1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
J Proteome Res. Author manuscript; available in PMC 2017 September 02.

Published in final edited form as:

J Proteome Res. 2016 September 02; 15(9): 3358-3376. doi:10.1021/acs.jproteome.6b00548.

Glycoproteomic Analysis of Malignant Ovarian Cancer Ascites

Fluid Identifies Unusual Glycopeptides

Suzanne Miyamoto™T, L. Renee Ruhaak*L, Carol Stroble, Michelle R. Salemi$, Brett

Phinney$, Carlito B. Lebrilla*, and Gary S. Leiserowitzll

TDivision of Hematology and Oncology, Department of Internal Medicine, UC Davis School of
Medicine, Sacramento, California 95817, United States

*Department of Chemistry, UC Davis, Davis, California 95616, United States
8Proteomic Core, Genome Center, UC Davis, Davis, California 95616, United States

IDivision of Gynecologic Oncology, UC Davis Medical Center, Sacramento, California 95817,
United States

Abstract

Ovarian cancer is a major cause of cancer mortality among women, largely due to late diagnosis of
advanced metastatic disease. More extensive molecular analysis of metastatic ovarian cancer is
needed to identify post-translational modifications of proteins, especially glycosylation that is
particularly associated with metastatic disease to better understand the metastatic process and
identify potential therapeutic targets. Glycoproteins in ascites fluid were enriched by affinity
binding to lectins (ConA or WGA) and other affinity matrices. Separate glycomic, proteomic, and
glycopeptide analyses were performed. Relative abundances of different N-glycan groups and
proteins were identified from ascites fluids and a serum control. Levels of biomarkers CA125,
MUC1, and fibronectin were also monitored in OC ascites samples by Western blot analysis. N-
Glycan analysis of ascites fluids showed the presence of large, highly fucosylated and sialylated
complex and hybrid glycans, some of which were not observed in normal serum. OC ascites
glycoproteins, haptoglobin, fibronectin, lumican, fibulin, hemopexin, ceruloplasmin, alpha-1-
antitrypsin, and alpha-1-antichymotrypsin were more abundant in OC ascites or not present in
serum control samples. Further glycopeptide analysis of OC ascites identified N-and O-glycans in
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clusterin, hemopexin, and fibulin glycopeptides, some of which are unusual and may be important
in OC metastasis.
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INTRODUCTION

Ovarian cancer (OC) is a major cause of cancer mortality in women.! Often, by the time OC
is diagnosed, it has already metastasized, leaving the patient with few treatment options and
little chance of survival. Although considerable attention is being paid to biomarkers of
early-stage disease,? it is also important for us to conduct more extensive molecular analyses
of metastatic, late-stage epithelial OC to identify glycoproteomic biomarkers in addition to
the well-established OC biomarker CA125.34 Information about metastatic glycan-
associated biomarkers could potentially serve as prognostic and predictive biomarkers to
help with diagnosis and treatment decisions as well as identify additional therapeutic targets.

The objective of this current study is to perform glycomic, proteomic, and glycopeptide
analyses on malignant ascites obtained from women with metastatic OC. Ascites is produced
when malignant tumor cells escape from the primary tumor site into the surrounding
abdominal cavity, where tumor cells find a rich, nourishing environment, enabling them to
grow and proliferate. Eventually these tumor cells can enter the circulation and metastasize
to other organ sites. Because metastasis is the major cause of mortality in OC, identification
of glycosylated proteins produced by or in response to the metastatic tumor cells helps us to
better understand the metastatic process and gives us insight into how to interfere with the
growth and metastasis of OC tumor cells. OC ascites is a complex sample consisting largely
of fluid and a variety of different cell types, mostly immune cells (lymphocytes,
macrophages, dendritic cells), red blood cells (RBCs), and fibroblasts with varying numbers
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of tumor cells (few to hundreds of millions cells per sample). The fluid is separated from the
cells by centrifugation. Ascites fluids contain valuable molecular information specific to
each individual patient that uniquely reflects their age, gender, genetics, and different
lifestyle influences from diet and environmental, in addition to having metastatic disease.>

For this study, concurrent N-glycan and proteomic analyses were first performed on OC
metastatic ascites fluids and a normal serum control. Ascites fluids were obtained from
women diagnosed with metastatic OC. Glycosylated proteins were enriched through affinity
binding to three immobilized lectins: concanavalin A (ConA) that preferentially binds
neutral and high-mannose-type glycans, wheat germ agglutinin (WGA) that tends to bind N-
acetyl glucosamine (GIcNAc) and sialylated glycans, and Aleuria aurantia lectin (AAL),
which selectively binds fucosylated glycosylated proteins. Western blot (WB) analyses of
CAL125, fibronectin, and MUC1 were included in this study. CA125 is still the most reliable
biomarker for OC, while fibronectin and MUC1 have been previously reported as potential
biomarkers of OC.7-11 Fibronectin is a medium abundant plasma/serum protein, more easily
detected by proteomic methods, whereas CA125 and MUCL are present in much lower
amounts. Analysis of these glycoproteins helps us to determine the overall enrichment of
these glycoproteins by ConA or WGA lectin binding.

N-Glycan analysis was conducted using analytical glycomic methods designed to maximize
the numbers of glycans identified.12-15 Proteomic analysis of lectin-bound samples was
performed using conventional trypsin digestion, followed by peptide mass fingerprinting.16
Although proteomic analysis after lectin binding still showed mostly abundant plasma/serum
proteins, an increase in certain types of N-linked glycans was identified. These N-glycans
are not usually identified in plasma or serum samples and may be indicative of cancer tumor
antigens important to the metastasis of tumor cells. These intriguing results show the value
of performing concurrent glycomic and proteomic analyses of ascites fluids and how lectin
affinity chromatography can be used to enrich for potentially important glycans. Further
glycopeptide analysis was performed to identify site occupancy and heterogeneity of
attached glycans to specific proteins. These studies will eventually help us to identify
specific glycoproteins and their glycosylation as a means of identifying better candidate
glycoproteomic biomarkers of metastatic OC.

EXPERIMENTAL SECTION

Acquisition and Processing of Ascites Samples

Samples of metastatic OC ascites were obtained from the Cancer Center Biorepository, as
part of the UCDCC #183 clinical study of OC (Dr. Gary Leiserowitz) with patient consent
utilizing an institutionally approved IRB protocol. The ascites specimens were deidentified
(coded) so that the identity of the individual donating the samples could not be identified by
the research personnel. Ascites specimens (ranging in volume from 10 mL to 1.5 L) were
transferred to sterile centrifuge tubes or bottles and centrifuged at 300-450¢ (1200-1400
rpm, Beckman GPR centrifuge) for 10 min to pellet cells (malignant, immune, and other
cells) in the sample. Supernatant (fluid) was removed, aliquoted, and frozen for further
molecular analyses (-80 °C).
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PNGase F was acquired from New England Biolabs (Ipswich, MA). Graphitized carbon
cartridges came from Grace Alltech (Deerfield, IL). Trizma and gelatin (fish scale) came
from Sigma-Aldrich (St. Louis, MO), sodium dodecyl sulfate from BioRad (Hercules, CA),
and 30% acrylamide/bis acrylamide and SafeBlue colloidal Coomassie blue stain from
National Diagnostic (Charlotte, NC). All other reagents, solvents, and buffers used in this
project were of analytical grade.

Lectin Binding of Ascites Fluid

Proteins in ascites were bound to and eluted from immobilized ConA and WGA lectins
according to the manufacturer instruction (Thermo-Fisher Scientific, Pierce Division,
Rockford, IL). Eluted samples were concentrated (Amicon, EMD Millipore, Billerica, MA,
MW 10 000 cutoff). Samples of the lectin-bound proteins were analyzed by 7.5% SDS-
PAGE, followed by carbohydrate staining (ProQ Emerald, Invitrogen, Carlsbad, CA) and
then protein staining (Safe-Blue, National Diagnostics, Charlotte, NC). Duplicate samples
were run and electrophoretically transferred to polyvinylidene difluoride (PVDF)
membranes (Immobilon, EMD Millipore, Billerica, MA), blocked with 5% gelatin (Sigma,
St. Louis, MO), and probed for CA125 (Zymed, now Invitrogen, San Diego, CA, this
CAL125 antibody is no longer available). The blots were sequentially stripped and probed for
MUC1, MUC2, and MUC3 (Geneway, San Diego CA) and fibronectin (Neomarker,
Fremont, CA).

Glycomic Analysis of Ascites Samples: Release and Processing of Glycans

N-Glycans were released and processed as previously described with slight modifications.’
Aliquots (50 uL) of ascites fluid or control serum (Sigma) were added to an equal volume of
200 mM ammonium bicarbonate (Sigma-Aldrich, St. Louis, MO) solution with 10 mM
dithiothreitol (DTT) (Promega, Madison, WI) and heat-denatured. Peptide- A-glycosidase F
(PNGaseF) was added (2 L, equivalent to 1000 NEB units or 15 IUB mU, New England
Biolabs, Ipswich, MA). N-Glycan release was performed in a microwave oven (20 W for 10
min) (CEM, Matthews, NC). Deglycosylated proteins were precipitated by adding 400 uL of
ice-cold ethanol, followed by incubation at =80 °C for 1 h and then centrifugation (14 000g,
20 min, Eppendorf centrifuge). Supernatants containing the released N-glycans were
transferred to new microcentrifuge tubes and dried in vacuo. Solid-phase extraction of
glycans was performed on a Gilson GX-274 ASPEC liquid handler equipped with a
cartridge rack. Using the liquid handler, cartridges (Carbograph, Alltech Associates,
Deerfield, IL) containing porous graphitized carbon (150 mg/cartridge) were first washed
with nanopure water and then conditioned with 6 mL of 0.1% trifluoroacetic acid (TFA) in
80% acetonitrile (ACN)/H,0 (v/v), followed by a final rinse of water. Glycan solutions were
applied to the cartridges and subsequently washed with 12 mL of nanopure (E-Pure,
Barnstead) water at a flow rate of 1 mL/min for desalting. Glycans were eluted with 4.5 mL
of 10% ACN/H,0 (v/v), 20% ACN/H,0 (v/v), and 40% ACN/H,0 (v/v) with 0.05% TFA
and dried in a centrifugal evaporator apparatus. Each sample was reconstituted in 50 L of
nanopure water prior to MS analysis.
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nanoHPLC-chip-TOF or qTOF MS Analysis

Glycan samples (1 pL) were analyzed using an Agilent 6200 Series HPLC—-Chip/TOF MS
system equipped with a microwell-plate autosampler (maintained at 20 °C), capillary sample
loading pump, nanopump, HPLC—chip interface and the Agilent 6210 TOF LC/MS, or an
Agilent 6520 nanoLC-Chip-Q-TOF equipped with an Agilent 1200 series nano-LC
system.12.18 The HPLC-Chip (Glycan Chip) consisted of a 40 nL enrichment column and a
43 x 0.075 mm? inner diameter (i.d.) analytical column, both with graphitized carbon (5 pm)
as stationary phase. Upon injection, the sample was loaded onto the enrichment column and
subsequently separated on the analytical column using a gradient of 3% ACN with 0.5%
formic acid (FA) (solvent A) to 90% ACN with 0.5% FA (solvent B). The mass
spectrometers were operated in positive mode.

