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Abstract

Purpose: The objective of this study wasto identify and
characterize new serum biomarkers in ovarian cancer pa-
tients using mass spectrometric protein profiling and spe-
cific immunological assays.

Experimental Design: Serum samples from 80 cancer
patients and 91 healthy women were analyzed by surface
enhanced laser desorption and ionization-mass spectrome-
try (MS) profiling. A candidate biomarker was purified by
affinity chromatography, and its sequence was determined
by liquid chromatography-tandem MS. An antibody was
generated from the synthesized peptide for quantitative val-
idation in the casesand controls. CA125 was deter mined and
compared with the same set of specimens.

Results: Using surface enhanced laser desorption and
ionization, we found a serum biomarker at ~11700 Da,
which had peak intensity significantly higher in cases (1.366)
compar ed with controls (0.208, P = 0.002), and subsequently
identified this as the a chain of haptoglobin. ELISA indi-
cated that Hp-a was =2-fold higher in cancer serum com-
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pared with normal, benign tumor, and other gynecological
cancers (P < 0.05) and had 64% sensitivity at 90% speci-
ficity alone and 91% sensitivity and 95% specificity if com-
bined with CA125.

Conclusions: Haptoglobin-derived « subunit is a poten-
tial marker for ovarian cancer that is complementary to
CA125. MS-based protein profiling is a valuable tool for
screening protein markers and useful to detect post-trans-
lational modification of tumor-associated proteinsor abnor-
mal metabolic products. However, confirmation of protein
identity with specific antibodiesis crucial for clinical appli-
cation and functional studies.

Introduction

The identification of cancer biomarkers advances the pos-
sibility for early detection, better monitoring of tumor progres-
sion, and even targeting therapy. Such markers are especially
needed for ovarian cancer, which is associated with advanced
stage at presentation and poor survival (1, 2). Classica ap-
proaches for cancer biomarker identification used tumor cells to
immunize animals and screen for antibodies that could effi-
ciently recognize the antigen (3). This approach is limited by its
high cost and labor intensity but has produced the best known
marker, CA125, approved for ovarian cancer monitoring. More
recently, tumor mRNA has been compared with normal tissue
MRNA to identify up-regulated genes in cancer tissue using
cDNA micro-arrays to identify a variety of markers, including
prostasin, osteopontin, and He4 (4, 5). A limitation of the cDNA
micro-array approach isthat transcriptional activity in the tumor
does not necessarily reflect the protein observed peripheraly,
because various protein—protein interactions and post-tranda-
tional modifications may alter the protein patterns found in
circulation.

Time of flight mass spectrometry technology offers a pow-
erful and sensitive tool to study post-translational protein pro-
files. SELDI-MS® provides a proteomic high throughput ap-
proach that profiles the mass/charge of potential biomarkers.
There has been considerable interest in analyzing the
SELDI-MS spectral “proteomic pattern” as a marker for disease
detection (6, 7). Near perfect sensitivity and specificity have
been achieved in separating cancer from control specimens, but
identification of the specific proteins constituting the SELDI

3 The abbreviations used are: SELDI-MS, surface enhanced laser des-
orption and ionization mass spectrometry; IMAC, immobilized metal
affinity capture; TBST, [10 mm TrisHCI, 100 mm NaCl, and 0.1%
(volume for volume) Tween 20 (pH 7.5)]; CHAPS, 3-[(3-cholamido-
propy!)dimethylammonio]-1-propanesulfonic acid; LC-MS/MS, liquid
chromatography tandem mass spectrometry; Hb, hemoglobin; biotin-
Hp, biotin-labeled haptoglobin; Hp, haptoglobin.
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discriminatory patterns has not been attempted in these studies.
Here, we report our progress in using SELDI-MS protein chip
technology combined with LC-MS/MS, and traditional immu-
nological approaches to identify and validate a potential ovarian
cancer biomarker suggested from SELDI profiling.

