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Abstract

AIM: To determine the role of epidermal growth factor-
like repeats and discoidin I-like domains 3 (EDIL3) in
pathogenesis of hepatocellular carcinoma (HCC) by
investigating the EDIL3 expression in HCC and its prog-
nostic value for HCC.

METHODS: EDIL3 expression was detected in 101
HCC surgical tissue samples with immunohistochemis-
try method, and its relation with clinicopathologic fea-
tures and prognosis of HCC patients was analyzed.

RESULTS: EDIL3 was highly expressed in 48.5% of the
HCC patients. Although the EDIL3 expression level did
not correlate with any clinicopathological parameters,
Kaplan-Meier survival analysis showed that high ex-
pression level of EDIL3 resulted in a significantly poor
prognosis of HCC patients (log-rank test, # = 0.010).
Multivariate Cox’s analysis showed that the EDIL3 ex-
pression level was a significant and independent prog-
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nostic parameter for the overall survival rate of HCC
patients (hazard ratio = 1.978, 95% confidence interval
= 1.139-3.435, P = 0.015).

CONCLUSION: High expression level of EDIL3 pre-
dicts poor prognosis of HCC patients. EDIL3 may be a
potential target of antiangiogenic therapy for HCC.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the sixth most com-
mon cancer worldwide". Due to its high recurrence rate
after surgical resection and chemotherapy resistance,
the total survival rate of HCC patients is only 39 0-5%",
There is evidence that angiogenesis plays a critical role
in the development and progression of HCC, a highly
vascularized tumor. It has been shown that microvascular
density is significantly correlated with HCC prognosis and
postoperative recurrence” . Therefore, it is crucial to un-
derstand the molecular mechanism underlying angiogen-
esis of HCC.

Epidermal growth factor-like repeats and discoidin
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I-like domains 3 (EDIL3), also known as endothelial cell
locus 1 (DEL1), is a glycoprotein secreted by endothelial
cells, which was isolated and identified from the embry-
onic mouse lung in 1998, EDIL3, containing a signal
peptide, 3 epidermal growth factor-like repeats, and 2
discoidin I-like repeats, initiates angiogenesis by binding
to integrin avf35 on resting endothelium and may play
an important role in vessel wall remodeling and develop-
ment during angiogenesism. It has been confirmed that
EDIL3 can induce mesentery and cerebral angiogenesis
in mice™". Both animal experiments and clinical studies
have demonstrated that EDIL3 gene therapy is effective
for ischemic disease!™. There is evidence that EDIL3
is involved in tumor angiogenesis and plays an important
role in interaction between HCC cells and endothelial
U1 1t has been reported that the EDIL3 gene is
over-expressed in HCC™. As far as we know, no report
is available on the actual expression level of EDIL3 and
the correlation between clinicopathologic features and
prognosis of HCC patients. Therefore, in this study, we
investigated the EDIL3 protein expression profile in 101
primary HCC patients, and found that EDIL3 was highly
expressed in 48.5% of the HCC patients, suggesting that
the high expression level of EDIL3 is a reliable indicator
for the poor prognosis of HCC patients.

cells

MATERIALS AND METHODS

Patients and tissue samples

A total of 101 patients with primary HCC, who under-
went routine surgery at Sun Yat-Sen University Cancer
Center in 1998-2002, were enrolled in this study. Their
diagnosis was made by a pathological examination, and all
patients did not receive any preoperative treatment before
admission. Histological cell types were assigned following
the WHO classification criteria. Paraffin-embedded HCC
tissue samples (7 = 101) were obtained from surgical pa-
thology files at Sun Yat-Sen University Cancer Center. All
tissue blocks were cut into consecutive 4-pum thick sec-
tions. The patients were followed up for 3-81 mo with a
median follow-up time of 30 mo.

