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ABSTRACT
The WFDC2 (HE4) gene is amplified in ovarian carcinomas, whereas its
expression in normal tissues, including ovary, is low. Although the function of the HE4 protein is unknown, it is a member of a family of stable
4-disulfide core proteins that are secreted at high levels. We therefore
performed experiments to explore whether quantitation of HE4 protein
levels in serum can be used as a biomarker for ovarian carcinoma. A
fusion gene was constructed encoding the HE4 protein fused to a gene
encoding the murine IgG2a Fc domain. Subsequently, protein produced in
mammalian cells was purified by affinity chromatography and used to
immunize mice to generate hybridomas specific for HE4. Hybridoma
supernatants were screened for binding to a similar fusion protein that,
instead, had a human immunoglobulin tail. Two hybridomas, 2H5 and
3D8, were selected that produce monoclonal antibodies to different HE4
epitopes, and a double determinant (“Sandwich”) ELISA was constructed
and shown to detect a signal at the 160-pg level. Blinded studies on sera
from postmenopausal patients with ovarian carcinoma and controls indicate that the specificity and sensitivity of the HE4-based ELISA is equivalent to that of the CA125 assay. However, the HE4 assay may have an
advantage over the CA125 assay in that it is less frequently positive in
patients with nonmalignant disease.

INTRODUCTION
Ovarian cancer is potentially curable if diagnosed when localized
(1), but most ovarian cancers are unfortunately diagnosed at an
advanced stage when the survival rate is ⬍20% despite aggressive
surgery and chemotherapy (1). Currently, the only clinically accepted
serum marker for ovarian cancer is CA125 (2, 3), which is found
elevated in the majority of all ovarian cancers but in only half of those
with early stage disease. Although overall CA125 has high sensitivity,
its clinical use as an early detection marker for screening is severely
limited, because it is also frequently elevated in women with more
highly prevalent benign disease (4). Because these false positives are
not easily eliminated by available imaging technologies, CA125based screening would result in a large number of unnecessary surgeries. There is a need for novel markers that are sensitive and specific
and/or improve diagnosis when used in combination with CA125 or
that can replace it.
A time-honored approach to detect tumor markers is to immunize
mice with human tumors, in this case, ovarian carcinoma, to obtain
tumor-selective MAbs4 (5–7). Recently, MAbs obtained this way
were used to construct an ELISA that measures antigen(s) of the MPF
(megakaryocyte potentiating factor) mesothelin family (referred to as
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MSLN) in patient sera (7). Initial studies performed with this assay
demonstrated antigen in sera from many patients with ovarian carcinoma as well as in sera from some patients with other malignancies
(7). A subsequent “blinded” study indicated that this ELISA can
complement the classical CA125 assay to improve the detection of
patients with ovarian cancer.5
Another approach is based on the identification of overexpressed
genes using techniques such as serial analysis of gene expression or
cDNA microarrays (8 –14). The latter was applied to identify two
genes, WFDC2 and MSLN, which are amplified in ovarian carcinomas
