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Expression of fibulin-1 predicted good prognosis  
in patients with colorectal cancer
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Abstract: Fibulin-1, a multi-functional extracellular matrix protein, has been demonstrated to be involved in many 
kinds of cancer, while its function in colorectal cancer (CRC) is unclear. So here we investigated the expression and 
function of fibulin-1 in CRC. The expression of fibulin-1 mRNA variants named A, B, C and D in human colorectal 
cancer cells and colorectal cancer specimens were determined by RT-PCR. Fibulin-1 protein expression in colorec-
tal cancer and normal colorectal mucosa tissue was evaluated by western blot, and was further validated by im-
munohistochemistry and enzyme-linked immunosorbent assay at serum level. The correlations between fibulin-1 
expression and the clinicopathological features of colorectal cancers were evaluated by Chi-square test and Fisher’s 
exact tests. The survival rates were calculated by the Kaplan-Meier method. Among fibulin-1 A-D variants, fibulin-1D 
is the predominant form expressed in colorectal cancer cell lines and colorectal cancer tissue, whereas only trace 
amounts of fibulin-1A-C were detectable. Fibulin-1 expressed higher in the CRC tissues and serum compared to 
normal control. So in the process of tumorigenesis of CRC, fibulin-1 is upregulated, however, high fibulin-1 expres-
sion showed longer survival time in colorectal cancer patients, especially in the patients with stage I/II. Low fibulin-1 
expression was significantly associated with lymph node involvement, distant metastasis and Dukes’ C and D stage 
(P < 0.05 for each). Fibulin-1 protein expression may be useful as a diagnosis and prognosis marker for colorectal 
cancer.
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Introduction

Colorectal cancer (CRC) is the third most com-
mon cancer and the fourth leading cause of 
cancer-related deaths globally [1]. CRC is a very 
heterogeneous disease that is caused by the 
interaction of genetic and environmental fac-
tors. Extensive research has established that 
cancer in humans arises from a cell that has 
acquired multiple genetic alterations in onco-
genes and/or tumor suppressor genes. CRC 
also develops through a gradual accumulation 
of genetic and epigenetic changes, leading to 
the transformation of normal colonic mucosa 
into invasive cancer. In addition, tumors are not 
merely masses of neoplastic cells but complex 
tissues composed of cellular and noncellular 
elements such as the extracellular matrix 
(ECM). The dynamic and reciprocal interactions 
between tumor cells and cells of the tumor 

microenvironment as well as the ECM orches-
trate events are critical to tumor progression 
and metastasis formation. That is, the develop-
ment of migration and invasive abilities in can-
cers is associated with the modification of vari-
ous matrix structures [2].

Fibulins are encoded by fibulin genes, a newly 
recognized family of extracellular matrix pro-
teins. Fibulin-1 gene, a member of the fibulin 
family, is located on chromosome 22, band 
q13, it was discovered in affinity chromatogra-
phy experiments that used the short cytoplas-
mic tail of β1 integrin receptors [3, 4]. Fibulin-1 
have been demonstrated to modulate the extra-
cellular matrix (ECM) structure and mediate cer-
tain cell signaling transductions by binding to 
many ECM proteins such as fibronectin, lam-
inin-1, fibrinogen, angiogenin, tropoelastin, pro-
teoglycans aggrecan and versican. It plays a 
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role in cell morphology, growth, adhesion, and 
mobility [5-7]. Furthermore, fibulin-1 may regu-
late ECM formation and stabilization which is 
implicated in processes such as cancer growth, 
cell migration and invasion [8]. 

Fibulin-1 was firstly considered as a tumour 
suppressor gene by the exploration of it’s ex- 
pression and the association with estrogen in 
hormone dependent cancer, such as breast 
cancer and ovarian cancer [9-11]. Later, in gas-
tric and prostate cancer, it was reported that 
fibulin-1 acted as a tumor suppressor gene and 
was regulated by promoter hypermethylation 
[12, 13]. Recently, Kanda M et al, indicated that 
fibulin-1 was also a novel candidate tumor sup-
pressor gene in hepatocellular carcinoma and 
promoter hypermethylation of fibulin-1 was as- 
sociated with tumor progression [14]. Until now, 
expression and role of fibulin-1 in CRC is 
unclear. Here we investigated the expression 
and function of fibulin-1 in CRC.

