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Abstract

Ascites fluid is present in over 30% of diagnosed ovarian cancer (OC) cases and is produced when 

tumor cells metastasize into the peritoneal cavity. Because of increased interest in the immune 

status of ovarian cancer patients who present with metastatic ascites and the potential role that 

glycosylation plays with functions of the different immunoglobulins such as complement-

dependent and antibody-dependent cytotoxicity largely through the activity of Fc receptors.

Immunoglobulins IgA and IgG were affinity isolated from OC ascites fluids, N-glycans were 

released and analyzed while site specific glycan analyses of glycopeptides was performed using 

tandem MS/MS with nano-LC Chip/QTOF MS. Results revealed the heterogeneity of N-glycans 

present in each glycosylation site of IgA1, IgA2 and IgG. Interestingly, fucosylated glycans were 

present in certain sites while other sites contained no fucosylated glycans. Highly sialylated N-

glycans were present in other IgA sites suggesting different functional roles for each specific site.
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Introduction

Ovarian cancer is a leading cause of cancer mortality among women in the United States [1] 

largely due to late diagnosis and metastasis of tumors. Ascites is fluid accumulating in the 

abdominal/peritoneal cavity and ascites reportedly occurs in over 30% of women diagnosed 
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with ovarian cancer [2, 3]. Tumor cells metastasize from the primary ovarian tumor into the 

abdominal space where they find a rich environment that enables them to proliferate and 

thrive in spite of immune surveillance that the tumor cells are somehow able to evade. Some 

of the most abundant proteins in ovarian cancer ascites are immunoglobulins IgA, IgG and 

IgM [4]. All isotypes of immunoglobulins (Igs) are present in external secretions such as 

ascites with amounts and distributions different from those found in plasma [5].

Aberrant immunoglobulins reactive against tumor antigens were identified in the circulation 

of women with ovarian cancer [6], and immune complexes of IgG and IgA are present in OC 

ascites fluid [7]. Glycosylation of immunoglobulins is important for their stability, 

recognition and immune function. In humans, IgG has one N-linked glycosylation site in its 

heavy chain at N297, whereas IgA has two isoforms, IgA1 and IgA2 with two N-linked sites 

in IgA1 at N144 and N340 and five N-glycosylation sites: N47, N92, N131, N205 and N327 

in IgA2 [8].

We have applied analytical glycoproteomic methods using mass spectrometry to analyze 

global and site specific glycosylation of IgG and IgA isolated from ascites fluid obtained 

from patients with advanced stage ovarian cancer. Since glycosylation can have a significant 

impact on immunoglobulin structure and function, identifying the abundance and types of 

N-glycans attached to immunoglobulins in malignant OC ascites will help us to better 

understand the local immune response to combat growth of tumor cells and help prevent 

metastasis.

Material and Methods

Metastatic ovarian cancer ascites were obtained from the Cancer Center Biorepository 

(UCDCC #183) with patient consent utilizing a UC Davis institutionally approved IRB 

protocol. Ascites specimens were de-identified and contained no patient identifiers before 

distribution to the lab for analysis. Ascites fluid samples were centrifuged at 300-450 × g 

(1200-1400 rpm, Beckman GPR centrifuge) for 10 min to pellet cells. Supernatants (fluid) 

were aliquoted and frozen for further molecular analyses (−80°C).

Isolation of IgA and IgG from ascites fluid

Twenty μl of ascites fluid was used for binding of IgG to Protein G agarose (GE Healthcare) 

or for binding of IgA to polyclonal anti-IgA antibodies bound to agarose (Sigma Aldrich) 

using spin columns (BioRad, Hercules, CA). After washing, bound IgG or IgA were eluted 

with 100 mM formic acid and lyophilized. Binding reactions (IgG or IgA) were performed 

in triplicate: one aliquot was used for total N-glycan analysis, a second aliquot used for 

proteomic analysis, and a third used for pronase digestion followed by site specific 

glycopeptide analysis. PNGase F was used to release the N-glycans for total N-glycan 

analysis as previously described [9, 10]. A retrosynthetic theoretical glycan library [11] was 

used for glycan identification with a 15 ppm mass error allowance. Five µg of each sample 

was analyzed by 10% SDS-PAGE (BioRad, Hercules, CA) and Coomassie blue staining.
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Trypsin digestion and protein identification of the isolated IgA and IgG fractions

