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HE4 protein and SMRP: Potential novel
biomarkers in ovarian cancer detection
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Abstract. Epithelial ovarian cancer has the highest mortality
of all gynecological cancers, and its progression is often
without symptoms. Clinical outcome and survival may
be improved if the disease is identified in the early stages.
The objective of the study was to evaluate the utility of the
serum biomarkers human epididymis protein 4 (HE4),
soluble mesothelin-related protein (SMRP) and CA125 in
the detection of ovarian cancer. In this retrospective study,
the serum concentrations of CA125, HE4 protein and SMRP
were measured in a cohort of 70 patients with epithelial
ovarian cancer (EOC) compared with 78 healthy controls.
Median serum levels of CA125 for ovarian cancer cases were
503.55+560.7 U/ml vs. 9.28+14.47 U/ml in the control group
(p<0.001); for SMRP 5.13+7.64 nM vs. 1.02+0.89 nM (p<0.01);
and for HE4 597.95+934.59 pM vs. 56.75+43.79 pM (p<0.001),
respectively. Positive correlations between the clinical stage
of EOC and CA125, HE4 and SMRP serum concentrations
were found [(R=0.83; p<0.001); (R=0.64; p<0.001); (R=0.45;
p<0.001), respectively]. Data analysis for the whole study
group also revealed a significant correlation between plasma
concentrations of CA125 and HE4 (R=0.45; p<0.001),
between CA125 and SMRP (R=0.38; p<0.001) as well as HE4
and SMRP (R=0.51; p<0.001). Similar significant correlations
between serum biomarker concentrations were also found in
the ovarian cancer group [CA125 and HE4 (R=0.31; p<0.01);
CA125 and SMRP (R=0.25; p<0.05); HE4 and SMRP
(R=0.44, p<0.001), respectively]. A significant correlation was
observed between the serous histological type of EOC and
serum concentration of HE4 in the study group compared with
other non-serous types of ovarian cancer (p<0.01). In conclu-
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sion, measuring CA125 in combination with new biomarkers
such as SMRP and HE4 may improve the accuracy of ovarian
cancer diagnosis, particularly in early detection of the disease.

Introduction

Epithelial ovarian cancer (EOC) has the highest mortality
of all gynecological cancers and is the fifth leading cause of
mortality due to cancer among women. Despite relatively
low incidence (approximately 1/100 000 new cases per year),
EOC presents a high case-to-fatality ratio. That progression
of the disease is relatively symptomless makes a significant
contribution to the high mortality rates. The 5-year survival
rate for EOC is approximately 45%, largely due to the high
proportion of cancer cases that are not detected until they have
spread beyond the ovary to the pelvis and upper abdomen.
Early stages of the disease remain without symptoms, with
the first signs typically occurring at an advanced stage.
Thus, ovarian cancer is commonly known as a ‘silent killer’.
Clinical outcome and survival may be significantly improved
by identifying the disease in its early stages without the
need for altering surgical or chemotherapeutic approaches.
Although certain ovarian cancer screening tests have been
shown to decrease mortality rates, the possibility of efficient
screening that may be used in everyday practice remains
elusive. Measurement of serum CA125 antigen remains the
gold standard (1-18).

The best-studied serum marker for ovarian cancer, CA125,
is elevated in less then half of early stage EOC cases and is not
expressed in approximately 20% of ovarian cancers resulting
in a decrease of sensitivity. The lack of specificity of CA125 is
secondary to its levels being elevated in a number of benign
gynecological and non-gynecological conditions. As such, in
recent years over 45 new or already known substances have
been verified as ovarian cancer biomarkers, such as human
epididymis protein 4 (HE4) and soluble mesothelin-related
protein (SMRP). Novel biomarkers alone or combined with
CAI125 potentially increase the sensitivity and specificity of
CA125. Mesothelin and HE4 protein are the most intensively
studied of the novel biomarkers (19-28).
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Table I. Demographics and clinical characteristics of study population.

