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Abstract: To explore the expression levels of EGFL6 in colorectal cancer and the association between EGFL6 and its
clinicopathological parameters in patients. Immunohistochemistry assay was used to detect the expression levels
of EGFL6 in cancer tissues of 42 colorectal cancer cases and corresponding adjacent normal tissues. The associations between protein expression levels of EGFL6 and the clinicopathological features, such as age, gender, smoking status, drinking status, TNM stage, Tumor T status, lymph node status, distant metastasis, and tumor diameter
were also analyzed. We measured the plasma EGFL6 levels of colorectal cancer patients by using a commercial
enzyme-linked immunosorbent assay. The positive rate of EGFL6 in cancer tissues was significantly higher than that
of cancer-adjacent tissues (P < 0.05). Correlation was found between the protein expression of EGFL6 and the TNM
stage (P < 0.05), the tumor T status (P < 0.05), distant metastasis (P < 0.05) and tumor diameter (P < 0.05). The
plasma EGFL6 levels were significantly higher in patients with colorectal cancer than in healthy controls (P < 0.001).
Moreover, plasma EGFL6 levels were significantly higher in the patients with higher TNM stage (P = 0.024), tumor T
status (P = 0.021), distant metastasis (P < 0.001), and tumor diameter (P = 0.049). Therefore, these results demonstrated that EGFL6 expression was correlated with the genesis and development of colorectal cancer.
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Introduction
Colorectal cancer (CRC) is the third most frequently diagnosed cancer and the fourth most
common cause of cancer-related deaths worldwide [1]. Approximately 1.36 million novel CRC
cases and 694,000 mortalities are attributed
to CRC annually worldwide [2]. Numerous risk
factors for CRCinclude age, hereditary components, chronic intestinal inflammation, obesity,
excessive intake of alcohol and red meat,
smoking and lack of physical exercise [3-5].
Currently, surgery followed by radiotherapy and
chemotherapy remains the primary therapeutic
strategy for patients with CRC; however, 25%30% of patients are diagnosed at advanced
stages and are unsuitable for surgical resection [6]. Despite the advancement in comprehensive therapy, the long-term survival of CRC
patients remains unsatisfactory [7]. The poor
therapeutic outcome of patients with CRC is
mainly due to local recurrence and distant
metastases, particularly liver metastasis [8].

Therefore, a comprehensive understanding of
the mechanisms underlying CRC onset and
development is particularly urgent for the identification of novel therapeutic strategies for
patients with this malignant tumor.
Tumor invasion and metastasis are related to a
series of complex processes, including cell
adhesion, migration, invasion, angiogenesis,
and anchorage-independent growth [9-12]. The
epidermal growth factor (EGF) repeat superfamily features a series of conserved cysteines
and glycines positioned in a domain of 30 to 40
residues [13]. EGF-like proteins are characterized by their multiple EGF repeats [14]. EGF-like
repeat family members are predominantly
secreted as cell surface molecules, and are
often involved in the regulation of the cell cycle,
proliferation, and developmental processes
[15, 16]. The binding of EGF-like proteins to
their receptors triggers a wide range of biological functions, including proliferation, differentiation, apoptosis, adhesion, and migration. EGF
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Table 1. Demographic characteristics and
clinical features of colorectal cancer patients

copathological characteristics and level of
EGFL6 in patients with colorectal cancer.

Variable
Age (years)
Gender: male (%)
Smoking status
No
Yes
Drinking status
No
Yes
EGFL6 (pg/ml)
TNM stage
I
II
III
IV
Tumor T status
T1
T2
T3
T4
Lymph node status
N0
N1
N2
N3
Distant metastasis
M0
M1
Tumor diameter (cm)
>5
≤5

Materials and methods

Colorectal cancer (n = 42)
56.19 ± 6.89
36 (85.7%)
8 (19.0%)
34 (81.0%)
19 (45.2%)
23 (54.8%)
298.67 ± 94.64
11 (26.2%)
7 (16.7%)
4 (9.5%)
20 (47.6%)
14 (33.3%)
12 (28.6%)
3 (7.1%)
13 (31.0%)
27 (64.3%)
4 (9.5%)
10 (23.8%)
1 (2.4%)
34 (81.0%)
8 (19.0%)
31 (73.8%)
11 (26.2%)

