
Abstract. Aim: Our purpose was to analyze the tissue
expression of human epididymis protein-4 (HE4) in borderline
tumors of the ovary (BOT) and to correlate it with histological
subtypes and clinical features. Patients and Methods: Tumor
tissue samples from 25 patients with BOT were stained on
tissue microarrays. The percentage of stained tumor cells was
represented by grouped immunoreactivity scores (IRS) 0 to 4.
Results: The median patient age was 47 (range=22-73) years.
Tumors in most patients (19/25) were staged-FIGO I and
presented serous (52%) or mucinous (40%) histology. HE4
immunoreactivity occurred exclusively within the tumor cells.
No association between grouped IRS and histological type,
age, CA125 and FIGO stage was found. Correlation between
HE4 positivity cells and HE4 IRS was significant (p<0.001).
Conclusion: The role of HE4 in BOT remains unclear.
Multicenter surveys are needed to more profoundly help in the
understanding of the biological and clinical features of BOT. 

Borderline tumors (BOT) account for 8-10% of all ovarian
neoplasms (1). They constitute an entirely separate tumor
entity, requiring expert treatment and long-term follow-up.
They usually present in early FIGO I stages and are generally
associated with an excellent overall prognosis. Hence, they
are also considered to be tumors of low malignant potential
(2). The only negative prognostic impact identified was,
however, the presence of invasive peritoneal implants, which
reduces the survival rate to 30-50% (1, 3). Due to the rarity of
the disease, the clinicopathological characteristics and

pathological features are not well-described and many factors
remain to constitute a therapeutic dilemma in terms of
accurate diagnosis, surgical management and follow-up. In
particular, the preoperative discrimination between borderline
and malignant tumors is very often a challenge.

The measurement of cancer antigen 125 (CA125) is an
important and widely-used component in the clinical
management of patients with an ovarian mass. Nevertheless,
its utility remains restricted due to its low specificity,
especially in pre-menopausal women, in whom it is also
elevated in common benign lesions such as endometriosis,
follicular cysts, cystadenoma, tuboovarian abscess and
pregnancy (4-6). In addition, raised CA125 concentrations,
are also found in various gastrointestinal malignancies,
especially in cases of metastatic disease (7).

Human epididymis protein-4 (HE4) is a glycoprotein that
is expressed in normal tissues of the reproductive and
respiratory tract. It is overexpressed in serous and
endometrioid ovarian carcinomas and can easily be measured
in the bloodstream (8). HE4 has greater sensitivity and
specificity for the detection of ovarian cancer and has a better
potential for the differentiation of benign from malignant
ovarian tumors than CA125 (9, 10). The recently established
Risk of Ovarian Malignancy Algorithm (ROMA) using the
combination of CA125 and HE4 plus information concerning
the patient's hormonal state (pre-menopausal vs. post-
menopausal) has greater sensitivity for the prediction of
ovarian cancer in patients with a pelvic tumour (11-13).
Furthermore, the combination of HE4 and CA125 expression
in plasma might contribute to the prediction of surgical
outcome in patients with ovarian cancer (14). The use of HE4
in ovarian cancer is analyzed and discussed in several
publications but its role in BOT has not been entirely clarified. 

Holcomb et al. failed to identify any significant differences
between serum HE4 levels in 195 patients with benign
conditions and 16 patients suffering from BOT (37.9 pmol/l
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vs. 57.3 pmol/l, respectively) (9). Using a cut-off value of 70
pmol/l for HE4 and 35 U/ml for CA125, the authors showed
there to be higher incidence of elevated CA125 levels in
patients with BOT compared to HE4 levels (88% vs. 38%) (9).
HE4 has been described to be elevated almost exclusively in
patients with ovarian cancer and in benign conditions,
including endometriosis (15). Like CA125, expression of HE4
is commonly found in serous and endometrioid subtypes but
less often in the mucinous and clear cell-type (8, 10). 

The aim of our study was to analyze the expression of
HE4 in BOT tissue in the absence of any invasive implants.
Furthermore, we sought to evaluate any possible correlation
with histological subtypes, CA125 levels (cut-off value: 
35 U/ml) and clinicopathological characteristics.

Patients and Methods 

Patients. We identified 25 patients who underwent surgery due to
BOT between 1996 and 2008 in the Charité Virchow Clinic of
Berlin. Since BOT with invasive implants behave more like
epithelial ovarian cancer and could therefore present inhomogeneous
results, we assessed only patients without invasive implants. 

Written informed consent was obtained from all participating
patients before the operation and approval from the local Ethics
Commission was gained (EK207/2003). Tissue samples were
preserved during each operation and have been sent to the Institute
of Pathology at Virchow Campus Clinic of the Charité Medical
University Berlin for histopathological evaluation by an experienced
gynecological pathologist. 

