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The aim of our study was to correlate the serum concentration of human epididymis protein 4 (HE4) in lung cancer 
patients with the bone metastases detected by whole-body bone scintigraphy. The serum concentrations of HE4 were deter-
mined by electrochemiluminescence immunoassay (ELISA) method in 60 patients with lung cancer and in 10 persons 
without malignant disease (control group). All participants were examined by whole-body bone scintigraphy with hybrid 
gamma camera of type BrightView XCT. We found bone metastases in 25.0% of patients by whole-body bone scintigraphy 
and probable bone metastases in 18.3% of patients. We did not observe bone metastases in 56.7% of patients and in nobody 
from control group. We observed that 73.33% patients with bone metastases had more than 3 bone metastasis deposits. 
Patients had significantly increased concentration of HE4 (p<0.0001). All three subgroups of patients (bone metastases, 
probable bone metastases, no evidence of bone metastases) had significantly increased concentration of HE4 compared to 
controls. The highest concentration of HE4 had 9 patients with small-cell lung cancer of whose 4 patients had bone metas-
tases, 4 patients had probable bone metastases and one patient was with no evidence of bone metastases. We found that HE4 
has a discriminatory ability to differentiate groups of patients and healthy controls, as well as within scaffold scintigraphy in 
patients with lung cancer (p=0.0002). The serum concentration of human epididymis protein 4 was significantly increased 
in patients with lung cancer in comparison with persons of control group. A quarter of lung cancer patients had identified 
bone metastases by whole-body bone scintigraphy and approximately 20% of patients had probable bone metastases. The 
increasing serum concentrations of human epididymis protein 4 can have importance in the diagnosis of bone metastases 
in patients with lung cancer, in particular in small-cell lung cancer. 
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Lung cancer (LC) is the second most commonly diagnosed 
oncological disease and remains the major cause of human 
mortality among all the malignancies in the world, with 1.3 
million of malignancy-related deaths per year [1–5]. The 
prognosis of lung cancer is still poor. There are some poten-
tial biochemical markers to diagnose of LC (serum carcino-
embryonic antigen, neuron specific enolase, cytokeratin 
fragment, tissue polypeptide specific antigen and progastrin-
relapsing peptide) but the clinical values of them are limited. 
Incidence rates of LC are between 2/100 000 – 80/100 000 for 
men and 1/100 000 – 39/100 000 for women. Non-small-cell 
lung cancer (NSCLC) consists 80 – 85% from all cases of LC 
[6]. The main risk factor of LC is smoking, which contribute 
to 80% of cases. Other risk factors are genetic predisposition, 

environmental exposures to asbestos, arsenic, radon, polycy-
clic aromatic hydrocarbons, other cancer-causing agents in 
the workplace and air pollution [7, 8].

Diagnosis of bone metastases has been performed by 
whole-body bone scintigraphy with 99mTc-labelled radio-
pharmaceuticals, such as Technetium-99m – methylene 
diphosphonate (99mTc-MDP) for many years. Whole-body 
bone scintigraphy is an available, non-invasive and sensi-
tive nuclear medicine imaging. This method is able to find 
bone metastases several months before they are visible in 
conventional radiographs. Single photon emission computed 
tomography/computed tomography (SPECT/CT) as a hybrid 
imaging after whole-body bone scintigraphy can provide 
more accurate localization of the pathological lesion to the 
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anatomical structures and better diagnosis of bone metas-
tases [9, 10].

In clinical practice, human epididymis protein 4 (HE4) 
is used as a  tumor marker. Human epididymis protein 4 is 
20–25 kDa secretory glycoprotein with similar structure to 
protease inhibitors. This glycoprotein is encoded by gene 
whey acidic protein (WAP) 4-disulphide core domain 2 
(WFDC2) located on chromosome 20q12-q13.1 [11]. Gene 
is a member of the whey acidic protein domain family, and 
this domain shows fifty well-conserved amino acid motifs. 
The function of HE4 is not very well-known. Kirchhoff et al. 
identified and described HE4 for the first time as a product of 
epididymis tissue [12, 13]. It is supposed that this protein is 
inhibitor of trypsin and can participate on sperm maturation 
[14]. Increased expression of HE4 gene was found in epithe-
lium of respiratory and reproductive tract [15]. Nowadays 
HE4 is used as a  useful clinical marker in patients with 
ovarian cancer for diagnosis, prognosis and early recurrence 
monitoring after surgery [16, 17]. Increased HE4 concentra-
tions were observed in several oncological diseases. Human 
epididymis protein 4 can be a potential marker in endome-
trial carcinoma, mammary adenocarcinoma, lung carci-
noma, mesothelioma, pancreatic metaplasia and intestinal 
metaplasia of the stomach [18–24]. However, the function of 
HE4 in lung carcinoma is unclear.

