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ABSTRACT
Introduction. Structural glycans have great biological significance and are involved in signaling and cell communication of the 
immune system. They are attached to proteins and lipids in an enzymatic process called glycosylation where glycosyltransfer-
ase and glycosidases bind sugar residues and lead to the formation of bioconjugates. 
Aim. In this paper we describe the importance of glycosylation in the immune system and its changes in diseases. 
Material and methods. This review was performed according to systematic literature search of major bibliographic databases.
Results. Proper glycosylation ensures the functioning of the organism, however, defects in structural glycans of immune sys-
tem changes their properties and can lead to disorders and further to autoimmune diseases. It has been also proven that gly-
cosylation of autoimmune system is changed during cancer. In this paper we described types of structural glycans, significance 
of glycosylation of selected components of the immune system and its modifications in disorders. 
Conclusions. Knowledge about changes in the glycosylation in diseases is the key to understanding the processes of autoim-
mune diseases and may allow the development of new treatments in the future.
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Introduction
Glycosides are elementary biomolecules that are in-
volved in many biological processes, both in prokary-
otic and eukaryotic cells.1 Proteins are one of the most 
commonly glycosylated structures. It is estimated that 
the structures of the human proteome are at least 40% 
glycosylated and that glycans can constitute up to 

90% of the molecular weight of certain glycoproteins. 
Changes in glycomes lead to new properties of cells and 
are often caused by changes in environmental and ge-
netic conditions.2 However, these modifications can be 
both positive and negative and can manifest themselves 
in various diseases.3

http://www.ejcem.ur.edu.pl/en/ 
http://orcid.org/0000-0002-1264-2882
http://orcid.org/0000-0001-5393-3515
http://dx.doi.org/10.15584/ejcem.2020.1.7
mailto:a.a.trzyna%40gmail.com?subject=


33Glycosylation of immune system proteins and its role in autoimmune diseases and cancer

Aim
In this paper we describe the importance of glycosyla-
tion in the immune system and its changes in diseas-
es. Understanding the mechanisms, modifications and 
changes occurring in glycan of specific diseases is very 
important and can help in the development of new diag-
nostic methods, therapies, and treatments.

Analysis of the literature
Glycosylation is an enzymatic process involving the 
attachment of carbohydrate groups (sugars, oligo-
sacharids) to proteins, lipids or other oligosacharides 
by glycosidic bond. In this reaction, important bio-
conjugates such as glycosphingolipids, glycoproteins, 
glycosaminoglycans, and proteoglycans are formed. 
Glycosylated proteins (glycoproteins) of great biologi-
cal significance are created in the post-translational pro-
cessing of proteins in endoplasmic reticulum (ER) and 
Golgi apparatus.4 Fucose (Fuc) and mannose (Man) res-
idues are attached to many proteins which guarantees 
them successful folding of the in the ER and provides 
them with protection against enzymatic degradation - 
proteolysis in and outside of the cell. Oligosaccharides 
attached to proteins also have functions in inter-cellular 
interaction and cell signaling which ensures – among 
other – that the structure is properly transported to the 
target organelle.1,5

Glycosyltransferases and glycosidases, mostly found 
in the ER, are crucial for glycosylation process. On the 
other hand, several enzymes of this type which attach 
single sugar residues can be found in the cytosol. Gly-
cosyltransferases catalyze the selective transfer of a 

glycosidic bond using sugar donors. One of the most 
common are: nuclesides diphosphate (e.g. GDP-Man) 
but also derivatives of: monophosphate nucleosides (e.g. 
CMP-NeuAc); lipids phosphates (e.g., dolichol phos-
phate oligosaccharides); or unsubstituted phosphates. 
In contrast, glycosidases hydrolyze glycosidic bonds, 
thereby releasing saccharide molecules.5,6

