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Abstract: The prognostic significance of serum human epididymis protein 4 (HE4) levels in human NSCLC among
a Chinese population has not been investigated. The purpose of this study was to evaluate the prognostic signifi-
cance of serum HE4 level in patients with NSCLC among a Chinese population. Serum HE4 expression levels were
measured by enzyme-linked immunosorbent assay (ELISA). The overall survival (OS) analyzed by log-rank test, and
survival curves was plotted according to Kaplan-Meier. The COX proportional hazards regression model was used to
determine the joint effects of several variables on survival. Serum HE4 level was found to be significantly higher in
patients with NSCLC than that of controls (13.76 + 5.01 ng/ml vs. 5.09 + 1.25 ng/ml, P < 0.01). High HE4 expres-
sion was correlated with TNM stage (P = 0.003), lymph node metastases (P = 0.007), and distant metastases (P <
0.001). Furthermore, patients with high serum HE4 level had a significantly lower 5-year OS rate (34.0% vs. 59.7%;
P =0.022) than those with low serum HE4 level. In a multivariate Cox model, we found that HE4 expression was an
independent poor prognostic factor for 5-year OS (hazards ratio [HR] = 3.654, 95% confidence interval [CI] = 2.753-
11.981, P = 0.019) in NSCLC. In conclusion, the detection of HE4 levels in the serum might serve as a new tumor
biomarker in the prognosis of NSCLC among Chinese population.

Keywords: Lung cancer, prognosis, HE4, serum, marker

Introduction

Lung cancer still remains the most common
cancer and the most common cause of cancer-
related death worldwide [1, 2]. About 85% lung
cancers were non-small cell lung cancers
(NSCLC), and approximately two thirds of NS-
CLC cases were diagnosis at locally advanced
or metastatic disease as the typically asymp-
tomatic at early stages [3]. It is well known that
pathologic TNM category, age, sex, and cell
type are all important prognostic factors for the
patients with NSCLC [4]. The advances in
molecular biology have enabled researchers to
focus on molecular or biological markers in
NSCLC.

Human epididymis protein 4 (HE4) is an 11 kDa
protein that is a precursor to the epididymal
secretory protein E4 and has since been report-

ed to be expressed in several normal tissues
including the epithelia of respiratory and repro-
ductive tissues [5, 6]. Previously, Paek et al.
demonstrated that an elevated serum HE4 level
was related to the advanced stage of epithelial
ovarian cancer. An elevated serum level of HE4
was a poor prognostic factor for progression-
free survival in patients with epithelial ovarian
cancer who were treated with debulking surgery
and adjuvant taxane and platinum-based che-
motherapy [7]. Iwahori et al. found that serum
HE4 levels were elevated in lung cancer, and it
might be a potential prognostic marker for lung
cancer patients [8]. However, the prognostic
significance of serum HE4 levels in human
NSCLC among Chinese population has not been
investigated. The purpose of this study was to
evaluate the prognostic significance of serum
HE4 level in patients with NSCLC among
Chinese population.
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Table 1. Patient’s characteristics and clinicopathologic correlation of

