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Serum human epididymis protein 4 levels
in colorectal cancer patients
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Abstract. Tumour markers are widely used for the diagnosis,
staging and monitoring of colorectal cancer (CRC) patients
in clinical practice. Carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9 (CA19-9) are the most frequently
used biomarkers in CRC patients. A number of studies have
recently investigated the presence of human epididymis
protein 4 (HE4) overexpression in certain cancer types. Its
significance in ovarian and endometrial cancer has been
well-demonstrated. The aim of the present study was to
evaluate the significance of serum HE4 levels in CRC patients.
A total of 46 newly diagnosed CRC patients and 36 age- and
gender-matched healthy subjects were included in the study.
The concentrations of CEA and CA19-9 were also determined
and compared according to HE4 levels. HE4 positivity was
determined in 13 of the 46 cases (28.3%) in the CRC group,
but no HE4-positive subjects were identified in the control
group (0%; P=0.009). The area under the receiver operating
characteristic curve for HE4 positivity was 0.641 (95% CI:
0.523-0.760). HE4 was statistically significantly positive in
patients with stage III-IV disease and in those with high CA
19-9 levels (all P<0.01). To the best of our knowledge, this is
the first study to investigate HE4 expression in CRC patients,
and the findings suggest that it may be a useful biomarker,
particularly in stage III-I'V patients.

Introduction

Colorectal cancer (CRC) is the third most common cancer
in men and the second in women worldwide (1). According
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to the World Health Organization GLOBOCAN database,
in 2012, ~1.4 million new cases of CRC were diagnosed
and 694,000 patients succumbed to this disease (2). CRC is
one of the major causes of cancer-related mortality, with a
5-year survival of ~50% (3). Metastasis to the liver and/or
lungs is the main cause of death and is already present in
<25% of patients at presentation (4). Early diagnosis and
timely intervention are crucial for therapeutic effective-
ness and prolongation of survival. Adequate preoperative
staging is important for the management of CRC patients
so that the appropriate treatment plan may be devised.
Following treatment completion, patients must be monitored
for the development of recurrence or distant metastasis.
Tumour markers are widely used for the diagnosis, staging
and monitoring of CRC patients in clinical practice. These
markers are biological or biochemical substances that are
usually produced by tumour cells and then secreted into the
circulation in detectable amounts and used for screening and
staging (5). Carcinoembryonic antigen (CEA), an oncofetal
glycoprotein that is overexpressed in adenocarcinoma of
the colorectum, is the most frequently used biomarker in
CRC (6). CEA has low sensitivity and specificity for diag-
nosis; therefore, it should not be used for screening. However,
in patients with newly diagnosed CRC, the absolute level of
the serum CEA is correlated with disease burden increase in
75% of patients with distant metastasis and has prognostic
value (7). High levels of CEA may also be observed in asso-
ciation with benign conditions, such as smoking, peptic ulcer,
inflammatory bowel disease, pancreatitis, hypothyroidism,
biliary obstruction and cirrhosis (8). Another tumour marker,
carbohydrate antigen 19-9 (CA19-9), is produced by adeno-
carcinomas of the pancreas, stomach, gallbladder, colon,
ovary and lung. The incidence of high serum CA19-9 levels
in CRC ranges from 20 to 40% (9).