HE4 immunohistochemical analysis. Immunohistochemical staining
was performed on tissue microarrays (TMAs). For this purpose,
representative tumor areas of primary BOT tissue samples were
marked on the H&E-stained section. Two tissue cores of 1.5 mm
diameter were punched from different areas of each sample using a
tissue microarrayer (Beecher Instruments, Woodland, CA, USA) and
were embedded in two new paraffin blocks. 

Tissue slides were de-paraffinized and microwaved in 10 mM
citrate buffer (pH 6.0) for 10 min. For antigen retrieval endogenous
peroxidases were quenched by incubation in 3% H2O2 for 5 min.
Slides were then incubated for 1 h at room temperature with
monoclonal antibody 12A2 diluted to 5 μg/ml in phosphate buffered
saline (PBS) (Gibco Life Technologies, Carlsbad, CA), 1% bovine
serum albumin (BSA) (Fujirebio Diagnostics AB, Goteborg,
Sweden). For visualization EnVision+ System-Horseradish
Peroxidase (HRP) (Dako Cytomation, Glostrup, Denmark) was used
according to the manufacturer’s instructions. Slides were
counterstained in hematoxylin (Dako Cytomation, Glostrup,
Denmark), mounted and analyzed. 

The TMAs were evaluated by an experienced gynecological
pathologist. The percentage of stained tumor cells was scored as
follows: 0%=0; 1-10%=1; 11-50%=2; 51-80%=3; 81-100%=4) and
was multiplied by the scoring of the staining intensity (negative=0;
weak=1; moderate=2; strong=3), resulting in a semi-quantitative
immunoreactivity score (IRS) that ranged from 0 to 12.

Statistical analysis. All analyses were performed in a descriptive
fashion. All results are presented in raw numbers, medians and ranges. 

In order to perform further analyses, the IRS were grouped as 0
(IRS 0), 1 (IRS 1-3), 2 (IRS 4-6), 3 (IRS 7-9) and 4 (IRS 10-12).
The grouped IRS was correlated with age at initial diagnosis,
CA125 levels in blood, histological type of BOT [serous, mucinous,
seromucinous (endocervical-like), clear cell] and tumor stage
according to the FIGO classification (16).

For the correlation of grouped IRS with age at initial diagnosis,
CA125 levels in blood and FIGO stage, Kendall’s tau b was applied. 

The difference between histological types of BOT for grouped
IRS was analyzed by using the Pearson’s chi-squared test. 

All tests were two-sided with p<0.05 considered to be
statistically significant. All analyses were performed with IBM
SPSS Statistics 19 (SPSS In., Chicago, IL).
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Table I. Patients’ characteristics.

Parameter N % 

Age
median, range (years) 47 (22-73)

Histological type
Serous 13 52
Mucinous 10 40
Seromucinous (endocervical-like) 1 4
Clear cell 1 4

FIGO stage
IA 14 56
IC 5 21
IIA 1 4
IIIA 2 8
IIB 1 4

CA125
median, range (U/ml) 30 (13-259)

Percentage of HE4-positive cells 
0% (score 0) 8 32
1-10% (score 1) 4 16
11-50% (score 2) 6 24
51-80% (score 3) 5 20
81-100% (score 4) 2 8

HE4 staining intensity
Negative (score 0) 8 32,0
Weak (score 1) 4 16,0
Moderate (score 2) 13 52
Strong (score 3) 0 0

Immunoreactivity score (IRS)    
0 8 32
1 2 8
2 4 16
4 4 16
6 5 20
8 2 8
12 0 0

Grouped IRS
0 (IRS 0) 8 32
1 (IRS 1-3) 6 24
2 (IRS 4-6) 9 36
3 (IRS 7-9) 2 8
4 (IRS 10-12) 0 0



Results

For the 25 patients included in this study, the median age at
the date of first diagnosis was 47 (range=22-73) years.
Thirteen patients (52%) had serous and 10 patients (40%)
had mucinous borderline tumors, while only one (4%)
patient presented with seromucinous (endocervical-like) and
another (4%) with a clear cell histological type. 

In 23 patients, the majority of tumors were stage I (19/25);
in two (8%) cases, FIGO stage was unclear. The patients’
characteristics are summarized in Table I. 

If present, HE4 immunoreactivity was seen exclusively in
tumor cells, not in stromal or inflammatory cells. Signals were
localized to the cytoplasm and accentuated on the apical
portion of the cells. In HE4-expressing tumors, intracystic
secretions were also frequently positive (Figure 1). 

The extent and distribution of HE4-positive stained cells,
staining intensity scores and IRS of our cohort are also
shown in Table I. 

There was no association between the age at first
diagnosis and grouped IRS (p=0.639).