There are two basic types of glycosylation depending 
on the atom connecting carbohydrate group with pro-
tein, forming N- and O-glycans.7 N-glycans are linked 
through a glycosidic bond between the amide group of 
an asparagine residue in the Asn-X-Ser/Thr combina-
tion (where: Asn – asparagine; Ser – serine; Thr – thre-
onine; X is any amino acid residue except proline) and 
Nacetylglucosamine (GlcNAc). Through the function of 
membrane enzymes – glycosyltransferases and glyco-
sidases – located in the ER and Golgi apparatus, three 
basic N-glycans are created: oligomannose, hybrid, and 
complex type. Each of them contains the basic Man-
3GlcNAc2Asn core (Fig. 1A). Oligomannose structures 
consist of many mannose molecules (Man) but a max-
imum of nine. Each of them, form α(1,6) and α(1,3) 
bonds, leading to a branching of the core structure but 
the terminal Man are connected by α(1,2) bonds. Hy-
brid N-glycans are formed from the oligomannose type, 
due to the action of transferases in the Golgi appara-
tus in which some of Man residues are removed and 
replaced with GlcNAc, sialic acid (SA), fructose, and ga-
lactose (Gal) residues. Subsequently, the structure can 
be subjected to further reactions which leads to complex 
structure formation.2,7,8 O-glycans are linked by a glyco-
sidic bond with the oxygen atom of the hydroxyl group 

Fig. 1. The basic structures A) N-glycans B) O-glycans. Abbreviations: GalNAc – Nacetylgalactosamine;  
GlcNAc – N-acetylglucosamine; Gal – galactose; Man – mannose; Fuc – fucose; SA – sialic acid
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of a serine or a threonine residue with GalNAc (Nac-
etylgalactosamine) or GlcNAc. In contrast to N-glycans 
with one core structure, O-glycans present five core 
combinations which may additionally differ in configu-
ration and manner of binding of sugar residues. Each of 
the cores can be further modified and extended by fur-
ther mono- or oligosaccharides (Fig. 1B).9 In addition, 
they can be created even in the cytosol where N-gly-
cosylation does not occur.4 Furthermore,  a  common 
terminal structural element is the LacNAc (N-acetyl-
lactosamine), which can be attached to various protein 
sites in both O- and N-glycans, leading to the formation 
of a structure called polylactosamine2.

As already mentioned, glycosylated biochemical 
structures are involved in signaling and intercellular 
communication.1,5,10 It applies to the immune response 
which is based on recognizing and responding to the 
presence of antigens. It is due to the ability to distin-
guish host cells from others which in turn is possible 
due to the various glycans present on the surface of both 
host’s immune system and other, foreign cells.11 The en-
tire range of glycosylated proteins allows for appropriate 
immune responses that are associated with: leukocyte 
migration; cell guidance and apoptosis; activation of B 
and T lymphocyte receptors; antibody functions; anti-
gen presentation by MHC (major histocompatibility 
complex) as well as differentiation of lymphocyte sub-
population.12 Below, selected specific types of glycosyla-
tion of molecules and cells, responsible for the body’s 
immune responses are presented.

Lymphocytes are an important group of cells involved 
in cellular and humoral responses. During the formation 
of T lymphocytes in the thymus, already in the early fe-
tal development, there is an intense production of the T 
cell receptor protein (TCR), basic for recognizing anti-
gens presented by MHC.13 It is one of many immune-sys-
tem proteins that are glycosylated. Heterodimer unit in 
the form of αβTCR or γδTCR is a membrane protein that 
contains at least 7 potential Nglycosylation sites.14,15 β(1,6) 
glycosylation of GlcNAc and further branching with 
residues LacNAc, allows binding of galectin 3 (Gal-3) – 
an endogenous protein capable of binding oligosaccha-
rides – to the TCR receptor which regulates the activity of 
T lymphocytes.16 Galectin 3 defines the binding surface of 
the TCR receptor which reduces the affinity of MHC and 
blocks its activity by preventing disorders leading to au-
toimmune diseases.14,17,18 Another glycosylated protein of 
immune system is the CD45 membrane protein. Change 
in the structure of N- and O-glycans of this protein for 
both, B and T lymphocytes is a determinant of the stage 
of cell differentiation. For example, naive and memory B 
cells are characterized by linear structures of N-glycans 
(poly) LacNAc.19,20

