Open access Research

Validation of EGFL6 expression as a
prognostic marker in patients with lung
adenocarcinoma in Taiwan: a

BM)J Open

To cite: Chang C-C,

Sung W-W, Hsu H-T,

et al. Validation of EGFL6
expression as a prognostic
marker in patients with lung
adenocarcinoma in Taiwan: a
retrospective study. BMJ Open
2018;8:6021385. doi:10.1136/
bmjopen-2017-021385

» Prepublication history and
additional material for this
paper are available online. To
view these files, please visit
the journal online (http://dx.doi.
org/10.1136/bmjopen-2017-
021385).

T-CL and K-TY contributed
equally.

Received 27 December 2017
Revised 12 April 2018
Accepted 11 May 2018

| '.) Check for updates

For numbered affiliations see
end of article.

Correspondence to
Professor Kun-Tu Yeh;
10159@cch.org.tw

retrospective study

Chun-Chi Chang,"? Wen-Wei Sung,**° Hui-Ting Hsu,® Chung-Min Yeh,®’
Chien-Hsun Lee,? Ya-Ling Chen,? Ta-Chih Liu,"® Kun-Tu Yeh®®

ABSTRACT

Objective Lung adenocarcinoma is a non-small cell
lung cancer, a common cancer in both genders, and

has poor clinical outcome. Our aim was to evaluate

the role of epidermal growth factor (EGF)-like domain
multiple 6 (EGFL6) and its prognostic significance in lung
adenocarcinoma.

Methods EGFL6 expression was studied by
immunohistochemical staining of specimens from 150
patients with lung adenocarcinoma. The correlation
between clinicopathological features and EGFL6
expression was quantitatively analysed. We used Kaplan-
Meier analysis and Cox proportional hazard models to
examine the prognostic value of EGFL6 in terms of overall
survival.

Results No significant correlation was found between
EGFL6 expression and clinical parameters. However,
patients with high levels of EGFL6 expression showed

a tendency towards poor prognosis, with borderline
statistical significance. Grouping the patients according
to a medium age value revealed a significant association
between high EGFL6 expression and poor clinical outcome
in young patients. This finding was further confirmed by
grouping the patients into three groups according to age.
HR in patients with high EGFL6 expression was higher in
younger patients than in older patients.

Conclusion High EGFL6 expression may serve as a
marker for poor prognosis of lung adenocarcinoma,
especially in younger patients.

INTRODUCTION

Lung adenocarcinoma, a non-small cell lung
cancer (NSCLC), is a major public health
problem worldwide, and NSCLC is a leading
cause of cancer death in Taiwan.' > Whereas
other types of cancer have shown steady
increases in survival in recent years, NSCLC
continues to have poor clinical outcome, with
a byear survival of only 18%.” Early detec-
tion of NSCLC might improve the clinical
outcome; however, no suitable screening
tools that are both cost-effective and efficient
are available. NSCLC screening via a low-dose
CT scan can provide early detection of lung
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Strengths and limitations of this study

» This is a retrospective study using specimens from
150 patients with lung adenocarcinoma.

» Overall survival, not cancer-specific survival, was
used in this study.

» This study did not explore the clinical diversity of
postoperative chemotherapy and radiotherapy.

» Considering the limited sample size, further study is
necessary for clinical application.

» No information on detailed molecular diversity was
provided in the analysis.

lesions, such as ground glass opacity lesions.”
However, it does not discriminate benign
lesions that may require no further interven-
tion or surgical intervention. Therefore, the
identification of specific biomarkers that indi-
cate the malignant potential of NSCLClesions
would help in clinical decision making for
cancer follow-up and the timing of surgical
intervention.

The malignant potential of a tumour
with metastatic behaviour is determined by
complex processes, including tumour cell
migration, invasion and angiogenesis to the
target site.' *° One group of proteins impli-
cated in tumour malignancy is the epidermal
growth factor (EGF) repeat superfamily,
whose members have a conserved motif
of cysteines and glycines positioned in a
domain of 30-40 residues.”® These EGF-like
proteins are characterised by their multiple
EGF repeats’ and are secreted as cell surface
molecules. The binding of EGF-like proteins
to their receptors promotes tumour malig-
nancy.® 112

One member of this family, EGF-like
domain 6 (EGFL6), is a secreted protein
involved in tissue development, promotion
of tumour cell migration and angiogen-
esis.® """ The role of EGFL6 in promoting
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tumour malignancy is indicated in several types of cancer;
for example, patients with oral cancer show high plasma
levels of EGFL6, and the plasma EGFL6 level is higher
in patients with advanced stage disease than in patients
with earlystage disease.'” In ovarian cancer, EGFL6
regulates cell migration and asymmetric division via the
SHP2 (known as protein tyrosine phosphatase, non-re-
ceptor type 11, PTPNI11) oncoprotein, with concomi-
tant activation of extracellularsignal-regulated kinase
(ERK) .