Trypsin digestion was performed as previously described [12]. After trypsin digestion and 

clean-up (ZipTip, Omix C18 100 ml tips, Agilent, Santa Clara CA), peptides were 

lyophilized. Lyophilized peptides were reconstituted and subjected to nano-LC Chip/TOF 

MS (Agilent 6520) as previously described [13]. MS and MS/MS spectra were acquired in a 

data dependent manner (positive ion mode). Data were converted to Mascot Generic files 

(MGF) using Masshunter Qualitative analysis (version B 03.01, Agilent Technologies). 

Protein identification was performed using X!Tandem (www.thegpm.org) using the human 

Swissprot database. An MS tolerance of 10 ppm and a MS/MS tolerance of 100 ppm was 

used. Trypsin was enzyme and up to two missed cleavage sites were allowed. 

Carbamidomethylation (complete), oxidation of methionine and deamidation of asparagine 

and glutamine (potential modifications) were modifications used.

Pronase Digestion and Glycopeptide Cleanup

Pronase E was covalently coupled to CNBr activated Sepharose beads as described 

previously [14, 15]. Isolated IgA or IgG were added to pronase-beads and incubated (37°C, 

24 h). Glycopeptide digests were desalted and enriched using graphitized carbon cartridges 

as described previously [16]. Glycopeptides were eluted with 20% ACN) (v/v) and 0.05% 

trifluoroacetic acid (TFA) in 40% ACN, combined and lyophilized. The fraction was 

reconstituted in 10–20 μL water and 2 μL injected into the LC/MS.

Analysis of glycopeptides from pronase digestion

Glycopeptide solutions were analyzed using an HPLC-Chip/Q-TOF system with a 96 well 

plate auto sampler, HPLC-Chip Cube (Agilent Technologies, Santa Clara, CA), and Agilent 

6520 Q-TOF MS detector as previously described [17]. MS and MS/MS spectra were 

acquired in positive ion mode with an acquisition time of 1587 ms per spectrum and 

acquisition rate of 0.63 spectra per second. MS data was acquired over a mass range of 

400_3000 m/z, MS/MS data was acquired over 50_3000 m/z mass range. Mass calibration 

was enabled using reference masses of m/z 622.029, 922.010, 1221.991, 1521.972, 

1821.952, 2121.933, 2421.914, and 2721.895 (ESI-TOF Tuning Mix G1969_85000, Agilent 

Technologies, Santa Clara, CA). Data analysis was performed on Agilent Mass Hunter 

(Agilent Technologies Inc.). The mass list of the glycopeptide precursor ions from the 

MS/MS analysis was analyzed with our in-house software GP finder for rapid glycopeptide 

assignment, which is an improvement on the previously developed GlycoX [18]. All 

glycopeptide assignments were made within a specified tolerance level (20 ppm). Each 

glycopeptide identified was further verified by tandem mass spectrometry (MS/MS) for 

detailed structural information.

Results

IgA and IgG isolation from OC ascites fluids

Immunoglobulins IgA and IgG were isolated from OC ascites fluids obtained from different 

individuals (Ascites 1 and Ascites 412) using Protein G Sepharose for IgG and anti-human 

IgA (α-chain specific) agarose for IgA. The presence of IgA and IgG in these samples was 
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confirmed by SDS PAGE followed by protein staining (Figure 1) showing the purification of 

the heavy (55 kDa) and light (25 kDa) chains of IgAs from each ascites fluid, and the heavy 

(53 kDa) and light chains (25 kDa) of IgGs isolated from each ascites fluid.

