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Abstract

Background: Epithelial-derived ovarian adenocarcinoma (EOC) is the most deadly gynecologic tumor, and the
principle cause of the poor survival rate is diagnosis at a late stage. Screening and diagnostic biomarkers with
acceptable specificity and sensitivity are lacking. Ovarian cyst fluid should harbor early ovarian cancer biomarkers
because of its closeness to the tumor. We investigated ovarian cyst fluid as a source for discovering biomarkers for
use in the diagnosis of EOC.

Results: Using quantitative mass spectrometry, iTRAQ MS, we identified 837 proteins in cyst fluid from benign, EOC
stage I, and EOC stage III. Only patients of serous histology were included in the study. Comparing the benign (n = 5)
with the malignant (n = 10) group, 87 of the proteins were significantly (p < 0.05) differentially expressed. Two proteins,
serum amyloid A-4 (SAA4) and astacin-like metalloendopeptidase (ASTL), were selected for verification of the iTRAQ
method and external validation with immunoblot in a larger cohort with mixed histology, in plasma (n = 68), and cyst
fluid (n = 68). The protein selections were based on either high significance and high fold change or abundant
appearance and several peptide recognitions in the sample sets (p = 0.04, FC = 1.95) and (p < 0.001, FC = 8.48) for SAA4
and ASTL respectively. Both were found to be significantly expressed (p < 0.05), but the methods did not correlate
concerning ASTL.

Conclusions: Fluid from ovarian cysts connected directly to the primary tumor harbor many possible new tumor-
specific biomarkers. We have identified 87 differentially expressed proteins and validated two candidates to verify the
iTRAQ method. However several of the proteins are of interest for validation in a larger setting.
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Background
Epithelial ovarian carcinoma (EOC) is the fifth most com-
mon cause of cancer deaths among women in Western
Europe and the U.S., and unfortunately the majority of pa-
tients are diagnosed in late stages with a poor prognosis
[1]. The five-year relative survival ranges from 90% for
patients diagnosed with stage I tumors to only 35% for
patients with advanced staged tumors, III or IV, according
to the International Federation of Gynaecology and
Obstetrics (FIGO) [2,3]. Thus, early detection seems to be
the single most important factor for improving survival
rates for patients with EOC.
Ovarian tumors commonly grow in cystic formations,

and the majority of these cysts are benign and therefore
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harmless. Because no reliable diagnostic tests or imaging
techniques are able to distinguish between a benign and a
malignant cyst, approximately seven patients with benign
lesions are operated for every ovarian cancer found [4]. Im-
proving early diagnosis can help avoid unnecessary opera-
tions. Using CA-125 as a biomarker for early detection has
been thoroughly investigated in several studies [5-8]. How-
ever, CA-125 is often falsely negative in fertile women with
EOC and in early stage EOC and CA-125 is positive in a
variety of benign diseases and therefore not sensitive
enough to be used for general screening [9-12]. Among
hundreds of suggested new biomarkers, human epididymis
protein 4 (HE4) is a strong candidate for detection of EOC
[13,14]. Reports indicate that HE4 and CA-125 in serum
samples detect ovarian cancer equally, while HE4 has a
better capacity to distinguish benign disease in fertile
women from those with malignant tumors. Studies also
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indicate that HE4 is better at identifying early stage disease
than CA-125 [14-16].
Proteomic profiling using mass spectrometry (MS) has

been employed to detect biomarkers in serum and urine
from patients with ovarian cancer [17]. Single biomarkers
have previously been found in ovarian cyst fluid with dif-
ferent expression in benign versus malignant histology
[18,19]. Mass-spectrometry-based quantitative proteo-
mics has gained popularity in recent years because it en-
ables both identifying proteins and studying changes in
protein abundance in biological samples. Moreover,
methods for quantitative MS–based proteomics using
isobaric tags such as iTRAQ and TMT provide the ad-
vantages of enabling samples to be mixed into one reac-
tion and several samples (up to seven) run together with
a reference sample under identical conditions. These
methods have been used in only a few EOC investiga-
tions. Boylan et al. performed an iTRAQ analysis in an
attempt to identify biomarker candidates in ovarian can-
cer serum, and Gagné et al. have studied differences in
protein expression between two EOC cell lines [20,21]. In
addition, a study of tissue biopsies analysed with iTRAQ
was recently published [22].
Epithelial-derived ovarian cysts are filled with fluid

that is secreted from the local microenvironment, tu-
mors cells and stroma. The ovarian cyst fluid contains
proteins at much higher concentrations than in the
blood [18,19]. Pathological changes within the ovaries
should be reflected in the proteomic patterns of these
cyst fluids, and the changes may differ between benign
and malignant ovarian tumors of different grades and
stages. Similar studies have been performed for improv-
ing the diagnosis of pancreatic cysts [23].
In an attempt to identify potential novel biomarkers that

give the ability to distinguish malignant from benign cysts
in patients diagnosed with a suspicious ovarian cystic pel-
vic mass, we analyzed a selection of immunodepleted cyst
fluids from serous tumors with iTRAQ MS in an LTQ–
Orbitrap XL mass spectrometer. We then investigated the
identity of significant proteins and validated potentially
useful biomarkers in a larger set of cyst fluids and serum
samples with mixed histology.
Table 1 Cyst fluid samples analyzed with iTRAQ