motif-containing molecules have been previously linked to the progression of various cancers [17, 18], and the expression of EGF-like
domain 6 (EGFL6) in tumors suggests that it
may also be linked to cancer [19-22].
EGFL6 has been shown to be expressed in fetal
tissues and pancreatic, lung, ovarian and
breast tumors [23, 24]. Since EGFL6 is
expressed specifically in certain tumors but not
in normal adult tissues, the EGFL6 gene product represents a potential marker of malignancy. However, the potential expression and role
of EGFL6 in patients with colorectal cancer
have yet to be elucidated. In this study, we
investigated the association between the clini-
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Subjects and specimen collection
This study was approved by the Ethics
Committee of Provincial Hospital Affiliated to
Shandong University. Written informed consent
was also provided by all patients enrolled in this
study. In total, 42 pairs of CRC tissues and corresponding adjacent normal tissues were collected from CRC patients who were treated with
surgical resection at the Provincial Hospital
Affiliated to Shandong University between
January 2011 and January 2017. Colorectal
cancer was clinically staged at the time of diagnosis according to the TNM staging system of
the American Joint Committee on Cancer (AJCC)
Staging Manual, seventh edition. Medical information of the colorectal cancer patients including TNM clinical staging, primary tumor size,
lymph node involvement, and histological grade
was obtained from their medical records. Whole
blood samples were collected from the patients
and placed in tubes containing ethylene
diamine tetraacetic acid. After immediate centrifugation at 3000 rpm, the supernatants were
stored at -80°C.
Immunohistochemical assay
The samples of cancer tissues and adjacent
tissues were incised into paraffin sections with
a diameter of 4 µm. Histological sections were
first soaked into dimethylbenzene for 10 min,
followed by dehydrated alcohol for 5 min, and
then in succession in the following alcohol solutions for 5 min each for dewaxing with 95%,
80%, and 75% alcohol. After washing with distilled water, tissue peroxidase was blocked with
3.0% hydrogen peroxide in methanol for 15 min
at room temperature. For antigen retrieval
using citric acid buffer, the slides were heated
at 120°C for 20 min and then cooled for 45 min
at room temperature. After washing, the slides
were incubated with primary mouse monoclonal antibodies against EGFL6 overnight at 4°C.
The slides were washed with PBS. EGFL6
stained slides were incubated with biotinylated
anti-mouse IgG (Histofine Simplestain Max PO;
Nichirei, Tokyo, Japan) as second antibody for 1
h at room temperature. The slides were washed
with PBS again and then incubated with horse-
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Results
Patient characteristics

Figure 1. EGFL6 expression in colorectal cancer tissue and normal intestinal
tissues by immunohistochemistry. A. EGFL6 negative expression in normal
intestinal tissues, ×400; B. EGFL6 positive expression in colorectal cancer
tissues, ×400.

radish peroxidase-conjugated streptavidin (Histofine SAB-PO; Nichirei, Tokyo, Japan) for 30
min at room temperature. The immune reaction
was demonstrated with DAB. The sections were
then counterstained with Meyer’s hematoxylin,
dehydrated, and mounted.
Quantitative analysis of plasma EGFL6 level
The plasma EGFL6 concentration was determined quantitatively using an enzyme-linked
immunosorbent assay (ELISA). One hundred
microliters of plasma sample (100-fold dilution), standard control sample, and internal
quality control were placed into microtiter
plates coated with a monoclonal antibody
against EGFL6 and incubated for 2 h at room
temperature on a horizontal orbital shaker at
200 rpm. The absorbance was measured at
450 nm by using a microtest plate spectrophotometer (BioTek Instruments, Vemont, USA).
EGFL6 levels were quantified with a calibration
curve using human EGFL6 as the standard.
Statistical analysis
All analyses were performed using SPSS version 19.0 statistical software (SPSS Inc.,
Chicago, IL, USA). The demographic data are
presented as number (%) and mean ± standard
deviation (SD). Significances of differences between means were calculated using Student’s
t-test. In addition, gender, smoking status and
drinking status were analyzed using the χ2 test.
A p value < 0.05 was considered significant.
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Forty-two patients with colorectal cancer were included
in the analysis. Table 1 presents the demographic data,
and shows that 81% of the
patients were smokers and
54.8% consumed alcohol. The
TNM stage, Tumor T status,
Lymph node status, Tumor
diameter and distant metastasis of the patients are also
shown in Table 1.
Expression of EGFL6