Materials and Methods

Biological Specimens. All patient-related biological
specimens were collected and archived under protocols ap-
proved by the Human Subjects Committees of the Partners
HeathCare System (Boston, MA) and Ingtitutional Review
Board for The University of Texas, Southwestern Medical Cen-
ter at Dallas. Serum was collected preoperatively from women
requiring surgery for a“pelvic mass,” at Brigham and Women's
Hospital, Massachusetts General Hospital, and The University
of Texas, Southwestern Medical Center at Dallas. Current anal-
ysis is based on serum specimens from 175 women collected
before surgery; 80 of them proved to have epithelial ovarian
cancer, 44 had benign gynecologic tumor, and 51 had other
types of gynecologic cancer. A total of 91 serum specimens was
aso available from norma women selected from the genera
population and collected as part of a population-based case
control study of ovarian cancer (8). Specimens were generally
processed within 4 h of collection, aliquoted, and stored at store
at —80°C.

SELDI-M S Profiling of Serum Protein.  Unfractionated
serum samples were thawed and mixed with equal volume of
PBS buffer (5 wl) containing 1% CHAPS and 8 m urea. The
mixture was spun for 30 s before using for protein chip binding.
The protein chip IMAC3 was activated by 50 mm Cu?* for 10
min and followed by two washes with high-performance liquid
chromatography grade water. Ten pl of serum, mixed as above,
were added to the surface spots of the IMAC3 array and incu-
bated with 40 pl of binding buffer (0.1 m sodium phosphate, 0.5
m sodium chloride, and 10 mm imidazole) for 30 min. After two
washes with binding buffer and water, the air-dried array was
then treated with saturated sinapinic acid in 0.5% trifluoroacetic
acid and 50% acetonitrile before applied on SELDI-MS (Protein
Biology System II; Ciphergen, Biosystems, Freemont, CA).
Mass resolution and accuracy were assessed by routine calibra-
tion with 5733.58 and 12230.92 Da polypeptides. The chip was
read and analyzed under the following settings: (a) laser inten-
sity 250; (b) detection sensitivity 10; (c) 50 shots per sample;
and (d) auto-identify peaks from 3000 to 50,000 Da. We have
achieved amass accuracy of 0.1% for protein and polypeptide of
3,000-30,000 mass/charge (m/2) in this system.

Protein Purification and Identification. A serum sam-
ple of 0.5 ml from a cancer patient with the protein pattern of
interest was mixed with equal volume of PBS buffer containing
1% CHAPS and 8 m urea. The sample was then applied on the
Sephadex G-25 column for desalting and removing insoluble
fractions from the serum. The metal-chelating column (HiTrap;
Amersham Phamacia Biotech AB, Uppsala, Sweden) was used
for purification according to the provided protocol. Elution
buffers containing 20 mm sodium phosphate, 0.5 m NaCl (pH
4.5-6.5), were applied. The eluted fractions of interest ~11,700
Dawerefirst applied on the SELDI-MS to confirm the polypep-
tide peak and then separated by 10—20% gradient SDS-PAGE.

The separated proteins were visualized by Coomassie staining.
The band of interest was excised from the gel and subjected to
in-gel digestion with trypsin (9). The resultant polypeptides
were further separated by liquid chromatography with online
sequence analysis by LC-MS/MS (10, 11). The fragmentation
ladders (the b and y ion series) from the lowest to highest mass
were used to identify the amino acid residues of the peptides.

Antibody Generation and Western Blotting. The
amino acid sequence, NNKKQWINKAVGDKLPEC, from the
identified Hp-a fragment was selected for peptide synthesis
based on predicted antigenicity and used for generating a rabbit
polyclonal antibody (BioSource International, Hopkinton, MA).
The affinity-purified antibody developed was then used for the
Western blot and ELISA. A total of 0.5 g of human Hp protein
(98—100% purity; Sigma) was incubated with 10 pl of Hp
cleavage solution (50% urea and 2% B-mercaptoethanol; Ref.
12) to generate both o and B chains as positive controls. Aliquot
sera (0.5 pg) samples were mixed with PBS buffer containing
1% CHAPS and 8 m urea before loading on the 15% SDS-
PAGE. After the proteins transferred to polyvinylidene difluo-
ride membrane, 5% of fat-free milk in TBST was used for
blocking. A monoclonal antibody (1:5000) against human Hp
(Sigma) was aso applied for blocking the cross-reaction be-
tween Hp-a and intact Hp protein. The purified primary anti-
body against Hp-a was used at 1:5000 diluted in TBST with 5%
milk (w/v) for 2 h. The membrane was then washed three times
with TBST for 10 min/wash. The serum Hp-a peptides were
detected by the second antibody conjugated to horseradish per-
oxidase and visualized by the enhanced chemiluminescent de-
tection system (Pierce).