At present, the sensitivity and specificity of the clinically
used markers of CRC are low for early diagnosis and screening;
thus, a number of studies have been conducted to identify more
effective markers. Several studies have recently investigated
the overexpression of human epididymis protein 4 (HE4)
in certain cancer types. HE4 was first identified in 1991 by
Kirckhoff ef al (10) and its overexpression has been found in
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carcinomas of the ovary, endometrium, lung, breast, gastroin-
testinal system and uroepithelium (11,12). HE4 was originally
isolated from the epithelium of the distal epididymis and was
predicted to be a protease inhibitor essential for sperm matura-
tion (2,13). The HE4 gene product is also referred to as whey
acidic protein and four-disulphide core domain protein 2 (14).
This protein acts in a manner similar to antiproteinases,
secretory leukocyte protease 1 and elafin; they all exhibit anti-
bacterial properties and exert anti-inflammatory effects (15).
HE4 is generally considered to play a role in natural immu-
nity; however, its true role in carcinogenesis has not been fully
elucidated (10). Multiple studies have reported its specifity and
sensitivity as an ovarian cancer biomarker (16). In 2009, the
United States Food and Drug Administration (FDA) approved
HE4 as a useful marker for monitoring patients with epithe-
lial ovarian cancer (17); and in September, 2011, the FDA
also approved marketing of HE4 for the detection of ovarian
masses (18). There is accumulating evidence that HE4 may
also be a useful marker for endometrial cancer. Recently, HE4
expression was also investigated in breast, lung, gastric and
pancreatic cancer (19). To the best of our knowledge, this is the
first clinical study to evaluate the diagnostic and preoperative
predictive value of serum HE4 levels in newly diagnosed CRC
patients.

Patients and methods

Patients. The study comprised 46 newly diagnosed CRC
patients who were diagnosed and treated at the Ondokuz
Mayis University Hospital (Samsun, Turkey) between January,
2014 and July, 2014, and 36 age- and gender-matched healthy
subjects as the control group. The control subjects were indi-
vidually selected from patients attending the outpatient clinic
for a routine check-up. Approval for the study was granted
by the Ethics Committee of the Ondokuz Mayis University
Hospital and all the patients and controls provided written
informed consent.

The pathological staging of the CRC patients was performed
according to the 7th edition of the tumour-node-metastasis
(TNM) classification (http://www.uicc.org/sites/main/
files/private/ TNM_Classification_of_Malignant_Tumours_
Website_15%20M Ay2011.pdf). Patients with renal failure
were excluded, as they have high HE4 levels. All the subjects
were treatment-naive (no operation, chemotherapy or chemo-
radiotherapy) prior to blood sample collection.

Blood sampling and serum marker levels. Blood samples
were obtained by venous puncture, centrifuged, and stored
at -50°C until the analyses were performed. An ELISA kit
(Cusabio Biotech Co., Ltd., Wuhan, China) was used for HE4
evaluation. All measurements were performed according
to the manufacturers' instructions. The plates were read at
the wavelength of 450 nm 10 min after the administration
of the stop solution. The minimum detectable dose of HE4
was <0.30 pmol/ml according to this measurement. The
HE4 cut-off level of <0.30 pmol/ml was considered to be
HE4-negative and all cases with HE4 levels >0.30 pmol/ml
were considered as HE4-positive.

The serum CEA and CA19-9 levels were measured
using the enzyme immunoassay method, using a HITACHI
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automatic analyzer (Hitachi Corporation, Tokyo, Japan).
According to the manufacturer's instructions, the normal
range for serum CEA was 0-3.4 ng/ml and for CA19-9
0-37 U/ml.

Statistical analysis. The statistical analysis was performed
with SPSS software, version 17.0 (SPSS Inc., Chicago, IL,
USA). The results were expressed as mean + standard devia-
tion and frequency (%). The normality of distribution was
checked initially and Student's t-test was then used to compare
the mean values. Yates's corrected Chi-squared and Fisher's
exact tests were also used for frequency (data obtained by
counting) comparisons. Receiver operator characteristics
(ROC) curves were applied and the area under the curve
(AUC) was calculated to determine the sensitivity and speci-
ficity of HE4. P<0.05 was considered to indicate statistically
significant differences.

Results

Subject characteristics. A total of 46 newly diagnosed CRC
patients and 36 healthy age- and gender-matched control
subjects were included in the study. The demographic char-
acteristics of the patients and controls are shown in Table I.
There were no significant demographic differences between
the two groups. HE4 positivity was determined in 13 of
the 46 cases (28.3%) in the CRC group; however, no HE4-
positive subjects were identified in the control group (0%;
P=0.002).