but not in normal tissues (13, 14). The WFDC2 gene was initially
identified in epithelial cells of human epididymis and referred to as an
epididymis-specific, fertility-related protein, HE4 (Homo sapiens epididymis specific; Refs. 15 and 16). HE4 belongs to a “four-disulfide
core” family that comprises a heterogeneous group of small acid- and
heat-stable proteins of divergent function. One of these proteins, the
Wp protein (17), is expressed in milk, and secretory leukocyte protease inhibitor is present in seminal plasma and parotid secretions
(18). Some members of the four-disulfide core family of proteins are
protease inhibitors. These include secretory leukocyte protease inhibitor, which is a potent inhibitor of trypsin, chymotrypsin, elastase, and
cathepsin G, as well as elafin (19), which is a potent inhibitor of
elastase but not of other proteases, such as trypsin. No protease
inhibitory activity has been identified for HE4, whose function remains unknown.
The initial microarray studies to search for genes that are overexpressed in ovarian carcinoma were extended by using membranebased cDNA arrays, glass-based cDNA microarrays, and complementary statistical approaches to examine the expression of ⬎100,000
transcripts in 13 ovarian cancers, 2 benign ovarian tumors, and 17
normal tissues.6 Altogether, 101 transcripts were identified that were
overexpressed in ovarian cancers as compared with normal tissues,
including normal ovary. Real-time PCR of an independent set of
benign and malignant tissues was then performed to characterize a
subset of 64 genes of greatest interest, 12 of which were confirmed as
overexpressed in ovarian cancers. Two of them, WDFC2 (HE4) and
MSLN, appeared to have the highest selectivity for ovarian cancer.
Importantly, the former gene, in this study referred to as HE4, was not
amplified in any of 19 tissues from women with benign ovarian
masses who had elevated serum levels of CA125 (⬎30 units/ml).
Bingle et al. (20) have recently reported that the HE4 gene is
expressed also in some normal tissues and undergoes complex alternative splicing to yield multiple protein isoforms. Although this
implies that HE4 proteins are not tumor specific, they may still have
sufficient levels of tumor selectivity to serve as putative biomarkers
for ovarian carcinoma. We have therefore generated MAbs to HE4
epitopes using a method that has been successfully applied in other
systems (21). Constructs were made that encoded fusion proteins
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incorporating the HE4 gene fused to a gene encoding Ig Fc domains
from (IgG) mouse or humans. Mice were immunized with HE4 fusion
protein that had a mouse Ig tail, after which hybridomas were generated and their supernatants screened against the human HE4 fusion
protein. Two MAbs were derived, 2H5 and 3D8, which recognize
different HE4 epitopes.
MAbs 2H5 and 3D8 were used to construct a double determinant
(“Sandwich”) ELISA. The ELISA was applied in a blinded study to
test sera from a group of postmenopausal ovarian carcinoma patients
and postmenopausal controls applying common processing and storage protocols. Our findings indicate that the HE4-based ELISA can
aid the diagnosis of ovarian carcinoma and that it has an advantage
over the classical CA125 test by being less frequently positive in
women who have benign disease.

