-β plays an important
role in the pathogenesis of incompatible remodel-
ling and heart failure(9-11). TGF-β acts as a down-
stream gonadotropin and pro-fibrotic growth factor
induced by Ang II(12). Even though excessive TGF-β
is harmful to stress myocardia, baseline TGF-β is
vital for protecting the integrity and structure of
myocardia(13). Thoroughly eliminating this impor-
tant growth factor may not be completely benign,
and TGF-β activation is regulated at several differ-
ent sites, including intracellular signalling pathways
and extracellular interactions(14).

We investigate the expression of fibulin-2 and
TGF-β1 in gastric cancer samples, analyse the rela-
tionship between fibulin-2 and TGF-β1 expression
and clinical manifestations in this study. What’s
more, using gastric cancer cell lines as models, we
explore the effect of fibulin-2 on the proliferation
and apoptosis of gastric cancer cells through the
TGF-β1/Smad4 signalling pathway.

Materials and methods

Methods

Case and cell line source
Normal, low, medium and highly differentiated

cell lines (GES-1, MKN45, SGC7901 and MKN28)
were purchased from Shanghai Huiying Biological
Co., Ltd. Thirty-six clinical specimens showed clear
gastric cancer specimens and 36 normal gastric
epithelial tissue specimens, which were divided into
two groups: gastric cancer group and control group.
A total of 36 gastric cancer samples and 36 normal
gastric epithelial tissue samples from Changzhou
Second People's Hospital affiliated to Nanjing
Medical University from 2016 to 2017 were
involved in this study and assigned into the gastric
cancer group and control group, respectively.

Main reagents and instruments
The main reagents and instruments were as

follows: BD LSR flow cytometry (BD
Biosciences); Apoptosis detection kit (Bestbio,
China); Thermomax microplate reader (Bio-Tek
EL, USA); MTT (Sigma, USA); β-actin (Santa
Cruz, USA); PVDF membrane (Millipore Corp,
Billerica, MA, USA); mouse polyclonal anti-fibu-
lin-2 (Proteintech, USA); BCA protein assay kit
(Boster, China); RIPA lysis buffer (Beyotime,
China).

Methods

Immunohistochemistry
After fixed, embedded, stained, dewaxed and

dehydrated, antigen retrieval was conducted on the
stomach tissue specimens by microwaving them in
citrated saline for 15 min. The sections were
deparaffinised and treated with 0.3% hydrogen per-
oxide for 15 min to block endogenous peroxidase
activity. They were further blocked with 2% bovine
serum albumin and then reacted with primary anti-
body for 12 h at 4 °C. After being washed, the
biotin-labelled secondary antibody was added and
gently shaken at room temperature for 1 h. Finally,
the DAB reaction was used to observe the results.
The fibulin-2 positive region in the fibrotic region
was then observed. Quantitative analysis was used
to calculate five fields from each stomach slice.

Cell culture
In order to prevent the influence of TGF-β1 in

FBS, cells must be cultured in serum-free DMEM
containing double antibody, glutamine and ampho-
tericin at 37 °C in a humidified incubator with 5%
CO2. The cells were detected for each test when
their density reached 70%-80%.

RT-PCR
RNA extracted using magnetic bead cell sort-

ing was reverse transcribed into Cdna by RT-PCR
reverse transcription kit, and fibulin-2 and TGF-β1
mRNA levels were analysed by quantitative real-
time PCR. RT-PCR was performed based on the
standard protocol using the following primers: fibu-
lin-2: (forward direction: 5'-GCCTGCTTTCCT
GGCTTCTCA-3'; reverse direction: 5'-
TGGCAGCGGGATGGTGTTAG-3') and TGF-β1:
(forward direction: 5'- GCTGCTGACCCCCACT-
GAT-3', reverse direction: 5'-TGCCGGA-
CAACTCCAGTGA-3'). The PCR was carried out
at 94 °C for 5 min, followed by amplification of
30–35 cycles using the ABI 9700 at 94 °C for 40 s,
51 °C for 40 s and 72 °C for 1 min. Band intensity
was measured by a densitometer, whose results
were normalised with β-actin. The results were
independently repeated at least three times with
three different templates.