Benign (n = 5) Stage I (n

Mean Age (year, (range)) 71 (52–86) 60 (48–6

Differentiation

High - 2

Moderate - 1

Poor - 2

Only serous adenoma and serous EOC were included, five benign, five stage IA, and
Results
32 proteins were differentially expressed in the iTRAQ
MS analysis
In total, 837 proteins were detected with iTRAQ MS ana-
lysis in the ovarian cyst fluids. Cyst fluids were run in five
sets with three samples in each set (one benign, one EOC
stage I, and one EOC stage III) (Table 1). Among them, we
found 87 proteins that were significantly (p < 0.05) differen-
tially expressed between the serous adenoma (benign) and
serous adenocarcinoma (malignant) samples. Proteins
identified by single or two peptides only, fold change <1.8,
and all immunoglobulins (Ig) were excluded. The relative
expression of the remaining 32 proteins in each cyst fluid
sample is displayed in Figure 1. Proteins were divided into
less expressed or more expressed in malignant samples
compared to benign samples. Accession number, descrip-
tion, statistical evaluation, and fold change ranging from
1.80 to 8.48 are presented for each protein (Table 2). These
proteins represent different functions in cell regulation and
association with cancer or inflammatory response. Apart
from significance and fold change, each protein was evalu-
ated according to the number of appearances in the sample
sets and peptide recognition hits. Of the 837 total proteins
identified, 23% were identified in five sets, 29% were found
in two-four sets, and 45% were uniquely expressed. Fold
change > 2.0 were found in 75% of the proteins separating
benign from malignant. Of these 32 proteins, 59% (n = 19)
were expressed in five sets, 25% (n = 8) in four sets, and
16% (n = 5) in only three sets. Of these 32 proteins, 12%
(n = 4) were recognized by 44–219 peptides in each set,
and all four were identified as albumin or apolipoproteins,
commonly detected in serum. The majority, 56% (n = 18),
were recognized by 2–30 peptides in each set, while 32%
(n = 10) were detected by only 1–3 peptides.
For verification of the iTRAQ method and external

validation in a larger cohort, two proteins were selected
for immunoblot validation. The protein selection was
based on significance and high fold change between be-
nign and malignant tumors or abundant appearance and
several peptide recognitions in the sample sets (Figure 2,
Table 2). Serum amyloid A-4 (SAA4) was increased in the
malignant samples and detected in all five sets with 5–11
= 5) Stage III (n = 5) Malignant total (n = 10)

0) 65 (49–84) 63 (48–84)

0 2

0 1

5 7

five stage IIIC.
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peptides in each set, but with lower stringency and fold
change (p = 0.04, FC = 1.95) than astacin-like metallo-
endopeptidase (ASTL) (p < 0.001 and FC = 8.48). ASTL
was decreased in the malignant cyst fluid compared to the
benign, and was detected in three sets with 1–3 peptides in
each set. The low number of identified peptides may indi-
cate a more uncertain result for ASTL (Table 2).
In addition S100A8 (Calgranulin A) and S100A9

(Calgranulin B), proteins previously described in several
tumor types, both displayed higher expression levels in
the malignant samples compared to the benign samples
(FC = 4.35 and 3.43 respectively) (Table 3). The iTRAQ
analysis also identified SPARC-like protein 1 (SPARCL1),
described as having the capacity to suppress tumors, since
expression is higher in the benign samples (FC = 2.82),
and serum amyloid P-component (FC = 2.12), recently
found by iTRAQ in ovarian tumor serum and tissue biop-
sies [20,22].