serum HE4 expression levels

partment of Thoracic Sur-
gery, Provincial Hospital

Affiliated to Shandong Uni-

Serum AEA ersity between October
- . : . : versity w
Clinical variable All cases High expression Low expression P value 2007 and February 2013
Gender :
were enrolled in the pres-
Male 54 40 14 0.79 ent study. Control serum
Female 46 34 12 samples were collected
Age from 100 healthy volun-
<50yr 29 21 8 0.64 teers. All subjects under-
50-70 yr 40 32 8 went clinical examination;
>70yr 31 21 10 plain chest radiograph; CT
Smoking history scan of the chest, upper
Current 53 39 14 0.31 abdomen, and brain; fiber-
Former 42 31 11 optic bronchoscopy; and
Never 5 4 1 bone scan. Blood samples
TNM stage wer.e collected frqm the
patients at the time of
! 33 20 13 0.003 diagnosis, before any kind
I 32 24 8 of treatment (surgery, radi-
I 23 19 4 ation, or chemotherapy).
v 12 11 1 The demographic and pa-
Lymph node metastases thological data, including
No 47 25 22 0.007 age, gender, and the tumor
Yes 53 49 4 stage, were obtained by a
Distant metastases review of the patients’
No 89 64 25 <0.001  Medical records (the data
Yes 11 10 1 was used with the consent
of the patients as well as
the approval of the Ethics
30 Committee of Provincial Hospital Affiliated to
E Pe0.001 Shandong University). Tumor stage was deter-
B = mined according to the 2009 TNM staging clas-
%20‘ sification system. The clinical characteristic of
> 100 patients with NSCLC was summarized in
[H] . ..
< Table 1. Fasting blood was taken for all partici-
w pants and serum was collected and stored at
I o
104 -80°C.
€
g + A Enzyme-linked immunosorbent assay
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Figure 1. Serum level of HE-4 in patients with NSCLC
and controls.

Materials and methods
Patients and serum samples

The selection criteria for patients with NSCLC
were as follows: (1) pathologically confirmed
patients with NSCLC; (2) the patients had no
previous history of other cancers. 100 patients
with recently diagnosed NSCLC in the De-
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HE4 was measured by enzyme-linked immuno-
sorbent assay (ELISA) with immunoassay kit
(Miltenyi, Germany) according to the manufac-
turer’s directions. The optical density (OD) at
450 nm was determined. The standard curves
were established with OD450 as Y axle and the
concentration of standard substance as X axle.
The level of protein was obtained through stan-
dard curve. Results are reported as concentra-
tion of HE4 ng/ml in samples.

Statistical analysis

Statistical analysis was performed using SPSS
18.0 (SPSS, IBM, Chicago, IL, USA). For continu-
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Results

Serum level of HE-4 in patients
with NSCLC and controls

Serum HE4 level was found to be
significantly higher in patients with
NSCLC than that of controls. Mean
serum HE4 level was 13.76 + 5.01
ng/mlin the NSCLC group and 5.09
+ 1.25 ng/ml in the control group
(P < 0.01, shown in Figure 1). 95%
of HE4 values of the control group
were 7.26 ng/ml, which was used
as the cutoff value.

Increased serum HE4 expression
level in NSCLC patients and its
relationship with clinicopathologi-
cal variables

In this study, NSCLC patients with
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Figure 2. Expression of HE4 in serum samples in relation to prognosis

of patients with NSCLC by the Kaplan-Meier method.

Table 2. Multivariate analyses for prognostic factors in pa-

tients with NSCLC

1
50.00

1
£€0.00 values less than 95% of HE4 values

of the control group (7.26 ng/ml)
were assigned to the low expres-
sion group (n = 26), whereas those
with values > 7.26 ng/ml were
assigned to the high expression
group (n = 74). As shown in Table 1,
high HE4 expression was correlat-

Variables HR 95% Cl P value ed with TNM stage (P = 0.003),
Age 0.981  0.287-1.826  0.387 lymph node metastases (P =
Sex 0.822 0.376-2.118 0.467 0.007), and distant meta§tases (P
Smoking history 1782 07633734 o401  ~ 0-001). However, high HE4
expression was not associated with

TNM stage 4,945 2.345-9.344 0.014 L .

_ other clinicopathological factors of
Lymph node involvement 4563 3.643-10.332  0.007 patients, including age, sex, and
Distant metastases 5.981 3.643-12.355 0.001 smoking history (all P > 0.05).
Serum HE4 expression level 3.654 2.753-11.981 0.019

HR = hazard ratio; Cl = confidence interval; HE4 = human epididymis protein

4.

ous variables, the data were expressed as the
means * SD. The Mann-Whitney’s U test was
used to analyze the relationship between
serum HE4 expression and clinicopathological
variables. The overall survival (OS) was calcu-
lated using the Kaplan-Meier method. The dif-
ferences between the survival curves were
tested by using the log-rank test. The COX pro-
portional hazards regression model was used
to determine the joint effects of several vari-
ables on survival. P values < 0.05 were consid-
ered to be significant.
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Expression of HE4 in serum
samples in relation to prognosis of
patients with NSCLC