Quantitative Validation by Enzyme-linked | mmunosor -
bent Assay. The totd Hp-a level was quantified by using
direct ELISA with the purified polyclona antibody against
Hp-a and the monoclonal antibody against intact Hp protein
(Sigma). Individual serum samples (1 ) were mixed with 2 i
of PBS buffer containing 1% CHAPS and 8 m urea. The mixture
was then diluted (1:1000) in coating buffer [0.1 m carbonate (pH
9.8)]. The diluted mixture of 200 pl was added onto a 96-well
plate and incubated overnight at 4°C for antigen coating. The
synthetic Hp-a peptide fragment was used as the antigen for
standard calibration in each assay. After six washes with buffer
(5mm TrisHCI, 0.15m NaCl, and 0.05% Tween 20), the antigen
was blocked by incubation at 37°C for 2 h, with 1% BSA and
2-3 pg (1:5000) of monoclonal antibody against human Hp
protein, in the buffer containing 50 mm TrisHCI (pH 7.5) and
0.05% NaN,. After three washes, the polyclonal Hp-a antibody
(2:3000) in 50 mm TrisHCI (pH 7.5), with 6% BSA was added
and incubated for 1 h at 37°C. After seven washes, the second
antibody conjugated with horseradish peroxidase was diluted
(1:5000) in 50 mm TrisHCI (pH 7.5), with 6% BSA, and applied
for incubation a 37°C for 30 min. After nine washes, the
antigen concentration was recovered using the Turbo-TMB
(Pierce) initiated chemifluorescent reaction and measured at
Ays0 nm &ccording to the protocol.

CA125 Assay. CA125 levelsin serum were measured by
an electrochemiluminescence immunoassay (CA125 I11) per-
formed on automatic immune analyzer (Elecsys2010; Roche
Diagnostics, Indianapolis, IN). The working range of the im-
mune assay is 0.6-5000 unitsml. The upper 95th percentile



2906 Serum Haptoglobin-a in Ovarian Cancer

: 2 TOF Display
Protein Chip i)
5000 10000 15000
&0
— 40
® .E’ » i LL i " lﬂ i mll?llzlﬂi-['[
™ z 0w Cases
Cases S 2
e E
* p 2= A
® A
e T~ R SRR | L
Controlsy | ¢ T o«
é s & L il ‘H | Controls Fig. 1 A, scheme of serum protein profiling
2 | o = = with SELDI-MS. Serum protein profiles be-
4 2 il ‘ | tween 1,000 and 20,000 were displayed ac-

/1 :

Serum Bank

Protein Peak Discrimination
Case
O Normal

&

e

= [
o

1
[
ooo

1
=Y

15000

Ol o
ars:3-]
ui. 5

cording to mass to charge ratio (m/z), and the
single peak (11,723 Da) of interest was cir-
cled in the top panel. Bottom panel, the single
peak, which distinguishes the cancer cases
from the normal controls by biomarker wizard
software. B, biomarker protein purification
and detection. Left panel, Commassie staining
of proteins separated by 10-20% gradient
SDS-PAGE. Lane 2, 1 pl of serum without
purification; Lane 3, a 30 pl of concentrated
fraction (<0.5 png) partialy purified from 1
ml of serum obtained from an ovarian cancer
patient by copper affinity chromatography.
The candidate protein migrated abnormally at
a size >15 kDa (arrow). Right panel, the
purified protein fraction was detected by

Log normalized intensity

kDa

01234567 891011121314151617181920
Protein peak number

SELDI-MS. The fraction (50 wl) eluted from
the column was incubated directly with the
IMAC3 array for 30 min before M S detection.
The peaks of 11,420 and 11,650 Da may
represent different de-glycosylation state of
the protein (i.e., 74 Da difference for each

8256.9+H

50 -
7=

(=0 N -]

it

glycerol or glycerol group) after the copper
affinity chromatography.