Immunoglobulins are proteins secreted at various 
concentrations by B lymphocytes in the immune re-

sponse. Five classes of human immunoglobulins are 
distinguished: IgA, IgD, IgG, IgE, IgM, but the most 
common is IgG.21 They all undergo glycosylation which 
regulates their properties such as conformation and 
stability, half-life as well as the ability to bind specific 
antigens and other immune system proteins such as re-
ceptors and lectins.22 These proteins are mainly N-glyco-
sylated, but O-glycosylation of IgA1, IgD, and IgG3 also 
occurs, however IgA1 is characterized by 3 to 5 glyco-
sylation sites with mucin-type structures which contain 
terminal GalNAc residues.23-25

IgG participates in humoral and innate immune 
responses. It consists of four polypeptide chains – two 
heavy and two light chains, forming the character-
istic shape of the protein in the form of the letter Y. 
The antibody has two domains – Fab (antigen bind-
ing fragment), responsible for antigen binding and Fc 
(crystallizable fragment) that binds to receptors.26,27 Pro-
teins of this subclass have only one Nglycosylation site 
at Asn297 in Fc domain where glycosylation prevents 
a change in protein conformation, guaranteeing char-
acteristic chain arrangement and receptor binding abil-
ity.28 It has been shown that the  crystallizable Fc region 
undergoes glycosylation changes during disease states, 
affecting anti-inflammatory properties. In non-patho-
logical conditions, 15-25% of the Fab surface are glycans 
and it contains more GlcNAc structures, multi-man-
nose branches, and much more α2,6-sialic acid resi-
dues, compared to Fc, which in turn is characterized by 
increased fucosylation.29 High fructose content inhibits 
the cytotoxic cellular response while high content of ter-
minal SA, especially in the α(2,6) configuration, inhibits 
the inflammatory response.28,30

Glycosylation disorders lead to the development of 
various diseases, including autoimmune diseases and 
cancers (Table 1).2,4,11,14,17,31-43 Lack of appropriate sug-
ar residues in receptor proteins interferes with their 
function, thereby blocking signaling pathways. Dysreg-
ulation of the N-glycosylation pattern can lead to the 
pathological behavior of T cells.10 For example, defects 
in the synthesis of Nglycan complexes on T-cell sur-
faces, results in the enhancement of the TCR receptor 
signal, resulting in disorders manifested by lower spec-
ificity of T lymphocytes of detection to antigens. This 
phenomenon is observed on autoimmune encephalo-
myelitis or glomerulonephritis whereas kidney disease 
occurs in humans as a consequence of type 2 diabe-
tes.33,44 Glycosylation disorders are very often the out-
come of mutations in the genes responsible for enzymes 
attaching sugar residues. Ohtsubo et al. have shown that 
glycotransferase disorders transferring GlcNAc on man-
nose residues in N-glycosylation, lead to glucose trans-
porter receptor (Glut-2) disorders and thereby interfere 
with insulin secretion, leading to type 2 diabetes.32 An-
other example is the lack of the Mgat5 gene, coding for 
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Table 1. Summary of glycosylation disorders and their effect on autoimmune and cancer diseases