Western blot
Gastric tissues and cells were lysed with RIPA

lysis buffer. The protein concentration in whole
extracts prepared was analysed using the BCA pro-
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tein assay kit. After being centrifuged at 12000 g
for 10 min at 4 °C, the supernatant was collected
and total protein was extracted. The protein concen-
tration was determined by BCA method, and the
whole protein extract was mixed with 5 × protein
loading buffer (1:5), boiled in water for 15 min and
cooled at 4 °C. The corresponding SDS-PAGE gel
was prepared according to the molecular weight of
the target protein. A protein sample denatured at 4
°C was added to the wells and loaded according to
the protein concentration, so as to make sure that
each well had the same volume of the total protein.
Electrophoresis was carried out at a constant volt-
age of 220 V until the bromophenol blue reached
the bottom of the gel and stopped. According to the
molecular weight of the target protein, the gel was
cut and then put into the transfer buffer. A PVDF
film and six layers of filter paper were tailored
according to the size of the gel. After being soaked
in methanol for 10 s, the PVDF film and filter
papers were placed into the transfer buffer. In
accordance with the order of positive electrodes,
three layers of filter paper PVDF film gel and three
layers of filter paper in accordance with the order of
negative electrodes were put into a transmembrane
apparatus, and their edges were aligned to prevent
foaming. They were transferred at a constant pres-
sure of 60 V for 1 h. The protein-attached PVDF
film was blocked overnight in 5% skim milk pow-
der at 4 °C on a shaker. The blocked film was
washed with TBST for 10 min, mixed with the cor-
responding ratio of primary antibody and incubated
overnight at 4 °C. Afterwards, it was washed with
TBST three times, 10 min per time, mixed with the
corresponding secondary antibody and incubated
for 3 h at room temperature on a shaker. After that,
the mixture was re-washed with TBST three times,
10 min per time. Isometric A and B reagents in the
ECL luminescence kit were symmetrically mixed,
dropped on the PVDF film, fully contacted and
exposed to light for 1 min. The excess liquid around
the film was blotted with filter paper and placed in
a gel imager and photographed with a dynamic
integration mode to observe the results. The images
were analysed using Lab Works 4.6 professional
image analysis software.

Determination of cell proliferation
Live cell uptake and the ability to convert sol-

uble MTT to formazan crystals were measured by
MTT. The exponentially growing cells were seeded
in 96-well plates at an initial density of 5 x

103/well, treated with different concentrations of
fibulin-2 mimics and negative controls and main-
tained during the indicated time of culture. Then
MTT (0.2 mg/mL) was added to the medium for
culturing for an additional 2 h. The medium was
replaced with acidified isopropanol (isopropanol
solution with 0.04 N HCl), and the plate was incu-
bated for 1 h at room temperature. The colorimetric
absorbance of the samples was determined by a
Spectramax M5 plate reader (Molecular Devices,
CA). Cell proliferation was expressed as the per-
centage of cell viability of matrine-treated cells rel-
ative to the control cells untreated. All experiments
were performed in triplicate and repeated at least
three times.

Analysis of apoptosis
For apoptosis analysis, the quantification of

apoptotic cells was performed using the Annexin-V-
FITC apoptosis detection kit according to the
instructions of the manufacturer. Early apoptotic
cells, defined as annexin-V-FIT, PI-negative cells,
were analysed on a BD LSR flow cytometer. The
experiment was repeated three times.

Statistical analysis 
All data were expressed as mean ± SE. The

statistical significance was analysed by Student’s t
test for means comparison or one-way ANOVA and
post Dunne’s test. The difference was statistically
significant with P < 0.05.

Results

Expression of fibulin-2 and TGF-β1 in clini-
cal cases

The immunohistochemical results on gastric
cancer samples and normal gastric epithelial tissues
showed that the positive rate of fibulin-2 in gastric
cancer samples was only about 1/3 of that of nor-
mal tissues, which was significantly lower than that
in the normal control group (P < 0.05). The expres-
sion of TGF-β1 mRNA in tissue samples was
detected by RT-PCR, with findings that revealed the
expression of TGF-β1 mRNA in gastric cancer tis-
sues was significantly higher than that in the nor-
mal control group (P < 0.01) (Figure 1).