N-glycan analysis of IgA and IgA isolated from two OC ascites fluids

N-linked glycans were enzymatically released (see methods) from purified IgA and IgG 

isolated from the two ascites samples (asc1 and asc412). Total N-glycan analysis identified 

41 different N-glycans present in IgA and 34 different N-glycans in IgG from the four 

samples (Supplemental Tables S1 and S2). N-glycan compositions are shown according to 

the following order: H represents hexose, N represents HexNac, F represents fucose and S 

represents sialic acid, followed by the number of each type of glycan (Supplemental Tables 

S1 and S2). The top 15 most abundant N-glycans present in the affinity purified IgA samples 

from asc1 and asc412 are shown in Figure 2A by order or highest abundance. They were 

mostly fucosylated, sialylated biantennary and bisected N-glycans, H5N5F1S2, H5N4F1S2, 

H5N5F1S1, H5N4S1, H3N5, H5N4F1S1, H4N5F1, H3N5F1, H4N5S1, H5N4S2, H5N5S1, 

H4N5, H5N5F1, H4N5F1S1, and H5N2, which. The combined percentage of the top 15 N-

glycans for asc1 is 69.37% and 68.95 for asc412 showing similar results for N-glycans from 

the two ascites samples with some differences. Since mass spectrometry analysis is unable to 

distinguish the different types of hexose (mannose, glucose or galactose), structures 

presented are based on glycan biology and experience with glycan structural analysis by MS, 

the glycan structures, which have been validated [19].

Comparison of N-glycans isolated from IgG isolated from the two ascites samples 

(Supplemental Table S2) showed that there were fewer and less heterogeneous N-glycans in 

IgG compared with IgA, likely due to the presence of a single N-glycan sites in the IgG 

heavy chain versus more sites in IgA1 and IgA2. The top 10 N-glycans in IgGs identified in 

asc1 and asc412 samples (Figure 2B)were H3N4F1, H4N4F1, H3N5F1, H4N5F1, 

H5N4F1S1, H3N3F1, H3N4, H4N4, H5N5F1S, and H4N4F1S1. The top two N-glycans in 

IgG were H3N4F1 and H4N4F1, which comprised 59.40% and 47.90% of the total N-

glycans for asc1 and asc412 respectively showing the predominance of these glycans in 

ascites IgG and showing little variability in IgG N-glycans from OC ascites. H3N4F1, 

H4N4F1, H4N5F1, and H5N4F1 are all core fucosylated glycans commonly identified on 

IgG [20, 21].

Specific sites of glycosylation and heterogeneity of glycans attached to IgA and IgG sites 
were identified in ascites fluid samples

Analysis of site specific glycosylation of glycopeptides was performed by pronase digestion 

[14, 15] followed by tandem MS/MS using nanoLC Chip/QTOF MS [17]. This method 

digests the protein with pronase, a mixture of proteinases. The protein is completely digested 

except for the area of the protein where glycans are attached since they protect the region of 

the protein from protease digestion. Lyophilized glycopeptides after SPE with graphitized 

carbon affinity chromatography were reconstituted and analyzed for site specific 

glycosylation by nano-LC Chip/qTOF MS.
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Results from glycomic site-specific analysis of ascites IgG by tandem MS/MS are shown in 

Figure 3A (shown as glycan structures). IgG1 and IgG2 each have one N-linked 

glycosylation site, located in the constant region of the heavy gamma chain [22]. Analysis of 

IgG isolated from Ascites 1 (asc1) showed 8 different glycans attached to single site N297: 

H3N3F1, H3N4F1, H4N4F1, H4N3F1, H5N4F1, H3N5F1, H4N5F1, H5N4F1S1, all core 

fucosylated with 6 complex, 2 bisected and one sialylated N-glycan present (Figure 3A, 

top). N-glycans attached to IgG site N297 in asc412 (Figure 3A, bottom) had the same eight 

N-glycans, but also contained two non-fucosylated glycans, H3N4, H4N4 (red box).

IgA glycan site identification in ascites fluid

IgA has two isoforms, IgA1 and IgA2. IgA1 has two N-glycosylation sites: N144 and N340 

and IgA2 has five N-glycosylation sites: N47, N92, N131, N205 and N327. Different groups 

of N-glycans were identified attached to each site (Figure 3B). Interestingly the glycans 

attached to N144 in both asc1 and asc412 did not contain any core fucoses, whereas the 

second site in IgA1, N340 contained mostly N-glycans with core fucose. Both sites 

contained sialylated glycans with the second site at N340 highly sialylated with multiple 

sialic acids attached to bi and tri antennary glycans. There was heterogeneity in N-glycans 

identified as attached to IgA1 site N144, which included a high mannose N-glycan, Man6 

