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Abstract

Epithelial ovarian cancer (EOC) ranks fifth as a cause of cancer deaths in women. Current diagnostic
and monitoring markers have limited reliability for the detection of disease. We have tested the
possibility of identifying candidate biomarkers present at low nanogram to picogram levels after
removing both the 12 most abundant and 77 moderately abundant proteins from serum samples of
EOC patients using antibody affinity columns. We showed that this approach allows the identification
of proteins that are expressed at nanogram per liter levels in the serum. Using ICAT/MS/MS analysis,
we identified 51 proteins that are differentially expressed by at least twofold. These proteins include
leucine-rich a-2-glycoprotein, matrix metalloproteinase-9 (MMP-9), inter-a-trypsin inhibitor heavy
chain H1, insulin-like growth factor-binding protein 6, insulin-like growth factor-binding protein 3,
isoform 1 of epidermal growth factor receptor, angiopoietin-like protein 3 (ANGPTL3) and
phosphatidylcholine-sterol acyltransferase. We confirmed the differential expression of MMP9 and
ANGPTL3 in normal and ovarian cancer sera by ELISA assays. Further robust clinical evaluation
of the candidate markers identified is necessary.

Keywords
Angiopoietin-like protein 3; Matrix metalloproteinase-9; MS; Ovarian cancer; Serum depletion

1 Introduction

Epithelial ovarian cancer (EOC) ranks fifth as a cause of cancer deaths in women. The
American Cancer Society estimates that there will be about 21 650 new cases of ovarian cancer
in 2008, and about 15 520 deaths due to this disease (www.cancer.org). The high mortality rate
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of EOC occurs primarily because most women are not diagnosed until late stage or advanced
disease (stage I11/1V), which has a 5-year survival rate of 15-20% [1]. In contrast, the small
proportion of patients with accurately diagnosed stage | disease has 5-year survival rates in
excess of 90% [2]. Current candidate strategies for the detection of EOC are based on the
biochemical tumor markers, such as CA125, and biophysical markers assessed by ultrasound
and/or Doppler imaging of the ovaries. Unfortunately, the positive predictive values of these
strategies for the detection of EOC using these modalities have been consistently less than 10%
[3,4]. Attempts to improve the performance characteristics of these detection strategies in EOC
have met with only limited success. These include the utilization of complex longitudinal
algorithms for assessing the changing levels of CA125 [5-7], the sequential testing of CA125
[8,9], and the validation of newer markers [10]. Therefore, there still exists an urgent need to
develop novel circulating biomarker(s) for the detection of ovarian cancer.

High-throughput MS-based proteomics is an excellent tool in identifying putative biomarker
candidates. The logic is to identify blood proteins that change in level during the transition
from health to ovarian cancer — and presumably then change continuously during the
progression of ovarian cancer. Recently, spectrometry-based proteomics has been widely used
in ovarian cancer studies including attempts to discover candidate diagnostic markers and
candidate therapy-response markers [11-16]. Proteomic analysis identified many candidate
biomarkers for ovarian cancer including afamin [17], tumor susceptibility gene 101 [16],
NM23, annexin-1, protein phosphatase-1, ferritin light chain, proteasome a-6, N-acetyl
glucosamine kinase [18], isoforms of haptoglobin [19], apolipoprotein A1, a truncated form
of transthyretin, a cleavage fragment of inter-a-trypsin inhibitor heavy chain H4 [20], FK506
binding protein, Rho G-protein dissociation inhibitor and glyoxalase | [21]. All of these
exhibited the changes in levels of blood protein concentration described above. However, not
many of these have been validated because of the lengthy time required to develop an ELISA
assay.