External validation by immunoblot in 136 samples from
68 patients
To further study the results found in the iTRAQ ana-
lysis, we performed immunoblot analysis to establish the
expression levels of a set of proteins in both ovarian cyst
fluid and plasma (Table 3). As discussed in the para-
graph above, we selected two proteins (SAA4 and ASTL)
Symbol 12B 37B 66B 115B 162B 76 IA 81 IA 95 IA
ASTL NA 1,16 2,30 2,05 NA NA -1,69 -1,56
ALB -0,74 0,86 1,79 0,69 0,78 -0,54 -1,51 -0,79
C7 0,58 0,12 0,28 0,64 0,68 -0,64 -1,22 -0,47
AMY1A NA NA -0,29 1,72 3,66 NA NA -1,03
SPARCL-1 1,55 -0,81 -0,18 NA 1,86 -1,79 -1,15 -1,09
PLTP NA -0,01 0,18 1,32 -0,14 0,11 -1,18 -0,56
TARSH NA 0,19 0,41 NA 1,26 NA -0,15 0,20
CTSD NA 0,93 -0,40 2,33 -0,36 NA 0,48 -0,97
CHAF1A -0,36 0,94 NA 0,75 -0,27 0,11 -1,03 NA
COL6A3 1,56 -0,10 1,40 NA 0,33 -0,97 -1,64 -0,54
CRISP3 -0,84 -0,69 -0,71 0,59 2,83 -0,47 -2,32 -1,12
KIAA0196 -0,92 0,78 1,04 NA -0,22 -0,56 -1,36 -0,84
MSLN -2,64 0,79 0,18 1,50 1,40 0,25 -2,94 -2,32
OVGP1 -4,06 -0,22 -4,32 2,64 2,84 -2,94 -5,64 -4,06
APOA1 0,44 -1,51 -1,51 -2,06 -1,74 -0,06 -0,71 -0,09
APOB -1,29 -1,43 -0,86 -1,74 -1,64 0,18 -0,69 1,16
GRP78 NA -1,56 -1,29 NA -1,69 NA 1,61 -0,76
APOA4 1,28 -2,25 -2,94 -2,47 -1,56 0,36 -1,74 -0,17
IDHC -3,47 -1,60 -2,64 NA -3,64 -1,09 1,59 -2,12
ALDOA -1,29 -1,69 -2,64 -0,62 -2,47 -0,25 0,54 -0,51
TPI1 -2,64 -0,71 -1,32 0,03 -1,25 -0,23 1,21 -0,43
GAPDH -3,18 -0,32 -2,64 -0,40 -2,18 -0,14 1,01 -0,69
C4BPA -1,12 -0,67 -0,89 -1,03 -1,06 0,39 -1,06 0,99
CLTC NA -1,32 -0,79 -2,64 -2,18 NA -0,92 0,95
APOC1 0,37 -1,22 -1,47 -0,56 -1,94 0,38 -1,69 0,21
S100A8 -5,06 -2,56 -1,89 -2,06 -3,32 0,14 1,88 -0,40
SYT13 NA -0,94 -1,22 NA -0,60 NA -0,69 0,89
YWHAZ -5,64 -0,86 -2,74 0,43 -3,32 -0,79 1,62 -1,22
APCS -0,09 -2,40 -0,42 -2,64 0,01 0,32 -1,06 0,59
SAA4 0,26 -1,60 -1,32 -1,32 -1,47 -0,89 -1,60 -0,74
PRDX NA -2,25 -4,06 -0,76 -3,18 NA 0,28 0,14
S100A9 -2,74 -1,74 -3,84 -1,79 -2,32 0,43 1,75 -0,23

Figure 1 Proteins detected with iTRAQ analysis in cyst fluid from sero
differentially expressed in benign and malignant cysts are shown; relative p
IIIA=stage IIIC. The green color indicates lower and the red higher expressi
for validation. We subjected protein from a total of 68
cyst fluids and 68 serum samples to immunoblot. Semi-
quantitative protein levels were compared between be-
nign and malignant samples for each fluid compartment.
SAA4 is significantly increased in ovarian cyst fluids but
not in plasma
The SAA4 (15 kDa) antibody detected two bands, at
13 kDa and 17 kDa (Figure 3D), which were expected
according to the manufacturer’s description. The intensity
of the two bands correlated well in all samples, and the
13 kDa band was subjected to densitometric scanning. The
cyst fluid from patients with malignant disease displayed a
significantly higher expression of SAA4 (p = 0.001) com-
pared to the benign samples (Figure 3A), confirming the re-
sults from the iTRAQ analysis where the SAA4 expression
levels also differed significantly (p = 0.001). The trend of in-
creased expression in higher stages detected in the iTRAQ
analysis was persistent in this larger heterogenic sample set
(Figures 2A and 3A). SAA4 levels were then examined
according to histologic subtype (data not shown). SAA4
were still significantly increased in serous EOC. SAA4 levels
were low in simple cysts, mucinous adenoma and all six
mucinous carcinomas. SAA4 levels were equally high in
both endometrioma and endometrioid EOC. However this
118 IA 180 IA 90 IIIC 231 IIIC 336 IIIC 15 IIIC 312 IIIC
-1,09 NA NA -0,86 -1,64 -0,64 NA
-0,43 -0,76 -1,09 -1,29 -0,49 -0,15 -0,14
-0,84 0,08 -0,25 -0,81 -0,40 0,01 0,24
-1,32 -1,25 NA NA -0,14 -1,84 -1,00

NA -0,97 -0,89 -0,23 -0,71 NA -0,30
-0,60 -0,62 -1,09 0,58 -0,38 -1,06 -1,00

NA -0,17 NA -0,14 -0,42 NA -0,69
-0,04 -1,12 NA -1,36 -1,79 -1,25 -1,40
-1,18 -0,42 -1,15 -0,49 NA 0,03 -1,32

NA 0,04 -0,22 0,67 -0,10 NA -0,10
0,48 -0,92 -1,51 -1,94 -1,47 -1,22 -0,84

NA -0,12 -1,09 -0,69 -0,14 NA -1,36
-0,84 -0,14 -1,06 -1,94 -0,79 -2,74 -0,97
-2,64 -1,60 -2,84 -4,32 -5,64 -2,40 -1,22
-0,09 0,16 0,15 0,32 0,43 0,74 0,26
1,10 -0,84 -0,97 -0,07 0,08 -0,92 -0,15

NA 0,08 NA -0,32 -0,47 NA -1,18
-0,43 0,64 -0,14 0,64 0,61 0,58 1,01

NA 0,83 -1,69 -0,32 -1,89 NA -1,29
-1,06 1,89 -0,62 0,55 -0,69 -1,74 -1,18
-0,56 0,67 -0,67 0,40 -1,00 -0,30 0,33
-0,97 0,58 -1,22 0,21 -0,06 -1,94 0,38
0,96 -0,56 -1,06 0,04 0,19 -0,74 -0,27
1,18 -1,69 NA -0,23 NA -1,15 -0,60
0,14 -0,18 0,10 -0,07 0,29 0,30 -0,06
-0,12 1,68 -2,40 -1,94 -1,25 -3,32 -2,84