Patient characteristics. The detailed clinicopathological
characteristics of the CRC patients are shown in Table II.
CEA positivity was determined in 28 (66.7%) and CA19-9
positivity in 17 (40.5%) CRC cases. Of the 46 patients, 33
were lymph node-positive and 22 of those had stage IV
disease.

Comparison between HE4-positive and -negative patients.
As shown in Table III, nodal involvement was significantly
associated with HE4 positivity. None of the node-negative
patients were HE4-positive, whereas 13 of the 33 patients
with nodal involvement were HE4-positive (P=0.009). When
comparing HE4 positivity between cancer stages I-II and
III-1V, the difference was statistically significant (P=0.009).
HE4 was also statistically significantly positive in patients
with high CA19-9 levels (P<0.001). No statistically significant
associations were observed between tumour grade, CEA levels
and HE4.

Diagnostic performance of HE4. The ROC curve analyses of
the diagnostic performance of HE4 in healthy controls and CRC
patients revealed AUC=0.641 [95% confidence interval (CI):
0.523-0.760, P=0029; sensitivity=28.3%, specificity=100.0%;
Fig. 1]. When ROC curve analyses were applied to stage III
and IV, the AUC increased to 0.697 (95% CI): 0.569-0.825,
P=0.005; sensitivity=39.4%, specificity=100.0%). In another
ROC curve analysis, HE4 was combined with CEA and CA19-9
and it was demonstrated that the combinations may enhance
diagnostic accuracy (AUC of HE4+CEA+CA19-9=0.837,
P<0.001; Fig. 2).
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Table I. Characteristics of colorectal cancer patients and controls.
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Variables Patients, n (%) (n=46)
Age, years (mean = SD) 60.5+11.8
Gender
Female 16 (34.8)
Male 30 (65.2)
HE4
Positive 13 (28.3)
Negative 33(71.7)

Bold print indicates statistical significance. SD, standard deviation; HE4, human epididymis protein 4.

Discussion

The present study demonstrated that the rate of HE4 positivity
in CRC patients is significantly higher compared with that in
healthy controls, and this positivity is strongly associated with
nodal involvement, advanced stage and CA19-9 positivity.

Although a number of tumour markers are widely used
for the diagnosis, staging and monitoring of CRC patients in
clinical practice, their role in the early detection of colorectal
tumours is limited. Therefore, novel biomarkers with better
clinical utility are needed. Serum HE4 was recently introduced
in the routine diagnostics of ovarian cancer (20). In September,
2011, the US FDA approved marketing of HE4 for the detec-
tion of ovarian masses, as HE4 has a higher sensitivity and
specificity compared with CA125 for the diagnosis of ovarian
cancer (21).

HEA4 was first described by Kirchhoff er alin 1991 (10); it acts
as a proteinase inhibitor and belongs to the ‘four-disulphide core’
family of proteins (10). HE4 is expressed in normal as well as
malignant tissues (10). Galgano et al reported that breast epithe-
lium, female genital tract, epididymis, vas deferens, distal renal
tubules, respiratory epithelium, colonic mucosa and salivary
glands all show HE4 immunoreactivity (12). HE4 expression has
also been confirmed in several cancers, including ovarian cancer,
mesothelioma, lung, endometrial, breast, gastrointestinal, renal
and transitional cell carcinomas (12). The highest expression
levels have been found in ovarian and endometrial cancer, and
moderate levels have been found in lung cancer (12). In 2003,
Hellstrom et al reported the potential role of HE4 as a secreted
biomarker (22), after which time serum HE4 was investigated
as a possible valuable biomarker for ovarian and endometrial
cancers. In a meta-analysis, Zhen et al reported that the diag-
nostic accuracy of HE4 in distinguishing ovarian cancer from
other benign gynecological diseases was found to be superior to
that of CA125 (23). More recently, Brennan et al reported in a
large population-based study that serum HE4 may be a useful
prognostic biomarker in endometrial cancer (17). Furthermore,
Yang et al determined its importance as a preoperative predictor
for optimal tumour cytoreductive surgery in epithelial ovarian
cancer (18). In 2012, researchers found that serum HE4 levels
were significantly elevated in lung cancer patients compared
with healthy controls (24). In 2014, Nagy et al, confirmed that
HEA4 levels were significantly elevated in lung cancer patients