Data Processing

Processing of the glycan data was performed using Masshunter qualitative analysis (version
B.06.00, Agilent) and Microsoft Excel 2013 as described in Hua et al.1® with modifications.
Data were loaded into Masshunter qualitative analysis, and glycan features were identified
and integrated using the Molecular Feature Extractor algorithm. Signals above a signal-to-
noise (S/N) threshold of 5.0 were first considered, after which the signals were deconvoluted
using a tolerance of 0.0025 m/z+ 10 ppm. Resulting deconvoluted masses were
subsequently annotated using a retrosynthetic theoretical glycan library,20 with a 15 ppm
mass error allowance.

Protein Identification by Tandem Mass Spectrometry (LC-MS/MS)

Samples of ascites fluid and lectin-bound (WGA- and ConA-bound) were submitted to the
UC Davis Proteomic Core for protein identification using trypsin digestion, followed by
tandem mass spectrometry (MS/MS). In brief, proteins were reduced and alkylated
according to previously described procedure?! and digested with sequencing-grade trypsin
per the manufacturer’s recommendations (Promega, Madison, WI).

Liquid chromatography tandem mass spectrometry (LC-MS/MS) protein identification was
performed using an Agilent 6330 XCT ion trap mass spectrometer connected to an Agilent
HPLC-Chip system (Santa Clara, CA). Peptides were loaded on to an Agilent 5 cm C18
peptide chip and separated using a 15 min gradient of 2-80% buffer B (Buffer A = 0.1% FA,
Buffer B = 95% ACN 0.1% FA) at 200 nL/min. The top 10 ions in each MS scan were
subjected to automatic low-energy collision-induced dissociation (CID).

Database Searching: Tandem mass spectra were extracted by Bioworks version 3.2. Charge
state deconvolution and deisotoping were not performed. All MS/MS samples were analyzed
using X! Tandem (The GPM, thegpm.org; version TORNADO (2010.01.01.4)). X! Tandem
was set up to search the Uniprot complete human database (August 2010, 44 512 entries),
plus 110 nonhuman contaminant protein sequences from the common “Repository of
Adventitious Proteins” database (http://www.thegpm.org/crap/), plus an equal humber of
reverse sequences, assuming the digestion enzyme trypsin. X! Tandem was searched with a
fragment ion mass tolerance of 0.40 Da and a parent ion tolerance of 1.8 Da. lodoacetamide
derivatization of cysteine was specified in X! Tandem, as a fixed modification. Deamidation
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of asparagine, oxidation of methionine, sulfonation of methionine, tryptophan oxidation to
formylkynurenin of tryptophan, and acetylation of the N-terminus were specified in X!
Tandem as variable modifications.

Criteria for Protein Identification

Scaffold (version Scaffold_3 00 02, Proteome Software, Portland, OR) was used to validate
MS/MS-based peptide and protein identifications. Peptide identifications were accepted if
they could be established at >95.0% probability, as specified by the Peptide Prophet
algorithm.22 Protein identifications were accepted if they could be established at >90.0%
probability and contained at least one identified peptide. Protein probabilities were assigned
by the Protein Prophet algorithm.23 Proteins that contained similar peptides and could not be
differentiated based on MS/MS analysis alone were grouped to satisfy the principles of
parsimony.

Decoy False Discovery Rate

For the ConA and WGA ascites fractions: 106 proteins were identified at 50.0%, 1.0%
Decoy FDR and 2592 Spectra at 50.0% Minimum, 0.04% Decoy FDR

Sample Preparation for Glycopeptide Analyses

Ascites fluid samples and serum controls were prepared using affinity chromatography with
hemoglobin-agarose (H-agarose, Sigma H8756) to enrich for heme-iron binding proteins
such as hemopexin and haptoglobin. After elution from H-agarose, ascites samples from
different patients were pooled (five different ascites fluids: asc1, asc412, asc436, asc526,
and asc528), and half of the sample was desialylated using acid hydrolysis by treatment with
0.1 M FA for 1 h at 80 °C, followed by lyophilization (Sample #2). The same procedure was
performed on a serum control sample (Sample #1). Desialylation can improve the overall
detection of glycosylation in glycopeptides where heavy sialylation can sometimes interfere
with comprehensive glycan analysis of glycopeptides. The desialylated samples (Samples #1
and #2) and the remaining H-bound serum control sample (Sample #3) and H-bound pooled
ascites fluid sample (Sample #4) were trypsin-digested as previously described. Also
analyzed were samples prepared using AAL-agarose to enrich for fucose-containing
glycosylated proteins (Sample #5) as well as OC ascites fluid that was depleted of HSA and
IgG (Agilent HSA/IgG MARS column) (Sample #6). These six samples (desialylated and
native OC ascites and serum control, AAL-bound and HSA/IgG-depleted OC ascites) were
subjected to trypsin digestion before transport to the Proteomic Core at UC Davis.

Peptide Analysis Using an Orbitrap Q Exactive Plus MS with Tandem MS/MS

Liquid chromatography separation for peptide analysis was done using on an Easy nLC Il
(Thermo Fisher Scientific), a Proxeon nanospray source. The digested peptides were
reconstituted in 2% ACN/0.1% TFA, and ~3 ug of each sample was loaded onto a 100 um x
25 mm Magic C18 100 A 5U reverse-phase trap, which desalted the samples before being
separated using a 75 um x 150 mm Magic C18 200 A 3U reverse-phase column. Peptides
were eluted with a gradient of 0.1% FA (A) and 100% ACN (B), flow rate of 300 nL/min. A
60 min gradient was run with 5-35% B over 50 min, 35-80% B over 3 min, 80% B for 1
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min, 80-5% B over 1 min, and finally held at 5% B for 10 min. Each of the gradients was
followed by a 1 h column wash.

Mass spectra were collected on an Orbitrap Q Exactive Plus mass spectrometer (Thermo
Fisher Scientific) in a data-dependent mode with one MS precursor scan, followed by 15
MS/MS scans. A dynamic exclusion of 15 s was used. MS spectra were acquired with a
resolution of 70 000 and a target of 1 x 106 ions or a maximum injection time of 30 ms.
MS/MS spectra were acquired with a resolution of 17 500 and a target of 5 x 10% ions or a
maximum injection time of 50 ms. Peptide fragmentation was performed using higher
energy collision dissociation (HCD) with a normalized collision energy (NCE) value of 27.
Unassigned charge states as well as +1 and ions > +5 were excluded from MS/MS
fragmentation. The mass spectrometry proteomics data have been deposited to the Proteome
Xchange Consortium via the PRIDE?2 partner repository with the data set identifier
PXD003794. Byonic software v2.6 (Protein Metrics, San Carlos, CA) was used to analyze
the peptide raw data for the presence of N- and O-linked glycans.

RESULTS

Lectin Binding Enriches Glycosylated Proteins and Removes Most Albumin

We first used concurrent glycomic and proteomic analyses of OC ascites fluids and a serum
control before and after lectin binding utilizing two different immobilized lectins, ConA and
WGA, to enrich for glycosylated proteins. OC ascites fluids were prepared by centrifugation
to separate the fluid from cells. OC fluid samples were aliquoted and frozen at -80 °C and
subsequently thawed for use in the lectin binding studies. Initial analysis of glycoproteins
isolated by ConA or WGA lectin binding was performed by SDS-PAGE, followed by
carbohydrate and then protein staining of the same gel, as shown in Figure 1A,B for one
ascites sample (Ascl) (see Experimental Section for details). In the protein stained gel,
albumin (MW 69 kDa) was clearly the most abundant protein in the flow-thru or unbound
(UB) fractions from both ConA and WGA affinity bindings (Figure 1A, lanes 1 and 4),
which did not stain with the carbohydrate stain because albumin is not glycosylated (Figure
1B, lanes 1 and 4). Albumin accounted for at least 80% of the total protein in the original
OC ascites fluid (Figure 1A, lane 7, Asc), showing that lectin binding removed most of this
abundant protein, thereby making it easier to analyze the remaining glycosylated proteins.

Most glycosylated proteins in Ascl fluid were bound and eluted from ConA- and WGA-
immobilized lectins, as shown by staining for carbohydrate (Figure 1B, lanes 2 and 5) and
protein (Figure 1A, lanes 2 and 5) of the same gel. Very little protein remained bound to the
immobilized resin (R) (Figure 1A,B, lanes 3 and 6) showing the efficiency of the
glycoprotein binding to the immobilized lectins. Bound WGA and ConA proteins (Figure
1A, lanes 2 and 5) were highly glycosylated large proteins (Figure 1B, lanes 2 and 5), some
of which were unable to enter the SDS-PAGE stacking gel (Figure 1A,B, lanes 2 and 5).
These large glycoproteins may have molecular weights as high as several million daltons.
Differences in protein- and carbohydrate-stained glycoproteins were observed between those
bound to ConA when compared with those bound to WGA (Figure 1A,B, lane 2 compared
with lane 5), indicating specificity of each lectin for certain glycoproteins.
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WB analysis was performed on a duplicate set of samples for Ascl (fluid and ConA- and
WGA-bound samples) probing for CA125, fibronectin, MUC1, MUC2, and MUC3.
Monitoring the presence of these proteins enabled us to determine if these particular proteins
could be enriched by lectin binding. CA125 was detected in the WGA- and ConA-bound
fractions (Figure 1C, lanes 2 and 5) as extremely large heterogeneous molecular weight
proteins with several protein bands detected, some of which did not even enter the stacking
gel in the ConA-bound sample. CA125 was not detected in the original ascites fluid (Asc)
likely due to its being below the level of detection in this assay. CA125 was also not detected
in the unbound lectin fractions (Figure 1C, lanes 1 and 4), showing that it was completely
bound to the lectins. Also completely bound to the lectins were MUC1, MUC2, MUC3, and
fibronectin (Figure 1D-G, lanes 2 and 5).

