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Abstract: Molecular underpinnings of posttraumatic stress disorder (PTSD) are still unclear due to
complex interactions of genetic, psychological, and environmental factors. Glycosylation is a com-
mon post-translational modification of proteins and different pathophysiological states, such as in-
flammation, autoimmune diseases, and mental disorders including PTSD, show altered N-glycome.
Fucosyltransferase 8 (FUT8) is the enzyme that catalyzes the addition of core fucose on glycopro-
teins, and mutations in the FUTS gene are associated with defects in glycosylation and functional
abnormalities. This is the first study that investigated associations of plasma N-glycan levels with
FUTS8-related rs6573604, rs11621121, rs10483776, rs4073416 polymorphisms, and their haplotypes,
in 541 PTSD patients and control participants. The results demonstrated that the rs6573604 T allele
was more frequent in PTSD than in control participants. Significant associations of plasma N-glycan
levels with PTSD and FUT8-related polymorphisms were observed. We also detected associations
of 1511621121 and rs10483776 polymorphisms, and their haplotype, with plasma levels of specific
N-glycan species in both the control and PTSD group. In carriers of different rs6573604 and
rs4073416 genotypes and alleles, differences in plasma N-glycan levels were found only in the con-
trol group. These molecular findings suggest a possible regulatory role of FUTS-related polymor-
phisms in glycosylation, which alternations could partially explain the development and clinical
manifestation of PTSD.
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1. Introduction

Post-traumatic stress disorder (PTSD) is a severe trauma- and stress-related disorder
with characteristic symptoms that span across different emotional, cognitive, and psycho-
logical domains [1,2]. It is often accompanied with severe mental and somatic comorbid-
ities such as depression, alcohol and substance abuse, suicidal behavior, cardiovascular,
and metabolic diseases, leading to a higher probability of adverse health outcomes and
shorter life expectancy of affected individuals [1,2]. The heterogeneity of PTSD symptoms,
a broad spectrum of affected molecular systems and circuits, and complex molecular in-
teractions between the inherited and acquired factors, that contribute to the risk and pro-
gression of PTSD, represent the confounding elements in the identification and validation
of PTSD biomarkers.
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Recent studies demonstrated the involvement of altered N-glycosylation in several
psychiatric disorders [3-6], including PTSD [7,8], as well as in various somatic pathologi-
cal and inflammatory states, such as cardiovascular, metabolic and pulmonary diseases,
infection, autoimmune disorders and cancer [9,10]. N-glycosylation is the most common
co- and post-translational modification of proteins in the eukaryotic cells that involves the
addition of sugar moieties, with N-acetylglucosamine (GlcNAc), N-acetylgalactosamine
(GalNACc), galactose, mannose on a consensus asparagine-containing sequence, sialic acid
and fucose, representing the most frequent added sugars [11]. The diversity of sugar res-
idues and their possible combinations and linkages are affecting the physio-chemical
properties of the glycoproteins on a molecular level which can result in their altered bio-
logical function [12]. For instance, the galactosylation of the immunoglobulin G (IgG) at-
tached N-glycans acts as a modulator of its inflammatory activity by affecting the com-
plement-dependent cytotoxicity [9,13]. Moreover the a2,6-sialylation of the IgG is associ-
ated with an anti-inflammatory response [14,15], while a terminal hypersialylation in the
tumor cells can affect leukocyte migration, metastasis, and tumor progression [16].

Fucosylation is a molecular process in which fucose from the donor molecule guano-
sine biphosphate fucose (GDP-Fuc) is added to the acceptor molecules, such as terminal
galactose via the a1,2 bond or the subterminal and innermost GlcNAc via the al1,3/4 and
the a-1,6 glycosydic bond, respectively [17]. While there are several fucosyltransferases
(FUT3-7, FUT9-11) that catalyze the addition of fucose via the a1,3/4 linkage, resulting in
the antennary fucosylated glycoproteins, fucosyltransferase 8 (FUTS) is the only enzyme
in mammals with the a1,6 fucosyltransferase activity, resulting in a formation of the core-
fucosylated N-glycans [17].

Fucose-containing glycans are involved in the blood antigens synthesis and transfu-
sion reactions, leukocyte-endothelial adhesion mediated by selectin, as well as host-mi-
crobe interaction [18-21]. In addition, the core-fucosylated glycans, predominantly at-
tached to the IgG, are strongly linked to metastasis [22], possibly by affecting the antibody-
dependent cellular cytotoxicity (ADCC) [23], programmed cell death protein 1 (PD-1) [24]
and transforming growth factor 1 (TFG-P) receptor [9,25].