Controls, n (%) (n=36) P-value
58+12.5 0.360
0.901
13 (36.1)
23 (63.9)
0.002
0(0.0)
36 (100.0)
Table II. Characteristics of colorectal cancer patients.
Variables n (%)
HE4
Positive 13 (28.3)
Negative 33(71.7)
Lymph node status
Positive 33(71.7)
Negative 13 (28.3)
CEA*
Positive 28 (66.7)
Negative 14 (33.3)
CA199°
Positive 17 (40.5)
Negative 25 (59.5)
Grade
1 13 (35.1)
2 21 (56.8)
3 3(8.1)
Stage
I 2(4.3)
1I 11 (23.9)
111 11 (23.9)
v 22 (47.9)

“A CEA level 0-3.4 ng/ml was considered as negative and >3.4 ng/ml
as positive; and "a CA199 level 0-37 U/ml was considered as negative
and >37 U/ml as positive according to our laboratory cut-off values.
HE4, human epididymis protein 4; CEA, carcinoembryonic antigen;
CA19-9, carbohydrate antigen 19-9.

compared with controls, and also demonstrated that HE4 levels
were significantly correlated with tumour size and the presence
of lymph node metastasis, similar to the findings of the present
study (25). In another more recent study, again consistent with
the present findings, Guo et al confirmed that HE4 was more
commonly observed in gastric carcinoma tissues compared
with normal tissues and was significantly correlated with
advanced stage and tumour size (26); moreover, they found that
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Table III. Comparison of HE4 -positive and -negative patients.

Variables HE4-positive, n (%) HE4-negative, n (%) P-value
Age, years (mean + SD) 63.3+11.7 59.4+11.8 0.315
Grade 0.162
I 2 (16.7) 11 (44.0)
1I 8 (66.6) 13 (52.0)
11 2 (16.7) 14.0)
Lymph node status 0.009
Positive 13 (100.0) 20 (60.6)
Negative 0(0.0) 13 (39.4)
Stage 0.009
I-11 0(0.0) 20 (60.6)
I-1v 13 (394) 13 (100.0)
CEA, ng/ml 0.159
>3.7 11 (84.6) 17 (58.6)
<3.7 2(154) 12 (41.4)
CA199, U/ml <0.001
>37 11 (84.6) 6(20.7)
<37 2(154) 23 (79.3)

Bold print indicates statistical significance. HE4, human epididymis protein 4; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen

19-9; SD, standard deviation.
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Figure 1. Receiver operating characteristic curve analyses of the diagnostic
performance of human epididymis protein 4 in colorectal cancer patients and
healthy controls.

silencing HE4 in vitro diminishes the phosphorylation level of
Akt, Erk1/2, Fak and Src, all of which are important for the
angiogenesis, migration and survival of cancer cells (26).

To the best of our knowledge, this is the first report to
examine plasma HE4 levels in CRC patients. In the literature,
only Galgano et al (12) have investigated HE4 expression in
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Figure 2. Receiver operating characteristic curve analyses of human epidid-
ymis protein 4 (HE4) combined with carcinoembryonic antigen (CEA) and
carbohydrate antigen (CA) 19-9.

CRC tissues compared with other human neoplasms, and
reported weak positivity in this group. The results of the
present study not only show the significance of HE4 posi-
tivity in CRC, but also demonstrate the positive association
with cancer stage and CA19-9 levels, which may be simply
correlated with tumour load or be due to complex tumour
biology.
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This study has certain limitations: First, the sample size

was relatively small; and second, information on follow-up is
lacking. However, it was designed as a preliminary study and
has reached all the end points; thus, it may be considered a
valuable basis for further research.

In conclusion, serum HE4 may be a useful biomarker

in CRC, particularly in patients with stage III-IV disease.
Further studies are required to confirm these findings and, in
the future, HE4 may be used as a new target for therapeutic
interventions.
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