MATERIALS AND METHODS

size for the full-length HE4 were obtained, then cloned and confirmed by
sequence analysis. As described in “Results,” sequence discrepancies were
detected between the originally published HE4 sequence (16) and the sequence
of HE4 obtained from 4007 and other ovarian carcinoma cell lines, which led
us also to sequence HE4 isolated from epididymis. The corrected sequence was
used for construction of fusion proteins.
Production of HE4Ig Fusion Protein. A technique introduced by Capon
et al. (25) was applied to construct fusion proteins with an Ig tail, which were
of either mouse (HE4-mIgG) or human (HE4-hIgG) origin and used to immunize mice. The HE4-mIgG 2a and HE4-hIgG1 cDNA constructs were inserted
as a HindIII-XbaI fragment (Fig. 1) into the multiple cloning site of the
mammalian expression vector pD18, a derivative of pCDNA 3 as described
previously (26). Constructs initially were transfected into COS cells by DEAEDextran transient transfections as described (23). Culture supernatants were
harvested after 72 h and screened by immunoprecipitation with protein Aagarose, reducing SDS-PAGE electrophoresis, and Western blotting (Fig. 1).
CHO-DG44 cells (27) were used to construct stable lines expressing high
levels of the fusion proteins of interest. Stable CHO lines expressing HE4Ig
were created by high copy electroporation in the pD18 vector (26, 28) and
selection of methotrexate-resistant clones by limiting dilution in Excell 302
CHO media (JRH Biosciences, Denver, PA) containing recombinant insulin
(Life Technologies, Inc.), sodium pyruvate (Invitrogen Corp., Carlsbad, CA),
L-glutamine (Invitrogen Corp.), 2 ⫻ nonessential amino acids (Invitrogen
Corp.), and 100 nM methotrexate (Sigma, St. Louis, MO). Culture supernatants
from resistant clones were then assayed by IgG sandwich ELISA to screen for
high producing lines. Spent supernatants were harvested from large-scale
cultures, and HE4Ig was purified by protein A affinity chromatography, after
which the fusion proteins were checked by Western blotting (data not shown).
The HE4-hIgG1 fusion protein migrated at an apparent molecular weight of Mr
⬃48,000 on reduced gels or Western blots, larger than the Mr 36,000 expected
based on the predicted amino acid sequence, suggesting that the molecule was
glycosylated. Stable transfectants were used to produce enough protein for
immunization of BALB/c mice.
Generation of Anti-HE4 MAbs. BALB/c mice were immunized six times
against HE4-mIgG, the first time together. Three days after the last immunization (day 62), when the mice had high antibody titers to HE4-hIgG, they
were sacrificed, and hybridomas were made by fusing spleen cells with the
myeloma partner P3-X63-Ag8 – 653 (7). Hybridomas 2H5 and 3D8 were
obtained and found to identify different epitopes according to competition
assays.
Construction and Application of an ELISA for Tumor Diagnosis. A
double determinant (Sandwich) ELISA was constructed, using a similar approach as that used to make an ELISA that measures mesothelin/MPF and
related antigens in serum (7) using MAbs 2H5 and 3D8. MAb 2H5 was
biotinylated, whereas MAb 3D8 was immobilized by binding to the bottom of
the test plates; the respective concentrations of the two MAbs for the assay
were 2.5 and 40 g/ml. A standard curve was constructed by using, as antigen,
HE4-hIgG diluted in rLAV EIA specimen diluent buffer (Bio-Rad, Hercules,
CA). Serial dilution of the samples was performed to measure sensitivity and
specificity of the ELISA. Fig. 2 illustrates data obtained by the HE4 capture
assay. Samples included serum from an ovarian carcinoma patient (200889),
which was used as a positive control; serum from a healthy donor (JR7721),
which was used as a negative control; HE4-hIgG fusion protein; serum from
the healthy donor spiked with HE4-hIgG fusion protein; and MSLN-hIgG
fusion protein, which was used as a second negative control. All samples were
diluted in the same manner as the HE4-hIgG. As shown in Fig. 2, a signal was
detected at the 160-pg level when HE4-Ig was used as antigen. The ELISA was
subsequently used in a blinded study to measure HE4 protein in serum (Fig. 2).