Glycosylation disorder
Glycosylation type 

(N/O)
Outcome of disorder Diseases References

1 Disabling GlcNAcT-IVa glycosyltransferase N
Receptor defect for glucose trans-
porter (Glut-2)

Type 2 diabetes 32

2
Disabling  
β(13)-N-acetylglucosaminyltranserase 
action V

N
Reduction of TCR receptor glyco-
sylation

Lower specificity for antigens; increased 
susceptibility to autoimmune diseases

14

3
Disabling β (1-3) -N-acetylglucosaminyl 
transferase II

N
Reduction of TCR receptor glyco-
sylation

Lower specificity for antigens; increased 
susceptibility to autoimmune diseases

33

4 Limiting glycosylation of T lymphocytes N
Increased T cell response; less 
specificity for antigens

Autoimmune encephalomyelitis; glomeru-
lonephritis

11,17

5
Molecular chaperone Cosmc glycosyl-
transferase defect

O
Lack of sugar residues galactose 
and sialic acid on the Tn antigen

Haemolysis; thrombocytopenia 34,35

6
No sialic acid residues or abnormal bin-
ding to CD45 receptor

O
Intercellular signaling disorder by 
lectin binding disorder

Rheumatoid arthritis; systemic lupus ery-
thematosus

36

7
Lack of sialic acid residues in the Fc 
domain of IgG antibodies

N Chronic inflammation
Multiple sclerosis; rheumatoid arthritis; 
cancer of the prostate, stomach, large 
intestine and bladder

37-40

8 Tn antigen sialylation O Cancer hosting; neoplasia Cancer 35,41

9 Additional mannose residues in IgG N
Stimulation of cancer cell growth 
and survival

Lymphomas 42

10 Sialylation of cancer cell surfaces -
Disorder of cancer cell recognition 
by the immune system cells as 
abnormal

Cancer 31,43

the Nacetylglucosaminyltranserase V (GnT-V) branch-
ing enzyme responsible for attaching the GlcNAc β 
(1-6) residue to the TCR receptor which results in hy-
peractivity of T lymphocytes.14 A similar dependence 
was observed in the mutation of the gene encoding the 
enzyme attaching the N-acetyllactosamine residues –  
GnT-II (β(1-3)-Nacetylglucosaminyltransferase).17 The 
occurrence of autoimmune diseases is not only associ-
ated with changes in the structure of N-glycans, but also 
in O-glycans disorders of mucin-type proteins. An ex-
ample is the Tn syndrome characterized by the lack of a 
developed Tn antigen (galactose and sialic acid defects) 
on the surface of blood cells which leads to hemolysis 
and thrombocytopenia (thrombocytopenia). Glycosyl-
transferase malfunction is responsible for this glycosyla-
tion changes and it is caused by the Cosmc molecular 
chaperone defect of this enzyme, crucial for O-glyco-
sylation of proteins.34,35

A compound that plays a large role in the develop-
ment of human immunity, starting from fetal develop-
ment, is sialic acid, which affects the activity, half-life 
and transport of significant proteins such as immuno-
globulins.45 An example of a disorder caused by the 
loss of free sialic acids in oligosaccharide branches is 
the undesirable formation of CD45 receptor dimers. 
Reduced glycosylation of the protein leads to inhibi-
tion of signal transduction which results in the arrest 
of lymphocyte activity, thereby causing autoimmune 
diseases such as rheumatoid arthritis or systemic lu-
pus erythematosus.36,47 In addition, sialylated IgG in 

Fc domain produced by B lymphocytes, have a role in 
the process of rheumatoid arthritis because they ex-
hibit anti-inflammatory properties. It has already been 
proven that among people suffering from rheumatoid 
arthritis, the presence of sialylated IgG is undetectable, 
but its concentration increases significantly during re-
mission39. Similarly, changes in the glycosylation of 
IgG effected by the decrease in the level of sialylation 
have been demonstrated in patients with multiple scle-
rosis in which the presence of pro-inflammatory fac-
tors leading to a chronic inflammation in the body 
is also characteristic.37,38 It is interesting that the ap-
pearance of Tn antigens with sialic acid in the O-gly-
can structure (Neu5Acα2,6GalNAcα1-Ser/Thr) may be 
a marker for detecting the early phase of tumor forma-
tion.35,41