Glycomic Analysis of Lectin Bound Proteins

N-Glycan analysis of two OC ascites fluids (Ascl and Asc412) and their corresponding
ConA- and WGA-bound fractions was performed to produce N-glycan profiles for each
ascites sample. The idea behind total N-glycomic profiling of these samples was to identify
the relative amounts of different N-glycans present in the original ascites fluids compared
with each corresponding lectin-bound sample. N-Glycans were isolated from two different
ascites fluids (Ascl and Asc412) as well as from a normal serum control (SS) and each of
their lectin-(ConA or WGA) bound fractions. Global N-glycan analysis was performed (see
Experimental Section for details). After lyophilization, the samples were reconstituted and
subjected to nano-LC Chip/TOF MS or nano-LC Chip/qTOF MS.12.15.25 Examples of the
total ion chromatograms of one of the ascites sample (Ascl) (Figure 2A, solid line)
compared with that of the serum control (Figure 2A, dashed line) shows differences in the
glycan profile. Chromatograms of N-glycans isolated from proteins in the original ascites
fluid (Ascl, solid line) compared with those isolated from proteins bound to ConA (dashed
lines) and WGA lectins (dotted lines) (Figure 2B) also appear to show some distinct glycan
changes in the chromatographs, especially in the early eluted glycans (Figure 2B).
Identification of N-glycans was based on the elution time and mass of the glycans using a
theoretical database.1%20.26.27 A chromatogram, annotated with N-glycan structures from
the ascites fluid, is shown in Figure 2C, which shows the more neutral glycans eluting early
while the more negatively charged sialylated glycans eluted later. Pie charts comparing N-
glycans from Ascl and Asc412 fluids along with their ConA- and WGA-bound proteins
(Figure 2D) as well as a serum control for comparison show the percentages for each type of
glycan (high mannose, neutral, sialylated, fucosylated, and sialylated). ConA-and WGA-
bound proteins of all samples (Ascl, Asc412, and SS) showed a much lower percentage of
fucosylated glycans but an increase in the percentage of sialylated only and fucosylated-
sialylated glycans. These overall glycan changes are important because they will have
functional consequences to the proteins to which they are attached in terms of recognition,
binding to other proteins, stability, and protein functional activities.

Glycomic Results of Ascites and ConA- and WGA-Bound Proteins

Further detailed analyses of the N-glycans from OC ascites fluid samples and a serum
control were conducted to show the relative abundance and types of glycans by composition
and structure as determined by nano-LC Chip/TOF MS. Composition of the N-glycans
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identified is presented in the following manner Hex_HexNAc_fucose_sialic acid using the H
(Hex), N (HexNAC), F (fucose), and S (sialic acid) configuration. Because it is not possible
to distinguish different hexoses (mannose, galactose, glucose) by mass spectrometry, hexose
content (H) representing all mannoses, galactoses, and glucose, is presented first; thenm the
N-acetyl hexosamine content (N-acetyl galactosamine or GIcCNAC) is presented in the second
position (N = HexNAc), followed by the fucose content (F= fucose) and finally the sialic
acid content (S = sialic acid).

N-Glycan results are presented for a serum control (SS) and two ascites fluid samples, Ascl
and Asc412. In this study the serum control (SS) was also subjected to lectin binding with
ConA and WGA. N-Glycan data results will be presented in bar graphs comparing glycan
results from the three starting samples with glycan results from their respective ConA- and
WGA-bound protein fractions. N-Glycan results with possible structures are shown in
Supplemental Table S1. Data results are organized to show related modifications of glycan
compositions such as the addition of fucose and sialic acid to core and antennary structures.

Abundant H5N4 N-Glycans in Ascites Fluids

The most abundant N-glycan species in all samples were biantennary H5N4 isoforms,
especially HSN4F0S2 and H5N4F0S1 (Figure 3A,B, structures in Supplemental Table S1).
These glycans accounted for 51-72% of all glycans in the original samples, ~78% in all
ConA samples, and ~68% in all WGA samples. Biantennary doubly sialylated H5N4S2 had
the highest glycan content in all samples that ranged from 20% in Ascl to 40-53% in the
rest of the samples (Figure 3A, third bar in each series). This glycan is likely attached to the
most abundant glycosylated proteins in ascites and SS samples. The second most prominent
glycan in all samples was the monosialylated biantennary H5N4S1 species (10-18%)
(Figure 3A, second bar in each series). The fucosylated versions of these glycans are shown
in Figure 3B. Fucosylated doubly sialylated H5SN4F1S2 (5-8%)(Figure 3B, third bar) was
the most abundant of the fucosylated H5N4 glycoforms in all samples and particularly high
in Ascl, followed by fucosylated, monosialylated HSN4F1S1 (2-4%) (Figure 3B, second
bar). A separate graph was included for the bifucosylated, doubly sialylated HSN4F2S2
isoform (Figure 3C) to show this glycan present in ascites samples but not in the SS
samples. This glycoform was present in proteins bound to WGA for both ascites fluids but
only to ConA in Asc412.

Also highly present in all samples were the complex/hybrid possibly bisected HSN5-type
glycans with sialylated glycans presented in Figure 3D and fucosylated, sialylated glycans
(H5N5S1 and H5N5S2) presented in Figure 3E (putative structures in Supplemental Table
S1). Profiles of this glycan group show clear differences in the relative abundance of these
glycans in the three starting samples (Ascl, Asc412, SS) with more doubly sialylated
H5N5S2 in Asc412 (Figure 3D, third bar, middle section) than in Ascl (Figure 3D, third bar,
left section) and really low in SS samples (Figure 3D, third bar, right section). SS samples
contained mostly HSN5S1 (Figure 3D, first bar, right section). Two fucosylated glycans,
mono-and doubly sialylated H5N5F1S1 and H5N5F1S2, were relatively abundant (1 to
3.7%) in all samples (Figure 3E, second and third bars in each series). Interestingly, Ascl-
ConA and Asc1-WGA samples appeared to have higher content of the doubly sialylated
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form than Asc412-ConA and Asc412-WGA samples, likely reflecting the glycoprotein
content of these samples. In contrast, SS-ConA and SS-WGA samples had a high content of
monosialylated fucosylated HSN5F1S1 (up to 3% of total glycans). Bisected fucosylated
and doubly sialylated N-glycan HSN5F1S2 have been described in blood samples from
women with late-stage metastatic OC.28

Glycan Groups H3N4, H4N4, and H4N5 in OC Ascites

Some glycan groups had one glycan that was predominate and mostly present in the original
samples with little or none present in the lectin-bound samples (Supplemental Figure S1A-
C). This was the situation with glycan groups H3N4, H4N5, and H4N5, which are likely bi-
and triantennary complex glycans containing fucosylation and some sialylation
(Supplemental Table S1). The fucosylated form, H3N4F1, H4AN4F1, and HAN5SF1 were the
most abundant glycans in each group, all likely having core fucosylation (Supplemental
Figure S1A-C). Each predominant glycan ranged in relative abundance from ~11% for
H3N4F1 in Ascl to ~2% for Asc412 and SS (Supplemental Figure S1A) and 3% H4N4F1 in
Ascl, 2% in Asc412, and 5% in SS original samples (Supplemental Figure S1B). There was
~2% H4ANS5F1 in Ascl, 0.5% in Asc412, and 1.2% in SS (Supplemental Figure S1C).
H3N4F1 and H4N5F1 were particularly high in Ascl, whereas HAN4F1 was highest in SS.
Interestingly, none of these glycans were enriched by lectin binding. Very little sialylation
was observed in these glycans, although sialylated H4AN4S1 (Supplemental Figure S1B) was
present in ConA-bound ascites samples (Asc1-ConA and Asc412-ConA) but not detected in
SS-ConA. Small amounts of this glycan were detected in WGA-bound ascites and SS
samples (Supplemental Figure S1B). Fucosylated, sialylated H4N5F1S1 was present in all
samples except for SS-ConA, with more present in Ascl samples and in Asc1-ConA and
Asc412-ConA samples (Supplemental Figure S1C).

High Mannose N-Glycans in Serum and OC Ascites Fluid Samples

Differences in the amount of high mannose containing N-glycans in serum of women with
OC have been previously reported;2%:30 therefore, we were particularly interested in
examining high mannose N-glycans in our OC ascites samples. High mannose glycans in
Ascl (Figure 4 left section), Asc412 (middle section), and serum (SS) (right section) with
their ConA- and WGA-bound samples are shown starting with the shorter mannose glycans
H3N2 (Man3) to HGN2 (Man6) in Figure 4A and with larger high-mannose-containing
glycans H7N2 (Man7) to HLION2 (Man9+hex) in Figure 4B. Unexpectedly, there was
considerably less relative abundance of mannose-containing N-glycans (H3N2 to H6N2) in
Ascl than in Asc412 or SS samples. Lectin binding enriched for mannose-containing N-
glycans was observed in Asc412 and SS samples but not in Asc1 samples (Figure 4A,B).