Amplification of HE4 (WFDC2) cDNA from a High-throughput HE4
cDNA Clone toward Construction of a Fusion Construct. Our strategy was
to make constructs in which the HE4 (WDFC2) gene was combined with genes
encoding IgG to construct fusion proteins to immunize mice and obtain MAbs.
The mice were immunized against fusion proteins with a mouse Ig tail, and the
hybridomas were screened against fusion proteins with a human Ig tail.
Subsequently, a double determinant (Sandwich) ELISA was constructed.
The mRNA sequence for HE4 as originally published by Kirchoff et al. (15,
22) and deposited in GenBank (accession no. X63 187) provided the basis for
oligonucleotide primer design to clone cDNA that encodes HE4. The cDNA
for HE4, identified and isolated as a differentially expressed gene product
using high-throughput cDNA arrays, was cloned in pSPORT as a 526-bp
fragment. This cDNA was used as a template in PCR to amplify HE4 in a form
appropriate for creating synthetic fusion protein genes.
A fusion protein was designed that incorporated the complete HE4 gene
product fused to the human IgGl Fc domain. Primers were designed that
encoded appropriate restriction sites for cloning and created the necessary
in-frame fusions of protein domains for the final construct. The 5⬘ primer
included a HindIII site, a Kozak sequence to improve expression adjacent to
the first ATG, and a portion of the HE4 leader peptide based on the HE4
sequence published previously. The 3⬘ primer included an in-frame BamHI site
for fusion to the human-Ig tail cDNA, with the 3⬘ end of the HE4 coding
sequence truncated just before the STOP codon. PCR amplification reactions
were performed according to manufacturer’s instructions (ExTaq; Takara Bio,
Inc., Otsu, Shiga, Japan) using 100 ng of HE4/pSPORT plasmid as a template
and 30 cycles of amplification (1 min at 94°C, 1 min at 55°C, and 30 s at
72°C). Primer sequences are available on request. PCR products of the expected size (⬃400 bp) for the full-length HE4 were obtained and then purified
using the QIAquick PCR Purification Kit (Qiagen, Valencia, CA). The purified
PCR fragments were restriction digested, purified using the QIAEx II Gel
Extraction Kit (Qiagen), and ligated into the appropriately digested mammalian expression plasmid already containing the human IgGl insert.
Ligation products were transformed into DH5␣ bacterial cells, and transformants were screened for the presence of HE4-hIgG1 fusion gene inserts and
verified by sequence analysis. In addition, protein expression was confirmed
using plasmid DNA from these isolates to transiently transfect COS7 cells by
the DEAE-Dextran technique as described (23). Culture supernatants were
harvested after 72 h and screened by immunoprecipitation with protein Aagarose (Repligen, Cambridge, MA), reducing SDS-PAGE electrophoresis,
and Western blotting. Western blots were probed using a goat antihuman IgG
horseradish peroxidase conjugate (Caltag, Burlingame, CA) at 1:5000, followed by enhanced chemiluminescence development (Amersham, Little Chalfont, United Kingdom).
To clone HE4 cDNA, RNA was prepared from ovarian tumors and several
ovarian tumor cell lines, including 4007 and OVCAR3 (24), using TRIzol
(Life Technologies, Inc., Gaithersburg, MD) according to the manufacturer’s
instructions. cDNA was prepared using 1–3 g of RNA, random hexamers,
and Superscript II Reverse Transcriptase (Life Technologies, Inc.) according to
the manufacturer’s directions. HE4 cDNA was PCR amplified from the random primed cDNA using standard conditions. PCR products of the expected
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Fig. 2. Illustration of data obtained by the HE4 capture
ELISA.

RESULTS
Correction of the Originally Deposited HE4 (WDCF2) Gene
Sequence. Results from sequence analysis of the HE4 gene isolated
from ovarian carcinoma line 4007 indicated that the HE4 coding
sequence and deduced amino acid sequence differed at several positions from the published HE4 coding and translated sequences as
deposited in GenBank (15). Sequences were therefore also obtained
from cDNAs derived from several ovarian carcinoma cell lines.
Clones with inserts were sequenced as described above, and the PCR
fragments from the tumor RNA samples were found to encode HE4
sequence identical to the original clones from the 4007 tumor. All of
these HE4 sequences differed from the published sequence for HE4
(15). Similarly, HE4 coding sequence was obtained from normal
epididymis and primary tumor tissue cDNAs and matched the new
HE4 sequence described above but differed from the HE4 sequence of
Kirchoff et al. (15). The corrected sequence for HE4, which has been
deposited in GenBank (accession no. AY212888), was used to construct fusion proteins.
Measurement of HE4 Antigen in Sera from Ovarian Cancer
Patients and Controls. Pilot tests using a reference group of sera
from patients with ovarian carcinoma and matched controls indicated
that the HE4 protein was elevated in a significant fraction of patients
with ovarian carcinoma. Therefore, we performed blinded tests on
sera from 37 ovarian cancer patients (7 early stages and 30 late
stages), 65 healthy asymptomatic controls, and 19 with benign ovarian
disease. All specimens were selected at random from among all
postmenopausal subjects contained in the serum repository of an
National Cancer Institute-funded ovarian cancer Specialized Programs of Research Excellence program at the FHCRC. Specimens
from ovarian carcinoma cases and benign disease were collected
before surgery and treatment. Specimens from healthy asymptomatic
controls were collected as part of a research trial on ovarian cancer
screening of normal risk women. All specimens were processed using
the same protocol. Sample sizes were determined to have the power
to detect sensitivities as low as 10% at high specificity with the
Wilcoxon rank-sum test. Blinding of the status of the specimens was
enforced by its Bioinformatics Core. For comparison, all sera were
also tested for CA125 in the FHCRC core laboratory using the FDI
(formerly Centocor) CA125 II assay.

