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Abstract
Introduction: Ovarian cancer is one of the most common malignancies in
women and the fifth cause of cancer-related deaths in women worldwide.
Contrary to the challenges in developing new clinical markers using the conventional methods, recent advances in genomics and proteomics have led to
identification of candidate and promising biomarkers for the diagnosis of
ovarian cancer. Human epididymis protein 4 (HE4) is such a marker that has
recently been reported to correlate with recurrence or progression of epithelial
ovarian cancer. The purpose of this study was to measure the expression level
of HE4 gene in women with ovarian cancer. Methodology: We evaluated and
compared paraffin-embedded tissue samples of 20 ovarian cancer patients
with 10 samples from healthy individuals. RNA was initially extracted from
the samples and cDNA was synthetized. Gene expression level was then
measured using real-time polymerase chain reaction (PCR). Results: Our results demonstrated that HE4 gene expression level was significantly higher in
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samples of patients with ovarian cancer compared with samples from healthy
individuals. Moreover, higher levels of HE4 gene expression were associated
with more advanced disease and larger tumor size. Conclusion: HE4 gene
over-expression has the potential to be used as a biomarker for detecting earlystage ovarian cancer in women. Future more comprehensive studies are
needed to confirm our findings.
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1. Introduction
Ovarian cancer is among the most challenging fatal cancers in women, as it is
usually silent in its early stages with no or little signs and symptoms. Inability to
make an early diagnosis through screening or other methods results in a late
presentation at an advanced stage [1]. Although the lifetime risk of ovarian cancer in a woman is equal to 1.5% and it constitutes only about 4% of all cancers in
females, it is the fifth leading cause of cancer deaths in this population with a
high mortality rate of up to 70% [2]. Therefore, early detection of the disease is
of utmost importance and significantly affects the survival of patients [3] [4].
There is an inverse relationship between the number of pregnancies and the incidence of ovarian cancer, and a direct one is present regarding infertility. In addition, early puberty and late menopause increase this risk as well [5]. This implies that suppression of ovulation may be an important factor in prevention of
ovarian cancer, since the surface epithelium of ovaries experiences frequent damage and healings, which could lead to emergence of spontaneous mutations and
oncogenic phenotypes [6].
Despite the importance of early disease detection, an ideal screening test with
high sensitivity and specificity has not yet been developed for ovarian cancer.
Current screening methods including physical examination, cancer antigen 125
(CA-125), and vaginal ultrasound are successful in identifying the disease only
in 30 to 45% of women with ovarian cancer. Tumor markers are another method
for early detection or monitoring of the disease and are widely used today [7]
[8]. Human epididymis protein 4 (HE4) is a recently identified biomarker, with
a molecular weight of about 25 kDa encoded by WAP four-disulfide core domain 2 (WFDC2) gene located on chromosome q1213.120. WFDC2 gene has
shown high amplification rates in ovarian cancer; whereas, its expression is low
in healthy ovarian tissue. The highest expression of this gene is in normal respiratory and glandular epithelial tissues.
The amount of HE4 mRNA increases in different types of ovarian cancer, and
it can be detected in the serum by enzyme-linked immunosorbent assay (ELISA),
yielding a higher sensitivity and specificity than CA-125 for diagnosing malignancy. It has 95% sensitivity and 72.9% specificity for detection of ovarian cancer.
DOI: 10.4236/ojcd.2017.73009
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Measuring HE4 levels in urine can also be used for the diagnosis and follow-up
of ovarian cancer [9] [10]. Moreover, HE4 gene expression varies in different
ovarian cancers and may help differentiate the subtypes; it shows a 100% rise in
the endometrioid type, versus a 93% rise in serous ovarian tumors [10].
We thus aimed to investigate HE4 gene expression in our ovarian cancer patients and evaluate its correlation with disease stage, to be able to provide recommendations for the use of this relatively new tumor marker in our country.