Normal

25 8251.84H  [11419.1+H

15= 11651.5+H

10-

Protein peak intensity

Case

o N B oo

e

15000

7500

10000 12500

limit for CA125 levels in healthy women is 35 units/ml in this
system.

Biotin-labeling Hp and Serum Enzymatic Reaction.
Intact Hp protein (mixture of 1-1, 2-1 forms; Sigma) was |abeled
with NHS-LC-Biotin (Pierce) as described previously (13). A
total of 200 g of Hp in 200 wl of PBS buffer was added with
20 times mol excess of fresh prepared NHS-LC-Biotin and
incubated for 1 h at room temperature. The unlabeled free
NHS-LC-Biotin was removed by microcentrifugation (Milli-
pore, Bedford, MA). Biotin-Hp (0.4 g) was incubated with
serum samples (2 wl) at room temperature for 30 minto 6 h. The
reaction samples were analyzed by Western blot under nonre-
ducing conditions. Biotin-Hp-« and -B chains were detected by
enhanced chemiluminescence. The total amount of biotin-Hp-a

17500 20000

on the membrane relative to controls was quantified by densi-
tometry and normalized with the same control sample in each
blot.

Statistical Analysis. For comparison of the difference
between the means of the protein marker peak intensity from
SELDI-MS profiles between cancer and normal serum samples,
Student’s t test was applied on the logarithmic scale. The total
Hp-a concentration in serum quantitatively measured by ELISA
and biotin Hp-«, transformed to the logarithmic scale, was
analyzed by ANOVA to compare the difference among popu-
lations of ovarian cancer, benign tumor, other gynecological
cancers, and normal controls. To assess the impact on sensitivity
and specificity when both CA125 and Hp-« are used to predict
cancer status, a logistic regression model, including terms for
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both measurements (log transformed), was fit in cases and
normal controls. This model included menopausal status to
account for differences in the proportion of postmenopausal
subjects between cases and controls. To validate the sensitivity
and specificity predicted by the model without using a separate
validation data set, we used the “leave-one-out” method of
cross-validation. This technique iteratively omits one observa-
tion from the dataset to obtain parameter estimates and then uses
these estimates to classify the omitted subject as a case or
control (14).

Results

Serum Protein Profiling. The SELDI-MS profile pat-
tern of the metal-binding polypeptides was displayed according
to their mass.charge ratio (m/z) and analyzed with the biomarker
software (Ciphergen) that distinguishes differences in polypep-
tide peaks between subject groups based on their mass intensity.
One candidate marker was identifiable both by visually com-
paring mass spectrum profiles and using the protein peak dis-
criminator software (Fig. 1A). From the initial SELDI serum

protein profiling of 80 cancer cases and 91 normal healthy
controls, a polypeptide at ~11,700 Da was frequently found in
cancer patients at high intensity but less so in controls. The
average (= SE) mean peak intensity in cases was 1.366 (+0.33)
compared with 0.123 (+0.03) in controls (P = 0.002).

Purification and Identification of the Polypeptide
Biomarker. To purify the polypeptide peak that appeared at
11,700 Da shown in the IMAC3 profiles, one sample of cancer
serum was applied to a Cu®"-activated chelating column (Hi-
Trap). The eluted protein fraction from the column was sepa-
rated on a 10-20% gradient SDS-PAGE, and the protein of
interest was identified as shown in Fig. 1B (see arrow of left
panel). The purified candidate protein from the cancer case was
confirmed by SELDI-MS, which corresponded with the peaks at
~11,400 and 11,700 Da. The corresponding polypeptides were
unable to be purified from normal control serum (Fig. 1B, right
panel).