Of the 37 sera tested, the most common histology was serous
ovarian carcinoma (n ⫽ 21), and the most common stage was stage III
(n ⫽ 24). Sixteen patients had the most common histology and most
common stage (stage III serous carcinoma). Other histological types
represented are poorly differentiated (n ⫽ 4), undifferentiated (n ⫽ 2),
adenocarcinoma (n ⫽ 5), mucinous (n ⫽ 1), clear cell (n ⫽ 1), and
“mixed histology” (n ⫽ 3).
Neither CA125 nor HE4 was a perfect predictor of ovarian cancer.
Using a 95% specificity threshold for positivity, HE4 failed to identify
7 cases, and CA125 failed to identify 8 cases. For HE4, the false
negative cases included serous (3 of 21), undifferentiated (1 of 4),
clear cell (1 of 1), undifferentiated (1 of 2), and mixed histology (1 of
3). Cases that were falsely negative when tested with the CA125 assay
include serous ovarian carcinoma (3 of 21), poorly differentiated (2 of
4), and undifferentiated carcinoma (3 of 4). Two of 21 serous ovarian
carcinomas were missed by both the HE4 and CA 125 assays, as was
1 of 2 undifferentiated carcinomas and 1 of 4 poorly differentiated
carcinomas.
Table 1, A–C summarizes the sensitivity achieved by the assay at
cutoff levels associated with various correct classification rates, or
specificity, among control subjects of different types. The left part of
the table shows the specificity achieved, whereas the center and right
columns compare the sensitivities of HE4 (center) and CA 125 (right)
achieved at these thresholds. Table 1A compares early stage cases to
healthy controls, Table 1B compares late stage cases to healthy
controls, and Table 1C compares all cases to benign controls, e.g., at
a threshold with no misclassification of healthy subjects, or perfect
specificity (1.0), the HE4 assay was able to detect 16 of the 30 late
stage cases for 53.3% sensitivity (Table 1B). At a threshold that
misclassified 3 of 65 controls (96% specificity), HE4 correctly classified 24 of 30 late stage cases (80% sensitivity). Data from the
CA125 assay are shown on the right side of the table. For the
specificities represented in Table 1A (early stage cases) and Table 1B
(late stage cases), CA125 and HE4 have comparable, and not statistically different, sensitivity (Table 1, A–C).
However, when compared with controls having benign ovarian
disease, the HE4 assay was slightly better than the CA125 assay in
detecting early cases with high specificity (Table 1C). The 17 cases
with benign ovarian disease were histologically classified as “muci-
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CA125 and HE4 to distinguish late stage cancer (Fig. 3) and early
stage cancer (Fig. 4) from healthy controls and patients with ovarian
cancer from those with benign ovarian disease (Fig. 5). The horizontal
axis represents the misclassification rate in the controls (equal to one
minus specificity), and the vertical axis represents the true classification rate in the cases (the sensitivity). In this way, the complete
tradeoff between sensitivity and specificity is displayed. When comparing two ROC curves, the marker achieving the highest curve
(highest sensitivity) can be considered superior at that misclassification rate (Figs. 3–5).
It is also common to summarize an ROC curve by the AUC (29,
30). A perfect ROC curve has AUC ⫽ 1 (or 0), and a useless marker
has AUC ⫽ 0.5. We performed statistical tests of markers using the
Wilcoxon rank-sum test, because it is equivalent to testing whether its
ROC curve has AUC ⫽ 0 and so is appropriate for testing diagnostic
markers (31). Table 2 reports the AUC summarizing the ability of
HE4 and CA 125 to distinguish cases from healthy controls and cases
from benign controls. Each AUC reported in the table is statistically
significant as measured by the Wilcoxon rank-sum test, meaning that
both markers have the ability to discriminate cases from the respective
controls (Table 2).
When using normal subjects as the comparison group for all of the
cases, the AUC values for HE4 and CA125 are very similar (Figs. 4
and 5 and Table 2). The ROC curves displayed have the following
AUC: (a) HE4 ⫽ 0.96, CA125 ⫽ 0.95 (Fig. 4) and (b) HE4 ⫽ 0.85,

