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Abstract — Immunoglobulin G (IgG) is the most prevalent
human plasma N-glycosylated protein, which makes a
significant impact into the total plasma protein glycosylation
profile. Glycosylation of IgG is known to affect its biological
properties; for example, sialylation of glycans attached to IgG is
known to have an anti-inflammatory effect, while the absence of
a core fucose in the IgG glycan structure can increase antigen-
dependent cell cytotoxicity. The biochemical processes
underlying protein glycosylation are well-studied; at the same
time, little is known about biological network regulating these
reactions. In the present study, we performed a multivariate
analysis based on the summary statistics obtained in the
previously published IgG N-glycome GWAS in order to discover
new loci influencing IgG N-glycosylation patterns. We revealed
thirty-four loci associated with the levels of plasma IgG N-
glycosylation. Of these loci, eight loci have not been reported in
previous works. Our results significantly expand the number of
identified IgG N-glycome-associated loci and contribute to
understanding the mechanisms of the genetic control of
glycosylation.
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Introduction

Immunoglobulins are the most abundant glycoproteins in
human blood plasma: while the total concentration of
glycoproteins in plasma is about 30 mg/mL, the concentration
of immunoglobulins is approximately 16 mg/mL [1]. Of these,
immunoglobulin G (IgG) constitutes approximately 75%. IgG
heavy chains carry bi-antennary glycan moieties covalently
linked to an asparagine 297 residue. The spectrum of glycans
attached to IgG molecules is called the IgG N-glycome.
Glycosylation of IgG influences its effector functions and
plays an important regulatory role in the immune system [2],
[3]. Changes in the IgG N-glycome composition are
associated with a number of diseases, such as inflammatory,
infectious, autoimmune, and alloimmune diseases, and
different types of cancer [3]. Biological mechanisms
regulating IgG N-glycosylation are still not fully understood.
Elucidating the genetic control of IgG N-glycome helps to
uncover molecules and pathways involved in establishing IgG
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glycosylation patterns and facilitates research linking IgG N-
glycome and human pathologies. To date, four genome-wide
association studies of the total plasma IgG N-glycome have
been published [4]-[7]. The largest study was conducted by
Klari¢ et al. [7], which has increased the number of known loci
robustly associated with IgG N-glycome to 23.

The aim of our study was to further increase the statistical
power of the analysis and reveal novel loci associated with the
plasma IgG N-glycome traits. Our aim was achieved by
performing a multivariate analysis using the genome-wide
association study (GWAS) summary statistics obtained in the
previous work [7].

Materials and methods

The discovery GWAS providing summary statistics for
our analysis was performed in four European-ancestry cohorts
with a total sample size of 8,090 individuals [7]. We used the
GWAS results for 23 IgG N-glycan traits directly measured by
ultra-performance liquid chromatography. We grouped these
23 glycan traits into nine groups based on their general
structural and chemical properties as described previously [5].
The following groups were constructed: galactosylation,
monogalactosylation, digalactosylation, sialylation,
monosialylation, disialylation, fucosylation, bisecting N-
Acetylglucosamine, and one group that combined all 23 traits
(N-glycosylation). Multivariate analysis was performed using
the GWAS summary statistics- based method described by
Ning et al. [8]. The statistical significance threshold was set at
P < 1.67¢-09 (5.0e-08/(21+9), where 9 is the number of trait
groups and 21 is the number of principal components
explaining most of the variance of IgG N-glycosylation traits
[4]). Calculations were performed using the MultiABEL
package for R software environment.

Results

Multivariate analysis revealed 34 loci associated with at
least one group of IgG N-glycosylation traits. Of these, 31 loci
were associated with 2 or more traits groups. Median number
of trait groups associated with the identified loci was 3 (range
1-8). Eight loci have not been reported in previous IgG N-



glycome studies.

The number of newly identified loci constitutes one

third of the number of loci that are already known to affect
IgG N-glycosylation. This demonstrates the efficacy of the
multivariate analysis methods in investigating the genetic
architecture of complex traits. The revealed loci are likely to
be involved in the genetic control of complex processes
regulating general IgG N-glycosylation pathways.

NOVEL LOCI ASSOCIATED
WITH IGG N-GLYCOSYLATION TRAITS REVEALED BY THE MULTIVARIATE
ANALYSIS.

SNP rs o . » | Nearest
number Chr:pos P-value Top trait group gene
rs11895615 2:26113120 5.48e-10 galactosylation ASXL2
] ) CHST?2,
rs1372288 3:142901537 3.74e-11 galactosylation SLC9A9
rs9844068 3:196224038 3.23e-12 N-glycosylation RNF168
rs3130380 6:30279130 2.62e-12 galactosylation HCGI18
] ) ATFG6B,
rs1269852 6:32080191 1.98e-19 N-glycosylation TNXB
HLA-
1rs1794282 6:32666526 3.85¢-15 galactosylation ng_] B
DOA2
rs479844 11:65551957 7.25e-15 digalactosylation OVOLI1
14561508 17:16848750 | 4.51c-11 | fucosylation [TQ’; RSE

* Chromosome: position on chromosome according to GRCh37.p13
assembly

b Trait group most significantly associated with the locus
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