Relationship between fibulin-2 expression and
pathological features in clinical cases

In order to seek the relationship between fibu-
lin-2 expression and pathological features in clinical
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cases, with statistical analysis, it was found that fibu-
lin-2 expression was correlated with the degree of
differentiation and TNM staging. Also, the positive
rate of fibulin-2 was positively correlated with the
degree of differentiation.

In addition, fibulin-2 expression was definitely
associated with cancer TNM staging, and the posi-
tive rate of fibulin-2 declined in turn according to the
order of stage I, II, III and IV (stage I: 40%; stage II:
33.3%; stage III: 27.2% and stage IV: 15.4%)
(Figure 2). 

Fibulin-2 and TGF-β1 expression in gastric
cancer cell lines

To clarify the intrinsic relationship between
fibulin-2 and TGF-β1 in gastric cancer cells, their
expression in different cell lines was detected by RT-
PCR and Western blot, respectively. The results
revealed that fibulin-2 expression was lower in low,
medium and highly differentiated gastric cancer cell
lines than in the normal gastric epithelial cell lines.
What’s more, with the increase in degree of differen-
tiation, its expression level was also elevated.

However, TGF-β1 expression was significantly
higher in various differentiated gastric cancer cell
lines than in the normal gastric epithelial cell lines.
And with the increase of the degree of differentia-
tion, its expression level was gradually reduced.
Consequently, it was suggested that the degree of dif-

ferentiation of gastric cancer cells was negatively
correlated with fibulin-2 and TGF-β1 (Figure 3).

Effect of fibulin-2 mimics on TGF-β1 and
Smad4 expression in gastric cancer cell lines

In order to further investigate whether fibulin-2
affects the TGF-β1/Smad4 signalling pathway, the
expression levels of TGF-β1, Smad4 and pSmad4 in
the fibulin-2 mimic group and the control group at
different times were detected using Western blot. As
shown in Fig. 4, the expression of TGF-β1 mRNA
was gradually decreased in the fibulin-2 mimic
group as time went on and fell after 48 h.

Also, the expression of TGF-β1 mRNA was
significantly higher in the fibulin-2 mimic group
than in the control group at 12 h and 24 h. In addi-
tion, as time prolonged, the ratio of pSmad4/Smad4
was much lower in the fibulin-2 mimic group than in
the control group. The findings indicated that the
fibulin-2 mimic inhibited the TGF-β1/Smad4 sig-
nalling pathway.

Effect of fibulin-2 mimics on the proliferation
and apoptosis of gastric cancer cells

In order to investigate the effect of fibulin-2 on
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Figure 1. Expression of fibulin-2 and TGF-β1 in clinical
cases. *represents P < 0.05, with a significant difference.

Figure 2. Analysis on correlation of fibulin-2 expression
and the pathological features of gastric cancer. *repre-
sents P < 0.05, with a significant difference; **represents
P < 0.01, with an extremely significant difference.

Figure 3. Fibulin-2 and TGF-β expression in various cell
lines were detected by RT-PCR and Western blot. *repre-
sents P < 0.05, with a significant difference; **represents
P < 0.01, with an extremely significant difference.

Figure 4. Western blot was used to detect the expression
levels of TGF-β1 and pSmad4/Smad4 in the control
group and fibulin-2 mimic groups at 0, 12, 24 and 48 h,
respectively. *represents P < 0.05, with a significant dif-
ference; **represents P < 0.01, with an extremely signifi-
cant difference.



the proliferation of gastric cancer cells, the effect of
fibulin-2 mimics on the proliferation of gastric can-
cer cell line SGC7901 was determined by MTT
assay. We measured fibulin-2 mimics and the control
groups at 0, 24, 48 and 72 h and found that the pro-
liferation of gastric cancer cell line SGC7901 was
significantly inhibited in the fibulin-2 mimic group,
and the cell proliferation at 48 h in the fibulin-2
mimic group was close to two times more than that
in the control group (Figure 5).