EGFL6 was primarily expressed in the cytoplasm and cell membrane with yellow-brown
granules. EGFL6 positive expression rate was
significantly higher in cancer tissues than that
in adjacent normal tissues (P < 0.01, Figure 1).
Correlation between EGFL6 expression and
patients’ clinicopathological features
Correlation was found between the protein
expression of EGFL6 and the TNM stage (P <
0.05), the Tumor T status (P < 0.05), distant
metastasis (P < 0.05) and tumor diameter (P <
0.05). It was not correlated with patient’s age
(P > 0.05), gender (P > 0.05), smoking status (P
> 0.05), drinking status (P > 0.05) and lymph
node status (P > 0.05) in Table 2.
Correlation between plasma EGFL6 levels
and clinicopathological characteristics of the
patients
The mean plasma EGFL6 level was significantly
higher in patients with colorectal cancer than in
controls (298.67 ± 94.64 pg/mL vs 198.09 ±
54.16 pg/mL; P < 0.001) (Figure 2A). To verify
our findings, TCGA colorectal cancer database
was used in this study. The EGFL6 mRNA levels
of colorectal cancer and normal tissues were
evaluated. Figure 2B shows the EGFL6 mRNA
levels were also significantly higher in patients
with colorectal cancer tissues than in normal
tissues. Moreover, the EGFL6 expression was
also significantly increased in cancer tissue
compared with that in the normal parts in
colorectal cancer of the TCGA database (Figure
2C).
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Table 2. Correlation between expression levels of EGFL6 and clinicopathologic findings in 42 colorectal cancer patients
Variable
Age (years)
< 55
≥ 55
Gender
Male
Female
Smoking status
No
Yes
Drinking status
No
Yes
TNM stage
I + II
III + IV
Tumor T status
T1 + T2
T3 + T4
Lymph node status
N0
N1 + N2 + N3
Distant metastasis
M0
M1
Tumor diameter (cm)
>5
≤5

No. of case (%)
n = 42

EGFL6 expression
Positive Negative

P value
0.468

19 (45.2%)
23 (54.8%)

13
16

6
7

28 (66.7%)
14 (33.3%)

19
8

17
6

12 (28.6%)
30 (71.4%)

7
22

5
8

cancer patients. B. EGFL6 mRNA
expressions were compared according to normal tissue and
colorectal cancer patient tissues
from the TCGA database. C. Relative expression of EGFL6 in 24
pairs of colorectal tumor tissues
and their corresponding adjacent
non-cancerous tissues.

0.673

0.463

0.525
19 (45.2%)
23 (54.8%)

11
16

8
7
0.019*

18 (42.9%)
24 (57.1%)

8
20

10
4
0.01*

26 (61.9%)
16 (38.1%)

12
14

14
2

27 (64.3%)
15 (35.7%)

14
12

13
3

0.102

0.016*
34 (81.0%)
8 (19.0%)

18
8

16
0
0.03*

31 (73.8%)
11 (26.2%)

16
10

15
1

Note: *P < 0.05.

The relationships between plasma EGFL6 levels and various clinicopathologic parameters of the patients are summarized in Table 3. Plasma
levels of EGFL6 protein were
not correlated with age, gender, smoking status, drinking
status, and lymph node metastasis. However, they were
significantly higher in patients
with higher TNM stage (stage
III + stage IV; P = 0.024), advanced Tumor T status (T3 +
T4; P = 0.021), distant metastasis (M1; P = 0.000) and larger tumor diameter (> 5; P <
0.001). Detailed comparisons
of plasma EGFL6 levels between the patients with different disease severity are illustrated in Figure 3. With
regards to TNM stage, the levels of EGFL6 were significantly
higher in the patients with
stage IV (332.83 pg/mL) compared to those with an early
stage (stage I: 274.22 pg/mL)
(Figure 3). The levels of EGFL6
were significantly higher in the
patients with advanced tumor
T status (T4: 347.73 pg/mL)
compared to those with early
T status (T1: 273.67 pg/mL
and T2: 286.64 pg/mL; P =
0.004 and P = 0.020) (Figure
4).
Discussion

Figure 2. ELISA-determined plasma EGFL6 level of colorectal cancer patients.
A. EGFL6 levels were compared according to normal control and colorectal
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We investigated the levels of
EGFL6 in colorectal cancer
patients, and found that levels
of EGFL6 were correlated with
TNM stage, tumor T status,