As shown in Figure 2, patients with high ser-
um HE4 level had a significantly lower 5-
year OS rate (34.0% vs. 59.7%; P = 0.022)
than those with low serum HE4 level. Table
2 showed multivariate analyses of clinical
variables and serum HE4 levels for their prog-
nostic influence on OS. In a multivariate Cox
model, we found that HE4 expression was an
independent poor prognostic factor for 5-year
OS (hazards ratio [HR] = 3.654, 95% confi-
dence interval [Cl] = 2.753-11.981, P = 0.019)
in NSCLC.
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Discussion

The best prognostic system for overall survival
in NSCLC is still the TNM staging system. We
are now in an era where personalized medicine
and targeted therapies may give new hope for
this patient group [9]. ldentification of novel
molecular markers which can improve diagno-
sis and prognostic stratification and serve as
possible therapeutic targets will be of great
importance in the near future. Circulating bio-
markers are a promising means of prognosis,
as serum and plasma samples are easily
obtainable. A number of novel markers for lung
cancer have been identified in recent years,
such as carcinoembryonic antigen (CEA), serum
cytokeratin 19 fragment (CYFRA 21-1) and pro-
gastrin releasing peptide (pro-GRP), however,
they are not satisfactory for monitoring the dis-
ease because of their relatively low sensitivity
and specificity [10-12].

HE4 is one of the most intensively studied of
the novel biomarkers, which was first described
as an epididymis specific gene using northern
blot analysis and in situ transcript hybridization
[43, 14]. HE4 is a member of the WAP domain
family, and this domain shows fifty well-con-
served amino acid motifs. This protein has a
variety of functions, such as antiproteinases,
SLPI, and elafin, which shows antibacterial
activities and anti-inflammatory effects [15,
16]. In the previous reports, HE4 is overex-
pressed in ovarian cancer cells and secreted to
the sera in the patients with ovarian cancer [17-
19]. Moore and colleagues analyzed the serum
samples for levels of CA125, soluble mesothe-
lin-related peptide, HE4, CA72-4, activin, inhib-
in, osteopontin, and epidermal growth factor.
As a single tumor marker, HE4 had the highest
sensitivity for detecting ovarian cancer and
combined CA125 and HE4 was a more accu-
rate predictor of malignancy than either alone
[20]. On the other hand, HE4 is less frequently
elevated in patients with benign gynecologic
disease compared with CA125 [21]. In addition,
Andersen et al. demonstrated that combining
the symptom index with a serum HE4 or CA125
test could improve the prediction of ovarian
cancer in a prospective case-control study [22].

Previously, Iwahori et al. found that serum HE4
levels were elevated in lung cancer, and it might
be a potential prognostic marker for lung can-
cer patients [8]. However, the prognostic signifi-
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cance of serum HE4 levels in human NSCLC
among Chinese population has not been inves-
tigated. The purpose of this study was to evalu-
ate the prognostic significance of serum HE4
level in patients with NSCLC among Chinese
population. In the present study, we had three
findings. Firstly, the serum HE4 level was signifi-
cantly higher in patients with NSCLC than that
of controls, and high HE4 expression was cor-
related with TNM stage, lymph node metasta-
ses, and distant metastases. Secondly, Kaplan-
Meier method found that patients with high
serum HE4 level had a significantly lower 5-year
0OS rate (34.0% vs. 59.7%; P = 0.022) than
those with low serum HE4 level. Thirdly, in a
multivariate Cox model, we found that HE4
expression was an independent poor prognos-
tic factor for 5-year OS in NSCLC. All the results
suggested that serum HE4 level was befitting
to predict prognosis of NSCLC patients.

In conclusion, our results indicated that serum
HE4 was overexpressed in NSCLC and high
expression of HE4 was associated with poor
prognosis in patients with NSCLC. The data
suggests that serum HE41 may be useful
molecular markers in NSCLC among Chinese
population.
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