(H6N2) identified attached as attached to IgA1 at N144 in both ascites fluids. Glycans H5N4 

and H5N5S1 were found to be attached to IgA1 N144 from asc1, but not to the same site in 

asc412. Another high mannose Man7 (H7N2) was found attached to N144 in IgA1 from 

asc412 and not to the same site in asc1. For the second N-linked site in IgA1, N340, four of 

the five N-glycans identified attached to this site in asc1 (H5N4F1S1, H5N5F1S1, 

H5N5F1S2, H5N4F1S2) were also identified in asc412. There was an additional N-glycan, 

H4N5F0S1 attached to N340 in asc1.

In IgA2, where there were five N-linked sites identified (N47, N92, N131, N205, N327) 

(Figure 3B) with greater heterogeneity observed. Interestingly, IgA2 does not contain the 

hinge region, which makes it less flexible than IgA1, which has the hinge region. There were 

two sites, N47 and N97 nearthe N-terminus (Figure 3B). The first site, N47 contained N-

glycans without core fucose, similar to the N144 site in IgA1. Asc1 contained two other 

glycans, H3N5, H4N5 that were not identified in asc412 N144. One of these two glycans, 

H3N5 was also detected in IgA1, in the N144 site showing similarity between these sites in 

the different IgA isoforms. The nearby site at N92 was determined to contain only one N-

glycan H5N5F1S1, which was present in asc1 and asc412, showing conservation and 

specificity of this fucosylated and sialylated N-glycan for this particular site. The two N-

glycans sites identified in the N-terminus of IgA2 were not present in IgA1, but the first site, 

N47 does show a particularly strong similarity to the types of glycans identified in the later 

N-glycan sites, N144 in IgA1 and N131 in IgA2, possibly showing evolutionary genetic 

duplication of this site. N-linked site N131 in IgA2 contained similar N-glycans, all without 

any core fucose and about 50% sialylated, with some double sialylated in asc1. The next 

site, N205 showed the most heterogeneity between the two ascites fluids with glycans partly 

fucosylated and with an antennary fucose in asc1. Multiple sialic acids also identified in the 

same site, although the fucose and sialic acid were not always on the same glycan, but on 

different glycans, which could change their charge and recognition by other molecules. 
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There were two glycopeptides with the same amino acid sequence in IgA1 and IgA2. One 

sequence LSLHRPALEDLLLGSEANLTCTLTGLR (underlined N indicates site of N-

glycan attachment) that were located at N144 in IgA1 and N131 in IgA2 and a second 

glycopeptide sequence GKPTHVNVSVVMAEVDGTCY was located at N340 in IgA1 and 

N327 in IgA2 (Figure 3B). Because the amino acid sequence is the same for the 

glycopeptide it was impossible for us to know which IgA (IgA1 or IgA2) the N-glycans 

were attached to, so the N-glycans reported might have been attached to either one or the 

other site or to both, which is why the glycans listed at these sites are the same for each 

ascites fluid (asc1 and asc412). Furthermore, the N-glycans attached to the sites in asc1 were 

slightly different for asc412. Identified at the asc1 N144/N131 site in asc1 IgA1 and IgA2 

were N-glycans H6N2, H3N5, H4N5, H5N4S1, H5N4S2, H4N5S1, H5N5S1 (Figure 3B, 

top two panels), whereas in N-glycans attached to these sites in asc142 were identified as 

H6N2, H3N5, H7N2, H4N5S1, H5N5, H5N4S1 (Figure 3B, bottom two panels).