NA 0,32 NA -0,49 -0,17 NA 0,49
-0,64 0,61 -0,84 -0,25 -1,36 -0,69 -1,47
-0,43 -0,81 0,58 -0,03 0,07 0,24 0,32
-0,07 -0,38 1,06 0,23 0,36 0,44 0,34
1,77 -0,56 NA -0,25 -2,40 -1,00 -2,40
-0,12 1,62 -2,56 -1,74 -0,79 -2,94 -2,47

us ovarian cysts. The 32 proteins that were considered to be
rotein levels are in logarithmic scale. B=benign, IA=stage IA, and
on levels in relation to the other samples analyzed.



Table 2 Proteins detected with iTRAQ that are differentially expressed comparing benign and malignant serous
ovarian cyst samples

Gene symbol Accession Protein name p-value Fold change

Less expressed in malignant samples

ASTL Q6HA08 Astacin-like metalloendopeptidase < 0.001 8.48

ALB P02768 Albumin 0.001 2.63

C7 P10643 Complement component 7 0.002 1.85

AMY1A P04745 Amylase, alpha 1A 0.01 6.93

SPARCL1 Q14515 SPARC-like 1 (hevin) 0.01 2.82

PLTP P55058 Phospholipid transfer protein 0.02 1.80

ABI3BP Q7Z7G0 Target of Nesh-SH3 (TARSH) 0.02 1.80

CTSD P07339 Cathepsin D 0.02 2.95

CHAF1A Q13111 Chromatin assembly factor 1, subunit A 0.03 1.93

COL6A3 P12111 Collagen, type VI, alpha 3 0.03 2.22

CRISP3 P54108 Cysteine-rich secretory protein 3 0.04 2.59

KIAA0196 Q12768 Strumpellin (STRUM) 0.04 1.92

MSLN Q13421 Mesothelin 0.04 3.02

OVGP1 Q12889 oviductal glycoprotein 1 0.05 6.53

More expressed in malignant samples

APOA1 P02647 Apolipoprotein A-I 0.002 2.62

APOB P04114 Apolipoprotein B 0.004 2.43

HSPA5 /GRP78 P11021 heat shock 70 kDa protein 5 (glucose-regulated protein, 78 kDa) 0.005 3.34

APOA4 P06727 Apolipoprotein A-IV 0.02 3.31

IDHC O75874 Isocitrate dehydrogenase 1 (NADP+) 0.02 4.27

ALDOA P04075 Aldolase A, fructose-bisphosphate 0.02 2.70

TPI1 P60174 Triosephosphate isomerase 1 0.02 2.18

GAPDH P04406 Glyceraldehyde-3-phosphate dehydrogenase 0.03 2.76

C4BPA P04003 Complement component 4 binding protein, alpha 0.03 1.80

CLTC Q00610 Clathrin, heavy chain 0.03 2.69

APOC1 P02654 Apolipoprotein C-I 0.04 1.87

S100A8 P05109 S100 calcium binding protein A8 0.04 4.35

SYT13 Q7L8C5 Synaptotagmin XIII 0.04 1.97

YWHAZ P63104 Tyrosine 3-monooxygenase/tryptophan 5-mono-oxygenase
activation protein, zeta polypeptide

0.04 3.79

APCS P02743 Amyloid P-component , serum 0.04 2.12

SAA4 P35542 Serum amyloid A-4, constitutive 0.04 1.95

PRDX2 P32119 Peroxiredoxin 2 0.04 4.03

S100A9 P06702 S100 calcium binding protein A9 0.05 3.43
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is a rather small set of subgroup samples and our results
need further validation.
To evaluate the potential of SAA4 as a serological bio-

marker for ovarian cancer, the protein expression of SAA4
was compared in plasma samples from 68 patients identi-
cal with the cohort previously used in the validation of
cyst fluid samples. There were, however, no significant dif-
ferences in expression levels between the benign and ma-
lignant plasma samples (p = 0.81; Figure 3D).
Total protein concentration
The total protein concentration in the cyst fluids was mea-
sured and as expected was lower in the benign cohort
(median 1.98 mg/ml, range 0.03-9.20) than in the malig-
nant (median 5.26 mg/ml, range 0.12-17.73) (p = 0.02;
Figure 3C). To be able to determine whether the differ-
ences in SAA4 actually is a reflection of higher protein
concentrations we used the samples with more equal pro-
tein concentrations from both groups and performed



Figure 2 iTRAQ cyst fluid analysis on SAA4 and ASTL; relative protein levels in benign, stage IA, and stage IIIC for A) SAA4 and B) ASTL
in serous ovarian cyst fluid. Both proteins showed a significant difference in expression levels between benign and malignant (stage IA and IIIC
together) samples (ASTL p<0.001 and SAA4 p=0.04). When benign samples are compared to stage IA, there is still a significant difference in ASTL
levels (p=0.001).
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statistical calculations on this more homogenous set of
samples. In this cohort, the median concentration of be-
nign samples was 5.25 mg/ml (range 1.33-9.20) (n = 18),
and in malignant samples 5.41 mg/ml (range 1.75-17.73)
(n = 31). Statistical verification of SAA4 in this cohort re-
vealed that it was still significant (p = 0.013).