Materials and methods 

Patients and tissue samples

This study was approved by the Sir Run Shaw 
Hospital Ethics Committee and conducted with 
the consents of all patients. The specimens 
were collected by experienced surgeons from 
surgically removed colorectal cancer diagnosed 
at the Sir Run Shaw Hospital of Zhejiang Uni- 
versity.

For the Western blot experiments, fresh CRC 
tissues and paired normal colorectal (NC) tis-
sues from twenty patients were obtained in 
2009. The CRC surgical specimens were col-
lected from various locations in colon and rec-
tum. Tumors were classified according to the 
7th edition of the International Union against 
Cancer (UICC) TNM classification (Supplemental 
Table 1). The corresponding NC surgical speci-
mens were taken from the margin of the resec-
tion where the tumors located at least over 10 
cm apart from it. For the immunohistochemis-
try (IHC) experiments, A total of 133 colorectal 
cancer patients who underwent curative resec-
tion between February 2003 and June 2009 
were enrolled. All the patients did not receive 
any treatment before operation. The subject 
population patients consisted of 78 men and 
55 women, and the patients’ age ranged be- 
tween 28 and 89 with a mean age of 62 years 

old. Two experienced pathologists reviewed the 
hematoxylin and eosin-stained slides of the dif-
ferent biopsies according to the World Health 
Organization (WHO) classification guidelines 
and chose one appropriate paraffin block. Dif- 
ferentiation status was divided into two types: 
(1) well- and moderately-differentiated type, 
including papillary adenocarcinoma, highly to 
moderately-differentiated tubular adenocarci-
noma; (2) poorly-differentiated type, including 
poorly differentiated adenocarcinoma, signet-
ring cell carcinoma, mucinous adenocarcinoma 
and undifferentiated carcinoma. Of the 133 
cases, 114 were well/moderately differentiat-
ed and 19 were poorly differentiated cancers. 

The conditional medium 

The conditioned medium (CM) collection and 
concentration was completed according to pub-
lished literature [15]. Briefly, each tissue sam-
ple produced an individual CM. The fresh tis-
sues were washed three times with PBS and 
cut into 1-3 mm3 explants using a sterile blade. 
Then the tissues were incubated in serum-free 
Dulbecco’s modified Eagle’s medium (DMEM, 
Gibco, Grand Island, NY) at 37°C for 24 h. After 
that, the CM of each tissue were centrifuged, 
collected, and added with protease inhibitor 
cocktail (Roche, Mannheim, Germany) before 
being stored at -80°C.

Western blot analysis

To validate the expression level of fibulin-1 in 
the CM, the 20 pairs of normal colorectal tis-
sues (NCM) and CRC tissues (CCM) was pooled 
with an equal quantity of protein respectively. 
The NCM and CCM were individually concen-
trated by the Ultracel YM-10 centrifugal filter 
devices (Millipore, Bedford, MA), and protein 
concentration was determined using Bradford 
assay. Cell lysates (35 μg protein/line) were 
separated on a 10% SDS-PAGE gel for nitrocel-
lulose membrane blotting. The blotted mem-
branes were blocked with 5% skimmed milk for 
1 h and incubated with mouse anti-human fibu-
lin-1 antibody (sc-25281, Santa cruz, Dallas, 
USA) at 4°C overnight. The membrane was 
washed with TBST buffer four times and then 
incubated with horseradish peroxidase-conju-
gated goat antimouse antibody (MultiSciences 
Biotech, Hangzhou, China) for 1 h at room tem-
perature. The membrane was washed with 
TBST buffer four times, and the detection was 
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carried out using SuperSignal West Pico Che- 
miluminescent Substrate (Pierce Chemical, 
Rockford, IL).  