The challenge in direct serum analysis is that the proteins in sera have a dynamic range of
1010-1012 [22] - from milligrams per milliliter (e.g. albumin) to picograms per milliliter
(e.g. for some interleukins). One approach to deal with this dynamic range is to remove
abundant proteins from sera. However, as MS only has a dynamic range of 10*-10°, even when
the abundant proteins (those present at milligram per milliliter levels) are removed, the next
layer of moderately abundant proteins (those present at microgram per milliliter level) can still
mask the discovery of biomarkers, usually in the low nanogram or picogram levels. Recently,
Qian et al [23]. showed that the application of GenWay's SuperMix system in tandem with the
IgY12 immuno-depletion system resulted in enhanced detection of low-abundant proteins.
They also demonstrated the reproducibility of the SuperMix partitioning method for LC-MS/
MS plasma proteome profiling [23]. In the present study, we tested the possibility of identifying
candidate biomarkers present at low nanogram to picogram levels using the same approach
from serum samples of EOC patients. We showed that this approach allowed the identification
of proteins expressed at nanogram per milliliter levels in the serum. We identified many
candidate biomarkers including leucine-rich a-2-glycoprotein (LRG1), matrix
metalloproteinase-9 (MMP-9), inter-a-trypsin inhibitor heavy chain H1, insulin-like growth
factor-binding protein 6 (IGFBP6), IGFBP3, isoform 1 of epidermal growth factor receptor,
angiopoietin-like protein 3 (ANGPTL3), phosphatidylcholine-sterol acyltransferase and many
other novel and uncharacterized proteins such as IP100026482 (10 kDa protein), IPI00374218
(hypothetical protein), IP100784458 (312 kDa protein) and IP100030385 (CDNA FLJ13813).
We further confirmed the differential expression of MMP9 and ANGPTL3 in sera of ovarian
cancer patients. These two markers can be further evaluated in a large cohort of clinical samples
and potentially added to a panel of biomarkers for ovarian cancer diagnosis and prognosis.
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2 Materials and methods

2.1 Sample preparation

Pre-operative serum samples of patients undergoing surgery for stage Illc EOC at the Roswell
Park Cancer Institute (RPCI) were collected under an approved IRB protocol. For controls, the
sera of age-matched (range 34-82) healthy women were also collected. Within 2 h of collection
of blood by venipuncture, the sera were separated by centrifugation, and aliquots were stored
at —80°C until assayed. For ICAT/ MS/MS analysis, 250 uL of pooled cancer serum (N=10)
and normal serum (N=10), respectively, were passed through GenWay Biotech's Seppro
microbeads 1gY 12 column which removed the 12 most abundant proteins, according to the
manufacturer's protocols. The eluted fractions from the IgY12 column were then passed
through a GenWay's SuperMix column, which removed the next layer of about 77 moderately
abundant proteins from the serum samples. The flow-through fractions were subjected to
further ICAT/MS/MS analysis (Fig. 1).

2.2 ICAT labeling and pyLC-MS/MS analysis

For ICAT labeling, 600 ug of each from the 1gY SuperMix flow through fractions from ovarian
cancer pool and normal control pool were denatured with 6 M urea and 0.05% SDS and
immediately reduced with 5 mM tributylphosphine. Each of the three samples was labeled with
second generation ICAT reagents (acid cleavable), either in light (:2C, for normal) or in heavy
(13C for cancer) isotopes (Applied Biosystems, Foster City, CA, USA). Equal amounts of the
two-labeled samples were combined and digested into peptides by trypsin (Promega, Madison,
WI, USA). ICAT-labeled peptides were subsequently purified by cation-exchange
chromatography and avidin-affinity chromatography. Peptide mixtures were analyzed by
microcapillary HPLC-ESI-MS/MS using an ion-trap mass spectrometer (LTQ)
(ThermokElectron) as described previously [12].

2.3 MS data analysis

The extract_msn of the BioWorks program V3.2 (Thermo Electron, Waltham, MA, USA) was
used to generate the MS peak list with the default parameters. The ICIS peak-detection
algorithm was used. The spectra were searched against the ipi. HUMAN.v3.24.fasta protein
database (with 570, 664 entries) (http://www.ebi.ac.uk/IP1/IPlhuman.html) using the
BioWorks program V3.2 (Thermo Electron). In the SEQUEST search parameter setting, the
threshold for Dta generation was 10 000, and precursor mass tolerance for Dta generation was
1.4. For the SEQUEST search, peptide tolerance was set at 3 Da and fragment ions tolerance
was set at 0 Da. PeptideProphetTM [24] was used to assess the MS/MS spectra quality and a
threshold score for accepting individual MS/MS spectra is set at p value of 0.5, which
corresponds to a 0.5% error rate in our data set. One missed tryptic cleavage was permitted. A
static modification of cysteine residues of 227 Da for the light cleavable ICAT reagent labeling
and a variable modification of 9 Da for cysteines for the heavy cleavable ICAT reagent labeling
was included. No other modifications were included in the search parameters.