Examples of site specific N-glycan analysis and different N-glycans attached to the same 
glycan site analyzed by tandem MS/MS analysis from pronase digested peptides

Examples of the tandem MS/MS analysis of specific N-glycan sites in IgA1 and IgA2 

isolated from the two ascites fluids (asc1 and asc412) are shown in Figure 4A-E. Figure 4A 

shows tandem CID MS/MS fragment results from a bisected glycan H3N5 N-glycan 

attached to either or both N144 in IgA1 or N131 in IgA2 from both ascites fluids since these 

sites share the same amino acid sequence (Figure 3B). A second N-glycan (H5N4S1), which 

was also identified attached to the same amino acid sequence (N144 in IgA1 and N131 

IgA2) in both ascites fluids, is shown in Figure 4B thus showing how tandem MS/MS 

identified two different N-glycans attached to the same amino acid sequence. Unfortunately, 

we cannot tell if these glycans are attached to IgA1 or to IgA2 because the sequences are 

identical for this glycopeptide so more peptide sequence would be needed to distinguish N-

glycans attached to this site in each IgA isoforms (IgA1 or IgA2).

The next tandem MS/MS figure (Figure 4C) shows the presence of N-glycan H5N4F1S1 

attached at another N-glycosylation site in IgA1 (N340), which shared the same amino acid 

sequence in IgA2 at N327. A second N-glycan H5N4F1S2 is shown by tandem MS/MS 

attached to the same peptide sequence (Figure 4D). Both glycans are biantennary with a core 

fucose attached. CID fragmentation identifies one as having one sialic acid (Figure 4C) and 

the other having two sialic acids (Figure 4D). The peptide sequence is the same for both 

glycopeptides, with the difference being the presence of the second sialic acid on the larger 

glycopeptides (2770 m/z for the larger glycopeptide (Figure 4D) versus 2477.93 m/z for the 

smaller glycopeptide with the single sialic acid attached (Figure 4C). In this way, the N-

glycans attached to each site are separately identified.

A tandem MS analysis of one of the N-glycopeptides produced by pronase digestion shows 

the tandem MS/MS analysis of H4N4F2 (Figure 4E), a glycan that was attached to IgA2 site 

N205 in the asc1 fluid (Figure 3B). This particular glycan contained the sialyl Lewis X 

(SLeX) structure with a core and antennary fucose and was identified in asc1, but not 

identified in the same site in asc412.
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Proteomic analysis of isolated IgA and IgG fractions

Proteomic analysis of the IgA and IgG isolated from ascites was performed and verified the 

presence and subtypes of IgG and IgA(Supplemental Table S3). The affinity purified IgG 

sample isolated from asc1 contained IgG1, IgG2 and IgG3 gamma chain C region. Ig 

gamma-1 chain C region was the most predominant protein identified in this sample. IgG 

light chains kappa and lambda were identified, and IgA1 was also identified in this sample. 

Affinity purified IgG fraction from asc142 mainly contained unique peptides from the Ig 

gamma C-chain regions from IgG1, IgG4 and IgG2 and kappa and lambda light chain 

regions.

Proteomic analysis of IgA isolated by immunoprecipitation from asc1 identified mainly Ig 

alpha-1 chain C region, Ig kappa chain C region, Ig mu chain C region, with unique peptides 

also identified from serum albumin, Ig gamma-3 chain C region, Ig mu heavy chain disease 

protein, Ig lambda-2 chain C regions, and Ig gamma-1 chain C region and interestingly, 

polymeric immunoglobulin receptor (PIgR). The IgA samples isolated from asc412 

contained IgA2, also contained IgG1 along with other identified glycosylated proteins, 

haptoglobin, clusterin, Apo-J, fibrinogen beta chain and alpha-1-antitrypsin. This proteomic 

analysis of the affinity purified IgG and IgA from the ovarian cancer ascites fluid samples 

show that these samples were enriched for IgA and IgG, but that other glycosylated proteins 

were also present. These additional glycosylated proteins could have contributed to the 

overall total N-glycans profiled for each fraction, which is why it is so important to analyze 

glycosylation of specific glycopeptides to identify each glycosylation site and glycan 

heterogeneity at each site.

Discussion

Immunoglobulins IgG and IgA were isolated from ascites fluid samples obtained from 

different patients using affinity methods and further analyzed for specific protein sites and 

glycan heterogeneity at each site, thus showing our ability to identify protein sources of N-

glycosylation in OC ascites fluid and assess the heterogeneity of N-glycans attached to each 

site. Furthermore, since IgG and IgA are among the most abundant glycosylated proteins in 

ascites fluid [23], N-glycans attached to these proteins are likely a source of the most 

abundant N-glycans being measured in total N-glycan analysis of OC ascites fluid as 

previously reported [24] . These results demonstrate our ability to identify N-glycans 

attached to some of the major sources of N-glycosylation (IgG and IgA) in OC ascites.