Immunohistochemistry

The sections were deparaffinized in xylene and rehydrated
with graded ethanol. Following rehydration, endogenous
peroxidase was inactivated with 0.3% hydrogen peroxide.
Antigen was retrieved by putting the sections in a boiling
ethylenediaminetetraacetic acid buffer (1 mmol/L, pH 8.0)
for 15 min. After rinsed with phosphate buffered saline
(PBS), the sections were incubated with rabbit anti-EDIL3
antibody (Sigma-Aldrich, Inc. USA) diluted in a working
solution (1:200) at 37°C for 1 h, and then with horserad-
ish peroxidase (ChemMate™ EnVision™ detection kit)
at 37°C for 30 min. Finally, the visualization signal was
developed with 3,3’-diaminobenzidine tetrahydrochloride
and all sections were then counterstained with hematoxy-
lin. For negative controls, the sections were incubated in
a solution without anti-EDIL3 antibody under the same
experimental conditions. The percent of positive cells was
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Clinicopathologic Low EDIL3 (total High EDIL3 (total P value

features (17) score < 4) score = 4)
n =52 n =49

Age (yr) 0.889
<60 (57) 29 28
= 60 (44) 23 21

Gender 0.648
Male (87) 44 43
Female (14) 8 6

Tumor size (cm) 0.491
<5 (26) 16 10
5-10 (58) 28 30
>10 (17) 8 9

Histological differentiation 0.379
Well (17) 9 8
Moderate (63) 35 28
Poor (21) 8 13

Liver cirrhosis 0.617
Yes (50) 27 23
No (51) 25 26

Metastasis 0.202
Yes (15) 10 5
No (86) 42 44

Recurrence 0.817
Yes (38) 19 19
No (63) 33 30

HBSAg status 0.527
Positive (90) 45 45
Negative (11) 7 4

Serum AFP 0.707
Positive (62) 31 31
Negative (39) 21 18

EDIL3: Epidermal growth factor-like repeats and discoidin I-like domains
3; HBSAg: Hepatitis B surface antigen; AFP: a-fetoprotein.

scored as 0’ (< 5%, negative), 1’ (5%-25%, sporadic), 2’
(25%-50%, focal), and ‘3> (> 50%, diffuse), respectively.
The staining intensity was scored as ‘0’ (no staining), ‘1’
(weakly stained), 2" (moderately stained) and 3’ (strongly
stained), respectively. Both the percent of positive cells
and cell staining intensity were decided in a double-
blinded manner. The final EDIL3 immunostaining score
was calculated using the percent of positive cell score X
staining intensity score ranging 0-9. High EDIL3 expres-
sion level was defined as a total score = 4, and low EDIL3
expression level as a total score < 4.

Statistical analysis

All statistical analyses were performed using the SPSS
16.0 software (SPSS Inc., Chicago, IL, USA). Correlation
of EDIL3 expression with immunohistochemistry and
clinicopathologic parameters was evaluated by chi-square
test or Fisher’s exact probability test. Overall survival rate
was calculated with the Kaplan-Meier method and the
difference in survival curves was analyzed by the log-rank
test. The follow-up time was calculated from the date of
surgery to the date of death, or the last known follow-up.
Independent prognostic factors were analyzed by the Cox
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Figure 1 Immunohistochemical analysis of epidermal growth factor-like repeats and discoidin I-like domains 3 in hepatocellular carcinoma patients. A:
Negative expression of epidermal growth factor-like repeats and discoidin I-like domains 3 protein; B: Low expression level of epidermal growth factor-like repeats and
discoidin 1-like domains 3 protein; C, D: High expression level of epidermal growth factor-like repeats and discoidin 1-like domains 3 protein. A, B: Original magnifica-

tion x 100; C, D: Original magnification x 200.

proportional hazards regression model. P < 0.05 was con-
sidered statistically significant.