2. Materials and Methods
2.1. Specimen Collection and Preparation
We selected 20 samples from our patients with ovarian cancer and 10 samples
from healthy individuals. Ten-micron slides were prepared from each paraffin
block and reviewed by a pathologist.

2.2. RNA Extraction
RNA was extracted using di-paraffin xylene followed by xylene and ethanol.
Samples were then treated with proteinase k and the buffer of RNA was handled
using standard protocols and RNX Plus solution [11]. After extraction, RNA
quality was assessed by spectrophotometry, which showed an optical density of
280/260 nm.

2.3. cDNA Synthesis from RNA
Ten μL of RNA template was mixed with 1 μL of 10 Mm deoxynucleotide
(dNTP) and 1 μL of Random Hexamer, followed by 1 μL of Oligo dT in a stepwise fashion. Tubes were then placed at 65˚C for 5 minutes. Next, 2 μL of
M-MuLV 10× buffer and 0.5 μL of M-MuLV enzyme were added to the mixture,
and water was used to reach the volume to 20 μL. Finally, the tubes were incubated at 42˚C for one hour.

2.4. Designing Specific Primers for Glyceraldehyde 3-Phosphate
Dehydrogenase (GAPDH) and HE4 Genes
Unique primers of each gene were designed by AlleleID7 software and produced.
Primer sequences were compared to the National Center for Biotechnology Information (NCBI) database and rechecked with Gene Runner, in order to ensure
their accuracy. Our primer sequences are presented in Table 1.
Table 1. Sequence of primers used in our study.
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Name

Primer sequence

HE4-F

GTGTCCTGTGTCACTCCCAA

HE4-R

CTCTCCTCACTGCTCAGCCT

GAPDH-F

CCCACACACATGCACTTACC

GAPDH-R

TGCCTGTCCTTCCTAGCTCT

85

Amplicon Size
62 bp

85 bp
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2.5. Optimizing Basic Factors of Real Time-Polymerase Chain
Reaction (PCR) for GAPDH and HE4 Genes
For this purpose, ABI7500 device was used to prepare a separate response for
target and internal control genes in a final volume of 20 μL. Reactions were
placed in parallel on the device. In each reaction, 10 μM SYBR TM (2X) ®Premix
and 10 μM of reverse and forward Primers as well as cDNA templates were used
in concentrations of 2 μg.
Forty full cycles were performed at a reaction temperature of 95˚C for 15
seconds, followed by 60˚C for one minute. In order to confirm the amplified
fragment and ensure the absence of non-specific product, primer dimer, and
pollution, segregation curve analysis was performed. After optimization test,
RNAs of all samples were extracted and their quality was confirmed. cDNAs
were then synthetized. After the reaction, raw data were extracted and subjected
to double-delta Ct (ΔΔCt) method. Expression rates were calculated and read
from the device according to relative quantification (RQ), or alternatively, were
converted and measured using ΔΔCt method [12]-[17]. The expression levels of
all samples of tumoral tissue were compared with the average RQ of normal
samples calculated by the device. Gene expression graphs were drawn using the
Graph pad software.

3. Results
We evaluated 20 samples from ovarian cancer and 10 from healthy individuals.
There was no difference in the mean age of the patients from whom the samples
were taken (P value = 0.652).
The expression of patient samples in comparison with the normal sample
stated that the obtained results than the expression of the gene in tissue is normal.
Our results showed that the expression of HE4 gene in ovarian cancer patients
had an approximately 4-time increase compared to the normal tissue (Figure 1).
This increased expression was seen in all ovarian cancer samples. Moreover, the
highest expression rates were observed in the samples obtained from patients
with stage-III disease (samples 1, 2, 12, and 15), followed by those of patients
with stage-II (samples 5, 13, 14). The lowest expression rate was seen in the
sample of a patient with stage-I disease (sample 4), which was still higher than
the normal HE4 gene expression.
When comparing the samples, it was found that the average HE4 gene expression level was significantly higher in samples of patients with stage-I, stage-II,
and stage-III/IV than in normal ovarian tissue (3.374, 3.701, and 4.0335 vs. 1,
respectively, P < 0.001 for all comparisons, Figure 2), which also signified higher
expression levels in more advanced stages of the disease.
In addition, comparing the average HE4 gene expression levels in patients
younger than 50 years with those older than 50 showed that expression level was
higher in younger patients: 4.135 vs. 4.032, respectively. When we analyzed the
DOI: 10.4236/ojcd.2017.73009
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Figure 1. HE4 gene expression levels in patients with ovarian cancer compared to normal controls.