Glycosylation of human IgA1 is about 6% to 7% of the IgA molecular mass and 8% to 10% 

of the mass of human IgA2 myeloma proteins [25], largely due to the greater number (5 

sites) in IgA2 and in IgA1. We observed that consistency in the type of N-glycans attached 

to specific sites in IgA1 and IgA2. By specific site analysis (Figure 3B), more fucosylated 

sites were detected in asc1 IgA1 site N340 and IgA2 sites N205 and N327 and also in 

asc412 IgA1 sites N47, N340 and N327 in IgA2, whereas in both ascites samples non-

fucosylated and high mannose N-glycans were more present in IgA1 site N144 and IgA2 

sites N47 and N1131. Sialylated N-glycans were identified throughout the glycosylation 

sites in IgA1 and IgA2 in both ascites samples with all N-glycans highly sialylated and 

fucosylated in site N327. This consistency of non-fucosylated glycans attached to N144 and 
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fucosylated glycans attached to N340 in both asc1 and asc142 may have functional 

consequences for IgA1. Consistently, only one glycan, H5N5F1S1 was attached to N92 in 

both ascites IgA2. Endo et al. reported a small amount of high mannose type glycans in IgA 

[26]. We observed high mannose (Man6 and Man7) in N144 of IgA1 and N131 of IgA1 

from both OC ascites sample. Glycosylation of IgA1 and IgA2 is likely to be important for 

IgA function such as mediating phagocytosis and other activities of neutrophils, monocytes, 

macrophages or dendritic cells and can downregulate the release of inflammatory cytokines 

[27]. Glycosylation of IgA in OC ascites may affect how it forms immune complexes 

without inciting a strong inflammatory response and serve to provide a protective 

environment for tumor cells to evade immune surveillance.

Heterogeneity due to glycosylation of IgG and IgA

There are reportedly 36 possible N-glycan structures for IgG showing the possible 

heterogeneity in this protein [28]. Only biantennary or bisected N-glycans are attached to 

IgG, which are largely core fucosylated with some sialylation [28]. N-glycans in IgG often 

contain core fucosylation [29] which may also restrict the type of glycosylation. It has been 

reported that approximately 96% of all neutral IgG glycans contain core fucose [20]. 

However, if core fucosylation is missing an enhancement of ADCC can occur [29]. 

Interestingly in our site-specific analysis of IgG isolated from ascites fluids, two N-glycans 

H3N4F0S0 and H4N3F0S0 in IgG from ascites412 were identified that did not contain a 

core fucose (Figure 3A), so it is possible that IgG containing these non-fucosylated glycans 

might have higher ADCC activity in OC ascites fluid.

IgA1 has 2 glycosylation sites, but also has multiple O-linked sites in its hinge region (not 

analyzed in this study) that may also be important for IgA1 stability since this region is 

labile to protease activity. These O-linked sites will add to the heterogeneity of the different 

IgA1 isoforms that likely translates into different functional consequences. In contrast, IgA2 

has 5 N-linked glycosylation sites, but no hinge region with O-linked glycans. Already, we 

can see that certain N-glycans sites in IgA1 and IgA2 show a preference for non-fucosylated 

or fucosylated glycans. There is a high degree of sialic acids in IgA1 and IgA2, which would 

give this molecule a mostly negative charge, which would also impact structure, recognition 

by other molecules and cells.

Types of glycosylation

Sialyl Lewis X and Lewis X antigens have been implicated as cancer antigen epitopes [30, 

31]. Both glycan epitopes were specifically identified in one site (N205) on asc 1 IgA2 using 

our site-specific MS/MS pronase digestion method (Figure 3B) whereas we were unable to 

detect this type of glycosylation in our total glycan profile showing why it is important to 

perform site specific glycan analysis on individual proteins in ascites fluid. These specific 

glycan epitopes on Ig alpha-2 chain C region have been reported to be elevated in breast 

cancer plasma [30]. SLeX and LeX N-glycans were recently reported on IgA, IgM, IgG and 

other plasma proteins [19]. Of biological interest is the important interaction between SLeX 

and E-selectin in cancer and metastasis [32], especially since there is increased SLeX 

containing glycans in tumor antigens [33] that may promote metastasis. Selectins are 

molecules that contain a type C lectin domain at their N-termini which recognizes sialylated, 
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fucosylated carbohydrate ligands of the sialyl Lewis X (sLex) type [34]. How SLeX and 

LeX on IgA might interact with E-selectins in ascites fluid or on endothelial cells and either 

inhibit or promote metastasis remains to be determined.