Patients and methods

Patients. Our study population consisted of 60 patients (46 
men and 14 women, mean age 66.65 years, range 50–84 years) 
with diagnosis of lung cancer. In 50 patients were presented 
non-small-cell lung cancer (NSCLC), in 9 patients small-cell 
lung cancer (SCLC) and one patient had atypical lung carci-
noid tumor. The group of NSCLC presented 21 patients with 
squamous cell carcinoma, 20 patients with adenocarcinoma, 
3 with large cell carcinoma, 3 non-small-cell lung cancers 
with neuroendocrine component and 3 non-small-cell lung 
cancers not otherwise specified (NSCLC-NOS) (summarized 
in Table 1). The diagnosis of lung cancer was based on the 
combination of clinical findings, results of imaging methods, 
including X-ray, computed tomography (CT) of thorax and 
histological demonstration. 

Healthy controls. Control group represented 10 persons 
without oncological diagnosis (2 men, 8 women, mean age 
52.3, and range 34–67 years). These persons had unclear pain 
in backbone or joints. All procedures performed in our study 
involving human participants were in concordance with the 
ethical standards and with the 1964 Helsinki declaration. 
Informed consent was obtained from all individual partici-
pants included in the study.

Bone scintigraphy. Whole-body bone scintigraphy 
examinations were obtained using a  double-head gamma-
camera, a hybrid SPECT/CT scanner type BrightView XCT, 
Philips Healthcare with a built-in flat-panel CT detector. The 
whole-body scanning of skeleton was acquired 2 to 4 hours 

after intravenous application of 600–700 megabecquerels 
(MBq) or 16–19 millicuries (mCi) of radioactive tracer 
Technetium-99m – Methylene diphosphonate (99mTc-MDP) 
with movement of bed examination with patient between 
two stationary detectors located above and under patient 
by using a  low-energy general-purpose (LEGP) parallel-
hole collimator. The scanning speed was 10–12 centimeters/
minute between two detectors. Additional static images 
(500 kcounts) of the skull (lateral views) with matrix 128×128 
and 256×256 were performed in all participants. For precise 
location of lesion in the skeleton, the hybrid imaging SPECT/
CT has been added with two detectors of SPECT, which 
rotated 180 ° counter-clockwise and circular around interest 
part of patient`s body in 64 steps for 20–30 seconds for one 
step with matrix size 128×128. In next step location CT with 
X-ray parameters: current 20–80 milliamperes-seconds, 
voltage 120 kilovolts, slice thickness: 1 millimeter and matrix 
size: 512×512 with one (14.4 centimeters) or three (43.2 
centimeters) of segments of CT. SPECT and CT images were 
fused by software (Extended Brilliance Workspace, Philips 
Healthcare).

Image of whole-body bone scintigraphy analysis and 
interpretation. Bone scintigraphy were interpreted by one 
or two nuclear medicine physicians by visual analysis, after 
taking into consideration the location, multiplicity, distribu-
tion, uptake pattern and trauma history. Each image inter-
pretation was performed using a 3-point scale (definite bone 
metastases, probable bone metastases, no evidence of bone 
metastases).

Sample collection and laboratory examinations of 
HE4 levels in the serum. Five – six ml of peripheral venous 
blood were obtained from lung cancer patients and controls 

Table 1. Characteristics of lung cancer patients.
Characteristic Patients (n, %)
Diagnosed lung cancer 60
Age (years), mean 66.65
Range (years) 50–84
Gender
Male 46 (76.67%)
Female 14 (23.33%)
Cell type of lung cancer
SCLC 9 (15%)
Typical lung carcinoid tumor 1 (1.67%)
NSCLC 50 (83.33%)
Subtypes of NSCLC
Squamous cell carcinoma 21 (35%)
Adenocarcinoma 20 (33.33%)
Large cell carcinoma 3 (5%)
NSCLC, with neuroendocrine component 3 (5%)
NSCLC-NOS 3 (5%)