Glycans H3N2 to HEN2 were particularly high in ConA samples from Asc412 and control
serum (SS) (Figure 4A). Asc412-ConA had about half the relative content of these mannose-
containing glycans as SS-ConA and about three times more content than Asc1-ConA
(Figure 4A). There appeared to be 50% less H3N2, H4N2, H6N2, and H6NZ2 in proteins
bound to WGA for all samples when compared with ConA-bound samples. A small amount
of fucosylated H3N2F1 was only detected in Asc1 and Asc412, but none was detected in
any other samples.
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Interestingly, larger high mannose glycans H7N2, H8N2, and HIN2 were found to be
greatly enriched by both ConA and WGA lectin binding in the Asc412 and SS samples
(Figure 4B, middle and right sections), whereas the same high mannose glycans in Ascl
samples (Figure 4B, left section) did not have enriched binding to ConA or to WGA lectins
(Figure 3B, left section), indicating that proteins containing these mannose glycans in Ascl
did not bind well to these lectins. High mannose glycans have been reported in one study to
be elevated in blood of OC patients28 but in another OC blood study?® were reduced, so
these intriguing high mannose results in ascites fluids will need further investigation,
especially into their protein sources.

Glycan Group H6N5 Forms in OC Ascites

Next to be shown are the HEN5 group of glycans (Figure 4C,D). This group of glycans has a
variety of different structures that can be complex or hybrid and possibly bisected, thus
showing the heterogeneity in this group of glycans. Up to three sialic acids attached to this
glycan group have been described for vitronectin,3! alpha-1-antitrypsin (AL1AT),32 and
serotransferrin,33 and the doubly fucosylation form has been described in epidermal growth
factor receptor.3 An examination of the relative abundance of the unsialylated and sialylated
forms of this glycan in these samples is shown in Figure 4C, while the corresponding
fucosylated forms of these glycans are shown in Figure 4D. Little or no HGN5 was detected
in any sample. The predominant glycans in all samples were trisialylated HGN5S3 (Figure
4C) and fucosylated trisialylated HGN5F1S3 (Figure 4D), followed by doubly sialylated
(H6N5S2) (Figure 4C) and then the monosialylated glycoform (HEN5S1) (Figure 4C), also
with fucosylation (H6N5F1S2 and HEN5F1S1) (Figure 4D), especially in the ascites
samples. The relative abundance of these glycoforms ranged from <1% in SS up to 9% in
the Asc1-WGA sample for HGN5S2 (Figure 4C, left) and above 7% for HEN5F1S3 in the
Asc412-WGA sample (Figure 4D, middle). Proteins containing HGN5F1S3 appeared to bind
especially well to lectins in Asc412-ConA and Asc412-WGA (Figure 4D, middle section,
third bar). A small amount of bifucosylated HGN5F2 (Figure 4D, fifth bar in series) was
present in ascites samples and not in SS samples.

N-Glycan Isoforms from H6N3, H6N4, and H7N6 Species Are Enriched in Ascites Fluids
Showing Increased Fucosylation and Sialylation

N-Glycan H6N3 glycoform (Figure 4E, first bar in series) was detected in all samples with
the exception of SS (Figure 4E, first bar in series). Although it was not identified in the SS
starting sample, it was enriched in SS-ConA and SS-WGA (Figure 4E, right section),
showing enrichment of proteins containing this glycan by lectin binding. H6N3 is a hybrid
glycan, meaning that it contains both high mannose and complex glycan structures. The
monosialylated glycoform, HEN3S1 (Figure 4E, second bar in series), was a predominant
glycan, especially in SS samples (Figure 4E, right section). It was also highly present in
Asc412 samples (Figure 4E, middle section) but not in Ascl samples (Figure 4E, left
section).

H6N4 was not detected in any samples, but the monosialylated form H6N4S1 was detected
in all but not in SS-ConA (Figure 4E, third bar in series). HGN4S1 is also a hybrid-type
glycan and possibly bisected (see Supplemental Table S1 for possible structures). This
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glycan was particularly enriched by lectin binding in Asc412 (Figure 4E, middle section).
Interestingly, the doubly sialylated form H6N4S2 was only detected in Asc1 samples (Figure
4E, left section, see arrows) and not in any Asc412 or SS samples. This glycan was enriched
by WGA binding in Ascl samples. A small amount of fucosylated, monosialylated
H6N4F1S1 was only detected in Ascl (Figure 4, left section, fifth bar in series). HEN4F1S1
and H6N4S1 are glycan structures that have been identified in human milk sIgA.3% The
doubly sialylated form HEN4S2 has been identified in ascites fluid and urine of a female
with infantile sialidosis.36

Next examined were H7N6 glycoforms. Monosialylated H7N6S1 was present in all but
Asc412-ConA and SS-ConA samples (Figure 4F, first bar in series). Doubly sialylated
H7N6S2 was present in all samples and especially present in Ascl samples, particularly in
Ascl-WGA (Figure 4F, left section, second bar in series). It was less abundant in Asc412
and SS samples with only a small amount detected in Asc412-ConA and SS-ConA (Figure
4F, middle and right sections). Trisialylated H7N6S3 was only detected in Ascl with none
detected in lectin-bound Ascl-ConA or Asc1l-WGA (Figure 4F, third bar). It was not
detected in any of the Asc412 or SS samples.

The fucosylated forms of these glycans are shown in Figure 4G. Fucosylated H7N6F1 was
detected only in Asc412-ConA and Asc412-WGA (Figure 4G, first bar in series, middle
section) and not in any Ascl (Figure 7C, left section) or SS samples (Figure 4G, right
section). Fucosylated, monosialylated H7/N6F1S1 (Figure 4G, second bar in series) was
detected in both ascites samples, especially in Asc412-ConA and Asc412-WGA (Figure
4G), but none was detected in SS samples (Figure 4G, right section). Fucosylated, doubly
sialylated H7N6F1S2 (Figure 4G, third bar in series) was highly present in Asc1, Ascl-
WGA, Asc412-ConA, and Asc412-WGA but not in Asc1-ConA or Asc412. It was not
detected in any SS samples (Figure 4G, right section). Finally, fucosylated, trisialylated
H7N6F1S3 was detected only in Ascl and Asc412-WGA (Figure 4G, fourth bar, left and
middle sections). An explanation of why there were such differences in the presence of the
H7N6 glycoforms in ascites samples that were not detected in SS samples remains to be
determined.

Venn Diagrams Comparing Glycans in SS, Ascl, and Asc412 Samples Show Common and
Different N-Glycans in These Samples

There were 77 different glycans detected in Ascl samples, 67 in Asc412, and 51 in SS
samples (see Supplemental Table S2). \enn diagrams showing the overlap and differences in
glycans comparing the lectin-bound samples with each original sample (Ascl, Asc412, SS)
are shown in Figure 5A-C (Supplemental Table S2). A comparison is also made between N-
glycans in the original samples comparing glycans in Ascl, Asc412, and SS (Figure 5D),
followed by a comparison of the ConA-bound samples (Figure 5E) and finally a comparison
of the WGA-bound samples (Figure 5F) (Supplemental Table S3).

Venn diagrams show that the majority of the glycans identified (48 glycans or 62% for Ascl,
47 glycans or 70% for Asc412, and 30 glycans or 59% for SS) were common to each
original and its corresponding lectin-bound sample (ConA and WGA). Unexpectedly, there
were many glycans (15 glycans for Ascl, 10 glycans for Asc412, and 8 glycans for SS)
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identified only in the original samples and not detected in the lectin-bound samples. Most
glycans were common to both ConA and WGA samples for each starting material (Ascl,
Asc412, and SS), with a few glycans unique to the ConA samples (2 in Asc1-ConA) and to
WGA samples (4 in Asc1-WGA, 3 in Asc412-WGA, and 2 in SS-WGA). (Glycans are
identified in Supplemental Table S3.)

The more interesting comparisons are shown in the lower Venn diagrams (Figure 5D-F)
(Supplemental Table S3) that directly compare N-glycans from Ascl, Asc412, and SS,
separated by type of sample (original or ConA- or WGA-bound). In this comparison, 45
glycans (61%) were common to all original samples, 32 glycans (55%) were common in all
ConA-bound samples, and 40 glycans (63%) were common in all WGA-bound samples. All
glycans in SS were detected in Ascl and Asc412, with one exception being a single glycan
(H5N3) that was common to Ascl and SS but not identified in Asc412. In contrast, Ascl
had 12 unique glycans and Asc412 had 3 unique glycans, with 13 glycans common between
them that were not identified in SS.

The ConA- and WGA-bound compared samples gave a similar pattern with most of the SS
glycans identified in all samples (32 glycans for ConA and 40 glycans for WGA). There
were 6 unique glycans detected in Asc1-ConA and 6 in Asc412-ConA, with 13 glycans
common to the ascites ConA-bound samples. For the WGA-bound samples, 6 were unique
to Asc1-WGA, 4 to Asc412-WGA, and 1 to SS-WGA. The overlap between Asc1-WGA
and Asc412-WGA was 11 glycans. (Glycan comparisons are shown in Supplemental Table
S3.). Of the N-glycans that were present in both ascites, including their lectin-bound
samples (cancer) and not in SS (control) samples, four N-glycans, HGN5, HEN5F1S1,
H6N5F2S3, and H7N6F1S1, were identified, which could possibly be specific to OC ascites
fluids and to metastatic cancer.

Proteomic Analysis of ConA- and WGA-Bound Ascites Proteins

Total proteomic analyses were carried out on the ascites and SS samples to identify the
proteins present in theses samples (see Experimental Section). Proteomic analyses of Ascl
samples (Ascl, Ascl-ConA, and Ascl-WGA) were performed earlier from the Asc412 and
SS samples (Asc412, Asc412-ConA, Asc412-WGA, SS, SS-ConA, and SS-WGA), so the
results are presented in separate Supplemental Tables (Supplemental Table S4 for Ascl
samples and Supplemental Table S5 for Asc412 and SS samples). One hundred and six
proteins were identified in the Ascl samples (Supplemental Table S4) and 114 proteins were
identified in Asc412 and SS samples (Supplemental Table S5). Proteomic results are
displayed for specific proteins: haptoglobin, fibronectin, interalpha-trypsin inhibitor heavy
chains H1, H2, and H3, clusterin, lumican, ceruloplasmin, fibulin, alpha-1-antitrypsin,
hemopexin, and alpha-1-antichymotrypsin in a series of bar graphs that compare results for
each sample analyzed (Figure 6A-J). Because proteomic analysis of Ascl samples was
conducted separate from those of Asc412 and SS, which were analyzed together, the Ascl
results are shown in separate bar graphs from those of Asc412 and SS (determined using
Scaffold v4). Proteins used for the figures were selected because all have previous reports in
the literature connecting them to OC (haptoglobin, fibronectin, interalpha-trypsin inhibitor,
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clusterin, ceruloplasmin, alpha-1-antitrypsin, and hemopexin)3” or were enriched in the OC
ascites samples (lumican, fibulin, alpha-1-antichymotrypsin).