Characteristics

Study group (n=70)

Control group (n=78)

Age (years)

Mean (SD) 57.36 (9.73) 55.06 (11.21)

Range 20-80 32-74
Menopausal status

Premenopausal 15 (21.4%) 27 (34.6%)

Postmenopausal 55 (78.6%) 51 (65.4%)
Ovarian cancer stage (FIGO)

I 15 (21.4%) NA

I 3(4.3%) NA

1 45 (64.3%) NA

v 7 (10%) NA
Histology

Serous 52 (74.3%) NA

Endometrioid 5(7.1%) NA

Mucinous 7 (10%) NA

Other subtype 6 (8.6%) NA

SD, standard deviation; NA, not applicable.

Mesothelin is a differentiation antigen highly expressed in
mesotheliomas, pancreatic, ovarian and other types of cancer.
Its expression in normal human tissues is limited to mesothelial
cells lining the pleura, pericardium and peritoneum. Since the
widely accepted model of ovarian carcinogenesis is the tumor
origin from the ovarian surface epithelium (OSE) followed
by spread to the pelvic and abdominal cavities afterwards, it
appears that proteins, such as mesothelin may be useful in the
early detection of ovarian cancer. Mesothelin and its soluble
isoforms (SMRP) are synthesized by mesothelial cells but only
in a state of serious pathology such as carcinogenesis. Ovarian
cancer is one of the tumors triggering SMRP synthesis, thus a
diagnostic test based on serum SMRP concentrations may be
helpful in the diagnostic process (4,24,26,29-37).

HE4 protein was first identified in the epithelium of the
distal epididymis and was predicted to be involved in sperm
maturation as a protease inhibitor. This protein has a WAP-type
four-disulphide core (WFDC) domain and is encoded by the
WFDC?2 gene. In malignant ovarian neoplasms upregulation
of that gene was observed. In patients with ovarian tumors,
sensitivity of the HE4 protein is similar to CA125 but speci-
ficity for malignancy was increased as compared to benign
disease (4,24,26,38-44).

HEA4 is not elevated in common benign gynecological and
other medical conditions, whereas CA125 is elevated. SMRP
and HE4 complement CA125 in ovarian cancer detection and
are therefore of particular interest for the detection of early
stage EOC (26,43,44).

The aim of the present study was to evaluate the useful-
ness of the potential biomarkers SMRP and HE4 for ovarian
cancer diagnosis. Additionally, the associations between
SMRP, HE4 and CA125 were analyzed to evaluate the role
of the two biomarkers in the early stages of the disease as
well as possibilities of supporting the diagnostics of advanced

stages of ovarian cancer. A further aim of the study was to
investigate how the serum concentration of HE4, SMRP and
CA125 varied with age, histological type and stage of ovarian
cancer in women with ovarian cancer and healthy controls.

Materials and methods

Patient characteristics. Study participants were recruited
between 2005 and 2007. The study group consisted of
70 patients with diagnosed ovarian cancer. The control
group consisted of 78 healthy women without any patho-
logical features of the ovaries. Prior to collection of biological
samples all patients were required to provide full informed
consent. Cases were defined as having epithelial carcinoma
confirmed by a standardized review of the medical records
and pathologist examination of paraffin-embedded tissue for
tumor histology. Patients with an EOC underwent surgical
staging required by protocol or tumor debulking as clinically
indicated. Of the 70 patients with EOC, 52 cases had serous
ovarian carcinoma, 7 cases had mucinous histological type, 5
had endometrioid EOC and 6 patients had other histological
types of disease. Patient demographics and characteristics are
shown in Table I. The study was approved by the local ethics
committee of the Central Clinical Hospital of Ministry of
Interior and Administration.

Methods. Blood (20 ml) was collected, clotted for 60 min and
centrifuged. The serum fraction was removed and stored at
-70°C until use. Serum levels of CA125, HE4 and SMRP were
measured using bead-based immunoassay kits from commer-
cial suppliers according to manufacturers' instructions.

Statistical analysis. SPSS statistical software (version 11.5;
SPSS Inc., Chicago, IL, USA) was used for statistical analyses.
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The statistical tests were two-sided and considered to be statis-
tically significant at p<0.05.