Immunohistochemical staining

The ChemMate™ EnVision™ detection kit (Da- 
ko, Carpinteria, CA, USA) was used for immuno-
histochemistry (IHC) according to the compa-
ny’s recommended procedure. Briefly, the sec-
tions were incubated with fibulin-1 antibody (sc-
25281, Santa cruz, Dallas, USA) overnight at 
4°C. Then Chem-Mate EnVision/HRP, Rabbit/
Mouse (ENV) reagent was applied to the sec-
tions, followed by application of ChemMate 
DAB + chromogen included in the kit. The slides 
were lightly counterstained with hematoxylin. 
For the assessment, the fibulin-1 protein ex- 
pression was assessed by the percentage of 
positive cells and the intensity of stained cells. 
The percentage of positive cells was evaluated 
and scored in the following categories: 0, less 
than 5%; 1, 5-25%; 2, 25-50%; 3, 50-75%; 4, 
greater than 75%. The intensity of staining cells 
was evaluated and scored in the following cat-
egories: 0: no staining; 1: weak staining; 2: str- 
ong staining. The two scores were summed to 
obtain an immunoreactivity score (IRS) value 
ranging from 0 to 6. To evaluate the association 

of fibulin-1 expression with clinical and patho-
logical parameters, the patients were then 
grouped into two categories based on IRS val-
ues: low-expression (IRS 0-5) and high-expres-
sion (IRS 6). 

Cell lines, primary tissues and RNA extraction

Several colorectal cancer cell lines (HCT116, 
HT29, DLD-1, LOVO) were studied, all primary 
colorectal cancer cell lines were obtained from 
the Sir Run Shaw Hospital of Zhejiang University. 
All CRC specimens were immediately snap-fro-
zen in liquid nitrogen and stored at -80°C until 
further processing. Total RNA were extracted 
using Omega (Omega; Norcross, GA) according 
to the manufacturer’s instructions.

RT-PCR

The mRNA expression levels of the fibulin-1 
were determined by RT-PCR with GoTaq poly-
merase (Promega, Madison, WI, USA) respec-
tively. GAPDH sequence was also amplified as 
an internal control. Primers used for fibulin-1 
variants RT-PCR was designed according to pu- 
blished literature [16]: fibulin-1A-AS: GATCGG- 
GCTTGAGCAGGTCC, fibulin-1B-AS: GGGCCGT- 
GGGGAAAAGGG, fibulin-1C-AS: CCTCCTCATTGC- 
CGCCG, fibulin-1D-AS: CCGCAGGTTCCCTTCCG.

Figure 1. Fibulin-1 expression detected by Western 
blot and ELISA. A. Comparison of fibulin-1 expres-
sion level in the CM of 20 paired CRC tissue (T) and 
NC tissue (N) by Western blot. Fibulin-1 was up-reg-
ulated in the CRC tissues of 17 paired samples. B. 
ELISA experiments between 44 healthy controls and 
44 CRC patients at the serum level of fibulin-1. The 
serum level of fibulin-1 was significantly elevated 
in colorectal cancer subjects when compared with 
healthy controls (OD: 0.37 ± 0.01 vs 0.49 ± 0.01, 
p < 0.001). 
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ELISA for fibulin-1

ELISA for fibulin-1 was performed as described 
previously [16], detection of fibulin-1 in serum 
was achieved by indirect ELISA using a Protein 
Detector ELISA Kit (KPL, Inc., Gaithersburg, 
MD). In short, The samples were diluted 100-
fold with 1 × coating buffer, the 96-well micro-
plates were coated with diluted serum (100 μL/
well) and incubated overnight at 4°C. The plates 
were washed once with 1 × wash solution and 
incubated with 300 μL of 1 × bovine serum 
albumin (BSA) blocking solution per well for 1 h 
at room temperature. Then, they were incubat-
ed with fibulin-1 antibody (sc-25281, Santa 
Cruz, Dallas, USA) at dilution of 1:1000 and 
then incubated again with secondary antibody 
(goat antimouse IgG-HRP, MultiSciences Bio- 
tech, Hangzhou, China) for 2 h at room temper-
ature after four washed, finally, they were incu-
bated in mixed ABTS peroxidase substrate 
solution and peroxidase solution B with 1:1 for 
30 min at room temperature to induce a color 
reaction. The absorbance at 405 nm was mea-
sured with an Emax automated microplate 
reader (Biotek Devices, Vermont, USA).