Table 1 Summary of data from blinded assays of sera from patients with ovarian
carcinoma and from controls
A. Early stage cancer versus normal
No. of 7 early stage cases exceeding
threshold (sensitivity)

No. of 65 healthy controls
exceeding threshold
(specificity)
1
2
3
4
5
6

24
13
8
6
3
0

(0.60)
(0.80)
(0.88)
(0.92)
(0.96)
(1.00)

HE4
6
6
6
6
6
3

CA 125

(0.86)
(0.86)
(0.86)
(0.86)
(0.86)
(0.43)

7
7
7
7
5
2

(1.00)
(1.00)
(1.00)
(1.00)
(0.71)
(0.29)

B. Late stage cancer versus normal
No. of 30 late stage cases exceeding
threshold (sensitivity)

No. of 65 healthy controls
exceeding threshold
(specificity)
1
2
3
4
5
6

24
13
8
6
3
0

(0.60)
(0.80)
(0.88)
(0.92)
(0.96)
(1.00)

HE4
29
29
28
25
24
16

CA 125
(0.97)
(0.97)
(0.93)
(0.83)
(0.80)
(0.53)

28
26
26
25
24
14

(0.93)
(0.87)
(0.87)
(0.83)
(0.80)
(0.47)

C. All cases versus benign disease
No. of 37 cases exceeding threshold
(sensitivity)

No. of 19 benign controls
exceeding threshold
(specificity)
1
2
3
4
5
6

8
4
3
2
1
0

(0.60)
(0.80)
(0.88)
(0.92)
(0.96)
(1.00)

HE4
29
29
23
21
20
18

CA 125
(0.97)
(0.97)
(0.77)
(0.70)
(0.67)
(0.60)

26
24
24
22
12
4

(0.87)
(0.80)
(0.80)
(0.73)
(0.40)
(0.13)

Fig. 4. ROC curves for identifying early stage ovarian cancer from healthy women.

Fig. 3. ROC curves for identifying late stage ovarian cancer from healthy women.

nous” (1), “serous” (8), “non-neoplastic” (3), and other benign
histologies (4). Note that endometroid histology is absent from our
benign disease cases, which is the benign histology most often associated with false elevations of CA 125. However, this benign condition can be diagnosed by other means, such as medical history and
specific symptomology, and so it is not as commonly mistaken for
ovarian cancer as other benign histologies. Thus, the benign conditions that are most relevant for screening are those nonendometroid
histologies represented among the subjects we tested.
Table 1, A–C gives the sensitivities of each marker at selected
specificities, and Figs. 3–5, respectively, summarize the sensitivities
at all specificities in ROC curves. These curves display the ability of

Fig. 5. ROC curves for identifying all cases of ovarian cancer from women with benign
disease.
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Table 2 Summary of AUC values for HE4 and CA 125 for discriminating between
cases and various controlsa
HE4 Assay

CA 125 Assay

Cases

Healthy
control

Benign
control

Healthy
control

Benign
control

All
Early stage only
Late stage only

0.95
0.85
0.96

0.90
0.86*
0.91

0.94
0.90
0.95

0.84
0.80*
0.85

a
All AUC values except * (with P ⬍ 0.01) are statistically significant and have
P ⬍ 0.001, by the Wilcoxon rank-sum test.