As mentioned above, the manifestation of glycosyla-
tion aberrations in cells of the immune system also ap-
plies to cancer processes. Glycans are important for the 
communication of cancer cells during their invasion and 
metastasis, as well as for fooling and escaping from the 
immune system, and even for their drug resistance by in-
fluencing the mechanism and absorption of the drug.47,48 
Changes in glycosylation have been proven in many cas-
es. Glycosylation aberrations in IgG have been described 
for prostate, stomach, colorectal and urothelial type blad-
der cancer. Tanaka et al. showed that in prostate (P) and 
bladder (U) cancers, the sIgG number significantly de-
creased in both study groups compared to the healthy 
controls (C). In addition, Tanaka et al. showed that the 
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U group had a lower IgG concentration than the others.40 
In different types of lymphomas, Nglycosylation sites in 
host antibodies are added. They are modified by oligo-
mannose structures bound by Mannose Binding Lectin 
(MBL) with oligomannose structures, triggering stimulus 
signals, thereby promoting tumor growth and survival.42 
Compounds on the membranes of cancer cells may also 
be glycosylated. The high sialylation surface on the cell 
surface disrupts the recognition pathways of non-host 
structures and as a result, cells that should be destroyed – 
are not. In this way, inter alia, are interrupted: signals for 
CD8+ T cells or ligand for the Fas receptor, favoring the 
development of the disease.31,43

Conclusions
Glycosylation is a very important process that deter-
mines the survival of the organism. It is the basis of the 
immune system, by giving high variability to molecules 
ensuring its functioning. Its disorders can lead to the de-
velopment of diseases characterized by autoaggression 
towards the host organism. The progress of science to-
wards understanding the mechanisms of glycosylation 
in the immune system is key to understanding the pro-
cesses of autoimmune diseases. Comprehension the 
mechanisms that determine the course of immune re-
sponses in healthy and sick people will allow us to de-
velop new treatments in the future.

References
1. Varki A. Biological roles of glycans.  Glycobiology. 

2017;27(1):3–49. 
2. Lyons JJ, Milner JD, Rosenzweig SD. Glycans Instructing 

Immunity: The Emerging Role of Altered Glycosylation in 
Clinical Immunology. Front Pediatr. 2015;3:54. 

3. Clerc F, Reiding KR, Jansen BC, Kammeijer GS, Bondt A, 
Wuhrer M. Human plasma protein N-glycosylation. Gly-
coconj J. 2016;33(3):309–343. 

4. Ho WL, Hsu WM, Huang MC, Kadomatsu K, Nakagawara 
A. Protein glycosylation in cancers and its potential the-
rapeutic applications in neuroblastoma. J Hematol Oncol. 
2016;9(1):100. 

5. Ohtsubo K, Marth JD. Glycosylation in cellular mechani-
sms of health and disease. Cell. 2006 Sep 8;126(5):855-67.

6. Lairson LL, Henrissat B, Daviesand GJ, Withers SG. Gly-
cosyltransferases: Structures, Functions, and Mechanisms. 
Annu Rev Biochem. 2008;Vol. 77:521-555.

7. Stanley P, Taniguchi N, Aebi M. N-Glycans. In: Varki A, 
Cummings RD, Esko JD, et al., eds. Essentials of Glycobio-
logy. 3rd ed. Cold Spring Harbor (NY): Cold Spring Har-
bor Laboratory Press; 2015-2017. Chapter 9. https://www.
ncbi.nlm.nih.gov/books/NBK453020/. Access November 
18, 2019.

8. Nagae M, Yamaguchi Y. Function and 3D structure of the 
N-glycans on glycoproteins. Int J Mol Sci. 2012;13(7):8398–
8429.

9. Roth Z, Yehezkel G, Khalaila I. Identification and Quan-
tification of Protein Glycosylation. Int J Carbohydr Chem. 
2012;2012: Article ID 640923.

10. Mkhikian H, Grigorian A, Li CF, et al. Genetics and the 
environment converge to dysregulate N-glycosylation in 
multiple sclerosis. Nat Commun. 2011;2:334.

11. Chaplin DD. Overview of the immune response. J Allergy 
Clin Immunol. 2010;125(2):3–23.

12. Cabral J, Hanley SA, Gerlach JQ, et al. Distinctive Sur-
face Glycosylation Patterns Associated With Mouse and 
Human CD4+ Regulatory T Cells and Their Suppressive 
Function. Front Immunol. 2017;8:987. 