Haptoglobin was identified in all samples and enriched two to three times with lectin
binding (Figure 6A). Ascl samples are shown in the left section. Asc412 in middle section.
and SS in right section of each graph. There appeared to be less haptoglobin in SS samples.

Interestingly, fibronectin was one of the more abundant proteins detected in all samples and
particularly enriched by lectin binding (Figure 6B). Fibronectin was enriched 5-8 times in
Ascl with lectin binding, 192-216 fold in Asc412, and 15-17 fold in SS samples.

Interalpha-trypsin inhibitors consist of three or four heavy chains (interalpha-trypsin
inhibitor heavy chains: H1, H2, H3, and H4) that combine with one light chain (AMBP or
SPINT2) to function together as a covalent protein—glycosaminoglycan—protein complex to
act as a protease inhibitor as part of an inflammatory response.38 Interalphatrypsin inhibitors
(ITIH) proteins, especially ITIH4 and ITIH1, have been previously reported in OC.37:39:40
The interalpha-trypsin inhibitor heavy chains H1, H2, and H3 were detected in Ascl,
Asc412, and SS samples, but ITH4 was not detected in Ascl samples (Figure 6C). ITIH1
was enriched 4-fold in asc1-ConA and 6-fold in Asc1-WGA, 91-fold in Asc412-ConA and
81-fold in Asc412-WGA. In comparison, ITIH1 was greatly enriched 138-fold in SS-ConA
and 116-fold in SS-WGA.. ITIH2 was not detected in the starting sample Ascl but was
highly present in lectin-bound Asc1-ConA and Asc1-WGA. It was enriched 25-fold in
Asc412-ConA, 20-fold in Asc412-WGA, and similar to ITIH1, it was greatly enriched 41-
fold in SS-ConA and 34-fold in SS-WGA. ITIH3 was not detected in Ascl or Asc1-ConA,
but a small amount of ITIH3 was detected in Asc1-WGA (Figure 6C, left section). There
was also little ITIH3 in Asc412 and SS samples. As previously mentioned, ITIH4 was not
detected in Ascl samples but was enriched 2-fold in Asc412-ConA and 17-fold in Asc412-
WGA (Figure 6C, middle). ITIH4 was enriched 8-fold in SS-ConA and 12-fold in SS-WGA.
There appears to be lectin-binding differences of ITIH proteins, with SS ITIH proteins
binding better to lectin than ascites proteins.

Clusterin (Figure 6D) and hemopexin (Figure 61) are also proteins reported in OC
samples.*! In ascites fluid samples, clusterin was enriched 5-fold by ConA binding in Asc1
but not by WGA binding, whereas in Asc412-ConA, clusterin was enriched 47-fold and 71-
fold in Asc412-WGA. SS-Con enriched clusterin 33-fold and 67-fold by SS-WGA.
Hemopexin was enriched in Asc1-ConA by 6-fold and in Asc1-WGA by 5-fold, but
clusterin in Asc412 did not bind to ConA but was enriched (3-fold) by WGA. ConA also did
not enrich hemopexin, but WGA did enrich hemopexin in SS samples. These results show
variability between clusterin and hemopexin in the ascites fluid samples. For these proteins,
Asc412 samples were more similar to SS samples, showing the need to further assess more
individual patient cases.

Alpha-1-antichymotrypsin (Figure 6J) showed a similar pattern to hemopexin for these
samples with strong binding to Asc1-ConA and Asc1-WGA, little binding to ConA for
Asc412 and SS samples, and good binding to WGA. There appeared to be less alpha-1-
antichymotrypsin in SS samples. Alpha-1-antitrypsin (Figure 6H) also showed less amounts
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in SS samples, with little or no enrichment with lectin binding. Ceruloplasmin showed
enrichment by lectin binding to all samples, especially to Asc1-ConA and Asc412-ConA,
but not to SS-ConA. WGA bound ceruloplasmin in all samples.

Finally, lumican (Figure 6E) and fibulin (Figure 6G) were more highly detected in ascites
samples. Lumican was detected in Ascl, Asc1-WGA, Asc412-ConA, and Asc412-WGA
and not in any SS samples. Ishiwata et al. reported that lumican could inhibit HEK cell
attachment and growth and inhibit activation of integrin pathways,*2 while Yamamoto et al.
determined that secreted lumican could stimulate growth and inhibit invasion of human
pancreatic cancer.3

Fibulin was detected in Asc1-WGA but not in Asc1-ConA. It was detected in Asc412-ConA
and Asc412-WGA with some detected in SS-WGA. Fibulin is of interest because fibulin-1 is
an extracellular matrix (ECM), fibronectin -binding protein that can be secreted by human
OC cells and regulated by estrogen.*4

Not shown are proteomic results that determined attractin was detected only in Asc1 WGA
and not identified in any Asc412 or in SS samples; afamin and heparin cofactor were
identified in Ascl ConA and WGA samples but not in Asc412 or SS samples; and zinc-
alpha-2-glycoprotein was present in Ascl, not binding to ConA, and weakly binding to
WGA. These results are shown in Supplemental Table S4 for Asc1 samples and
Supplemental Table S5 for Asc412 and SS samples. Modulator of apoptosis 1 and dynein
heavy chain 1 were identified in Asc412 ConA but not in any Ascl or SS samples. Collagen
(alpha-1) and C-reactive protein were detected in Asc412 and bound well to ConA and
WGA (Supplemental Table S5). Collagen was detected in Ascl but did not appear to bind to
the lectins. C-reactive protein was detected in Asc412 but not detected in ascl samples.
Ficolin 3 and X-ray radiation resistance-associated protein 1 were identified in Asc412
WGA and not in any Ascl or SS samples.

Venn Diagrams Comparing the Proteins Identified in Ascites and Serum Control Samples
Show the Common and Different Proteins

Venn diagrams were constructed to show a comparison of proteins identified in the Ascl
Asc412 and SS samples, especially to show the common and different proteins identified in
each sample. The results show that although the majority of proteins were common to the
lectin-bound and original sample (50.5% for Ascl, 37.1% for Asc412, and 38.5% for SS)
(Figure 7A—-C, Supplemental Table 6A), there were considerable numbers of proteins
identified in each sample that were not common to all samples, specific to each source
(Ascl, Asc412, or SS) and not bound to lectins. In Ascl there were 21 proteins or 20%, in
Asc412 there were 25 proteins or 23.8%, and in SS there were 20 proteins or 20.8% not
bound to lectins. More overlap was observed in proteins identified bound to lectins (12
proteins or 11.4% for Ascl samples, 8 proteins or 17.1% for Asc412, and 14 proteins or
14.6% for SS samples), suggesting that the majority of glycosylated proteins in each sample
were bound to both lectins.

Comparing the samples in each category (original sample or ConA- or WGA-bound) with
each other (Figure 7D-F, Supplemental Table 6B) shows a slightly different picture. There
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were less common proteins (35 for the original samples, 23 for the ConA-bound samples,
and 27 for the WGA-bound sample) and more unique proteins in the ascites samples in each
category, especially for Ascl (42 for Ascl, 36 for Asc1-ConA, and 36 proteins for Ascl-
WGA). There was more similarity between Asc412 and SS (27 for original samples, 21 for
ConA, and 21 for WGA) than between Ascl and SS (2 original samples and 4 ConA- and 4
WGA-bound proteins). Unexpectedly there were some SS-ConA (10 proteins) and SS-WGA
proteins (13 proteins) that were not detected in the ascites fluids. A list of these proteins for
Figure 7D-F is provided in Supplemental Table S6B. These protein profiles show the
heterogeneity in the ascites samples as well as the similarity between proteins in ascites and
the serum control.

When comparing the protein profiles, three proteins, collagen alpha-1, leucine-rich alpha-2-
glycoprotein, and lumican, were identified in all ascites samples (including lectin-bound
samples) but not in SS samples. Forty-two proteins were uniquely identified in Ascl, 8 in
Asc412, and 2 in SS. Proteins in Ascl that bound to both lectins were A-acetylmuramoyl-L-
alanine amidase, heparin cofactor 2, afamin, zinc-alpha-2-glycoprotein, and complement
factor 1, whereas haptoglobin-related protein bound to only to ConA and not to WGA. Ascl
proteins binding to WGA but not to ConA were angiotensinogen, complement component
C6, attractin, and corticosteroid-binding globulin. There were fewer unique proteins in
Asc412 when compared with Ascl or in SS samples. C-reactive protein in Asc412 bound to
both lectins, whereas dynein heavy chain 1 (axonemal) and modulator of apoptosis 1 only
bound to ConA in Asc412 ascites samples.

Glycopeptide- and Peptide-Site-Specific Glycan Analysis of Ascites Proteins

Further glycopeptide- and glycan-site-specific analysis was conducted on OC ascites protein
samples using (1) hemoglobin affinity chromatography (H-agarose) designed to enrich for
iron-binding proteins such as hemopexin and haptoglobin (Samples #1-4) ; (2) AAL lectin
affinity chromatography to enrich for fucose containing glycosylated proteins (Samples #5);
and (3) 1gG and human serum albumin depletion to remove the most abundant serum/plasma
proteins, thus reducing the complexity of the sample to be analyzed (Sample #6). A serum
control was also subjected to H-agarose affinity chromatography. Samples (ascites and
serum control) obtained from hemoglobin affinity binding were divided in half, and one-half
were subjected to desialylation (desialylated serum control was in Sample #1, and
desialylated ascites were in Sample #2) to determine if the removal of sialic acids would
improve the overall glycopeptide analysis. The other half of the samples from serum control
and ascites were separately analyzed (serum control in Sample #3 and ascites in Sample #4).
All protein samples were alkylated and trypsin-digested before proteomic analysis (see
Experimental Section). We report here the glycopeptide results for three of the glycosylated
proteins identified above: clusterin, fibulin, and hemopexin. Interestingly, clusterin and
fibulin were not detected in the serum control samples but only in the OC ascites samples.