The precise amino acid sequence of the isolated polypep-
tide was next determined by liquid chromatography with online
sequence analysis by LC-MS/MS. The sequence data showed
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Fig. 3 A, detection of elevated Hp-o chain in ovarian cancer sera. Left panel, Coomassie staining of the Hp-a and -B chains. Human Hp (0.5 g
of mixed biotype; Sigma) was incubated with 10 pl of cleavage solution containing 50% urea and 2% (-mercaptoethanol. Right panel, detection of
elevated o chains in cancer sera by Western blot. Aliquot sera (0.5 .l) of cancer patients (Lanes 4—7) and normal controls (Lanes 8—11) were mixed
with PBS buffer containing 8 m urea and 1% CHAPS before loading on the 15% SDS-PAGE. Lanes 6—8, the complexity of Hp-a subtypes and
migration differencein gel (12). B, the elevated total Hp-a chain in cancer sera quantified by ELISA. Hp-« in cancer serais significantly (P < 0.0001)
higher than that of controls by ANOVA. The box is bounded above and below by the 75" and 25" percentiles, and the median is the line in the box.
Whiskers are drawn to the nearest value not beyond a standard span from the quartiles; points beyond (outliers) are drawn individually, where the
standard span is 1.5 X interquartile range. Premenopausal (C) and postmenopausal (D) patients were separated by logistical regression analysis. Lines
obtained by logistic regression of Hp-a and CA125 in cases versus normal controls, representing predicted cases/control status based on cutoff

probability.

that five different polypeptides from pro-Hp-1 were detected
(Fig. 2, A and B). Two of these peptides were partiadly tryptic
peptides, which corresponded to the NH, and COOH terminus
of the polypeptide biomarker. The fragmentation ladders of first
polypeptide (964.5 MH™, the b and y ion series) are displayed
as an example for identification of the amino acid residues of
PKNPANPVQ peptide (Fig. 2C). Considering all peptides de-
tected, the amino acid sequence of the biomarker corresponded
to Hp-a,; polypeptide.

Elevation of Hp-a in Cancer Serum. To further explore
and validate Hp-a as an ovarian cancer biomarker, we per-
formed Western blot analysis using a specific polyclonal anti-
body against the epitope peptide to detect the Hp-o in serum
samples. Because the peptide sequence of Hp-a, isderived from
gene duplication of Hp-a; (15), the polyclonal antibody reacted
with both Hp-«; and Hp-a, but not with g chain as shown in
Fig. 3A (Lanes 2 and 3). Western blotting revealed that Hp-a, is
elevated in cancer sera but not in controls. The level of Hp-a,
is aso increased in cancer sera (Fig. 3A).

To quantify the total Hp-a amount in case and control

serum samples, the ELISA we developed was applied to a
population of 80 patients with ovarian cancers, 44 with benign
ovarian tumor, 51 with other gynecological cancers, and 91
normal controls. The log-transformed mean of total Hp-« unit
(rg/ml) in sera of ovarian cancer patients was 63 and signifi-
cantly different from 37, 42, and 50 for the normal controls (P <
0.0001), benign ovarian tumor (P < 0.05), and other gyneco-
logical cancers (P < 0.05), respectively (Fig. 3B).
Comparison and Combination of Hp-a with CA125.
The CA125 level aso differed significantly (P < 0.0001) in
cases compared with all control categories, including benign and
other gynecological cancers (Table 1). Restricting attention to
the 77 cases with known menopausal status and 91 normal
controls, we estimated the sensitivity of each marker at the same
specificity. For the traditional cutoff of 35 units/ml, CA125 had
a sensitivity of 87% and specificity of 90%. A cutoff of 65
rg/ml Hp-a yielded comparable specificity and 64% sensitivity.
The combined ability of both markers to detect cases (and
eliminate controls) was tested using a logistic regression model.
We note here that cases were more likely to be postmenopausal
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Tablel Mean value of preoperative Hp-a and CA125 in the
selected subtypes of ovarian cancer and control subjects

Hp-a level, pg/ml CA125 level, units/ml
Characteristic No. Mean p2 Mean pa
Normal controls 91 37(1.5) <0.0001 15(2.0) <0.0001
Benign conditions 44 42 (2.1) <0.05 21(2.5) <0.0001
Other GYN cancer 51 50(1.6) <0.05 22(2.9) <0.0001
Ovarian cancer® 77 63(1.8) 229 (5.7)
Histology
Mucinous 10 46(1.8) 31(3.7)
Nonmucinous 67 66 (1.8) 422 (4.6)
Stage
| 14 53(1.6) 58 (5.3)
I 3 100 (1.5) 151 (6.3)
I 52 68(1.8) 469 (4.0)
v 6 55(15) 966 (5.7)