The peptides were then assigned and grouped for protein identification using the
ProteinProphet software [25]. Proteins with ProteinProphet [25] p-Value greater than 0.5 and
with more than two unique peptide hits were considered as true hits. In order to calculate false
discovery rate (FDR), a decoy database was generated using the perl script downloaded from
www.matrixscience.com/downloads/decoy.pl.gz. FDRs were calculated according to the
method of Elias et al. [26] with the formula: two times the decoy hits divided by the sum of
the target and decoy hits.

We used automated statistical analysis of protein abundance ratios (ASAPRatio) [27] program
to calculate the ICAT ratios, and we normalized the ratios to the median of the two samples.
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The proteins with at least two unique peptides hits and that showed a ratio of at least twofold
(normalized ASAPRatio) were considered differentially expressed.

2.4 ELISA analysis

3 Results

The Quantikine MMP-9 Immunoassay kit from R & D Systems (cat # DMP900) was used.
This ELISA kit is designed to measure total MMP-9 (92 kDa pro- and 82 kDa active forms)
in serum samples. The ANGPTL3 ELISA kit from Immuno-Biological Laboratories was used.
The ELISA analysis was performed according to manufacturer's protocols.

3.1 Identification of proteins in the low-abundant fractions of ovarian cancer serum

We applied a tandem serum depletion approach with IgY12 and SuperMix columns (Genway
Biotech) coupled with LC-MS/MS for the analysis of 250 uL of pooled cancer serum (N=10)
and normal serum (N=10). Using a filter of p>0.9 for the PeptideProphet program, we obtained
a total of 7728 good spectra for 2692 unique peptides. Using p>0.9 for ProteinProphet, which
corresponds to an error rate of 0.5%, we obtained 252 entries. The FDR for proteins identified
with a ProteinProphet p>0.9, as calculated by the decoy database search, was estimated to be
1.30%. After removing 24 protein entries with single peptide hit, and various entries
corresponding to 1gG isoforms, we obtained a final list of 222 proteins (Supporting Information
Table 1). Supporting Information Table 1 provides the accession number of the proteins, the
number of unique (in terms of amino acid sequence) peptides and total peptides identified,
percent sequence coverage identified from MS/MS data and the list of peptide sequences
identified. The number of peptide identified in Supporting Information Table 1 can provide a
general estimate on the relative abundance of proteins identified in sera. However, it is only
semi-quantitative as other factors will also affect the numbers of peptide identified for a
particular protein.

We compared the number of proteins identified from LC/MS/MS with the same serum pools
after passing only the IgY12 depletion column. Using p>0.9 for ProteinProphet, which
corresponds to an error rate of 0.8%, we obtained 87 entries. After removing entries
corresponding to various isoforms of 1gG, we obtained a list of 71 proteins. Therefore, depletion
of serum with the tandem IgY 12 and the SuperMix columns allowed us to detect about three
times (222 versus 71) more proteins than depletion with the IgY12 column alone. Among the
71 proteins identified here, 49 (69%) of them could also be identified by depletion with the
tandem IgY 12 and the Super-Mix columns (Supporting Information Table 3). Twenty-two
proteins were identified uniquely with the 1g'Y12 depletion alone. For the 222 proteins that
were identified after the tandem Ig'Y12 and the SuperMix depletion, 173 (78%) are new proteins
that were not identified after the 1gY 12 depletion, suggesting that the tandem serum depletion
approach significantly improved our ability to detect low-abundant proteins. The two putative
biomarker candidates MMP9 and ANGPTL3 that we will describe later in the manuscript were
only identified after the IgY12 and the SuperMix column depletion. Many of the proteins that
we identified were previously quantified to be medium to low-abundance proteins as
exemplified by MMP9 (162-236 ng/mL) [28] and ADAMTS13 (500-1000 ng/mL) [29]. There
are 22 proteins that were identified uniquely in the IgY12 depletion alone, but not after the
additional SuperMix column depletion. It is possible that these 22 proteins are removed
together with the medium-high-abundant proteins that were removed by the SuperMix column
as they bound to each other. Alternatively, this could be due to stochastic nature of different
MS runs. We did not analyze the bound fraction of the proteins on the SuperMix column, and
therefore could not determine what was the cause. It is possible that both factors play roles in
this phenomenon.
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We used ASAPRatio [27] program to calculate the quantitative differences between the normal
and cancer pools. The median ratios of these 222 proteins is 0.9, we therefore normalized the
ratios by this. We identified 43 proteins (all with two unique peptides hits) that are over
expressed by more than twofold (normalized ASAPRatio) and eight proteins (all with two
unique peptide hits) that are under expressed by twofold in the cancer serum pool compared
with the normal serum pool (Table 1 and Supporting Information Table 2). Supporting
Information Table 2 lists the number of peptides used for protein quantification measurement,
and the mean and standard deviation of the protein quantification.