Accumulating evidence indicates crucial roles of EGFL6
in promoting tumour malignancy. However, an associa-
tion between EGFL6 expression and the prognosis of
NSCLC remains to be established. Since there are types
of pathology subgroups in NSCLC with different tumour
behaviours, patients with lung adenocarcinoma were
included for investigation. The aim of the present study
was to evaluate the expression of EGFL6 and its clinical
significance in lung adenocarcinoma.

MATERIALS AND METHODS

Patients

Our study examined 150 tumour samples from patients
with lung adenocarcinoma. Cancers were staged
according to the American Joint Committee on Cancer
Staging Manual (7th edition). The clinicopathological
features assessed in this study included histological type,
differentiation, lymph node metastasis, tumour, node,
metastases (TNM) stage, and tumour size. Histological
diagnosis was confirmed by two pathologists, as described
previously."”” Patients with primary lung adenocarcinoma
and tissue available in the biobank were included in this
survey. Those with missing data or tissue loss during the
staining procedure were excluded from this study to
avoid bias from missing data.

Immunohistochemical staining and evaluation of cytoplasmic
EGFL6

Immunohistochemistry (IHC) staining was performed at
the Department of Surgical Pathology, Changhua Chris-
tian Hospital, as previously described,15 16 using antihuman
cytoplasmic EGFL6 antibody (EGFL6 antibody, 1:100
dilution; Abcam, ab140079). Immunoreactivity scores
were analysed by three pathologists using a previously
described scoring protocol.' Liver tissue was reported to
have EGFL6 expression and served as the positive control.
IHC assay with a primary antibody in tandem with a spec-
imen that is not exposed to the primary antibody served
as the negative control (online supplementary figure 1).
The pathologists were blinded to the prognostic data of
the study. A final agreement was obtained for each score
by having all three evaluators view the specimens simul-
taneously through a multiheaded microscope (Olympus
BX51 10-headed microscope). Immunoreactivity scores
were defined as the cell staining intensity (0-3) multiplied
by the percentage of stained cells (0%-100%), leading to
scores from 0 to 300."'°

Patient and public involvement

This study analysed cancer tissues from de-linked data-
base. Therefore, we did not inform or disseminate
to patients the research question, the outcome measures
and the results. Patients were not involved in the study,
including in the design, recruitment and conduct of the
study. No patient adviser was included in the contributor-
ship statement.

Statistical analysis

The y* test was applied for continuous or discrete data
analysis. The associations between cytoplasmic EGFL6
expression and patient survival were estimated using
univariate analysis and the Kaplan-Meier method, and
were further assessed using the logrank test.' Poten-
tial confounders including age, gender and stage were
adjusted using Cox regression models of multivariate
analysis, with the cytoplasmic EGFL6 expressions fitted as
indicator variables. All statistical analyses were conducted
using the SPSS V.15.0 statistical software. All statistical
tests were two-sided, and p values <0.05 were considered
statistically significant.

RESULTS

Cytoplasmic EGFL6 is expressed in the majority of lung
adenocarcinoma specimens

We verified the role of EGFL6 in the clinical outcome of
lung adenocarcinoma by recruiting 150 patients. EGFL6
expression was detected with IHC staining, as shown in
figure 1 (figure 1A-C). Of the 150 patients, only 6 (4%)
showed no detectable cytoplasmic EGFL6 expression.
Table 1 shows the relationships of cytoplasmic EGFL6
expression with clinicopathological characteristics. The
mean patient age was 62.1+11.6 years (mean+SD). The
cytoplasmic EGFL6 expression was not significantly asso-
ciated with the clinicopathological characteristics of
gender, grade, age or TNM stage.