Glycosylation in clusterin has been reported at N86, N103, N145, N291, N317, N354, and
N374 sites in isoform 1 (Figure 8A, red underlined bold type), but we only identified N-
glycans in sites N86 and N291 in clusterin in OC ascites samples #2, #4, and #6 (Table 1).
No clusterin peptides were detected in samples #1 and #3 (serum control samples). Clusterin
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peptides were detected in #5 (AAL-bound ascites), but none were glycosylated. N-Glycans
in clusterin sites N86 and N291 were largely bi- and tri-antennary N-glycans (H5N4F0S0
and H6N5F0SO0) (Table 1) with some fucosylated HEN5F1S0 (27%) detected in desialylated
ascites sample #2. In the H-bound, sialylated OC ascites sample (sample #4), N-glycans
were largely doubly sialylated biantennary (H5SN4F0S2) and triply sialylated triantennary
(HB6N5F0S3) glycans located in sites N86 and N291. Examples of MS/MS spectra for the N-
glycans in N86 of sample #4 are shown in Figure 8B. A tetra-antennary H7N6F0SO was
weakly detected in clusterin site N291 (6%) in the H-bound, desialylated OC ascites sample
#2 (Table 1). We were unable to detect glycosylation in the other reported sites likely
because glycopeptides containing these sites were not detected in our analysis. The amount
of clusterin, although enriched by the H binding, was still low, making it difficult to get
better coverage. Sample #5 did not produce any clusterin glycopeptides, and sequence
coverage was low (19%).

Clusterin with the most heterogeneity and different types of N-glycans was identified in
sample #2 (H-bound desialylated), while peptides from sample #6 (IgG/HSA depleted) had
only one type glycan (H5N4F0S2) in a single site, N291 (Table 1). The cellular sources of
these clusterin molecules are presently unknown but could originate from stromal cells and
not from a liver source. Clusterin reportedly has a chaperon role in the ECM that may bind
misfolded proteins, which, in turn, may interfere with improper protein—protein interactions,
thus preventing aggregation and keeping proteins in solutions.#>:46

Fibulin peptides were identified in OC ascites samples #2, #4, #5, and #6 (Supplemental
Figure S2) and not in serum control samples #1 and #3. Surprisingly, glycopeptides from
fibulin were identified in only two samples, #2 (H-agarose-bound, desialylated) and #5,
(AAL-bound sample) (Supplemental Figures S2 and S3). No glycopeptides were detected in
#4 (H-agarose-bound, sialylated proteins) or in #6 (IgG/HSA depleted), likely due to low
coverage (Supplemental Figure S2). Coverage was less for fibulin in #2 (23%), #4 (21%),
and #5 (7.7%) (Supplemental Figure S2) compared with clusterin in samples #2 (41%), #4
(35%), and #5 (19%), suggesting that there was less fibulin than clusterin in many of these
samples, which is consistent with our previous proteomic analysis of ascites and serum
control, where there was generally more clusterin detected than fibulin (Figure 6).

O-Linked glycosylation (H2N2F0S2) was detected attached to two peptides at site T56 in
fibulin-1 in sample #2 (Fibulin sequence in Supplemental Figure S3A). N-Linked glycans
were detected in fibulin-1 present in lectin-bound AAL sample (sample #5) at N539
(Supplemental Figure S3B). The types of N-glycan attached to site N539 of fibulin-1 from
sample #5 were unusual and interesting and were H7N5F0S2, HGN4F0S2, and HEN4F0S1
(three glycopeptides) (Supplemental Figure 3B). These putative glycan compositions will
need further verification at each specific glycopeptide site. Fibulins are secreted,
extracellular proteins that may moderate cell morphology, growth, adhesion, and motility,
which are all possible functions that could help promote tumor growth and assist the tumor
cells in ascites to metastasize.*” The fact fibulin was not detected in the serum control
samples analyzed (#1 and #3) was not surprising because ECM proteins would not be
expected to be present in serum in high amounts but closer to the source of tumor growth.
The contribution of glycosylation to fibulin function is still unknown. Fibulin-1 has
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epidermal-growth-factor-like repeats in its domain Il and may be involved with aggregating
proteoglycans in the ECM,*8 which could help contribute to metastasis of tumor cells.

Hemopexin was another glycosylated protein identified in the ascites and serum control
samples analyzed. Hemopexin peptides were detected in serum control samples #1 and #3
with poor coverage (27% for #1 and 5.6% in #3). Surprisingly, no glycopeptides were
detected in these samples (Supplemental Table S9). In contrast, highly glycosylated
hemopexin was detected in all OC ascites samples (#2, #4, #5, and #6) with good coverage
(70, 66, 59, and 72%, respectively), suggesting that H-affinity binding selects for
glycosylated hemopexin. Because sample #2 was desialylated, little or no sialylated glycans
were detected, as expected. O-Linked glycans were detected only in hemopexin from OC
ascites sample #2 (desialyated H-agarose-bound) and sample #6 (IgG/HSA depleted)
(Figure 9A,B). An unusual O-linked glycan H3N5F1S1 was identified attached to site S95
from sample #2 (Figure 9B). In sample #6, O-linked glycans were identified attached to
T29, T40, and T47 with HIN1FOS1 (two peptides) identified in T29, three different O-
glycans, H2N2F0S2 (one peptide), HIN1FOS2 (five peptides), and HIN1FO0S1 (nine
peptides) were identified attached to site T40, and H2N2F0S2 (three peptides) was identified
attached to site T47 (Figure 9B).

Three N-linked sites (N187, N240 and N453) were identified in OC ascites hemopexin
present in all four OC ascites samples (#2, #4, #5, #6) (Figure 9A,B). Little glycosylated
hemopexin (only three glycopeptides) was identified in #5 (AAL-bound) (Figure 9B),
suggesting that most glycosylated hemopexin are heavily sialylated. The predominant N-
glycan in hemopexin from samples #5 and #6 was HSN4F0S2 (Figure 9B), an abundant
doubly sialylated biantennary N-glycan, which was attached to all three N-linked sites. In
sample #2, a complex glycan HEN5F0SO0 was detected attached to N187 in hemopexin, but
the predominant N-glycans in N187 were fucosylated biantennary H5N4F1S0 (32%) and
nonfucosylated biantennary HSN4F0S0 (64%) N-glycan (Figure 9B). In site N240 of sample
#2, more fucosylated HGN5F1S0 (7%) and nonfucosylated HGN5F0S0 (14%) were detected,
but fucosylated HSN4F1S0 (20%) and nonfucosylated HS5N4F0SO0 (47.6%) were still the
more predominant glycans (Figure 9B). In site N453, 9% of glycopeptides were fucosylated
biantennary H5SN4F1S0, with by far the most predominant glycan in this site being the
nonfucosylated biantennary HSN4F0SO N-glycans (90%) (Figure 9B).

In OC ascites sample #4, no O-glycans were identified in hemopexin. All N-glycans
identified in site N187 were sialylated with 10% HEN5F0S3, 10% H5N4F1S2, 60%
H5N4F0S2, and 20% H5N4F0S1 identified in this site. In site N240, an unusual N-glycan
H7N5FO0S0 (4%) was identified, but the most predominant N-glycans were biantennary
doubly fucosylated H5N4F2S0 (8%) and monofucosylated doubly sialylated HSN4F1S2
(25%) but mostly doubly sialylated biantennary H5SN4F0S2 (45.8%) with a small percentage
of monosialylated biantennary HSN4F0S1 (17%) (Figure 9B). In site N453, the predominant
glycan was doubly sialylated H5N4F0S2 (75%), with a small percentage of monosialylated
H4N4F0S1 (15%). Traces of two other unusual N-glycans were identified in this site,
H6N4F3S0 and HEN4F1S1 (5% each), but the scores for these glycans were poor.
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Hemopexin was not an abundant protein in sample #5, the AAL-bound sample. Site N187
had only four glycopeptides identified, with HSN4F0S2 (75%) being the most predominant
(Figure 9B). N453 had eight peptides identified, all with the doubly sialylated biantennary
N-glycan H5N4F0S2 attached. There was slight evidence of a rare glycan, H7TN7F2S4, in
site N246 with a weak score (score = 30).

Surprisingly, sample #6 had the most evidence of O-glycans in hemopexin. Highly sialylated
O-glycans were detected in T29, T40, and T47 (Figure 9B), with N-glycans detected in
N187, N246, and N453, all of which were doubly sialylated biantennary H5SN4F0S2 (Figure
9B).

Glycoproteomic analysis of hemopexin, present in six differently OC ascites samples
(Samples #1-6), showed that ascites samples prepared in different ways can make a
considerable difference in the subsequent glycan analysis. The number and type of glycans
detected at each site varied considerably depending on how the sample was prepared.

DISCUSSION

Performing proteomic and glycomic analyses of ascites fluid can help us to better
understand the complexity of OC glycoproteomics and how the diversity of glycosylation
might contribute to the metastatic process of OC. A top-down approach was used on
glycoproteins present in human OC ascites fluid aided by lectin binding. Separate proteomic
and glycomic analyses were conducted on two ascites fluid samples; then, glycopeptide
analysis was performed on affinity-bound ascites and serum samples to identify the
proteomic and glycomic components in the original and lectin- and affinity-bound samples.
The objective of this research study was to apply glycomic, proteomic, and glycoproteomic
methods to help identify potential metastatic glycomic biomarkers that can then be related
back to the metastatic tumor cells and their ascites microenvironment, especially because
changes in glycosylation accompany tumorigenesis and metastasis.*®-51 Glycosylation is
implicated in the tumor cell microenvironment and survival and is predicted to have a
critical role in the ability of tumor cells to intravasate into the circulation and metastasize to
other organ sites.52:53 The type and heterogeneity of glycosylation directly impacts protein
function, as shown by Taniguchi and colleagues, who showed that core fucosylation and
bisecting N-glycans can regulate receptor recognition, adhesion, and motility.>* We find
evidence that these types of glycosylation are relatively more abundant in the ascites fluid
when compared with a normal serum control.