n – number of patients, SCLC – small-cell lung cancer, NSCLC – non-
small-cell lung cancer, NSCLC-NOS – non-small-cell lung cancer not 
otherwise specified
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samples before intravenous injection the whole-body bone 
scintigraphy radioactive agent 99mTc-MDP. Blood samples 
were kept in room temperature for 1–2 hours and then 
centrifuged at 4000 revolutions per minute for 5 minutes. 
The obtained serum was stored in aliquots at –50 °C until 
assayed. Serum concentrations of HE4 were measured 
with automated electrochemiluminescence immunoassay 
equipment (Elecsys, Roche Diagnostics) at the Depart-
ment of Clinical Biochemistry (University Hospital Martin, 
Comenius University in Bratislava, Slovak Republic) by using 
immunoassay analyzer of type Cobas e 411 (Roche). In this 
study we used reference values: HE4 ≤140 pmol/l.

Statistical analyses. Data were analyzed by software 
Statsdirect version 2.8.0. Statsdirect Ltd. (Statsdirect statis-
tical software http://statsdirect.come). Unpaired t test and 
Mann-Whitney U test were used for simple analysis between 
patients and control subjects. We used descriptive statistics, 
Kruskal-Wallis test, all pairwise comparisons (Conover-
Inman), Squared ranks approximate equality of variance 
test for analysis between subgroups of patients and control 
subjects. P-values < 0.05 were considered to be significant.

Results

In our study, whole-body bone scintigraphy was performed 
in lung cancer patients and in healthy control subjects. Using 
a 3-point scale (definite bone metastases – P, probable bone 
metastases – PM, no evidence of bone metastases – N) we 
found that 25% of patients had bone metastases, 18.3% of 
patients had probable bone metastases and 56.7% patients 
were without bone metastases (Table 2). Bone metastases were 
localized mostly in vertebra (80%), rib (73.33%) and pelvis 
(66.67%). Majority of patients with bone metastases (73.33%) 
had more than 3 deposits of bone metastases. We did not find 
bone metastases by whole-body bone scintigraphy in healthy 
control subjects. We did not observe any significant changes 
by comparison of patients with definite bone metastases with 
localization of bone metastases, age and gender.

We observed significant difference in HE4 serum concen-
tration between group of lung cancer patients and control 
group (p<0.0001) (Figure 1). Patients with bone metas-
tases had significantly increased (p<0.0001) concentration 
of HE4 compared to controls (Figure 2). Similarly, patients 
with probable bone metastases or without bone metastases 
had significantly increased concentration compared to 
controls (Figure 2). We did not observe a statistically signifi-
cant difference between patients with definite bone metas-
tases, probable bone metastases and no bone metastases. We 
found out variances difference between patients with definite 
metastases and patients with no evidence of bone metastases 
but because of small number of patients it was not statisti-
cally significant. Complex statistical analysis showed that 
concentration of HE4 has a discriminatory ability to differ-
entiate groups of patients and control group, as well as within 
scaffold scintigraphy in patients with lung cancer (p=0.0002).

Figure 1. Serum concentration of HE4. P – patients with lung cancer,  
C – control group; *** p<0.0001 significant difference between medians of 
HE4 in patients with lung cancer and control group.

Figure 2. Serum concentration of HE4 on basis of 3-point scale whole 
body bone analysis. P – definite bone metastases, PM – probable bone 
metastases, N – no evidence of bone metastases, C – control group;  
*** p<0.0001 significant difference between medians of HE4 in patients 
with lung cancer and control group.

Table 2. Bone metastases in lung cancer patients.
Bone metastases Patients (n, %)
Definite bone metastases 15 (25%)
Probable bone metastases 11 (18.3%)
No evidence of bone metastases 34 (56.7%)
3 and less than 3 bone metastases 4 (26.67%)
More than 3 bone metastases 11 (73.33%)

n – number of patients
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Human epididymis protein 4 (HE4, WFDC2) is one of 
14 homologous genes, which encode family of proteins with 
a whey acidic protein and 4-disulphide core domain 2 [11]. 
It has been suggested that HE4 participates in physiological 
processes: natural immunity, antimicrobial activity, protease 
inhibitors, regulation of extracellular matrix, cell migra-
tion and cell invasion. However, HE4 can also participate 
in pathological processes. Nowadays HE4 is one of the most 
intensively studied biomarker. HE4 is used as a biomarker 
for diagnosis, monitoring and prognosis in ovarian adeno-
carcinoma and endometrial cancer [27–31]. Concentra-
tions of HE4 are different in premenopausal or postmeno-
pausal woman and can be influenced by age, smoking and 