Conclusion

How the immune system adapts to the presence and growth of tumor cells in ascites fluid 

remains to be completed elucidated, but more analytical analysis of the glycosylation of 

immunoglobulins IgG and IgA can help us to better understand immune surveillance and 

evasion of OC tumor cells and possible metastasis of these cells to other organ sites. 

Through careful analysis of glycopeptides obtained from purified IgG and IgA isolated from 

two different ovarian cancer ascites fluids we performed total glycan profiling and N-glycan 

analysis of specific glycosylation sites in IgG and IgA from OC ascites. Since glycosylation 

is highly important for function of immunoglobulins, N-glycan profiling of specific glycans 

sites in IgG and IgA can possibly help us to better understand how certain glycan structures 

might contribute to the stability and function of these immunoglobulins in metastatic ascites 

fluid and perhaps how glycosylation of these molecules could impact the growth and 

survival of ovarian cancer tumor cells.
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Refer to Web version on PubMed Central for supplementary material.
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F fucose

H hexose
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IgG immunoglobulin G
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Man mannose

N hexNac
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PIgR polymeric immunoglobulin receptor
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Figure 1. 
10% SDS PAGE of isolated IgG and IgA from Ascites 1 (asc1) and Ascites 412 (asc412) 

stained for protein. HC = heavy chain; LC = light chain. Mol. wt markers (kDa) are on left 

side of gel. Fluid is the original ascites fluid
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Figure 2. 
N-glycans identified in IgA and IgG from OC ascites fluid. A) Top 15 N-glycans from IgA 

isolated from asc1 and asc412 fluids, organized by abundance; B) Top 10 most abundance 

N-glycans in IgG isolated from asc1 and asc412 fluids. Blue bars represent N-glycans from 

asc1; red bars represent those from asc412. Annotated N-glycan structures are shown with 

mannose (green circle); galactose (yellow circle); GlcNac (N-acetyl glucosamine)(blue 

square); fucose (red triangle) and sialic acid (S)(purple diamond).
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Figure 3. 
N-glycans from site specific analyses of IgG and IgA isolated from asc1 and asc412 ascites 

fluids. Peptides were digested by pronase followed by site specific glycan analysis using 

nLC Chip/qTOF MS. A) N-glycans identified in site N297 in IgG heavy chain from asc1 

and asc412. Red box identifies non-fucosylated biantennary N-glycans in asc412; B) N-

glycans identified in specific N-glycan sites in IgA1 and IgA2 isolated from OC asc1 and 

asc412. N-glycan sites are indicated in the sequence by red numbers for N144, N340 in 

IgA1 and N47, N92, N131, N205 and N327 in IgA2 for each ascites fluid. Structures of N-
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glycans identified by tandem MS/MS and based on composition are indicated below each 

glycan site in IgG, IgA1 and IgA2 from asc1 and asc412.
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Figure 4. 
Tandem MS/MS analysis of N-glycans produced by pronase digestion. A) MS/MS analysis 

of N-glycan H3N5F0S0 attached to the same IgA1 site (N131/144) in both ascites fluids 

(asc1 and asc412); B) MS/MS analysis of a different N-glycan H5N4F0S1 attached to the 

same site; C) MS/MS analysis of N-glycan H5N4F1S1 attached to N340 in IgA1 in both 

ascites fluids; D) MS/MS of N-glycan H5N4F1S2 attached to N340 in IgA1 in both ascites 
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fluids; E) MS/MS of N-glycan H4N4F2S0 attached to glycan site N205 in asc1 IgA2, but 

not detected in asc412 IgA2.
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