Significant but contradictory results in the ASTL
verification and validation
Unexpectedly, the cyst fluid levels of ASTL were signifi-
cantly higher in malignant cyst fluids (p = 0.003). This
was in contrast with our results from the iTRAQ MS
analysis were the results showed significant (p < 0.001)
lower levels in the malignant samples (Figures 2B and
Table 3 Sample characteristics of cyst fluid and plasma samp

Benign (n = 32) Malignant (n = 36)

Mean Age (year, (range)) 57 (16–86) 59 (40–80)

Simple 8 (25%)

Endometrioma 6 (19%)

Serous 12 (38%) 18 (50%)

Mucinous 6 (19%) 6 (17%)

Endometrioid 6 (17%)

Clear cell 6 (17%)

68 samples with mixed histology were included.
3B). The ASTL antibody detected two bands at 40 and
48 kDa. The predicted size was expected to be 46 kDa.
ASTL levels were then examined according to histologic
subtype (data not shown). ASTL levels were increased in
serous EOC and endometrioid EOC, but not in clear cell
or mucinous EOC. ASTL levels were low in simple cysts,
benign serous and mucinous tumor cysts. These results
are however difficult to interpret since the two methods
did not correlate.
Even though ASTL results from iTRAQ and immuno-

blot were contradictory we chose to evaluate its potential
as a biomarker in blood. There were, however, no signifi-
cant differences in expression levels between the benign
and malignant plasma samples (Figure 3D).
les analyzed with immunoblot

Stage I (n = 18) Stage III (n = 17) Stage IV (n = 1)

7 (39%) 11 (65%)

4 (22%) 1 (6%) 1 (100%)

3 (17%) 3 (18%)

4 (22%) 2 (12%)



Figure 3 Immunoblot validation of SAA4 and ASTL in 68 cyst fluid samples with mixed histology. Protein concentration in cyst fluid in
benign, stage I-II, and stage III-IV for A) SAA4, malignant samples displayed a significantly higher expression than benign (p=0.001). B) ASTL,
significantly increased expression in malignant samples (p=0.003) were in contrast to the iTRAQ results. C) Total protein, significantly higher in
the malignant cohort compared to the benign (p=0.02). D) Immunoblot expression SAA4 and ASTL in cyst fluid and plasma. In plasma there
was no significant difference between benign and malignant samples for either SAA4 nor ASTL.
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Verification of the iTRAQ metod
Among the 68 cyst fluids used in the external validation
set, two benign serous adenomas and five serous adeno-
carcinomas of different stages were identical with the
iTRAQ sample set and demonstrated good correlation
for the SAA4 expression (p = 0.008; data not shown).
However, ASTL expression did not correlate within the
two methods, which is in line with the significant but
contradictory findings (p = 0.58; data not shown).

Discussion
This study established that there are significant differ-
ences in the expression levels of a number of proteins in
ovarian cyst fluid when benign and malignant tumors
are compared indicating that it might be possible to use
this fluid to identify novel biomarkers for ovarian tumor
diagnosis. In this study we used a quantitative proteomic
technique to analyze sets of fifteen immunodepleted cyst
fluids from patients with ovarian serous adenomas and
serous adenocarcinomas of different stages. The samples
were not pooled in order to see individual differences.
Epithelial ovarian cancer consists of at least five different
histological subtypes, and no known biomarker covers
all histologies as a single marker [24]. To increase our
chances of finding a true novel biomarker, we chose only
patients with serous histology for the initial proteomic
screening. In the verification and validation part of this
study, 50% of the included tumors were of serous origin,
which is slightly lower than the normal incidence. We
used iTRAQ MS, which has a low variance between runs
and can take up to seven samples together with a refer-
ence sample under identical conditions.
Potential tumor-specific biomarkers are most likely those

produced by epithelial ovarian tumor cells or surrounding
stroma and secreted into the cyst fluid compartment, and
thereafter to lymph vessels and the bloodstream where we
can easily detect them. We hypothesize that changes in
protein levels can more easily be found in the ovarian cyst
fluid in the initial phase of the disease than in serum. And
indeed, we could identify 837 different proteins in the cyst
fluids after immunodepletion, and 32 of these were signifi-
cantly differentially expressed between the benign and
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malignant groups. Fifteen proteins were identified in all five
iTRAQ sets; eight were identified in four sets and five were
identified in three sets. Several of the proteins identified in
this study have previously been identified as potential ovar-
ian cancer biomarkers in both serum and tissue biopsies
[20-22], demonstrating that iTRAQ MS of ovarian cyst
fluids can be used for the identification of differentially
expressed biomarkers for later validation in serum. Inter-
estingly, among these proteins some were expressed with
even higher levels among the stage IA tumors compared to
stage IIIC tumors (Figure 1).
SAA4, an acute-phase protein, was significantly differ-