We analyzed HE4 concentration on the basis of different 
histological type of lung cancer. We observed statistically 
significant increased concentration of HE4 in patients 
compared to control group (Figure 1). Patients with 
diagnosed small-cell lung cancer had significantly increased 
(p=0.006) HE4 concentration also compared to patients with 
non-small-cell lung cancer (Figure 3). Sixty percent of SCLC 
patients had HE4 concentration above physiological range 
(Table 3). All these patients had or probably had bone metas-
tases. Patient with atypical lung carcinoid tumor had definite 
bone metastases and increased HE4 concentration above 
physiological range. All subjects in control group had HE4 
concentrations within physiological range.

We did not observe any significant changes in HE4 
concentrations by comparison patients with cancer treat-
ment (surgery of primary malignant tumor, chemotherapy 
or radiotherapy) and patients without treatment. However, 
patients without any cancer treatment had higher concentra-
tions of HE4.

Discussion

Normal bone metabolism is changed in patients with bone 
metastases. Usually higher osteoclastic activity is observed 
during development of bone metastases. Bone metastases 
contribute to origin or development of several complica-
tions, such as pains, pathological fractures and hypercal-
cemia. Destruction of spine by bone metastases can cause 
the compression of vertebras and spinal cord that results in 
decreased quality of patient´s life [25, 26].

In our study, we probed bone metastases in patients with 
lung cancer and we analyzed possible using of serum HE4 as 
a diagnostic and/or prognostic marker of lung cancer with 
developed bone metastases. We found definite bone metas-
tases in 25% of patients and probable bone metastases in 
18.3% of lung cancer patients. Furthermore 73.33% of patients 
had more than 3 bone metastases. We observed significantly 
increased concentration of HE4 in lung cancer patients 
compared to healthy controls. Kruskal-Wallis test revealed 
that serum HE4 concentration had a discriminatory ability to 
distinguish patients with lung cancer from healthy controls 
as well as within scaffold scintigraphy in patients with lung 
cancer (p=0.0002). The serum HE4 concentrations were in all 
cases of lung cancer patients with bone metastases higher than 
in healthy controls. Using hybrid scanning by single photon 
emission computed tomography/computed tomography 
(SPECT/CT) of selected part of body or whole-body helps to 
better diagnose the presence of bone metastases and to assess 
the type of lesion (osteoblastic, osteolytic or mixed-lesion). 
On the other side, because of long time of scanning of whole-
body and higher dose of radiation to tissues, it is not used in 
clinical practice routinely. Evaluation of HE4 concentration 
by available ELISA kits may be potentially used as a diagnosis/
prognostic marker of the bone metastases in patients with 
lung cancer especially with small-cell lung cancer.

Figure 3. Serum concentration of HE4 in patients with different histo-
logical types of lung cancer. AC – atypical lung carcinoid tumor, SCLC 
– small-cell lung cancer, NSCLC – non-small-cell lung cancer, C – control 
group. ** p<0.01 significantly different as compared to control group; 
*** p<0.001 significantly different as compared to control group; 
## p<0.01 significantly different as compared to patients with non-small-
cell lung cancer.

Table 3. HE4 concentration above physiological value.

Categories
Definite bone 

metastases
(n, %)

Probable bone 
metastases

(n, %)

No evidence of 
bone metastases 

(n, %)
AC 1 (100%) – –
SCLC 4 (100%) 2 (50%) –
NSCLC 2 (20%) 1 (14.29%) 8 (24.24%)
Gender

Male 5 (41.67%) 3 (30%) 6 (25%)
Female 2 (66.67%) – 2 (20%)

Total 7 (46.67%) 3 (27.27%) 8 (23.53%)

n – number of patients, AC – atypical lung carcinoid tumor, SCLC – small-
cell lung cancer, NSCLC – non-small-cell lung cancer
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function of kidneys. Therefore, all these factors need to be 
taken into consideration in proper clinical interpretation 
of results. Increased expression of WFDC2 was found in 
different malignant tumors and also in some type of lung 
cancer especially in small-cell lung cancer, squamous cell 
carcinoma, adenocarcinoma, large cell carcinoma of lung 
[32–36]. Drapkin et al. suggested that HE4 is a  secreted 
glycoprotein presented in the circulation and plays a role in 
the cancer biology [37]. In our previous study, we observed 
the moderate increase of the HE4 concentration in the 
serum during the entry examination and the check-up of 
the whole-body bone scintigraphy with equivocal finding 
of bone metastases in 64 years old female with malignant 
melanoma [38].