The prognostic role of cytoplasmic EGFL6 expression in
patients with lung adenocarcinoma

We further evaluated the prognostic role of cytoplasmic
EGFL6 expression in patients with lung adenocarci-
noma. Overall survival data were collected, and no data
were missing from any of the 150 patients. The mean
and median follow-up times after surgery were 5.2 and
3.2 years (range 0.1-11.0 years), respectively. The 5-year
survival rate was 42.1%. During the survey, 99 (66.0%)
patients died. In the univariate analysis, patients with
advanced stage disease, aged >63 years old and male had
significantly poorer clinical outcomes (table 2). These
factors were still significantly associated with poor prog-
nosis in the multivariate analysis (HR=2.241, 95% CI 1.443
to 3.481, p<0.001 for stage; HR=1.997, 95% CI 1.303 to
3.062, p=0.002 for age; HR=1.802, 95% CI 1.180 to 2.753,
p=0.006 for gender; table 2). A prognostic role of cyto-
plasmic EGFL6 in lung adenocarcinoma was suggested
by the finding that patients with high cytoplasmic EGFL6
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Figure 1

levels were (A) 0, (B) 1+ and (C) 2+. EGFL6, epidermal growth factor-like domain 6.

expression had lower 5-year survival rates and shorter
medium survival when compared with patients with
low cytoplasmic EGFL6 expression (52.0% vs 37.0%
for 5-year survival; 5.7 years vs 2.5 years for medium
survival; figure 2A). The univariate and multivariate
analyses revealed a borderline statistical significance for
cytoplasmic EGFL6 (HR=1.519, 95% CI 0.980 to 2.355,
p=0.061 for univariate analysis; HR=1.515, 95% CI 0.975
to 2.354, p=0.064 for multivariate analysis; table 2).

Significant prognostic role of cytoplasmic EGFL6 expression in
young patients with lung adenocarcinoma

We examined the potential prognostic role of cytoplasmic
EGFLG6 in patients with lung adenocarcinoma by analysing
their clinical outcomes according to clinicopathological

characteristics. We identified a significant association
of cytoplasmic EGFL6 in patients with younger age. As
shown in figure 2B, patients younger than 69 years of age
who had high cytoplasmic EGFL6 expression also had
a lower 5-year survival rate and shorter median survival
time when compared with patients with low cytoplasmic
EGFL6 expression (65.7% vs 40.9% for 5-year survival;
8.4 years vs 2.8 years for median survival; figure 2B). We
confirmed this finding using different age cut-off points:
the use of the median age as a cut-off point resulted in
a significantly poorer prognosis for patients with high
EGFL6 (HR: 2.118, 95%CI 1.082 to 4.145, p=0.029;
table 3). The HR was also increased in patients of
younger age (HR: 2.894, 95% CI 1.245 to 6.726, p=0.014

Table 1 Relationships of EGFL6 expression with clinical parameters in 150 patients with lung adenocarcinoma
Cytoplasmic staining of EGFL6
Low (0, 1+) High (2+) Total P values
Gender
Female 24 (34.3) 46 (65.7) 70 0.817
Male 26 (32.5) 54 (67.5) 80
Grade
Well 8 (36.4) 14 (63.6) 22 0.744
Moderate, poor 42 (32.8) 86 (67.2) 128
Age
<63 27 (35.5) 49 (64.5) 76 0.564
>63 23 (31.1) 51 (68.9) 74
T status
T 19 (85.2) 35 (64.8) 54 0.718
T2, T3, T4 31 (32.3) 65 (67.7) 96
Lymph node metastasis
No 26 (29.9) 61 (70.1) 87 0.292
Yes 24 (38.1) 39 (61.9) 63
Stage
| 19 (30.6) 43 (69.4) 62 0.558
I, 1, v 31 (35.2) 57 (64.8) 88

EGFLS6, epidermal growth factor-like domain 6.
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Table 2 Influence of various parameters on overall survival in patients with lung adenocarcinoma
Univariate Multivariate
Variable HR 95% ClI P values HR 95% ClI P values
Expression of EGFL6

Low 1.000 1.000

High 1.519 0.980 to 2.355 0.061 1.515 0.975 to 2.354 0.064
Gender

Female 1.000 1.000

Male 2.184 1.450t03.290  <0.001 1.802 1.180 to 2.753 0.006
Age

<63 1.000 1.000

>63 1.808 1.214 to 2.691 0.004 1.997 1.303 to 3.062 0.002
Stage

| 1.000 1.000

I, 1, v 1.871 1.232 to 2.840 0.0083 2.241 1.443 to 3.481 <0.001

EGFL6, epidermal growth factor-like domain 6.

for age <59; HR: 2.104, 95% CI 1.184 to 3.739, p=0.011
for age <69; table 3).