Fibulin-2 promotes the apoptosis of gastric
cancer cells through inhibiting the TGF-β1/ Smad4
signal pathway

In order to further clarify whether fibulin-2 pro-
motes the apoptosis of gastric cancer cells by inhibit-
ing the TGF-β1/Smad4 signalling pathway, we set up
a control group, fibulin-2 mimic group, TGF-
β1/Smad4 signalling pathway promoter group and
fibulin-2 mimic + TGF-β1/Smad4 signalling path-
way promoter group for detection and determined
the apoptosis rate of SGC7901 cells at 0, 24 and 48 h
by flow cytometry.

The findings suggested that the fibulin-2 mimic
group greatly advanced the apoptosis of SGC7901
cells, and as time prolonged, the apoptosis rate was
largely decreased in the TGF-β1/Smad4 signalling
pathway promoter group. There was no significant

difference in the apoptosis rate in the fibulin-2 mimic
+ TGF-β1/Smad4 signalling pathway promoter
group. These findings fully demonstrated that fibu-
lin-2 promoted the apoptosis of gastric cancer cells
by inhibiting the TGF-β1/Smad4 signal pathway
(Figure 6).

Discussion 

Fibulin-2, an ECM protein, interacts with a
variety of other ECM proteins and can merge into
various extracellular structures(15). It plays an impor-
tant role in embryonic development, particularly in
the site of epithelial-mesenchymal transition and
tissue remodelling of adults as well as in skin
wound repair and the pathological induction of vas-
cular lesions(16). Furthermore, fibulin-2 is induced
by TGF-β1 both in vitro and in vivo, but no consti-
tutive expression of fibulin-2 is observed in any of
the tested models. Therefore, it is concluded that
fibulin-2 may play a causative role after TGF-β
secretion, rather than during basic physiological
adult neurogenesis.

Multicellular organisms have many mecha-
nisms to prevent tumourigenesis. Apart from the
strict control of the cell cycle, cells must also be
monitored and maintain the integrity of their genetic
information. Cancers are activated through suicidal
or forced aging sensations and abnormal responses.
Tight control of genes determines cell lifespan, and
the proper functions and spatial relationship between
it and other cells are assessed.

TGF-β is necessary for maintaining genomic
stability, inducing replicative senescence and inhibit-
ing telomerases(17). In tissues with a higher level,
TGF-β1 appears to be important for preventing early
tumourigenesis in the colon by keeping the tissue
structure normal(18). Epithelial Smad4 is critical for
preventing inappropriate angiogenesis(19). Obviously,
we must consider the simple changes in cell turnover
now, and start to determine other molecular mecha-
nisms impacted, so as to fully understand the role of
TGF-β in restricting tumours.

In general, both alleles of a tumour-suppressing
gene must be inactivated to form a tumour. The
TGF-β pathway may not operate in this simple
switching mode due to its dual tumour suppressors
and carcinogenesis. For mice, only the loss of one
allele in TGF-β1 is sufficient to alleviate growth
inhibition and endanger tumour suppressor function,
thus predicting changes in TGF-β1 levels may
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Figure 5. Cell proliferation was detected at 0, 24, 48 and
72 h with MTT. 

Figure 6. Apoptosis rate of gastric cancer cells detected
by flow cytometry. *represents P < 0.05, with a signifi-
cant difference.



impact human’s susceptibility to cancer. A gradient
descent in TGF-β1 production from ascending colon
to rectum may lead to a higher incidence of colon
tumours in the distal colon(20). A possible threshold
effector mechanism is elucidated in endothelial cells,
and the elevated level of TGF-β may actually
involve different type I receptors, resulting in the
activation of various downstream mediators(21-23).

To sum up, we have confirmed that fibulin-2
mediates the proliferation and apoptosis of gastric
cancer cells. It may advance the apoptosis of gastric
cancer by inhibiting the TGF-β1/Smad4 signal path-
way. However, the specific intrinsic mechanism is
unclear, thus deserving further study.
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