Results

Mean values for the plasma levels of all biomarkers differed
significantly between patients with cancer compared to the
control group. The median serum level of CA125 for ovarian
cancer cases was 503.55+560.7 U/ml vs. 9.28+14.47 U/ml in
the control group (p<0.001). For SMRP, the median serum
concentration in the study group was 5.13+7.64 nM vs.
1.02+0.89 nM in the control group (p<0.01); and for HE4 these
results were 597.95+934.59 pM in the ovarian cancer group
vs. 56.75+43.79 pM in the control group (p<0.001).

Data analysis also revealed significantly higher concen-
trations of CA125, HE4 and SMRP in the late stage ovarian
cancer group (FIGO II-IV) in comparison with the early
stage patients (FIGO I stage) and control group. A positive
correlation between the clinical stage of ovarian cancer
and CA125 blood serum concentration was found (R=0.83;
p<0.001). A positive correlation was found between the
HE4 protein serum concentration and EOC stage (R=0.64;
p<0.001) (Fig. 1) and between the SMRP plasma concentra-
tion and stage of ovarian cancer patients (R=0.45; p<0.001)
(Fig. 2).

Data analysis from the study participants also demon-
strated a significant correlation between plasma concentration
of CA125 and HE4 (R=0.45; p<0.001), between CA125 and
SMRP (R=0.38; p<0.001) as well as HE4 and SMRP (R=0.51;
p<0.001). Moreover, in the group of patients with ovarian
cancer, similar significant correlations between serum
biomarker concentrations were observed [CA125 and HE4
(R=0.31; p<0.01); CA125 and SMRP (R=0.25; p<0.05); HE4
and SMRP (R=0.44, p<0.001)].

Significant correlations were observed between the
serous histological type of EOC and serum concentration of
HE4 observed in the study group in comparison with other
non-serous types of ovarian cancer (p<0.01) (Fig. 3).

To compare the results, SMRP plasma concentrations in
the study group in serous and non-serous histological type of
EOC were also analyzed, but the results turned out not to be
statistically significant (p=0.29). Additionally, data analysis of
the study group participants also revealed a positive correlation
between the age of the patients and HE4 plasma concentration
(R=0.32; p<0.01), whereas the results for CA125 and SMRP
were not statistically significant (p=NS).

Discussion

The novel ovarian cancer biomarkers HE4 protein and meso-
thelin have utility for the early detection of ovarian cancer,
but the gold standard for ovarian cancer screening for evalu-
ating CA125 measurements with a value above 35 U/ml is
considered to be abnormal. The above-mentioned marker is
characterized by a specificity of approximately 80% and a low
false positive rate of less than 1%. Serum CA125 is increased
in approximately 50% of women with the stage I ovarian
cancer according to FIGO, which appears unsatisfactory.
However, 80% of women with ovarian cancer staged from
II to IV according to FIGO increased the values of CA125.
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Figure 1. Positive correlation between the clinical stage of ovarian cancer
and HE4 blood serum concentration in the late stage ovarian cancer group
(FIGO II-1V) in comparison with early stage patients (FIGO I stage) and
control group (R=0.64; p<0.001).
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Figure 2. Positive correlation between the clinical stage of ovarian cancer
and SMRP blood serum concentration in the late stage ovarian cancer group
(FIGO II-1V) in comparison with early stage patients (FIGO I stage) and
control group (R=0.45; p<0.001).
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Figure 3. Mean HE4 plasma concentration in serous and non-serous
histological types of ovarian cancer (p<0.01).
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Nonetheless, screening based only on CA125 measurements,
results in approximately 20% of cases of ovarian cancer not
being detected (36,37).

Furthermore, in a study by Pauler et al, the authors reported
that CA125 levels in healthy women vary based on character-
istic such as age, race, smoking status, caffeine intake, age at
menarche and menopause status (26,45).

SMRP and HE4 are two of the most promising novel
ovarian cancer biomarkers and are candidates for early detec-
tion markers to replay or complement CA125 (4).