13. Maggi E, Cosmi L, Liotta F, Romagnani P, Romagnani S, 
Annunziato F. Thymic regulatory T cells. Autoimmun Rev. 
2005;4(8):579-586.

14. Pereira MS, Alves I, Vicente M, et al. Glycans as Key 
Checkpoints of T Cell Activity and Function. Front Im-
munol. 2018;9:2754.

15. Attaf M, Legut M, Cole DK, Sewell AK. The T cell antigen 
receptor: the Swiss army knife of the immune system. Clin 
Exp Immunol. 2015;181(1):1–18.

16. Smith LK, Boukhaled GM, Condotta SA, et al. Interleu-
kin-10 Directly Inhibits CD8+ T Cell Function by Enhan-
cing N-Glycan Branching to Decrease Antigen Sensitivity. 
Immunity. 2018;48(2):299–312.e5.

17. Dennis JW, Lau KS, Demetriou M, Nabi IR. Adaptive Re-
gulation at the Cell Surface by N‐Glycosylation. Traffic. 
2009;10(11):1569-1578.

18. Gordon-Alonso M, Hirsch T, Wildmann C, van der Brug-
gen P. Galectin-3 captures interferon-gamma in the tumor 
matrix reducing chemokine gradient production and T-
-cell tumor infiltration. Nat Commun. 2017;8(1):793.

19. Giovannone N, Antonopoulos A, Liang J, et al. Human B 
Cell Differentiation Is Characterized by Progressive Remo-
deling of O-Linked Glycans. Front Immunol. 2018;9:2857. 

20. Xue J, Gao X, Fu C, et al. Regulation of galectin-3-induced 
apoptosis of Jurkat cells by both Oglycans and N-glycans 
on CD45. FEBS Lett. 2013;587:3986–94. 

21. Zauner G, Selman MH, Bondt A, et al. Glycopro-
teomic analysis of antibodies.  Mol Cell Proteomics. 
2013;12(4):856–865. 

22. Plomp R, Bondt A, de Haan N, Rombouts Y, Wuhrer M. 
Recent Advances in Clinical Glycoproteomics of Immuno-
globulins (Igs). Mol Cell Proteomics. 2016;15(7):2217–2228. 

23. Plomp R, Dekkers G, Rombouts Y, et al. Hinge-Re-
gion O-Glycosylation of Human Immunoglobulin G3 
(IgG3). Mol Cell Proteomics. 2015;14(5):1373–1384.

24. Hoffmann M, Marx K, Reichl U, Wuhrer M, Rapp E. Site-
-specific O-Glycosylation Analysis of Human Blood Pla-
sma Proteins. Mol Cell Proteomics. 2016;15(2):624–641. 

25. Buettner MJ, Shah SR, Saeui CT, Ariss R, Yarema KJ. Im-
proving Immunotherapy Through Glycodesign. Front Im-
munol. 2018;9:2485. 

26. Benedetti E, Pučić-Baković M, Keser T, et al. Network in-
ference from glycoproteomics data reveals new reactions 



37Glycosylation of immune system proteins and its role in autoimmune diseases and cancer

in the IgG glycosylation pathway [published correction 
appears in Nat Commun. 2018;9(1):706]. Nat Commun. 
2017;8(1):1483.

27. Zhao J, Nussinov R, Ma B. Antigen binding allosterically 
promotes Fc receptor recognition. MAbs. 2019;11(1):58–74.

28. Shade K.-T.C, Anthony RM. Antibody Glycosylation and 
Inflammation. Antibodies. 2013;2(3):392-414. 

29. Bondt A, Rombouts Y, Selman MH, et al. Immunoglobu-
lin G (IgG) Fab glycosylation analysis using a new mass 
spectrometric high-throughput profiling method reve-
als pregnancy-associated changes. Mol Cell Proteomics. 
2014;13(11):3029–3039.

30. Russell A, Adua E, Ugrina I, Laws S, Wang W. Unravelling 
Immunoglobulin G Fc N-Glycosylation: A Dynamic Mar-
ker Potentiating Predictive, Preventive and Personalised 
Medicine. Int J Mol Sci. 2018;19(2):390.