Statistical analysis

Statistical calculations were performed using 
SSPS version 18.0 for Windows (SPSS Inc., 

Chicago, IL, USA). All experiments were repeat-
ed at least three times. Results were summa-
rized as means ± standard deviation (SD). 
Pearson’s Chi square tests and Fisher’s exact 
tests used to analyze the association of fibu-
lin-1 protein expression with clinicopathological 
parameters. P < 0.05 was considered statisti-
cally significance.

Results

Fibulin-1 was mainly up-regulated in the CRC 
tissues and serum

We first validated the expression level of fibu-
lin-1 in the CM of 20 paired CRC and NC tissues 
by Western blot experiments (Figure 1A). 
Fibulin-1 was found to be overexpressed in the 
CRC tissues of 17 paired samples. Fibulin-1 
showed similar level in paired samples from 
patient 14 and only in two paired sample 
(patient 17, 18) fibulin-1 showed down-regula-
tion in the CM of CRC tissue. 

Then we stepped further to assess the serum 
level of fibulin-1 by ELISA experiments between 
44 healthy controls and 44 CRC patients 
(Figure 1B). The serum level of fibulin-1 was sig-
nificantly elevated in colorectal cancer subjects 
when compared with healthy controls (p < 

Figure 2. Representative immunohistochemical staining of fibulin-1 expression in normal colorectal mucosa and 
primary colorectal cancer. Weak fibulin-1 expression in normal colorectal mucosa (A). Typical examples of fibulin-1 
staining in primary tumor samples: weak staining (B); intense staining (C). (Original magnification, A1, B1, C1: ×100; 
A2, B2, C2: ×200).
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0.001). Overall, fibulin-1 was mainly overex-
pressed in the CM of CRC tissues and serum. 

Fibulin-1 expression in human colorectal can-
cer 

To evaluate the fibulin-1 expression in colorec-
tal cancer, fibulin-1 immunostaining in 133 pri-
mary colorectal cancer tissues and 9 normal 
colon mucosa were examined. In the normal 
colorectal tissues, cells showed no or weak 
staining for fibulin-1 protein. In the colorectal 
cancer tissues, the positively reactive sub-
stance of fibulin-1 protein was mainly localized 
in the stroma. For the comparison of fibulin-1 
expression between colorectal cancer tissue 
and normal mucosa, the positive rate of fibu-
lin-1 expression was significantly higher in co- 
lorectal cancer tissues (91.7%, 122/133) than 
in normal mucosa (0%, 0/9). Fibulin-1 expres-
sion was upregulated in human colorectal can-
cer stroma compared to normal colorectal tis-

ses without distant metastasis (65.3%, 77/118) 
(P=0.004). Fibulin-1 expression also tended to 
correlate with Dukes stage (p=0.000), the 
strongly positive rate of fibulin-1 was signifi-
cantly lower in colorectal cancers patients wi- 
th Dukes C and D stage (44.9%, 31/69) than  
in cases with Dukes A and B stage (78.1%, 
50/64).

These results suggested that thought the fibu-
lin-1 expression in colorectal cancer tissues 
was much higher in colorectal cancer than that 
in paired normal tissues, and low-expression of 
fibulin-1 was significantly associated with lymph 
node involvement, distant metastasis and 
Dukes’ C and D stage (P < 0.05 for each).