RESULTS

Expression of EDIL3 in HCC tissues

The expression level of EDIL3 protein in 101 HCC tissue
samples was measured with immunohistochemical staining;
The immunoreactivity of EDIL3 in cytoplasm was detected
(Figure 1). Overall, EDIL3 was positively and negatively ex-
pressed in 95 (94.06%) and 6 (5.94%) of the 101 HCC pa-
tients, respectively (Figure 1B-D, total score = 1; Figure 1A,
total score = 0). EDIL3 was highly and lowly expressed in
49 (48.5%) and 52 (51.5%) of the 101 HCC patients, respec-
tively (Figure 1C and D, total score = 4; Figure 1A and B,
total score < 4). No significant difference was found in
EDIL3 expression level and clinicopathologic parameters
including age, gender, tumor size, histological differentia-
tion, liver cirrhosis, metastasis, recurrence, hepatitis B virus
infection, and serum q-fetoprotein (Table 1).

Correlation between high EDIL3 protein expression level
and low survival rate of HCC patients

The prognostic effect of EDIL3 on the overall survival
rate of HCC patients with a high or low EDIL3 protein
expression level was compared using Kaplan-Meier survival
curves and the log-rank test respectively, showing that high
expression level of EDIL3 protein was a significant prog-
nostic factor for poor overall survival rate of HCC patients.
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Figure 2 Overall survival rate of hepatocellular carcinoma patients estimat-
ed according to the epidermal growth factor-like repeats and discoidin I-like
domains 3 expression level in hepatocellular carcinoma tissue samples
(Kaplan-Meier method) with immunohistochemical staining.

The 5-year survival rate of HCC patients with a high or a
low EDIL3 protein expression level was 32.4% and 53.2%,
respectively. A significant difference was observed on the
Kaplan-Meier survival curves for HCC patients with a high
or a low expression level of EDIL3 (P = 0.010, log-rank
test, Figure 2). Univariate Cox regression analysis showed
that EDIL3 expression level and tumor size were the
significant prognostic factors for HCC patients (Table 2).
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Variables Univariate analysis Multivariate analysis
HR 95% Cl P value HR 95% CI P value

EDIL3 2.019 1.163-3.504 0.013 1.978 1.139-3.435 0.015
Gender 0.658 0.283-1.529 0.330

Age 0.817 0.487-1.370 0.443

Tumor size 1.662 1.133-2.437 0.009 1.492 0.980-2.270 0.062
Histologic grade 1.304 0.866-1.963 0.204

Cirrhosis 0.683 0.410-1.139 0.144

HBsAg status 1.244 0.565-2.738 0.588

Serum AFP 1.592 0.923-2.744 0.094

Metastasis 1.407 0.731-2.707 0.307

Recurrence 1.349 0.804-2.263 0.257

HR: Hazard ratio; CI: Confidence interval; EDIL3: Epidermal growth factor-like repeats and discoidin I-like domains 3; HBSAg: Hepatitis B surface antigen;

AFP: a-fetoprotein.

The relative risk was 2.019 times higher for patients with
a high EDIL3 expression level than for those with a low
EDIL3 expression level. Multivariate Cox regression
analysis showed that EDIL3 expression might play a role
in prediction of the overall survival rate of HCC patients
(P = 0.015, Table 2).

DISCUSSION

HCC is one of the most malignant cancers with no ef-
fective chemotherapy available for it at present. Anti-
angiogenic therapy is a novel systemic therapy for HCC
by blocking the effect of angiogenic factors and inhibiting
the proliferation of endothelial cells"®. Further studies
are needed to elucidate the mechanism underlying the
angiogenesis of HCC in order to rationally use antiangio-
genic agents in treatment of HCC. It has been shown that
EDIL3 can enhance tumor angiogenesis by stimulating
the proliferation of resting endothelial cells", indicat-
ing that EDIL3 may be a new target for antiangiogenic
therapy and play an important role in the pathogenesis of
HCC.

In the present study, EDIL3 was positively expressed
in 94.06% of HCC patients and highly expressed in 48.5%
of HCC patients, which is consistent with the reported
data] indicating that human hepatocarcinoma cells can
secrete EDIL3 involved in the angiogenesis of HCC.