Many interesting and functionally characterized proteins were identified as differentially
expressed (Table 1) and these include LRG1, MMP-9, inter-a-trypsin inhibitor heavy chain
H1, IGFBP6, IGFBP3, isoform 1 of epidermal growth factor receptor and phosphatidylcholine-
sterol acyltransferase. Likewise, many other novel and uncharacterized proteins were also
identified including IP100026482 (10 kDa protein), IP100374218 (hypothetical protein),
IP100784458 (312 kDa protein) and IP100030385 (CDNA FLJ13813) (Table 1).

The proteins that were down-regulated in the cancer sera compared with normal controls
include transthyretin, ANGPTL3, selectin E, pregnancy zone protein and two proteases
IP100647344 and IP100411302. Transthyretin was previously identified by proteomics analysis
[20] as being down-regulated in ovarian cancer.

3.2 Confirmation of ICAT/MS/MS data by ELISA assays

The most frequent bottleneck for high-throughput proteomic analysis is data verification using
Western blot analysis and ELISA assays. However, the availability of good antibodies and
ELISA assay kits is limited. We were able to find ELISA assays for human total MMP9 (R&D
Systems) and ANGPTL3 (Immuno-Biological Laboratories). Using the same ten normal
individual and ten ovarian cancer patient sera that we pooled for tandem IgY12 and SuperMix
column depletion and ICAT/MS/MS analysis, we performed an ELISA analysis. We were able
to confirm over expression of MMP9 in the ten ovarian cancer sera compared with the ten
normal individuals (t-test, p = 0.011, tail 1, type 3) (Fig. 2A). We were also able to confirm
that ANGPTL3 was under expressed in the ten ovarian cancer sera compared with the ten
normal individuals (t-test, p = 0.0009, tail 1, type 3) (Fig. 2B).

4 Discussion

We showed that the tandem depletion of sera using both the 1g'Y12 and the SuperMix column
(Genway Biotech) greatly enhanced our ability to detect differentially expressed proteins in
serum. We showed that the tandem allowed us to detect about two times (222 versus 71) more
proteins than depletion with the 1gY12 column alone. In addition, of the 51 differentially
expressed proteins we identified using the tandem depletion approach, only three of them
(complement factor H-related 1, vitamin K-dependent protein S and transthyretin) were
identified using single 1g'Y12 depletion. Our data are consistent with a recent publication by
Qian et al., [23] who demonstrated that the SuperMix flow-through samples have 60-80%
increase in proteome coverage compared with 1gY12 flow-through samples. They showed that
42 proteins identified by this method have reported normal concentrations of ~100 pg/mL to
100 ng/mL [23]. They reported the identification of macrophage colony-stimulating factor 1
and MMPS8, for which the concentrations were at 202 + 20 pg/mL and 12.4 + 0.4 ng/mL,
respectively, as measured by ELISA assays [23]. We showed that the proteins we identified
have similar normal concentration range reported in the literature including MMP9 (162-236
ng/mL) [28] and ADAMTS13 (500-1000 ng/mL) [29]. The study by Qian et al. only used
serum sample from one healthy individual to demonstrate the reproducibility of the approach.
The sample was spiked with known amounts of protein standards and spectral counting was
used to show the correlation between protein abundance and spectral counts [29]. Our current
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study is the first to couple subsequent labeled quantitative proteomic analysis (e.g. ICAT/MS/
MS) to the tandem depletion approach, and we demonstrated its potential clinical application
in ovarian cancer biomarker discovery.