Several pathological states such as autoimmune disorders, cardiovascular diseases,
cancer, as well as neuropsychiatric disorders including PTSD, have been associated with
altered fucosylation molecular patterns in humans, where the core-fucosylation is crucial
in maintaining the homeostasis of the organism [9,20,21]. Bi-allelic mutations in the FUT8
gene, resulting in defective FUT8 a1,6 fucosyltransferase activity and absence of the core-
fucosylated N-glycans, lead to the development of severe metabolic congenital disorder
of glycosylation with defective fucosylation 1 (FUT8-CDG) in humans [26]. Moreover, in
mice, the complete deletion of this gene is highly lethal and causes severe growth retar-
dation, emphysema-like changes in the lungs and schizophrenia-like symptoms [27], pos-
sibly by interfering with the TGF-1 receptor activation, vascular endothelial cell growth
factor receptor-2 (VEGF-2) expression, EGF receptor signaling and integrin a3p1-medi-
ated cell adhesion [26,28,29].

Genetic influence on glycosylation and specifically the core-fucosylation is still not
completely understood. Unlike protein synthesis, glycosylation is non-template-driven
molecular process regulated by various microenvironmental and intracellular changes
[30]. However, glycoenzymes and other proteins included in the glycan formation and
modification are encoded in a genome and their availability, expression, and activity are
regulated at the transcriptional, translational, or post-translational levels [30,31]. It is esti-
mated that approximately 1% of a genome encodes for the glycoenzymes, although large
variations in the heritability were observed depending on the N-glycan structures [30,32].
The estimated IgG N-glycans heritability of >50% and the total plasma N-glycan herita-
bility ranging from 17-74% (average 60%) [32,33] were reported.

First plasma glycome GWAS [34], and the following replication GWA studies [35,36],
identified the association of several loci with the levels of plasma N-glycans, of which
most of them were located in the FUTS, FUT6, and HNF1A gene regions. The HNF1A is
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considered a major molecular regulator of fucosylation, possibly by regulating the expres- 100
sion of FUT8 and antennary fucosyltransferases (FUT3, FUT5, FUT6). The genetic and ep- 101
igenetic associations of the HNF1A gene with levels of several highly branched and si- 102
alylated plasma N-glycans, as well as with the core- and antennary-fucosylated IgG N- 103
glycans, were reported in the recent studies [37,38]. Numerous single nucleotide polymor- 104
phisms (SNPs) were suggested to significantly affect the IgG and plasma N-glycan com- 105
position, among which the most prominent ones were located within or near the FUTS 106
locus and associated with the A2 and A2BG2 glycan levels, as well as with the core-fuco- 107
sylated FA2G2 and FA3B1G1 N-glycans [34-36]. 108

Therefore, this study aimed to investigate the possible association of the plasma N- 109
glycan levels, in patients with PTSD and control participants, with four polymorphisms 110
related to the FUTS gene region (rs6573604, rs11621121, rs10483776, and rs4073416), which 111
have shown a high genome-wide significance in glycosylation during previous GWA 112
studies. 113

2. Results 114

Genotype and allele frequencies of the rs6573604, rs11621121, rs10483776, and 115
rs4073416 polymorphisms located in the FUTS gene region have been determined in a 116
total sample of 541 participants. Minor allele frequencies (MAF) and corresponding 117
Hardy-Weinberg equilibrium (HWE) have been determined for each polymorphism and 118
are represented in Table 1. MAFs for rs6573604, rs11621121, rs10483776, and rs4073416 119
polymorphisms were 19.0%, 44.0%, 20.7%, and 41.6%, respectively, in accordance with the 120
estimated MAFs in the European population, as reported in the Allele Frequency Aggre- 121
gator (ALFA) database [39]. The genotype distributions of the rs11621121, rs10483776, and 122
rs4073416 polymorphisms were in the expected HWE, while the distribution of the 123

156573604 genotypes deviated from the HWE (Table 1). 124

Table 1. The description of the enrolled rs6573604, rs11621121, rs10483776, and rs4073416 polymor- 125

phisms located FUTS gene-related region. 126
SNP Position (bp) Associated gene = MAF (EU) MAF HWE

rs6573604  14:65321223 PTBP1P, MIR4708  C=0.185 C=0.190 p=0.003
rs11621121 14:65355775 MIR4708, FUT8 C=0.410 C=0.440 p=0.467
rs10483776  14:65448149 FUTS G=0.176 G=0.207 p=0.487
rs4073416  14:65792676 NCOA4P1, FUTS C=0.419 C=0.416 p=0.516
bp - base pairs, FUTS - fucosyltransferases 8, HWE - Hardy-Weinberg equilibrium, MAF - minor 127
allele frequency, MAF (EU) — minor allele frequency in the European population, MIR4708 - mi- 128
croRNA 4708, NCOA4P1 - nuclear receptor coactivator 4 pseudogene 1, PTBP1P - polypyrimidine 129

tract binding protein 1 pseudogene, SNP-single nucleotide polymorphism. p-value denoted inbold 130
is considered statistically significant. 131