DISCUSSION
In this study, we identified a prognostic role of cyto-
plasmic EGFL6 in lung adenocarcinoma, especially in
patients of younger age. This is the first study to provide
clinical evidence of EGFL6 expression in lung adenocar-
cinoma. No association was noted between EGFL6 expres-
sion and clinical parameters, but the significantly poor
clinical outcome of patients with high EGFL6 expres-
sion supports the findings of previous reports regarding
EGFL6 expression in other types of cancer.'" 1217

The role of EGFLF6 in cell division and tissue develop-
ment was first identified in a non-tumour model.'*"*'®
In a bone remodelling model, EGFL6 induced angio-
genesis via a paracrine mechanism that promoted

(A)

100— All cases
= 80—
s
8 60— Low EGFL6, n=>50
]
—
E 40—
Z
(z 20— High EGFL6, n =100

0| p=0.064

| [ I I | [ I
0 2 4 6 8 10 12

Survival time (year)

angiogenesis and migration of endothelial cells.'? Inhi-
bition of phosphorylated ERK in this model decreased
the ability of the cells to migrate.'* In a zebrafish model,
EGFL6 promoted angiogenesis via a mechanism that
depended on the RGD domain (Arginyl-glycyl-aspartic
acid domain) and on the activation of the Akt and Erk
pathways."® Loss of EGFL6 decreased the number of
endothelial cells and vessels, suggesting that EGFL6 acts
as a positive regulator of functional vessel formation.'®
Increasing evidence supports the role of EGFL6 in
regulating tumour malignancy and shows the poten-
tial of EGFL6 to serve as a prognostic marker and
therapeutic target. In ovarian cancer, EGFL6 expres-
sion is associated with poor clinical outcome, which is
further explained by its role in promoting cancer cell
proliferation and asymmetric division."' A model using
aldehyde dehydrogenase+ (ALDH') ovarian cancer

(B)

100 Cases of age <69
80—
1 Low EGFL6, n =36
<
g 60—
<
S
z High EGFL6, n="71
=
v 20

0— p=0.026
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Figure 2 Kaplan-Meier actuarial analysis of EGFL6 expression with respect to overall survival of (A) all patients and (B) patients
younger than 69years of age. EGFLS6, epidermal growth factor-like domain 6.
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Table 3 Influence of EGFL6 on overall survival in patients with lung adenocarcinoma according to age

Multivariate
HR of EGFL6
Subgroup Case (n) expression* 95% ClI P values
According to medium age
<63 76 2.118 1.082 to 4.145 0.029
>63 74 1.184 0.661 to 2.122 0.570
According to grouped age
<59 61 2.894 1.245 t0 6.726 0.014
<69 106 2.104 1.184 t0 3.739 0.011
All 150 1.515 0.975 to 2.354 0.064

*Expression of EGFL6: high vs low.
EGFL6, epidermal growth factor-like domain 6.

cells showed that EGFL6 signalling involves integrin,
SHP2 and ERK."" The results of a molecular analysis of
ovarian tumour vascular cells obtained with IHC-guided
laser-capture microdissection and genome-wide tran-
scriptional profiling also supported this result.'”
Patients with oral cancer also show high plasma EGFL6
levels and high tumour EGFL6 mRNA expression.'’ The
apparent association between plasma EGFL6 and the
clinicopathological features in patients with oral cancer
suggests a potential application of EGFL6 in monitoring
tumour behaviour.'’

There are some limitations to this study. The use of
tissue arrays cannot represent the whole tumour and no
duplicated array was investigated in this study. The limited
sample size weakens the impact of our finding. Thus,
more complete studies with a large sample size are still
needed in the future. Also, only one clone of antibody
was used, and the results should be further validated with
different antibody clones.

In conclusion, our study findings demonstrated that
cytoplasmic EGFL6 is specifically expressed in lung
adenocarcinoma, and this increased expression is associ-
ated with poor clinical outcome. These results support the
suggestion that cytoplasmic EGFL6 can serve as a valuable
marker for the prediction of tumour malignancy and that
it has therapeutic potential, although our findings need
to be confirmed by further studies. Additional molecular
studies are also needed to provide a more indepth picture
regarding the function of cytoplasmic EGFL6 in lung
adenocarcinoma.
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