entially expressed between the two groups (p = 0.04) in
the present study and has previously been suggested to
be involved in carcinogenesis [25-27]. This difference be-
tween benign and malignant tumors is supported by an-
other study performed by our group, where we analysed
benign and malignant samples using SELDI-TOF MS
[2]. We had therefore several reasons why SAA4 is an
interesting choice for further evaluation as a potential
biomarker in ovarian cancer. A group of 68 cyst fluids of
heterogeneous histology were subsequently analysed by
immunoblot, and the divergence remained between the
groups (p = 0.001), which suggests SAA4 as a potential
novel biomarker. However SAA4 were negative in most
of the mucinous tumors. Interestingly, the increasing
levels of SAA4 in relation to tumor progression (stage I
– stage III) were detected both in the present study and
in our SELDI-TOF MS investigation. The increasing
amount of SAA4 in higher stages could suggest that tu-
mors produce acute phase proteins as a response to in-
jury or inflammation itself. Increasing expression levels
of SAA1 and SAA4 mRNA and protein have been found
from benign to primary and metastatic adenocarcinomas
in ovarian tissue sections [27]. The levels of SAA4 in our
study also correlated well with the seven samples that
were similar within the two methods, iTRAQ and im-
munoblot. Speculatively, it would be interesting to ex-
plore the potential of using SAA4 for imaging
diagnostics. We wonder if it would be possible to label
an antibody for SAA4 with a nuclide and then screen
the patient with PET or some other equipment and be
able to verify the presence of a malignant tumor as op-
posed to a benign cyst.
Astacin-like metalloendopeptidase (ASTL) with a fold

change of 8.48 was identified as one of the most interest-
ing proteins from the iTRAQ analysis. ASTL had the lar-
gest fold change and it has previously been associated
with expression in the ovary and ovarian carcinomas
[28]. Even though these results could be questioned early
because of only 1–3 peptide recognitions in three of five
sets, we aimed to further evaluate ASTL. The external
validation of 68 cyst fluids revealed a significant but re-
verse relationship between the expression of ASTL and
malignancy compared to iTRAQ data. These indistin-
guishable results made us question whether it really was
ASTL that we detected in the iTRAQ MS analysis, since
the detected peptide sequence was identical in all sample
hits for ASTL.
GRP78 has previously been associated with ovarian

cancer [29,30], and our results from the iTRAQ analysis
indicate that this protein may potentially be a good bio-
marker for ovarian tumors since there was no overlap in
expression levels between the benign and the malignant
samples (p = 0.005). This finding is well in line with
GRP78 being located in the endoplasmic reticulum in
normal cells and on the surface of cancerous cells, mak-
ing it interesting as a target for cancer diagnostics and
therapies [31]. Taxol coupled to GRP78 antibody has
been shown to suppress tumor cell growth in vitro [32].
Unfortunately, we could not detect GRP78 with the
commercial antibody we tried (data not shown).
A number of other interesting proteins were identified

by our proteomic screening and are suitable for further
investigation. In this study we compared the benign
tumors with all malignant. The next step should perhaps
be to evaluate the proteins that increase in early stage
EOC i.e. Peroxiredoxinsare H2O2 scavenging antioxidant
(PRDX), Clathrin heavy chain 1 (CLTC), or complement
component 4 binding protein alpha (C4BPA). The “de-
pleted” albumin displayed significantly differentially ex-
pressed levels albumin between the benign and malignant
samples with higher levels in the benign samples. Studies
have suggested that albumin is a potential biomarker for
survival of cancer. For example, Parker et al. as well as
McMillan et al. described that patients diagnosed with epi-
thelial ovarian cancer who have higher levels of albumin
have a better chance of survival [33,34]. In our study,
S100A8 and S100A9 were identified, and levels of these
proteins were higher among the malignant samples. Both
S100 proteins have previously been described in several
tumor types and suggested to be involved in ovarian and
colorectal cancer [35-37]. S100A8 and S100A9, also
known as Calgranulins A and B, were first identified in
cyst fluid and serum as up regulated in ovarian cancer, but
absent or negative in benign cysts [38]. Up regulation in
ovarian tissue and peritoneal fluid has been reported [35].
S100A8 and S100A9 are involved in numerous inflamma-
tion and carcinogenesis cellular processes and can be used
as cancer biomarkers, but are not specific markers for
ovarian cancer [39]. Furthermore we identified SPARCL1
with higher expression levels among the benign samples
than the malignant ones (p = 0.01), and previous investiga-
tions discussed this protein’s possible involvement as a sup-
pressor of a variety of tumor types [40,41]. To improve the
diagnosis of EOC we need panels of biomarkers that take
into account the great heterogeneity of the disease, with
variations in molecular and biological behavior as well as
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different histology. Our work will continue to study a num-
ber of interesting proteins that we identified as differen-
tially expressed between early cancer and benign tumors.

Conclusions
Fluid from ovarian cysts connected directly to the pri-
mary tumor that harbors many possible new tumor-
specific biomarkers. With iTRAQ MS on cyst fluid from
serous ovarian tumors, we identified 32 differentially
expressed proteins comparing benign and malignant
cysts. Some of these proteins have recently been sug-
gested as novel biomarkers for ovarian cancer [42-45],
and additionally quite a few have previously been de-
scribed as cancer related. Among a number of interesting
proteins differently expressed, two candidate markers
were validated to verify the iTRAQ method.