Down-regulation of fibulin-1 was associated 
with poor survival of colorectal cancer patients

To further substantiate the importance of high 
fibulin-1 expression in colorectal cancer pro-

Table 1. Correlation between clinicopathological background 
and protein of FIBULIN-1 expression in 133 cases of colorectal 
cancer

FIBULIN-1 expression

N Low expre- 
ssion (%)

High expre- 
ssion (%) P-value

Total 133
Gender Male 78 28 (35.9) 50 (64.1) 0.375

Female 55 24 (43.6) 31 (56.4)
Age 

≥ 62 67 29 (43.3) 38 (56.7) 0.376
< 62 66 23 (34.8) 43 (56.2)

Histopathological grading
Well/moderately 114 43 (37.7) 71 (62.3) 0.075

Poorly 19 9 (47.4) 10 (52.6)
pT categories

pT1 6 1 (16.7) 5 (83.3) 0.702
pT2 24 9 (37.5) 15 (62.5)
pT3 98 40 (40.8) 58 (59.2)
pT4 5 2 (40) 3 (60)

pN categories
pN0 66 16 (24.2) 50 (75.8) 0.000

pN1/2/3 67 36 (53.7) 31 (46.3)
pM categories

pM0 118 41 (34.7) 77 (65.3) 0.004
pM1 15 11 (73.3) 4 (26.7)

Dukes stage
A+B 64 14 (21.9) 50 (78.1) 0.000
C+D 69 38 (55.1) 31 (44.9)

sue (Figure 2A: normal colorec-
tal tissue; Figure 2B, 2C: colo- 
rectal cancer tissue).

The relationship between 
fibulin-1 expression and clini-
copathological parameters in 
patients with colorectal cancer

To evaluate the relationship 
between fibulin-1 protein and 
colorectal cancer progression, 
we analyzed the correlation be- 
tween fibulin-1 protein expres-
sion and clinicopathological fe- 
atures of colorectal cancers 
(Table 1). Fibulin-1 expression 
in the stroma was not found to 
be associated with age, gen-
der, tumor location, tumor his-
topathological grading, pT cat-
egories (P > 0.05).

The strongly positive rate of 
fibulin-1 expression was signifi-
cantly lower in colorectal can-
cers with lymph node metasta-
sis (46.3%, 31/67) than in ca- 
ses without metastasis (75.8%, 
50/66) (P=0.000). The strongly 
positive rate of fibulin-1 expres-
sion was also lower in colorec-
tal cancers with distant metas-
tasis (26.7%, 4/15) than in ca- 
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Figure 3. The association of fibulin-1 expression sta-
tus with overall survival of colorectal cancer patients. 
Kaplan-Meier survival curves in regard to fibulin-1 
expression in patients with early stage colorectal 
cancer (stage I/II, A) and advanced stage colorectal 
cancer (stage III/IV, B) and all colorectal cancer pa-
tients (C). 

gression, the prognosis between the patients 
with high fibulin-1 expression and low fibulin-1 
expression was compared (Figure 3C). The 
three-year survival rate in patients with high 

fibulin-1 expression and low fibulin-1 expres-
sion were 80.2% and 71.2% (P=0.199). 

As staging is the most important prognostic 
factor to determine the clinical outcome of can-
cer patients, we stratified colorectal cancer 
patients with stage I/II and stage III/IV, respec-
tively. Kaplan-Meier survival curve revealed th- 
at stage I/II patients with high-expression of 
fibulin-1 had remarkably longer overall survival 
time than those with low fibulin-1 expression. 
For the stage I/II, the three-year survival rate in 
patients with high expression and low fibulin-1 
expression were 94.0% and 73.3% (P=0.016, 
Figure 3A). However, for the stage III/IV, the sta-
tistical difference was not significant (Figure 
3B). 

In conclusion, high fibulin-1 expression showed 
longer survival time in colorectal cancer pa- 
tients, especially for the patients with stage I/II.

Fibulin-1 mRNA variant analysis in colorectal 
cancer cell lines and tissue

The expression of fibulin-1 A-D mRNA variants 
in colorectal cancer cell lines was analyzed by 
RT-PCR. Fibulin-1D is the predominant forms in 
all checked colorectal cancer cell lines (Figure 
4A), whereas only trace amounts of fibulin-1A-C 
were detectable. The expression of fibulin-1A-D 
mRNA variants in 8 colorectal cancer tissues 
was also analyzed by RT-PCR (Figure 4B), 
Fibulin-1D is still the predominant forms in colo- 
rectal cancer tissue and trace amounts of fibulin-1A- 
C were detectable.