Int J Clin Exp Pathol 2018;11(12):5893-5900

EGFL6 expression in patients with colorectal cancer
Table 3. Correlation between plasma levels of EGFL6 and clinicopathologic findings in 42 colorectal cancer patients
Variable
Age (years)
< 55
≥ 55
Gender
Male
Female
Smoking status
No
Yes
Drinking status
No
Yes
TNM stage
I + II
III + IV
Tumor T status
T1 + T2
T3 + T4
Lymph node status
N0
N1 + N2 + N3
Distant metastasis
M0
M1
Tumor diameter (cm)
>5
≤5

No. of case (%)
n = 42

EGFL6 level
Mean + SD (pg/ml)

19 (45.2%)
23 (54.8%)

297.75 ± 101.59
299.42 ± 90.82

0.955

28 (66.7%)
14 (33.3%)

299.53 ± 90.33
298.23 ± 98.35

0.967

12 (28.6%)
30 (71.4%)

301.97 ± 100.94
297.34 ± 93.77

0.889

19 (45.2%)
23 (54.8%)

314.93 ± 79.60
290.92 ± 101.31

0.402

18 (42.9%)
24 (57.1%)

261.65 ± 90.50
326.80 ± 89.36

0.024*

26 (61.9%)
16 (38.1%)

273.31 ± 88.61
339.86 ± 92.05

27 (64.3%)
15 (35.7%)

316.44 ± 92.29
266.67 ± 93.32

34 (81.0%)
8 (19.0%)

270.68 ± 82.90
417.60 ± 9.78

31 (73.8%)
11 (26.2%)

242.67 ± 67.67
318.54 ± 95.70

Note: *P < 0.05.

distant metastasis, and tumor diameter. EGFL6
protein levels were significantly higher in
patients with higher TNM stage (stage III +
stage IV; P = 0.024), advanced tumor T status
(T3 + T4; P = 0.021), distant metastasis (M1; P
= 0.000) and tumor diameter (> 5; P = 0.000).
Previous reports have shown that tumor invasion and metastasis are related to cell adhesion, migration, invasion, and angiogenesis
[25-30]. In addition, the EGFL6 protein has
been reported to induce cell migration of endothelial cells [31-35]. These findings suggested
that EGFL6 may promote colorectal cancer
tumor invasion and metastasis by promoting
cell migration and angiogenesis. Our results
also suggest that EGFL6 may play an important
role in the carcinogenesis of colorectal cancer.
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P value

Several EGF-like superfamily
members have been identified, including EGFL2, EGFL3,
EGFL5, EGFL6, EGFL7, EGFL8,
and EGFL9. EGFL2, EGFL5
and EGFL9 contain transmembrane domains, however
EGFL3, EGFL6, EGFL7 and
EGFL8 lack transmembrane
domains and are secreted as
proteins. The EGFL6 gene
maps to the human Xp22
chromosome and encodes a
secreted protein containing
multiple EGF repeat motifs,
which is highly expressed in
certain tumors and fetal tissues, suggesting a role as a
growth factor [34, 36].

Previous studies have reported that the EGFL6 protein
induces migration and angio*
0.021
genesis of endothelial cells,
but that endothelial cells
themselves do not express
0.107
EGFL6. Several signaling pathways during angiogenesis
have been reported to be
0.000*
potentially activated, such as
the integrin/FAK-mediated pathway, MAPK pathway, and the
PIK3/Akt pathway [37, 38].
0.049*
Chim et al. reported that extracellular signal-regulated kinase (ERK) is activated by the
EGFL6 protein, and that inhibition of the ERK signaling pathway blocks
EGFL6-induced ERK activation and endothelial
cell migration. They further validated that
EGFL6 promotes endothelial cell migration
and angiogenesis via activation of the ERK
pathway.
In addition to colorectal cancer, the overexpression of plasma EGFL6 has been observed
in several tumors including brain, lung, ovarian,
and breast tumors, but generally not in normal
adult tissues [39-41]. EGFL6 has also been
proposed to be a new target for diagnostic and
therapeutic interventions in patients with
breast cancer, which shows promise for new
areas of basic research in tumor biology [41].
Combined with our results, the plasma level of
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As a secreted protein, EGFL6 may not only play
an important role in the carcinogenesis of
colorectal cancer, but also find clinical applications as a biomarker for disease diagnosis and
in planning therapy for colorectal cancer.
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