No significant correlation between grouped IRS and
histological type of BOT (p=0.701) was found. The
frequency of the other two histological types – seromucinous
(endocervical-like) and clear cell-type – was too low to draw
conclusions. We also analyzed the association between
grouped IRS and FIGO stage. The latter was known for 23
cases: 14 (60.87%) patients were grouped as IRS 1 and 2.
Two patients (8.7%) were grouped as IRS 3 (Figure 2). 

The correlation coefficient tau b=-0.25 (p=0.19) indicates a
non-significant weak linear correlation between lower FIGO

stage (I and II) and higher grouped IRS (2 and 3). Eleven cases
(47.8%) out of 19 cases in FIGO stage I had higher grouped
IRS (2 and 3), while there was no case of higher FIGO stage
(III) associated with higher grouped IRS (2 and 3). 

The correlation between grouped IRS (0 to 3) with CA125
concentration in blood was only weak and not significant (in
both cases tau b=±0.347; p=0.14). 

The correlation between HE4 rate positivity and HE4 IRS
was significant (tau b=0.967; p<0.001). 

Discussion

The primary purpose of this study was to analyze the pattern
of HE4 tissue expression in different histological types of
BOT. We further evaluated the association of HE4 expression
with clinical factors that are known to be prognostic in
ovarian cancer, notably age at date of initial diagnosis, FIGO
tumor stage and CA125 levels in blood. 

In the present study, we identified a relatively weak
expression of HE4 in BOT patients with no invasive
implants, with one third of them not expressing the marker at
all, thus bringing into question the value of HE4 in the
diagnosis and management of BOT. 

Moore et al. noticed a significant increase in serum HE4
levels above the age of forty years in a cohort of 1,168
healthy women; they also found a significant difference in
the serum HE4 levels in pre-menopausal compared to post-
menopausal women (46.6 pmol/l vs. 57.6 pmol/l,
respectively) (17). 

In our survey, we did not find any significant correlation
between HE4 tissue expression (which might also result in
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Figure 1. A serous borderline ovarian tumor with moderate cytoplasmic
expression of human epididymis protein-4 in the majority of the tumor
cells. 

Figure 2. Distribution of grouped IRS within different FIGO stages. 



higher serum concentrations) and patient age at the date of
first diagnosis. In our study, HE4 expression and histological
type of BOT were also not associated. There was almost no
difference between serous and mucinous types concerning
the rate of HE4 positivity, which is in concordance with
findings in ovarian cancer. Among others, Drapkin and Van
Gorp revealed high plasma levels of HE4 in ovarian cancer
of the serous histological type (8, 18). 

Our cohort demonstrated a weak linear correlation between
a lower FIGO tumor stage and a higher expression of HE4
represented by higher grouped IRS 2 and 3, but this finding
was non-significant and should be interpreted carefully due to
the low number of cases. Furthermore, it is controversial
considering the findings in OC patients: a study by Escudero
et al. showed that both serum HE4 and CA125 levels are
associated with the histological type and FIGO tumor stage in
ovarian cancer, with lower concentrations in FIGO stage I and
II, compared to FIGO stages III and IV (10). In contrast,
Köbel et al. studied the expression of 21 tumor markers
(including HE4) in different histological types of ovarian
cancer, but no statistical significance difference in their
expression in different FIGO stages was found (19). 

Our study indicates that previous findings in invasive
ovarian cancer research are not assignable to BOT per se. The
main limitation of our study was the small number of cases.
Due to the low incidence of BOT of only 1.8-4.8 out of
100,000 women per year (1), multicenter surveys are certainly
needed. In order to increase the number of cohorts for both
prospective and retrospective studies, university and tertiary
clinics should be involved since they carry-out significantly
higher rates of operations on BOT than smaller hospitals (1).

Among others, it was Steven G. Silverberg who critized
the lack of information about the biology and clinical
behaviour of BOT as early as 2004 (20). The number of
publications in the field of BOT is not in general low, but
there is still a scant amount of knowledge on adjuvant
treatment and aftercare standards (21). To our knowledge,
there is a lack of pre-existing detailed literature dealing with
the role of HE4 tissue expression in BOT and its association
with clinicopathological factors. The present study is one of
the first steps to elucidate the role of HE4 tissue expression
in BOT and should encourage a more profound and
interdisciplinary view of this entity. 

Since some recent studies suggest that BOT might be a
pre-cancerous condition and might evolve to low-grade
serous ovarian cancer (22), further investigations into the
biology of BOT are crucial. Furthermore, regarding the
importance of HE4 as a tumor marker in the management of
patients with ovarian cancer and its upcoming broad use in
clinical settings, this should encourage further investigations
into HE4 in the field of BOT. 

The present study has without any some limitations doubt,
but provides an insight into the obstacles to be faced when

dealing with BOT. It also raises the question whether HE4
tissue expression might be found in patients with BOT that
present invasive implants. Due to the small number of such
cases and hence the lack of a comparison group, this
problem merits further studies and further investigations
might contribute to the better understanding of the etiology
of BOT itself. 
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