2ANOVA was used to compare mean log-transformed Hp-of
Cal25 levels in norma controls, benign conditions, and other gyneco-
logic cancers with mean log-transformed Hp-a/Cal25 levels in ovarian
cancers.

b Three cases are missing menopausal status, and two are missing
cancer stage information.

compared with the normal controls (78% of cases versus 51% of
controls). Adjustment for menopausal status was necessary in
the model because CA125 levels were significantly lower in
premenopausal compared with postmenopausal cases (data not
shown). The combined use of Hp-a and CA125 yielded an
estimated sensitivity of 79 at 96% specificity in premenopausal
women (Fig. 3C) and 94% sensitivity and 93% specificity in
postmenopausal women (Fig. 3D). The model demonstrated
91% sensitivity and 95% specificity in the combined two
groups. The logistic model was validated using a leave-one-out
cross-validation procedure, and the cross-validated estimate of
sensitivity was 88 at 95% specificity, demonstrating no substan-
tial loss in sensitivity upon cross-validation.

Hp-a Elevation and Protein Interactionsin Cancer Se-
rum. To test whether the elevated level of Hp-« in the sera of
ovarian cancer patients resulted from overexpression by tumor
cells, quantitative reverse transcription-PCR with three sets of
DNA primers and Western blot analysis was performed using
four normal and seven malignant ovarian epithelia cell lines.
Neither the mRNA coding for Hp-a nor the peptide was de-
tected (data not shown). To test the hypothesis that dissociation
of Hp into Hp-a and B subunits may be caused by the presence
of specific protein—protein interaction, such as proteases in
cancer serum, the biotin-Hp was incubated with sera from
cancer patients and controls. Western blotting showed that bi-
otin-labeled a;, o, and B fragments were detected in biotin-Hp
samples incubated with cancer sera, and the intensity of the
Hp-a, increased with the time of incubation. However, only a
trace of Hp-B fragment was detected when biotin-Hp was incu-
bated with the normal serum (Fig. 4A). The individual serum
from different case and control groups was incubated with the
same amount of biotin-Hp. The cleaved Hp-a fragments were
=2-fold higher in serafrom ovarian cancer patients than in sera
from normal, benign ovarian tumors, or other gynecological
cancers (Fig. 4B). This is consistent with the ELISA data that
total Hp-a is about two times higher than the controls. In

Serum (2 pl) Normal Cancer
Biotin-Hp 0 05 2 6 0 05 2 6 hours
incubation
N - 8 LR B R
i ~ery
oy - >
B = 300 C + = +  serum
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Fig. 4 Subunit dissociation and protein interaction of biotin-Hp with
ovarian cancer serum. A, differential Hp cleavage in cancer and normal
sera. Proteolytic cleavage of Hp o and B was detected when biotin-Hp
(0.4 g) was incubated with 2 I of cancer serum (right) but not shown
in normal serum (left). Hp-o.; was specifically increased by the time of
incubation (arrow). The top nonspecific bands of biotin cross-reaction
with other serum protein complex were not shown. B, biotin-Hp cleav-
age by sera from cancer and other controls. Serum aliquots (2 wl) from
norma (a; n = 5), benign diseases (b; n = 7), other gynecological
diseases (c; n = 12), and ovarian cancer (d; n = 11) were incubated with
0.4 g of biotin-Hp for 2 h at room temperature before carrying out
Western blotting under nonreducing conditions. The average of biotin-
Hp-a from normal sera (100%) was used for normalization. The
ANOVA test showed that biotin-Hp-a in ovarian cancer sera was
significantly (P < 0.02) higher than that in the controls. C, inhibition of
biotin-Hp cleavage by heat pretreatment of cancer serum. Biotin-Hp (0.4
ng) was incubated with cancer serum (Lane 1), PBS buffer (Lane 2),
and hesat-treated serum (10 min boiling; Lane 3), 2 pl for each, for 2 h
at room temperature, before being applied onto nonreducing 15% SDS-
PAGE.

addition, pretreatment of cancer sera by boiling for 10 min
eliminated detectable Hp-a or B subunits (Fig. 4C). This sug-
gests that Hp-a subunit elevation is likely caused by a specific
enzymatic cleavage or specific protein—protein interactions.