We showed that HE4 concentration was the highest in 
patients with bone metastases and in patients with small-
cell lung cancer. Our results are in compliance with similar 
studies, however studies with Caucasian population are 
very rare in the literature. The alternative expression of 
WFDC2 may be associated with lung carcinogenesis and 
tumor progression what is in an agreement with Yamashita 
et al. hypothesis [19]. Zeng et al. suggested that HE4 is a 
better biomarker than others in diagnosing of early stage of 
lung cancer [39]. Diagnosis of early stages of lung cancer 
is crucial for patient survival and is still poor. Patients 
with HE4 positive adenocarcinoma had a worse prognosis 
than patients with HE4 negative adenocarcinoma [19, 40]. 
HE4 concentrations may be used as potential biomarkers 
to differentiate pulmonary tuberculosis from lung cancer 
[42]. Increased levels of HE4 in serum and tumor tissues 
were found in SCLC patients [20, 41, 42]. However, the 
difference in HE4 serum concentrations between SLLC and 
NSCLC was not significant [20, 41]. Tang et al. observed 
significantly higher serum concentrations of carcinoma 
embryonic antigen, cytokeratin fragment 21, neuro specific 
enolase and HE4 in pulmonary carcinoma patients than in 
controls [36]. We observed significantly increased concen-
tration of HE4 in SCLC compared to controls and also to 
NSCLC. Our observation may be explained that all SCLC 
patients had bone metastases. Previous studies showed that 
HE4 is a potential marker for the diagnosis and follow up 
of NSCLC patients and could be helpful in evaluation of 
SCLC patient´s prognosis [43, 44]. Celik and Bulut observed 
that HE4 is expressed in adenocarcinoma tissues but it 
is not frequent in SCLC [45]. It was suggested that serum 
HE4 concentration can discriminate those with response 
to chemotherapy/chemoradiotherapy from those who are 
resistant to chemotherapy [20, 46] and expression of HE4 
is associated with a worse prognosis in patients with lung 
cancer [47]. In our study, we compared serum HE4 concen-
trations in patients who underwent treatment (surgery of 
primary malignant tumor of lung, chemotherapy, radio-
therapy) with patients without treatment. We found that 
patients without surgery of primary malignant lung tumor 
had higher HE4 concentration. Increased levels of HE4 in 

patients with different oncological diseases may be impor-
tant for tumor growth and survival signaling. HE4 induces 
chemoresistance to anti-cancer drugs and activates the AKT 
and Erk pathways to enhance tumor survival [48]. Jiang et 
al. found higher HE4 expression in patients with NSCLC 
in correlation with stage of disease (p=0.003), lymph node 
metastases (p=0.007) and distant metastases (p<0.001) [49]. 
Lamy et al. observed significantly higher concentrations of 
HE4 in patients with worse performance status, advanced 
stage of disease and positive nodal status [50]. We did not 
find significantly correlation between HE4 concentrations in 
the serum and metastases findings in different organs of lung 
cancer patients. All patients with SCLC had bone metastases 
and their serum HE4 concentration was the highest and 
probable increased production of HE4 is a feature of tumor 
progression.

In conclusion, the serum concentrations of HE4 were 
significantly elevated in lung cancer patients in comparison 
to healthy controls. The increasing trend of serum HE4 is 
present in all patients with lung cancer in our study group. 
Evaluation of HE4 concentration by available ELISA kits may 
be potentially used as a diagnosis/prognostic marker of the 
bone metastases in patients with lung cancer especially with 
small-cell lung cancer.

The measurement of HE4 in the serum as a potentially 
useful biomarker can help in prognosis and survival of 
patients with lung cancer in the future. We suppose that the 
precise research of serum HE4 in cancer patients predomi-
nantly with lung carcinoma can help to better understand 
important role of this tumor marker in human body. More 
frequent measurements of HE4 serum concentrations in 
lung cancer patients in Slovakia or in Caucasian population 
can be helpful in management of patients with lung cancer in 
clinical practice.
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