Figure 2. HE4 gene expression levels in different stages of ovarian cancer.

expression levels with respect to tumor size, we found that larger tumors had a
higher expression level.

4. Discussion
Diagnosis of ovarian cancer at an early stage enables the clinicians to plan an effective treatment; hence a better prognosis can be achieved before the spread of
the disease [18]. Despite the widespread use of conventional screening tests,
ovarian cancer still has a high mortality rate [19]. More than 80% of the cases are
diagnosed at an advanced stage, leading to a low 10% - 20% survival rate [20].
Regarding the pathophysiology of the disease, reproductive hormones are
thought to play a major role. Fathalla in 1971 suggested that a relationship is
present between repeated ovulations and the formation of malignant tumors on
the surface of the ovaries [21].
In a study by Fleming et al, CA-125 and pelvic ultrasound were used for diagnosis of ovarian cancer. In as high as 20% of ovarian cancer patients, CA-125
could not detect the disease; besides, since it is a nonspecific biomarker, it shows
DOI: 10.4236/ojcd.2017.73009
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elevations in other gynecological pathologies as well. Sensitivity and specificity
of CA-125 for detection of ovarian cancer are not favorable either [21]. This has
led to efforts to improve diagnostic accuracy by investigating new biomarkers or
using a combination of them such as mesothelin, CA74-4, inhibin, kallikreins,
and osteopontin alongside CA-125.
Human epididymis protein 4, a WAP four-disulfide core domain 2 protein,
was first identified in the outer cell membrane of distal spermatic cord and was
found to act as a repressive protease involved in sperm maturation. Multiple
studies have also demonstrated its presence in the normal ovary and uterine, as
well as in neoplasms of these two organs [10] [22], which synthetize this protein
in higher amounts, especially the serous and endometrial subtypes. Two monoclonal antibody derivatives used for its measurement by ELISA include 52H
and 83D epitopes, particularly in postmenopausal women [23]. It is now accepted as a newly developed biomarker with higher sensitivity and specificity [24].
In a recent study, HE4 had the highest sensitivity in detecting early stages of
ovarian cancer, when used separately or in combination with CA-125 [24].
Moreover, in a 2003 article published in the Journal of Cancer Research, HE4
was compared to CA-125 for the ability to differentiate ovarian pathologies in 37
ovarian cancer patients, 19 patients with benign ovarian disease, and 65 healthy
individuals. The authors concluded that HE4 and CA125 have comparable sensitivity and specificity, while HE4 was superior to CA-125 in early detection of
ovarian cancer [22]. Another study reported 76.5% sensitivity and 95% specificity for the simultaneous use of HE4 and CA-125 for differentiating benign from
malignant lesions [8] [25]. Our results confirmed these findings and showed
higher HE4 expression levels in cancer patients compared to normal individuals.

5. Conclusion
In conclusion, our results serve as a foundation in support of the use of HE4 as a
screening and diagnostic tool for ovarian cancer and its follow-up. This study
was the first-of-its-kind in Iran and showed significantly higher expression rates
of HE4 gene in cancer patients, which also correlated with tumor stage and size.
We also believe real-time PCR is a practical, fast, and accurate method to be
used in this regard. Future studies are needed to validate the use of this biomarker in our population.
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