In this study, the prognosis of HCC patients with
a high expression level of EDIL3 was poor, and Cox
regression analysis indicated that high expression level
of EDIL3 was a significant prognostic factor for a poor
overall survival rate of HCC patients, suggesting that
EDIL3 may become a novel prognostic marker for HCC.
However, the expression level of EDIL3 did not correlate
with any clinicopathological parameters of HCC, which
can be explained as follows. First, multivariate Cox regres-
sion analysis indicated that EDIL3 expression level was
an independent predictor for the overall survival rate of
HCC patients, and EDIL3 might have a direct effect on
the prognosis of HCC patients rather than other factors.
Second, some known risk factors for HCC, such as histo-
logical differentiation, presence of metastasis and disease
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recurrence, were not correlated with the prognosis of
HCC.

Angiogenesis plays an important role in development
and progression of HCC™ that is the balanced result of
the actions of multiple angiogenic and antiangiogenic fac-
tors from both tumor and host cells"”, EDIL3 protein is
involved in adhesion of HCC cells and HCC-detived endo-
thelial cells, and initiates angiogenesis by binding to av{33
and avf5 in endothelial cells™ . Tt has been confirmed
that the expression level of avB3 and avf35 is higher in
HCC-detived endothelial cells than in normal liver sinusoi-
dal endothelial cells, suggesting that HCC cells with a high
EDIL3 expression level can stimulate the growth of vascu-
lar endothelial cells and promote the angiogenesis in HCC.
Furthermore, it has been shown that EDIL3 can prolong
the survival time of endothelial cells by down-regulating
their apoptosis-related gene expressionlzoj, indicating that
HCC cells with a high EDIL3 expression level can also
promote angiogenesis by inhibiting the apoptosis of endo-
thelial cells.

In conclusion, the prognosis of patients with a high
expression level of the EDIL3 protein is poor, which may
be attributed to the relation between EDIL3 and HCC
angiogenesis. Current evidence identifies EDIL3 as a po-
tential target of antiangiogenic therapy for HCC.
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COMMENTS

Background

Hepatocellular carcinoma (HCC) is a high malignancy with a poor prognosis.
Angiogenesis plays a critical role in the development and progression of HCC.
Epidermal growth factor (EGF)-like repeats and discoidin I-like domains 3
(EDIL3) can enhance tumor angiogenesis by stimulating the proliferation of
resting endothelial cells and may be involved in HCC angiogenesis.
Research frontiers

EDIL3 is involved in tumor angiogenesis and plays an important role in interac-
tion between HCC and endothelial cells. However, no report is available on
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the actual expression level of EDIL3 and its correlation with clinicopathologic
features and prognosis of HCC patients. In this study, the EDIL3 protein expres-
sion profile in primary HCC was studied.

Innovations and breakthroughs

In this study, EDIL3 was expressed in most HCC patients and highly expressed
in 48.5% of the HCC patients. Furthermore, this is the first study to report that
high expression level of EDIL3 in HCC tissues was a reliable indicator for the
poor prognosis of HCC patients. The prognosis of HCC patients with a high
expression level of EDIL3 protein was poor, which may be attributed to the rela-
tion between EDIL3 and HCC angiogenesis.

Applications

High expression level of EDIL3 in HCC was a significant prognostic factor for a
poor overall survival rate of HCC patients, indicating that EDIL3 can become a
novel prognostic marker and a target of antiangiogenic therapy for HCC.
Terminology

EDIL3, an acronym for “EGF-like repeats and discoidin I-like domains 3", con-
tains a signal peptide, 3 epidermal growth factor-like repeats, and 2 discoidin
I-like repeats. Itis a glycoprotein secreted by endothelial cells.

Peer review

This is an interesting study. However, it is unclear why EDIL3 expression was
associated with a poor prognosis, and factors known to have a negative impact
on the outcome such as tumor size, histological differentiation, the presence of
metastasis and disease recurrence. The authors should explain these findings
in the DISCUSSION section.
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