31. Nardy AF, Freire-de-Lima L, Freire-de-Lima CG, Morrot 
A. The Sweet Side of Immune Evasion: Role of Glycans 
in the Mechanisms of Cancer Progression. Front Oncol. 
2016;6:54. 

32. Ohtsubo K, Takamatsu S, Minowa MT, Yoshida A, Takeu-
chi M, Marth JD. Dietary and Genetic Control of Glucose 
Transporter 2 Glycosylation Promotes Insulin Secretion in 
Suppressing Diabetes. Cell. 2005;123(7):1307-1321. 

33. Rabinovich GA, van Kooyk Y, Cobb BA. Glycobiology of 
immune responses. Ann N Y Acad Sci. 2012;1253:1–15. 

34. Tabak LA. The role of mucin-type O-glycans in eukaryotic 
development. Semin Cell Dev Biol. 2010;21(6):616–621.

35. Ju T, Wang Y, Aryal RP, et al. Tn and sialyl-Tn antigens, 
aberrant O-glycomics as human disease markers. Prote-
omics Clin Appl. 2013;7(9-10):618–631. 

36. Daniels MA, Hogquist KA, Jameson SC. Sweet ‘n’ sour: 
the impact of differential glycosylation on T cell respon-
ses. Nat Immunol. 2002;3(10):903-10. 

37. Ryan SO, Cobb BA. Roles for major histocompatibility 
complex glycosylation in immune function. Semin Immu-
nopathol. 2012;34(3):425–441. 

38. Wuhrer M, Selman MH, McDonnell LA, et al. Pro-inflam-
matory pattern of IgG1 Fc glycosylation in multiple sclero-
sis cerebrospinal fluid. J Neuroinflammation. 2015;12:235. 

39. Jones MB, Oswald DM, Joshi S, Whiteheart SW, Orlando 
R, Cobb BA. B-cell–independent sialylation of IgG. PNAS. 
2016;113(26):7207-7212.

40. Tanaka T, Yoneyama T, Noro D, et al. Aberrant N-Glyco-
sylation Profile of Serum Immunoglobulins is a Diagno-
stic Biomarker of Urothelial Carcinomas.  Int J Mol Sci. 
2017;18(12):2632. 

41. Burchell JM, Beatson R, Graham R, Taylor-Papadimitriou 
J, Tajadura-Ortega V. O-linked mucin-type glycosylation 
in breast cancer. Biochem Soc Trans. 2018;46(4):779–788. 

42. Hollander N, Haimovich J. Altered N-Linked Glycosyla-
tion in Follicular Lymphoma and Chronic Lymphocytic 
Leukemia: Involvement in Pathogenesis and Potential 
Therapeutic Targeting. Front Immunol. 2017;8:912. 

43. Büll C, den Brok MH, Adema GJ. Sweet escape: Sialic 
acids in tumor immune evasion. Biochim Biophys Acta. 
2014;1846(1):238-246. 

44. Winter L, Wong LA, Jerums G, et al. Use of Readily Ac-
cessible Inflammatory Markers to Predict Diabetic Kidney 
Disease. Front Endocrinol (Lausanne). 2018;9:225. 

45. Saeui CT, Nairn AV, Galizzi M, et al. Integration of gene-
tic and metabolic features related to sialic acid metabo-
lism distinguishes human breast cell subtypes. PLoS One. 
2018;13(5):e0195812.

46. Puck A, Hopf S, Modak M, et al. The soluble cytopla-
smic tail of CD45 (ct-CD45) in human plasma contri-
butes to keep T cells in a quiescent state. Eur J Immunol. 
2017;47(1):193–205. 

47. Munkley J, Elliott DJ. Hallmarks of glycosylation in can-
cer. Oncotarget. 2016;7(23):35478–35489.

48. Very N, Lefebvre T, El Yazidi-Belkoura I. Drug resistance 
related to aberrant glycosylation in colorectal cancer. On-
cotarget. 2017;9(1):1380–1402.


	_GoBack