In this manuscript, we show results comparing N-glycans and proteins acquired from two
OC ascites fluid samples and have compared these results with a well-known, standardized
control sample, which was a commercially available normal human serum sample. We used
a commercial source of pooled serum as a control in this study because it was already being
used as a standard for technical (sample processing) and analytical mass spectrometry
methods in our prior clinical studies.>> We have extensively characterized the N-glycome of
serum proteins in these samples as normal glycosylated serum/plasma proteins in our
databases.1>-°6 Qur future studies will utilize the methods/technology developed in this
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study toward clinical larger studies of OC patient ascites and sera matched with suitable
controls.

OC ascites fluid is a rich source of cancer glycan biomarkers. The amount of sample
obtained from a single individual can range from a few milliliters to over a liter, whereas the
amount of blood we can get from an individual is usually no more than 4 to 5 mL.
Importantly, tumor cells thrive and proliferate in ascites, so the cancer tumor antigens are
expected to be enriched compared with circulating blood. Similar to serum/plasma samples,
the most abundant protein in ascites is serum albumin, which in plasma is 60%
(approximately 500-800 puM/L).>” Because serum albumin is not glycosylated and does not
bind to immobilized lectins, the use of lectins eliminates this abundant protein from our
glycomic and proteomic analyses and greatly improves our ability to detect lower abundant
glycosylated proteins. IgG, the second most abundant protein in serum and plasma,®’ is
glycosylated and so was expected to bind to lectins, but surprisingly it was not the second
most abundant protein in ascites fluids (Supplemental Table S2). IgG has N-linked glycan
sites present in the constant region of the heavy chain as well as other N-linked glycan sites
in the variable light chain.>”®8 N-Glycans from in the Fc constant and variable regions of
IgG are released by PNGase F,%8 so these glycans are likely to be highly present in our
glycan analysis. OC ascites fluid IgG and IgA site-specific glycosylation in ascites fluids
will be separately reported (to be published).

WB analyses of CA125, fibronectin, MUC1, MUC2, and MUC3, all heavily glycosylated
proteins considered to be biomarkers of OC, were included in this study to follow their
enrichment with lectin binding. WB analysis of CA125 initially proved to be challenging
because not all commercial antibodies were able to recognize the high-molecular-weight
glycosylated species we knew to be present in these samples. CA125 contains both N- and
O-linked glycosylation, which causes native CA125 to range in size from 250 kDa to several
million daltons).>® Fibronectin in the lectin-bound fractions (Figure 1G, lanes 2 and 5) also
showed heterogeneity in size that ranged from 180 kDa to ~250 kDa, with some very large
high-molecular-weight proteins indicated in the ConA-bound fraction (Figure 1G, lane 5).
There is also the possibility that dimers and multimers in fibronectin cause it to run as a
larger protein of ~480 kDa on a reduced SDS-PAGE gel.60 MUC1, 2, and 3, like CA125, are
highly O-linked glycosylated with similar molecular sizes, ~250 kDa. These mucin proteins
were not detected in the original ascites fluid (Ascl), likely because their abundance was too
low, so lectin binding enriched these proteins, making their detection by WB analysis
possible. Multiple protein isoforms and glycan heterogeneity largely due to how glycans are
synthesized and attached to proteins is are major challenges to correctly analyzing metastatic
cancer glycoproteins. Only fibronectin was detected in our direct proteomic analysis of
ascites fluid. CA125 and MUC1, 2, and 3 were not detected, which shows the limitation of
our ability to detect these very low abundant proteins.

Glycomic Analysis of OC Ascites Fluids by Lectin Binding

Liquid chromatography greatly improves our ability to detect glycosylation changes.>? We
previously used MALDI FT ICR MS for our glycomic analysis, which was extremely
sensitive, but lacked the separation we now have with nano-LC Chip/TOF and nano-LC
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Chip/qTOF MS.12 We are able to identify more glycans using nano-LC with Chip/TOF
MS.12 The patterns of N-glycan binding to ConA and WGA lectins for a normal serum
control (SS) and ascites fluid samples obtained from two individual OC cases were very
informative. H5SN4S1 and H5N4S2 and the core-fucosylated versions H5SN4F1S1 and
H5N4F1S2 were the most abundant glycans in all samples, including the lectin-bound
fractions. These glycans are known to be present in alpha-2-macroglobulin, transferrin, 1gG,
antitrypsin, AGP, IgM, and IgA,1® all proteins that were highly present in our samples
(Supplemental Tables S4 and S5).

Another abundant group of glycans were those based on H5N5 with high amounts of core-
fucosylated mono- and disialylated HSN5F1S1 and H5N5F1S2 present in SS and Ascl
samples and less so in Asc412 samples. H5N5 is predominately a bisected-type glycan.
Synthesis of bisected-type glycans is dependent on A-acetylglucosaminyltransferase (GnT)
11 (MGAT3). Bisected-type glycans have been reported to increase in cancer, and increased
expression of bisected glycans and MGAT3 in OC tissues has been reported.51

High-mannose-type N-glycans are of particular interest because they have been reported as
glycomic biomarkers for a number of different cancer types including OC,29 CA125 from
OVCAR, an OC cell line,>® prostate cancer,52 and breast cancer.53 In our glycomics
analysis, most high mannose glycoforms were in the SS serum control and to a much lesser
extent in Ascl samples with Man3 (H3N2) to Man6 (H6N2) high in SS samples, especially
bound to ConA. Man7 (H7N2), Man8 (H8N2), and Man9 (HIN2) were high in SS and
Asc412 samples but not Ascl samples. As previously mentioned, high mannose glycans are
highly present in apolipoprotein B-100%4 and complement C3.85 High-mannose-type
glycans H7N2, H8N2, and HIN2 have also been identified in IgA, IgM alpha-2-
macrogloblin, and AGP.1® The reason for the reduction in high-mannose-type glycans in
Ascl remains to be investigated. Fourteen different complement factors or subcomponents
were identified in the samples analyzed (Supplemental Tables S4 and S5). Complement C3,
C4A, and C4B were the most prevalent complement factors identified in all samples.
Complement C1r, 9, and H were also detected in all samples and appeared to bind well to
lectins, whereas Complement factor 5 did not appear to bind well to lectins (Supplemental
Tables S4 and S5). All complement proteins are glycosylated with largely core-fucosylated
N-glycans.5¢ High-mannose N-glycans are reported to be highly present in complement
C3.55 Complement C3 was determined in our study to be one of the most abundant proteins
in Ascl, making this protein a possible source of high mannose glycans detected in this
fluid. Interestingly, highly glycosylated complement C3 was not detected in samples #1, #2,
#3, #4, or #5 but was detected in sample #6, the HSA/IgG-depleted OC ascites. It was highly
glycosylated with highmannose-type glycans (H5N2, HGN2, H7N2, H8N2, N9N2, and
H10N2).

Fucosylated glycans H3N4F1, H4N4F1, and HAN5F1, which are glycans that are typically
found on IgG, were not detected in samples that bound to lectins (Supplemental Figure
S1A-C), suggesting that fucosylation did not assist with ConA or WGA lectin binding. In
contrast, glycans that were fucosylated and sialylated HSN5F1S1 and H5N5F1S2 (Figure
3E) and HEN5F1S2, HEN5F1S3, and H7N6F1S2 (Figure 4G) were detected in lectin-bound
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samples, showing the affinity of lectins (ConA and WGA) for proteins with these types of
N-glycans.

Proteins Identified in OC Ascites

The majority of proteins identified in Asc1, Asc412, and SS control were highly abundant
proteins, most of which were among the most commonly identified proteins in plasma.5’
Unexpectedly, fibronectin, ceruloplasmim, and hemopexin were in higher relative quantities
in OC ascites (Ascl and Asc412) than usually measured in human plasma®’ and in our
serum control (SS). These results show proteomic differences between normal serum/plasma
proteins and ascites fluids.

Previous proteomic analysis of ascites fluid was performed by Kuk et al.,%” but their focus
was on smaller molecular weight proteins of <30 kDa to avoid having to include high
abundant proteins such as albumin. Of the 52 proteins identified in their study, clusterin
precursor and isoform C of fibulin-1 precursor were identified, which were also identified in
our study.

Lectin binding enriched most glycosylated proteins and removed many unglycosylated
proteins. Albumin, apolipoproteins A-1, A4, E, and C-III, vitamin D-binding protein, and
gelsolin from Ascl did not bind to lectins (Supplemental Table S4). Certain glycosylated
proteins such as pigment epithelium-derived factor from ascl also did not appear to bind to
ConA or WGA lectins. Serotransferrin, which is glycosylated, bound to WGA but not to
ConA lectin in Ascl and did not bind to either lectin in Asc412 and SS samples
(Supplemental Table S5). Apolipoprotein B-100, complement C4-A, and alpha 1-acid
glycoprotein appeared to bind better to WGA than to ConA in Ascl. In contrast,
serotransferrin, lumican, afamin, and attractin from Asc1 bound better to ConA
(Supplemental Table S4). These differences in binding to lectins demonstrate the variability
in glycosylation in these proteins from different sources that may have biological and
functional consequences in tumor metastasis. Glycosylation of serotransferrin was examined
in the six samples analyzed by proteomic methods. Although among the most abundant
proteins in sample #6 (HSA/IgG -depleted OC ascites), very little glycosylation was
detected (four peptides, two different sites, weakly detected with O-glycans and two with the
common N-glycan H5SN4F0S2, out of 513 total peptides with 81.66% coverage), which
likely explains the poor binding of serotransferrin to ConA and WGA lectins. Vitamin D
binding protein was also detected in OC ascites sample #6 with no glycosylation confirming
why this protein would not bind to lectins.

CA125 and MUC1,2,3 were detected by WB analysis but not detected by our proteomic
analysis, showing that our present proteomic analysis was not sensitive enough to detect
these very low abundant proteins. Better enrichment methods are needed to improve our
ability to isolate and perform glycomic analysis on these individual proteins.