Discussion

The mutual and interdependent interaction 
between tumor and its microenvironme- 
nt is a crucial topic in cancer research. Tumor 
progression is partly a result of evolving cross-
talk between different cell types within the 
tumor and its surrounding supportive tissue or 
tumor stroma [17]. Tumor stroma interactions 
(cancer cell with non-neoplastic cells and can-
cer cell with ECM) determine not only cancer 
growth and metastasis but may also develop 
protective effects with respect to the tumor 
cells’ drug sensitivity/resistance. Recently, it 
was reported that targeting tumor stroma could 
improve efficacies of current therapeutics and 
prevent metastatic spreading. A deeper under-
standing of tumor microenvironment and these 
interactions will facilitate the design and devel-
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opment of novel mechanistically-acting or even 
individually designed drugs [2]. Our group once 
applied a lectin affinity based approach to 
enrich and increase the detection number of 
secreted proteins in the conditioned media of 
cultured tissues. They analyzed these captured 
proteins by the proteomic strategy of one-
dimensional gel electrophoresis coupled to liq-
uid chromatography-tandem mass spectrome-
try and found that 123 differentially expressed 
secreted proteins (DESPs) with 68 DESPs up-
regulated in CRC tissues using quantification 
with label-free spectral counting. We found that 
fibulin-1 was one of the top 10 up-regulated 
DESPs. As one of the ECM components, fibu-
lin-1 regulate cell morphology, growth, adhe-
sion, and mobility and also may regulate ECM 
formation and stabilization [8, 15]. In this study, 
we showed that fibulin-1 was mainly overex-
pressed in the CRC tissues and serum, and fib-
ulin-1 protein expression was higher in human 
colorectal cancer stroma compared to normal 
colorectal mucosa. These results demonstrat-
ed that elevated fibulin-1 protein expression 
was associated with colorectal cancer and in 
consistent with our previous result [15]. 

The occurrence and development of tumor 
involves a dynamic process of cell proliferation 
and death, this process induce inflammatory 
responses in the stroma and proliferation of 

ECM components, which modulate the ECM 
structure and mediate certain cell signaling 
transductions, was also increased expressed. 
Our investigation proved this supposition -- fibu-
lin-1 was mainly up-regulated in the CRC.

There are four different splice variants of fibu-
lin-1 named A, B, C and D, which vary in the 
COOH-terminal fibulin-type molecule. Fibulin-1C 
and fibulin-1D are expressed in a broad range 
of tissues and distributed mainly in vessels 
walls, basement membranes, microfibrils and 
elastic fibers [18-20]. It is widely believed that 
fibulin-1C acts as an oncogene and fibulin-1D 
acts as a tumor suppressor. Qing J, et al [21] 
have demonstrated that increased expression 
of fibulin-1D from a transfected gene in human 
fibrosarcoma-derived cell lines reduced anchor-
age-independent growth, delayed tumor growth 
in athymic mice and the invasive ability of these 
cells was greatly suppressed. These findings 
indicate that the loss of fibulin-1D expression 
contributes to the transformation and progres-
sion of human fibrosarcoma. In this study, The 
RT-PCR results demonstrated that fibulin-1D 
was the predominant form expressed in co- 
lorectal cancer cells, and fibulin-1 was consid-
ered as a tumour suppressor gene in many dif-
ferent types of tumor. So we supposed fibulin-1 
may also act as a tumor suppressor in colorec-
tal cancer. The immunohistochemical study 

Figure 4. Expression of fibulin-1 mRNA variants in colorectal cancer cell lines 
(A) and colorectal cancer tissue (B) by RT-PCR. Fibulin-1D is the predominant 
form in colorectal cancer cell lines, whereas only trace amounts of fibulin-1A-C 
were detectable.