Discussion

Time of flight mass spectrometry technology offers a pow-
erful and sensitive tool to study post-translational protein pro-
files in serum obtained from cancer and norma subjects. Re-
cently, there has been considerable interest in analyzing the
SELDI-MS spectral “proteomic pattern” (6, 16). The high di-
mensional array, created by the spectrum of thousands of pep-
tides and their intensities, provides discriminatory power for
separating any given set of case and control specimens. How-
ever, validation of the methodology requires demonstration that
the discriminatory algorithm is reproducible among different
laboratories and different sets of case control specimens. Fur-
thermore, it seems desirable to know the identity of the biomar-
kers in the pattern to understand their significance in disease
pathogenesis, as has been reported with the use of SELDI-MSto
identify amyloid-p peptide as a diagnostic marker for Alzhei-
mer’'s disease (17, 18) and «-defensin 1, 2, 3 as a favorable
prognostic marker in acquired immune deficiency and contrib-
uted to anti-HIV-1 activity (19). In this report, we have used
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SELDI-MS and LC-MS/MS technologies and identified Hp-a
as apotentially useful polypeptide biomarker for ovarian cancer.

The full scope of biological functions of Hp in a variety of
diseases is not well understood (20, 21). Intact Hp is a glyco-
protein mainly secreted by the liver cellsin response to avariety
of stimuli (22, 23) and functions as a Hb scavenger by binding
free Hb and recycling the iron. Hp is made up of Hp-a, and a,
subunits, which linked to the 8 chain via disulfide bondsto form
different Hp biotypes (Fig. 2D). Cells and tissues other than
liver, including cancer cells (24), intestinal, seminiferous, and
endometriotic epithelium, may also produce Hp (25). Besidesiits
scavenging and inflammatory response functions, Hp has been
shown to be involved in the regulation of epidermal cell trans-
formation (26), immune suppression in cancer (27, 28), and
angiogenesis (29).

Interestingly, other studies have identified increased in-
tact Hp in sera from ovarian cancer patients, specifically of
glycosylated forms produced by fucosylation (30, 31). But
none of these studies has described any intrinsic changes in
the content of Hp-«.. Here, we provide evidence that the Hp-a
subunit is specifically elevated in sera of ovarian cancer
patients. Although the cause and consequence of this eleva-
tion in ovarian cancer is not clear yet, we speculate that the
dissociation of « and B subunits from intact Hp is a key
source. Furthermore, it is possible that the dissociated frag-
ments may cause abnormal physiological function, i.e., Hp-a
may interfere with the immune system because it has struc-
tural and functional homology with human 7S immunoglobu-
lins (32). Thus, Hp-a might affect the immune cellular re-
sponse (28), as a potent immunosuppressant (27), or abolish
the native Hp-Hb complex (33) in cancer patients. These
tumor-related functions of Hp-a and -B subunits and the
protein—protein interaction with circulating antigens in ovar-
ian cancer will require future study.

At the specificity of 90%, Hp-« has 64% sensitivity and is
not superior to the 87% observed for CA125. However, addi-
tional validation studies may improve the performance by using
a more specific antibody. Additional testing should be done on
sets of samples with a larger size of early stage disease and
serum from other cancers or medical conditions, such as liver
diseases. Despite the poor sensitivity by itself, it appears Hp-a
is complementary to CA125, resulting in 91% sensitivity and
95% specificity in the combined logistic model.

In conclusion, we have demonstrated that M S-based pro-
tein chip technology combined with liquid chromatography and
LC-MS/MS hasidentified Hp-a asanovel ovarian cancer serum
biomarker. The elevated Hp-a in ovarian cancer sera is most
likely attributable to abnormal protein—protein interaction in the
circulation rather than overproduction from tumor cells, provid-
ing evidence that cancer biomarkers may not always need to be
derived directly from cancer cells. Serum protein fragments or
peptides derived indirectly from cancer antigens could also be
valuable cancer markers. These post-trandational, modifica-
tional, and metabolic peptide biomarkers would not otherwise
be identified using either the classical approach or newer ones
with cDNA microarrays.
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