Materials and methods
Collection of the material
Cyst fluids and blood were collected prospectively and
consecutively from patients diagnosed from March 2001
to September 2010 with suspicious cystic pelvic tumors
Patients were included when they were admitted for an
operation to the section for gynecologic oncology surgery
of Sahlgrenska University hospital, Gothenburg, Sweden.
According to our protocol, blood samples were taken after
anesthesia but before surgery, and cyst fluids were col-
lected after removal of the cysts from the abdomen. All
samples were put directly in 4°C for 15–30 minutes,
centrifuged, aliquoted into eppendorf tubes, and stored in
−80°C within 30–60 minutes after collection. Samples
used in this study had experienced one freeze-thaw cycle.
Removed tumors were examined by an experienced path-
ologist for histology and grade and staged (I-IV) according
to FIGO standards. The local ethical committee at the
University of Gothenburg approved the study, and each
patient gave her informed, written consent.

Sample selection
To obtain a homogenous group of samples in the
iTRAQ MS analysis, only serous ovarian adenomas and
adenocarcinomas, the most common form of epithelial
ovarian cancers, were included from our ovarian cyst
fluid biobank. A total of 15 cyst fluid samples were ana-
lyzed with iTRAQ (Table 1). The following verification
and validation included cyst fluid and plasma samples
(n = 136) from 68 patients, with mix of all common
ovarian histologies. We included 32 patients with benign
cysts and 36 patients with EOC (Table 3). Seven samples
from the iTRAQ analysis were included in the verifica-
tion set, two benign and five malignant samples. In the
validation step, the cohort consisted of tumors of differ-
ent histologies, and serous carcinoma represented 50%
of the malignant samples.
Sample preparation for MS analysis
Mass spectrometry analysis was performed at the Prote-
omic Core Facility at the University of Gothenburg. Our
previous data showed that proteins, which are abundant
in the blood, are even more abundant in cyst fluid
[18,2]. Thus, beforehand removal of these proteins from
the cyst fluid is required for the MS analysis to be able
to detect potential tumor-specific biomarkers. In this
study, we used a depletion method before MS and label-
ing by isobaric tag for relative and absolute quantitation
(iTRAQ).
All 15 samples (50 μl each) were filtered using a

0.22 μm spin filter at 2000 rpm. The protein content
was determined by Pierce BCA Protein Assay (Thermo
Fisher Scientific, Rockford, IL, USA). Depletion of hu-
man albumin and IgG were performed (25 μl of each
sample) using the Qproteome Albumin/IgG Depletion
Kit (Qiagen, Valencia, CA, USA). The protein concentra-
tion was determined once more by Pierce BCA Protein
Assay (Thermo Fisher Scientific).
100 μg of each sample was withdrawn and diluted to

200 μl. Non-protein impurities were removed by quanti-
tative precipitation clean-up using ProteoExtractW Pro-
tein Precipitation (Calbiochem, San Diego, CA, USA). The
pellets were dissolved in iTRAQW Dissolution Buffer with
the addition of 1 μl 2% SDS (iTRAQW, Applied
Biosystems, Foster City, CA, USA), and the samples were
digested with trypsin (Promega, Madison, WI, USA), re-
duced, and alkylated. All the 15 samples included in the
analysis were pooled together and used as a standard for
the iTRAQ analysis in each run. Each four-plex set
consisted of one pooled standard sample and three differ-
ent patient samples labeled with the iTRAQW reagent 114,
115, 116, and 117 respectively, following the manufac-
turer’s instructions (Applied Biosystems).
Strong cation exchange chromatography (SCX) of
iTRAQ-labeled peptides
The concentrated peptides were acidified by 10% formic
acid and diluted with SCX solvent A (25 mM ammo-
nium formate, pH 2.8, 20% acetonitrile [ACN]) and
injected onto a PolySULFOETHYL A SCX column
(2.1 mm i.d. × 10 cm length, 5 μm particle size, 300 Å
pore size). SCX chromatography and fractionation was
carried out on an ÄKTA purifier system (GE Healthcare,
Buckinghamshire, UK) at 0.25 mL/min flow rate using
the following gradient: 0% B (500 mM ammonium for-
mate, pH 2.8, 20% ACN) for 5 min; 0-40% B for 20 min;
40-100% B for 10 min; and 100% B held for 10 min. UV
absorbance at 254 and 280 nm was monitored while
fractions were collected at 0.5 mL intervals and dried
down in a SpeedVac. The peptide-containing fractions
(10) were desalted on PepClean C18 spin columns
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according to the manufacturer’s instructions (Thermo
Fisher Scientific).

LC-MS/MS analysis on LTQ-Orbitrap
The desalted and dried fractions were reconstituted into
0.1% formic acid and analyzed on a LTQ-Orbitrap XL
(Thermo Fisher Scientific) interfaced with an in-house
-constructed nano-LC system, described elsewhere [46].
Briefly, two-microliter sample injections were made with
an HTC-PAL autosampler (CTC Analytics AG, Zwingen,
Switzerland) connected to an Agilent 1200 binary pump
(Agilent Technologies, Palo Alto, CA, USA). The peptides
were trapped on a precolumn (45 × 0.075 mm i.d.) and
separated on a reversed phase column, 200 × 0.050 mm.
Both columns are packed in-house with 3 μm Reprosil-
Pur C18-AQ particles. The flow through from the analyt-
ical column was reduced by a split to approximately
100 nl/min, and the gradient was as follows: 0–5 min 0.1%
formic acid; 6–103 min 7-32% ACN 0.1% formic acid; and
103–105 min 80% ACN 0.1% formic acid.
LTQ-Orbitrap settings were as follows: spray voltage