fibrous tissue constantly. On 
the one hand, the prolifera-
tion and division of tumor 
cells, activation and prolifer-
ation of stromal cells and 
disorder of extracellular ma- 
trix all lead to structural 
abnormalities of tumor tis-
sue, On the other hand, the 
apoptosis and autophagic 
death of normal cells and 
partly tumor cells induce in- 
flammatory responses which 
gather a large number of 
inflammatory cells and in- 
crease small vessels, this 
process produces fibroblast 
proliferation, epithelial-myo-
fibroblast transition (EMT) 
and increased secretion of 
cellular matrix such as the 
ECM proteins. With the in- 
creased secretion of cellular 
matrix, fibulin-1, one of the 
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showed that low-regulation of fibulin-1 expres-
sion was significantly associated with lymph 
node involvement, distant metastasis and Du- 
kes’ C and D stage, and down-regulation of fibu-
lin-1 was associated with poor survival of 
colorectal cancer patients, these results con-
firmed our speculation. Tumor studies demon-
strated that fibulin-1 suppress HT1080 tumor 
growth, fibulin-1 suppression of HT1080 tumor 
growth is associated with diminished angiogen-
esis and also enhanced apoptosis of endothe-
lial cells and tumor cells. It function as angio-
genesis inhibitors and suppress tumor growth 
[22]. Moreover, fibulin-1 inhibit cellular process-
es such as cell adhesion and spreading. Re- 
search about the relationship between fibulin-1 
and fibronectin showed that cells transfected 
to overproduce fibulin-1 displayed reduced 
velocity, distance of movement and persis-
tence time on fibronectin substrata. The incor-
poration of fibulin-1 into fibronectin-containing 
type I collagen gels inhibited the invasion of 
endocardial cushion mesenchymal cells migrat-
ing from cultured embryonic heart explants. 
The findings indicate that fibulin-1 is an inhibi-
tor of cell adhesion and motility [23, 24]. In this 
study, we also observed significant overexpres-
sion of fibulin-1 protein in the colorectal cancer 
stroma, remodeling of the ECM is characteristic 
of the stromal response to cancer, contributes 
to the tumor microenvironment and tumor an- 
giogenesis and invasion [25-27]. Fibulin-1 may 
involved in ECM remodeling and inhibit tumor 
angiogenesis and invasion.

In conclusion, in the process of tumorigenesis, 
with the increased secretion of cellular matrix, 
fibulin-1, as the ECM components, was also 
upregulated in colorectal cancer. However, the 
upregulation of fibulin-1 protein expression was 
associated with improved survival in patients, 
similarly, downregulation of fibulin-1 protein 
expression was more commonly seen in cases 
presenting with poor prognostic factors of co- 
lorectal cancer, leading to lymph node metasta-
sis, late-stage and reduced survival time. Fur- 
ther studies needed to explore the mech- 
anism.
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Supplemental Table 1. Histopathological Characteristics of CRC Patients from Whom the CRCTissues 
and Paired NC Tissues Were Cultured for the Collection of CM
Patient Sex Age Location Differentiation grading TNM staging UICC staging
1 female 83 ascending colon Well-moderately T2N0M0 I
2 male 71 descending colon well T3N0M0 IIA
3 female 40 rectum well T2N1M0 IIIA
4 male 66 Sigmoid colon Well-moderately T3N0M0 IIA
5 female 45 rectum well T2N0M0 I
6 female 41 rectum well T1N0M0 I
7 male 75 rectum moderately T3N0M0 IIA
8 female 70 Sigmoid colon well T3N0M0 IIA
9 female 48 Sigmoid colon Well-moderately T3N1M0 IIIB
10 male 47 rectum well T4N1M1 IVA
11 female 56 sigmoid colon well T2N0M0 I
12 male 68 rectum Well T2N0M0 I
13 male 49 Sigmoid colon well T1N2M0 IIIA
14 female 82 rectum moderately T3N1M0 IIIB
15 male 68 Transverse colon well T2N0M0 I
16 female 39 rectum well-moderately T2N0M0 I
17 female 57 rectum well T1N0M0 I
18 male 69 Sigmoid colon well-moderately T3N0M0 IIA
19 female 74 rectum moderately-poor T3N2M0 IIIB
20 male 63 Ascending colon well T1N0M0 I