CA125 ⫽ 0.9 (Fig. 5). Although the AUC for HE4 exceeds that for
CA125, the difference between them is not statistically significant
(P ⫽ 0.76). Thus, by the ROC curves and statistical test, we conclude
that HE4 and CA125 have overall comparable ability to discriminate
ovarian cancer cases from normal subjects.
When using benign controls as the comparison group for all cases,
the overall ROC curves for HE4 and CA125 are similar along most of
the ROC curves (Fig. 5 and Table 2). The AUC for the curves in Fig.
5 are 0.9 for HE4 and 0.84 for CA125, but the greater overall AUC for
HE4 is not statistically significant (P ⫽ 0.27). The AUC summarizes
the overall ROC curve, but the performance at very high specificity,
especially for benign ovarian disease, is most relevant for cancer
screening. Indeed, Jacobs (32) reports that for ovarian cancer screening, a marker will need to achieve a specificity ⬎99% to achieve
clinical relevance. Therefore, in addition to comparing the overall
ROC curves, it is also particularly relevant to compare markers at
highest specificity. Of the 37 cases, only 4 (10.8% sensitivity) have
CA125 levels exceeding the maximum found among the benign
controls (100% specificity), whereas HE4 identified these 4 and 17
others, for a total of 21 of 37 cases (56.7% sensitivity). This difference
is statistically significant (P ⫽ 0.001 by McNamara test) and is
indicative of HE4 having a better ability to discriminating between
women with malignant and benign disease.
DISCUSSION
Most existing antitumor MAbs have been obtained from mice that
were immunized with human tumors, including MAbs to MSLN (5,
6), which is a promising new marker for ovarian carcinoma (7).
However, the probing of large numbers of genes with microarray
technology for amplification in neoplastic versus normal cells and
generation of MAbs to the products of selectively amplified genes can
dramatically facilitate the identification of novel tumor markers.
Although the HE4 (WDFC2) gene was cloned already in 1991 (15),
it was not until microarray analyses had been performed that its
association with ovarian carcinoma became known (8, 9).6 Further
support for the microarray approach comes from the demonstration
that the MSLN genes were also amplified in ovarian carcinoma. This
agrees with the finding that MAbs to MSLN have high and relatively
selective binding to cells from ovarian carcinoma (7).5
Rapid and reliable methods to generate and characterize MAbs to
the products of newly discovered tumor-selective genes will facilitate
their evaluation as diagnostic markers and therapeutic targets. Construction of fusion proteins with Ig tails has two advantages to
facilitate the generation of MAbs: (a) proteins with a mouse Ig tail are
likely to be taken up and processed by antigen-presenting cells to
induce an antibody response; and (b) screening of hybridoma supernatants for binding to the same fusion proteins that instead have a
human Ig tail facilitates the identification of hybridomas that make
antibodies to the respective antigen.
We performed a blinded study on sera from patients with ovarian
carcinoma (late or early) or who have benign ovarian disease with sera

from matched healthy controls. In parallel, we also determined the
CA125 levels in the sera. Although the number of sera from patients
with early stage disease was small, the findings indicate that HE4 is
a potentially useful biomarker for ovarian carcinoma, comparable
with CA125 in distinguishing women with ovarian cancer, both localized and advanced, from healthy women. Results indicate that HE4
is better than CA125 in distinguishing patients with malignant ovarian
disease from those with benign ovarian disease at high specificity.
Future studies will be performed to evaluate HE4 as a diagnostic/
prognostic marker for ovarian carcinoma. These studies will include
larger samples of sera from patients with early ovarian carcinoma,
benign disease, and high-risk women participating in ovarian cancer
screening trials.
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