In a study by Mclntosh et al, specificity of CA125 alone
was found to be 79%, increasing to 87% when CA125 is used
with the composite marker mesothelin (sensitivity at 98%).
However, the authors concluded that, as a single marker,
CA125 is a better alternative to SMRP (36).

The present study found a significant correlation between
the clinical stage of the ovarian cancer and CA125, HE4 and
SMRP blood serum concentration in the late stage ovarian
cancer group (FIGO II-IV) in comparison with early stage
patients (FIGO I stage) and a control group. This is in accor-
dance with data presented in the literature (28,43,44,46,47).

The results suggest that HE4 and SMRP improved perfor-
mance in early stage disease, but since the majority of the
cases (in our study 74.3%) were diagnosed in late stages of the
disease (IIT or IV FIGO), larger study cohorts are required to
confirm this hypothesis. Study results have shown a significant
correlation between the serous histological type of EOC and
serum concentration of HE4 in the study group in comparison
with other non-serous types of ovarian cancer (p<0.01).
However, for SMRP and CA125, the results turned out not to
be statistically significant (p=0.29; p=0.09). Findings of a study
by Palmer et al showed results for the HE4 protein to be statis-
tically significant. Those authors concluded that sensitivity and
specificity of single marker HE4 is similar to the combination
of CA125 and HE4 and higher than that of CA125 alone (28).

In a study by Shah et al, mesothelin and HE4 plasma
levels were found to be higher for mucinous ovarian cancer
cases. However, those results may have been spurious due to
the small total number of mucinous cancer cases in the cohort
(n=6) (26). In our study, no such correlation for the mucinous
histological type of cancer was found, but there were only
seven cases of this type in our cohort. Moreover, in the study
by Palmer et al extremely low results were obtained for muci-
nous type sensitivity and specificity for the combination of
CA125 and HE4 (17 and 98%, respectively) (26,28).

We also observed a correlation between the plasma
concentration of HE4 and age in the cancer subgroup. Similar
results were published in 2008 by Lowe et al whereby levels
of HE4 serum increased with age in a similar manner between
women with ovarian cancer and healthy controls. For SMRP
and CA125, the results were found not to be statistically
significant (4).

However, most recent studies undermine the role of
CA125 as a single biomarker in early detection of ovarian
cancer. Investigators have attempted to increase the sensitivity
of the test without decreasing its specificity. It appears that
the combination of CA125 with other blood serum biomarkers
such as SMRP or HE4 may be useful (31,32,48.,49).

The main conclusion derived from the present study and
supported by previous studies is that HE4 protein, especially in
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combination with CA125 and SMRP, may be used as a marker
of early stage ovarian cancer. Serum SMRP and HE4 may be
useful biomarkers for ovarian cancer screening and detec-
tion. Although it cannot be used alone in early stages of the
disease, SMRP and HE4 assessment is a useful screening tool
in advanced stages of ovarian cancer. Serum CA125 antigen
is currently the most efficient ovarian cancer biomarker, espe-
cially in early stages of the disease. Data from the present study
suggest that HE4 and SMRP is a potentially useful in multiple
marker screening for the serous type of ovarian carcinoma.
Analysis of the biomarkers also demonstrated age-dependent
differences in the serum concentrations of HE4, as previ-
ously reported (4,44). Further studies are required to assess
this property of HE4 and SMRP alone and confirm their
performance at high specificity before we are able to make
statements concerning the superiority or inferiority of these
new biomarkers over CA125 alone for early detection.
Ongoing efforts using targeted discovery, combination of
markers, and stratification of screening populations by cancer
risk may yet lead to an effective early detection test for ovarian
cancer. However, ovarian cancer is a heterogeneous disease
and it may be difficult for a single marker, even with serial
testing, to achieve a level of robust performance that would
allow cost-effective screening of a general population. It is
conceivable that by incorporating existing or newly discovered
tumor markers one could significantly improve the sensitivity
and specificity of detection of true early signs of ovarian cancer.
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