Although our study and that of Qian et al. [23] showed the ability to identify low-abundant
proteins with expression levels in the low nanogram levels in serum samples using the tandem
serum depletion approach, there are still moderately abundant proteins identified in the flow-
through samples after tandem depletion. This suggests that tandem depletion is not 100%
complete, partially due to the capacity of the amount of antibodies in the SuperMix column. It
should be noted that the SuperMix antibody column from GenWay Biotech was not packaged
with individual antibody against each individual moderately abundant protein identified in the
serum (Zhang, personal communication), but rather packaged with the antibody mixture
derived from immunization of the collective flow-through serum proteins of the IgY12
columns. Therefore, it was not adjusted to reflect the different concentrations of the moderately
abundant proteins. Future development of a SuperMix column packaged with each individual
antibody against each moderately abundant protein, and with varying amounts correlated with
serum abundance might be necessary to increase the efficiency of serum depletion. Although
we have not analyzed the bound fractions from the antibody columns, it was previously
demonstrated that non-target proteins could be found in the column-bound fractions [30].
Therefore, there is a possibility we might miss those biomarkers that are bound to antibody
columns as non-target proteins. In summary, we have clearly demonstrated that the tandem
serum depletion approach allowed us to identify potential low-abundant serum biomarker
candidates. However, the disadvantage of serum depletion is that the cost is high, and that some
non-target proteins (biomarkers) may be bound to the antibody columns and be missed from
the analysis unless the bound fraction is also analyzed. However, we did not find a good way
to efficiently separate non-target proteins from target proteins from the antibody column.

Many of the differentially expressed low-abundant proteins that we found in sera of EOC
patients have previously been associated with cancer progression in multiple tumor types. We
identified IGFBP2, 3 and 6 to be over expressed in the sera of ovarian cancer patients compared
with normal individuals. Walker et al. [31] recently showed that IGFBP3 is a predictive marker
for ovarian cancer progression as IGFBP3 staining was significantly higher in tumors from
patients demonstrating CA125 progression compared with no CA125 progression (defined as
either a CA125 reduction or a minimal increase of <50%). IGFBP2 has also been identified as
a promoter of tumor invasion for ovarian cancers [32]. Recently, Mehrian-Shai et al. [33]
showed that IGFBP-2 is a potential serum biomarker of PTEN status and PI13K/Akt pathway
activation in prostate and glioblastoma cancer patients.

We were limited by the availability of established ELISA assays for validating many of the
candidate biomarkers that we identified. For example, we identified LRG1 as over expressed
in ovarian cancer patients in our analysis. LRG1 was previously identified to be over expressed
in the plasma of pancreatic cancer patients compared with normal controls by 2-D gel coupled
with MS analysis and validated by Western blotting [34]. Its role in ovarian cancer has not
been studied. We also identified the transketolase-like protein that has been found at elevated
levels in malignant cells [35] and cancers, including EOC [36]. Transketolase-like protein is
the key enzyme of a recently described metabolic pathway that links the pentose phosphate
pathway and the Embden—Meyerhof pathway together. It also provides a link between anerobic
glucose degradation and the production of fatty acids by the usage of acetyl-CoA. This pathway
could provide an avenue for ovarian cancer cells to survive conditions of hypoxia and low pH
in the tumor micro-environment. Finally, Zhang et al. [20] identified a cleavage fragment of
inter-a-trypsin inhibitor heavy chain H4 as over expressed in ovarian cancer sera in their
proteomic analysis of sera from 153 patients with invasive EOC, 42 with other ovarian cancers,
166 with benign pelvic masses and 142 healthy women. Interestingly, the family of inter-a-
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trypsin inhibitors contributes to the stability of the extracellular matrix, and is involved in
various acute-phase processes, such as inflammation or cancer. We identified here an over
expression of inter-a-trypsin inhibitor heavy chain H1 in ovarian cancer patient sera, suggesting
that more than one member of the inter-a-trypsin inhibitor heavy chain are over expressed in
ovarian cancer patients. Taken together, the proteins that we have identified from the low-
abundant fraction of sera of EOC patients play critical roles in cancer progression, and are
relevant for additional studies as EOC biomarkers.

An interesting observation from our study is the over-representation of proteins that contribute
to cancer development via interactions with the extracellular matrix, thereby facilitating cancer
cell migration/invasion across tissue boundaries. These proteins include MMP9, fibronectin 1,
vitronectin and connectin 1. Together, these proteins are now recognized as key regulators of
various neoplastic processes by virtue of their ability to mediate differentiation, proliferation
and survival of neoplastic cells [37] release mitogenic growth factors from cell surfaces and
from ECM reservoirs, and regulate tumor-associated angiogenesis [38,39].