Specific Glycosylation of Proteins

Further glycomic analysis of some of these proteins was performed to determine the
heterogeneity and site identification of glycans of clusterin, fibulin, and hemopexin in OC
ascites fluid samples. This type of analysis has recently been reported by Chandler et al. for
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haptoglobin® and ITIH4.5% N-Glycans attached to specific haptoglobin sites showed the
heterogeneity of glycans identified in each site.®® The majority of glycans described were
sialylated with some possessing core and others with outer arm antennary fucose attached to
bi- and triantennary glycoforms.

Glycans H6N5, HEN5F1S1, HEN5F2S3, and H7N6F1S1 were N-glycans that we identified
as being present in ascites fluids but less abundant or missing in the serum control samples.
Interestingly, H6NS is a glycan structure synthesized through GIcNAc transferase-V (GNT-
V, also known as MGATV), which catalyzes the a1-6 branching of N-glycans. An important
aspect of this type of glycan structure is that it could lead to expression of poly-/A-
acetyllactosamines that, in turn, can get fucosylated and sialylated, which are structures
potentially recognized by galectins and selectins. These glycan structures can play an
important role in carcinogenesis as well as immune responses.”® The H6N5 glycans were
identified in peptides from clusterin but not in OC ascites peptides from fibulin or in
hemopexin.

CONCLUSIONS

The approach taken in this study was to obtain glycomic and proteomic profiles of proteins
present in OC ascites fluids enriched by differential binding to ConA and WGA lectins
while removing most of the largely abundant serum albumin and increasing the presence of
less abundant proteins. These less abundant proteins might harbor much of the abnormal
glycosylation potentially related to OC tumor metastasis. Performing the proteomic analysis
in concert with the glycomic analysis enables us to identify potential protein sources of the
abnormal glycomic profiles we identified. The challenge still remains to identify the actual
protein sources of the abnormal glycosylation, which we are actively pursuing. OC ascites
fluids provide us with a rich source of material to develop the necessary glycoproteomic
analytical methods needed to accomplish this task. Further glycoproteomic investigation
could also help us to better understand the metastatic process as well as how a system
response to the growth of OC tumor cells as well as how they might be able to evade and
circumvent immune surveillance. Biological context of the glycosylated protein is important.
Separation of protein populations produced different glycopeptide results for the same
protein, which suggests a functional connotation and purpose for each glycosylation.
Moreover, isolation of protein complexes with biologically relevant samples is likely to
produce more meaningful results. We suspect that gathering information from the same
sample processed in different manners will enable us to piece together vital data necessary to
help us solve the complex question of how tumor cells are able to metastasize and escape
immune surveillance. Importantly, we showed that how the samples were prepared could
significantly impact the subsequent glycoproteomic analysis. Another important aspect of
these glycoproteomic studies of OC ascites fluids is the presence and glycosylation of ECM
components, such as clusterin, fibulin, and hemopexin, that may be important for OC tumor
growth, survival, and metastasis. What unites many of the OC ascites proteins identified in
this study is that most of them are ECM proteins with potentially important functions
impacting metastasis of OC tumor cells (chaperons, adhesion, protein interactions, and
communication).
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Western blot analysis of CA125, (D) MUC1, (E) MUC2, (F) MUCS, and (G) fibronectin.
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Nano-LC Chip/TOF MS analysis of N-glycans released from proteins present in OC ascites
fluid and ConA- and WGA-bound ascites. (A) Comparison of glycan chromatographs
between a serum control and ascites fluid (solid line represents ascites fluid, dotted line
represents serum control). (B) Comparison of chromatographs of N-glycans isolated from
ascites and ConA- and WGA-bound proteins (solid line represents ascites fluid, dashed line
represents ConA, and dotted line represents WGA glycans). (C) Annotated N-glycan profile
of the ascites fluid analyzed by nano-LC Chip/TOF MS. (D) Pie charts of the different types
(classes) of N-glycans obtained from OC ascites fluid and ConA- and WGA-bound proteins.
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Figure 3.
Comparative analysis of N-glycans obtained from two ascites samples Ascl and Asc412 and

a serum control sample (SS). (A) Abundant N-glycans H5N4, H5N4S1, and H5N4S2 N-
glycans before and after lectin (ConA or WGA\) binding in Ascl (left), Asc412 (middle),
and SS (right); (B) H5N4F1, H5N4F1S1, and H5N4F1S2 N-glycans; (C) H5SN4F2S2 N-
glycan; (D) H5N5, H5N5S1, and H5N5S2 N-glycans; and (E) H5N5F1, HSN5F1S1, and
H5N5F1S2 N-glycans. H represents hexose; N represents N-acetyl glucosamine or GIcNACc;
F represents fucose; S represents sialic acid.
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N-Glycans in Ascl, Asc412, and SS before and after lectin binding. (A) High mannose
glycans that range from H3N2 to H6N2; (B) high mannose that range from H7N2 to H10N2;
(C) N-glycan groups H6N5, HEN5S1, HEN5S2, and HEN5S3 (without fucosylation); (D) N-
glycan groups H6N5, HBN5S1, HEN5S2, HBN5S3 with one fucose, and HEN5F2; (E) N-
glycans H6N3, H6N3S1, H6N4S1, H6N4S2, and HEN4F1S1; (F) N-glycans H7N6S1,
H7N6S2, and H7N6S3 (no fucosylation); and (G) N-glycans H7N6F1S1, H7N6F1S2, and

H7N6F1S3 (with fucosylation).
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Venn diagrams comparing N-glycans from SS, Ascl, and Asc142. (A) Comparing original
fluids with lectin-bound samples. (B) Comparing SS, Ascl, and Asc412 before lectin
binding, with ConA binding and with WGA binding.
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binding. (A) Haptoglobin, (B) fibronecctin, (C) interalpha-trypsin inhibitor heavy chains H1,
H2, H3, and H4, (D) clusterin, (E) lumican, (F) ceruloplasmin, (G) fibulin, (H) alpha-1-
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A) Clusterin sequence
Glycosylation was detected at sites N86 and N291 (red arrows)
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60 70 80 100
NGVKQIKTLI EKTNEERKTL LSNLEEAKKK . SETKLKELPG
110 120 130 140 150
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Figure8.
(A) Clusterin sequence with N-glycosylation sites identified by bold, red, underlined type.

Red arrows identify the most prevalent sites identified in serum and OC ascites samples. (B)
Tandem MS/MS of two OC ascites clusterin glycopeptides with glycan and glycan site
identified in each glycopeptide.
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A)

Sample #2
Site

S§95

N187

N246

N453

Sample #5
N187
N187

N246
N453

Figure.

Hemopexin sequence, with glycan sites, number of glycopeptides identified, and %

O-linked glycosylation sites identified in hemopexin were T29, T40 and T47 with a previously
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unidentified site at S95 (blue type) and N-linked glycosylation sites identified were N64, N187,
N246, N246, and N453 (red type)

10 20 30 40 50
MARVLGAPVA LGLWSLCWSL AIATPLPPTS AHGNVAEGET KPDPDVTERC
60 70 80 90 100
SDGWSFDATT LDDNGTMLFF KGEFVWKSHK WDRELISERW KNFPSPVDAA
110 120 130 140 150
FRQGHNSVFL IKGDKVWVYP PEKKEKGYPK LLQODEFPGIP SPLDAAVECH
160 170 180 190 200
RGECQAEGVL FFQGDREWFW DLATGTMKER SWPAVGNCSS ALRWLGRYYC
210 220 230 240 250
FQGNQFLRFD PVRGEVPPRY PRDVRDYFMP CPGRGHGHRN GTGHGNSTHH
260 270 280 290 300
GPEYMRCSPH LVLSALTSDN HGATYAFSGT HYWRLDTSRD GWHSWPIAHQ
310 320 330 340 350
WPQGPSAVDA AFSWEEKLYL VQGTQVYVFL TKGGYTLVSG YPKRLEKEVG
360 370 380 390 400
TPHGIILDSV DAAFICPGSS RLHIMAGRRL WWLDLKSGAQ ATWTELPWPH
410 420 430 440 450
EKVDGALCME KSLGPNSCSA NGPGLYLIHG PNLYCYSDVE KLNAAKALPQ
460
PONVTSLLGC TH
g  Toult % _— g Joult 5
Glycan it geg;c:‘eisnvg:: hete;toigzmg_ Site Glycan fdea E' gct::‘e;v;::: hetear‘_ggi::elg
N-glycans peptides
H3NSF1S1 1 1 100 N187 HBN5F0S3 10
H5N4F1S2 1 10
HBN5F0S0 1 5 H5N4F0S2 6 60
H5N4F1S0 7 32 H5N4F0S1 2 10 20
H5N4F0S0 14 22 64
N246 H7N6F0S0 1 4
H5N4F0S0 4 10 H5N4F2S0 2 8
HBN5F1S0 3 7 H5N4F1S2 6 25
HEBN5F0S0 6 14 H5N4F0S2 1 46
H5N4F1S0 8 19 H5N4F0S1 4 24 17
H5N4F0S1 1 2
H5N4F0S0 20 42 48 N453 HEN4F3S0 1 5
HBN4F1S1 1 5
H5N4F1S0 1 9 H5N4F0S2 15 75
H5N4F0S0 10 11 91 H5N4F0S1 20 15
Sample #6
H5N4F281 1 1 25 T47 H2N2F0S2 3 3 100
H5N4F0S2 3 3 75 T40 H2N2F0S2 1 7
HIN1F0S2 5 33
m:zz:sor:) 1 100 HINIFOS1 9 15 60
H5N4F0S2 8 8 100
T29 HIN1FOS1 2 2 100
N187 H5N4F0S2 3 3 100
N246 H5N4F0S2 3 3 100
N453 H5N4F0S2 6 6 100

heterogeneity at each site in hemopexin present in OC ascites. (A) Hemopexin sequence. (B)
Hemopexin glycan sites, composition, # peptides, and % heterogeneity in OC ascites

samples #2, #4, #5, and #6.
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