1.4 kV, 1 microscan for MS1 scans at 60 000 resolution
(m/z 400), full MS mass range m/z 400–2000. The LTQ-
Orbitrap was operated in a data-dependent mode, that is,
one MS1 FTMS scan precursor ions followed by CID
(collision induced dissociation) and HCD (high energy
collision dissociation) MS2 scans of the three most
abundant doubly or triply protonated ions in each FTMS
scan. The settings for the MS2 were as follows: 1 microscan
for HCD-MS2 at 7500 resolution (at m/z 400), mass range
m/z 100–2000 with a collision energy of 50%; 1 microscan
for CID-MS2 with a collision energy of 30%.

Database search and iTRAQ quantification
MS raw data files from all ten SCX fractions for one
four-plex iTRAQ set were merged for relative quantifica-
tion and identification using Proteome Discoverer ver-
sion 1.1 (Thermo Fisher Scientific). A database search
for each of the five sets was performed by Mascot search
engine using the following criteria: homo sapiens in
Swissprot version 57.15, MS peptide tolerance as 5 ppm,
MS/MS tolerance as 0.05 Da, trypsin digestion allowing 2
missed cleavages with variable modifications; methionine
oxidation, cysteine methylthiolation, tyrosine iTRAQ4plex
(+144 Da) and fixed modifications; and N-terminal
iTRAQ4plex, lysine iTRAQ4plex. The detected protein
threshold in the software was set to 95% confidence, and
identified proteins were grouped by those sharing the
same sequences to minimize redundancy.
For iTRAQ quantification, the ratios of iTRAQ re-

porter ion intensities in MS/MS spectra (m/z 114.11-
117.11) from the raw data sets were used to calculate
fold changes (FC) between samples. Ratios were derived
by Proteome Discoverer version 1.1 using the following
criteria: fragment ion tolerance as 50 ppm for the most
confident centroid peak; iTRAQ reagent purity correc-
tions factors are used and missing values are replaced
with minimum intensity. Only peptides unique to a
given protein were considered for relative quantitation,
excluding those common to other isoforms or proteins
of the same family. The ratios were normalized to the
mean value of the 50 ratios identified with highest num-
ber of peptides.

Immunoblotting
The protein concentrations of 68 cyst fluid and 68
plasma samples were determined with the Micro BCA
protein assay kit according to the manufacturer’s in-
structions (Thermo Fisher Scientific). The cyst fluid
samples were diluted in H2O 1:10 and plasma samples
1:5, and 2.5 μl of each sample was diluted in (SDS) sam-
ple buffer with a reducing agent (Invitrogen). After
heating at 70°C for 10 minutes, the samples were loaded
on SDS-PAGE (NuPAGE 4–12% Bis-Tris Gel, Invitrogen
Ltd., Paisley, UK) and separated by electrophoresis using
MES SDS running buffer (Invitrogen). Proteins were
transferred to polyvinyl difluoride membranes using the
iBlot dry blotting system (Invitrogen). Membranes were
blocked in 5% non-fat milk in 10 mM phosphate buff-
ered saline (PBS) containing 0,05% Tween 20. The mem-
branes were incubated overnight at 4°C with PBS
containing 0,05% Tween 20 and the following primary
antibodies: serum amyloid A-4 protein (SAA4) purified
MaxPab mouse polyclonal antibody (1:1000, Abnova,
Taiwan); astacin-like metalloendopeptidase (ASTL) (N-12)
goat polyclonal (1:800, Santa Cruz Biotechnology, Inc.,
Santa Cruz, CA, USA); and 78 kDa glucose-regulated pro-
tein (GRP78) (N-20) goat polyclonal (1:500, Santa Cruz
Biotechnology). Precision plus protein WesternC stan-
dards (Bio-Rad, Hercules, CA, USA) were used as mo-
lecular weight markers. Immunoreactivity protein was
visualized by chemiluminescence using peroxidase-labeled
secondary antimouse (1:10 000, GE Healthcare), secondary
antigoat (1:15 000, Santa Cruz Biotechnology) detected
with chemiluminescent ECL Advance (GE Healthcare).
Immunoblotted membranes were exposed using a LAS-
1000 (Fujifilm, Minato-ku Tokyo, Japan). Individual bands
were quantified from the membrane images by densitom-
etry using the Quantity One software program (Bio-Rad).
An internal reference sample, the same on each blot, was
used as a standard for quantification of bands detected in
cyst fluid samples and was given the value 1 [47].

Statistical analysis
The normalized iTRAQ MS peak ratios were transformed
to Log2 values. Protein entries with only a single peptide
hit and proteins only detected in one or two sets, as well
as various entries corresponding to IgG isoforms, were
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not included in the analysis. Differences between benign
and malignant samples were compared using t-test and a
list of significant results presenting proteins with p < 0.05
and at least a 1.8 fold change were generated.
For the validation assay, the statistical differences in pro-

tein expressions were calculated using the Mann–Whitney
U test, and the relation between expressions measured
with iTRAQ MS. Immunoblotting was evaluated with bi-
variate correlation using Spearman correlation coefficient.
A value of p < 0.05 was considered to be significant.
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