We confirmed that MMP9 is over expressed in ovarian cancer sera compared with sera from
normal individuals by an ELISA assay. MMP9 was previously identified as a potential marker
for a screening test for colorectal cancer [40], and as a classification marker for benign breast
disease patients and breast cancer patients [29]. In addition, increased expression of cancer
cell-associated MMP9 at the tissue level has been previously demonstrated in ovarian cancer
compared with normal and benign ovarian tissues [41-43]. Recently, Sillanpaa et al. [44]
analyzed the expression of MMP9 by immunohistochemistry in 292 primary tumors and their
31 metastases and showed that a low proportion of strong MMP9 expression in cancer cells
and higher proportion of strong stromal MMP9 expression correlated with advanced stage of
the tumor (p=0.003, p=0.02, respectively). They proposed that MMP9 has a dual role in tumor
progression, acting against tumor advancement when in tumor epithelium and promoting tumor
progression while in the stroma [44]. Additional previous reports indicate that tissue expression
of MMP9 was found essentially in all invasive human EOC, including early stage | cancers as
well as metastatic implants, while normal ovarian tissue exhibited significantly lower levels
of expression [41,45] indicating that MMP9 is up-regulated early in EOC progression.
However, all of the above studies were conducted at the tissue level, which require invasive
procedures. We report here for the first time that MMP9 serum expression is an indicator of
ovarian cancers. The potential clinical relevance of our result is further highlighted by a recent
report, indicating that treatment of early-stage cancer with an MMP9 inhibitor (marimastat)
might increase survival [46].

After confirming MMP9 as a protein identified as over expressed in ovarian cancer serum using
our approach, we decided to see if we could also confirm a protein that was identified as under
expressed in cancer serum. We found that the ELISA assay was available for ANGPTL3 and
was able to confirm that it is under expressed in ovarian cancer serum samples compared with
normal individuals. ANGPTL3 is a member of the angiopoietin-like family of secreted factors
[47]. It has the characteristic structure of angiopoietins, consisting of a signal peptide, N-
terminal coiled-coil domain and the C-terminal fibrinogen-like domain. ANGPTL3 may also
play a role in the regulation of angiogenesis [47]. ANGPTLS3 is a regulator of lipid metabolism
[48]; however, its role in cancer was not yet studied. Interestingly, Kikuchi et al. [49] recently
showed that ANGPTL2, another member of the angiopoietin-like family of secreted factors,
is a tumor suppressor in ovarian cancers. They showed that ANGPTL2 methylation was
frequently observed in primary OC tissues and the methylation status was inversely associated
with ANGPTL2 expression levels, which were found to be frequently reduced (51 of 100 cases)
using IHC analysis [49]. In the light of our finding that ANGPTL3 is under expressed in ovarian
cancer serum samples compared with normal individuals, a further study of the role of
ANGPTL3 in ovarian cancer is warranted.
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The limitation of our study is that we have not evaluated the performance of the markers we
identified in a large cohort of clinical samples, which require adequate clinical resources. In
addition, many candidate markers that we identified lack ELISA assays and their performance
as biomarkers could not be evaluated currently. We have decided to publish our approach and
the candidate biomarker list so that others in the field can help developing the ELISA assay
and/or evaluating the performance of these markers.

In summary, we showed that direct quantitative serum proteomic analysis after depleting in
tandem both the abundant and the moderately abundant 89 proteins, allows the identification
of more low-abundant proteins in serum compared with single depletion of a few most abundant
proteins, which is often used [50,51]. We also identified many other promising biomarkers
including MMP9 and ANGPTL3 that can also be further validated after developing ELISA
assays or be validated using multiple reaction monitoring coupled with MS. At the present
time, there is no clearly defined precancerous phase of EOC. However, it is clear that even the
detection of early asymptomatic invasive stage I/11 disease could have a profound impact on
clinical outcome. Therefore, the candidate biomarkers that were identified in this study, if
confirmed in a large cohort of clinical samples, will be useful for the detection of stage I/11
EOC in the general and high-risk populations, as we as in monitoring the course of EOC during
treatment.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Flow chart of our analysis approach.
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Figure 2.

Confirmation of ICAT/MS/MS data by ELISA assays. (A) A column chart showing the
expression levels of total serum MMP9 in normal individuals (N1-N10) and ovarian cancer
serum samples (C1-C10). Y-axis, expression levels are measured in nanogram per milliliter.
(B) A column chart showing the expression levels of serum ANGPL3 in normal individuals
(N1-N10) and ovarian cancer serum samples (C1-C10). Y-axis, expression levels are measured
in nanogram per milliliter.
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