Haplotype analysis showed a weak linkage disequilibrium (LD) between all four tested 132
polymorphisms (D’ x 100 = 24); however, the rs11621121 and rs10483776 polymorphisms 133
were in a strong LD (D" x 100 = 93) (Figure 1). Therefore, the haplotypes for the rs11621121 134
and rs10483776 polymorphisms block were determined for each subject using an expecta- 135
tion-maximization algorithm. The most common was the TA haplotype, which was rep- 136
resented in more than half of the subjects (55.5%), followed by the CA (25.9%) and the CG 137
(21.6%) haplotypes. The rarest was TG haplotype (0.5%), which was excluded from further 138
analysis due to its low frequency (<1%). 139

140
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Figure 1. The LD plot of the rs6573604, rs11621121, rs10483776, and rs4073416 polymorphisms lo- 141
cated in the FUTS gene-related region. Pairwise LD value (x100) for the rs11621121 and rs10483776 142
combination, as denoted in a bright red rectangle (D’=93), indicates a strong link between these two 143
polymorphisms. 144

2.1. The association of the FUTS8-related polymorphisms with PTSD 145

Differences in the distribution of the genotypes, alleles, and haplotypes of the 146
rs6573604, rs11621121, rs10483776, and rs4073416 polymorphisms between the control 147
participants and the patients with PTSD were determined using a x2-test. There wereno 148
significant differences in the observed frequencies of the rs11621121, rs10483776, and 149
rs4073416 genotypes and alleles (Table 2), nor the rs11621121-rs10483776 haplotypes be- 150
tween these two groups of participants (Table 3). However, the C allele of the rs6573604 151
polymorphism was more frequently present in the control participants (p=0.017; R=1.6), 152
compared to the patients with PTSD, who had a higher prevalence of the T allele than the 153
control participants (Table 2). 154
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Table 2. The distribution of the genotypes and alleles of the rs6573604, rs11621121, rs10483776, and 155

154073416 polymorphisms in the control participants and the patients with PTSD. 156
SNP Genotype/Control participants Patients with PTSD Statistics
Allele N %, N %
CC 20 8.1% 11 3.7%
CT 69  281% 75 2549 X O86LdEZ
rs6573604 TT 157 63.8% 209 70.8% p=0.053
C 109 22.2% 97 16.4%  x2=5.682; df=1;
T 383 77.8% 493 83.6% p=0.017
CC 51 20.7% 58 19.7% 2=2.571; df=2;
CT 124 50.4% 133 45.1%
rs11621121  TT 71 289% 104 353% p=0.277
C 226 45.9% 249 422%  x>=1.517; df=1;
T 266 54.1% 341 57.8% p=0.218
AA 160 65.0% 179 60.7%
AG 75 305% 107 363% X 243dEZ
rs10483776 GG 11 4.5% 9 3.1% p=0.290
A 395 80.3% 465 78.8%  x2=0.356; df=1;
G 97 19.7% 125 21.2% p=0.551
CC 46 18.7% 43 14.6% \2=2.958; df=2;
CT 114 46.3% 157 53.2% o ’
rsd073416 _ TT 8  350% 95 32.2% p0.228
C 206 41.9% 243 41.2%  x2=0.052; df=1;
T 286 58.1% 347 58.8% p=0.820
Data are presented as total count (N) and frequency (%) and analyzed using the x2-test. p-value 157
denoted in bold is considered statistically significant. SNP-single nucleotide polymorphism. 158

Table 3. The distribution of the rs11621121-rs10483776 haplotypes in all enrolled participants, as 159

well as in the participants in the control and the PTSD group. 160
Haplotype All participants  Control participants Patients with PTSD
1s11621121-rs10483776 N % N % N %
TA 601 55.5% 264 53.5% 337 57.1%
CA 259 23.9% 131 26.6% 128 21.7%
CG 216 20.0% 95 19.3% 121 20.5%
TG 6 0.5% 2 0.4% 4 0.7%
Statistics x2=3.853; df=3; p=0.278
Data are presented as total count (N) and frequency (%) and analyzed using the x2-test. 161
2.2. The differences in the N-glycome between the PTSD and the control group 162

Multiple linear regression was used to determine the effect of age, body mass index 163
(BMI), and diagnosis on the levels of different plasma N-glycan species. The significant 164
effect of age on the N-glycome has been previously recognized [7,33,40,41] and it was 165
confirmed in our model as well. Specifically, age was a main predictor for the plasma 166
levels of most N-glycans, as reported previously (full data available on request), while 167
BMI did not contribute significantly to the levels of plasma N-glycans [8]. Therefore, the 168
residuals obtained from fitting the linear model of each glycan peak depending on the age 169
were used in a further statistical analysis to correct this effect [7]. 170

As diagnosis was also a significant predictor of the several N-glycan levels in the 171
plasma, we have performed the Supervised Orthogonal Partial Least Square — Discrimi- 172
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nant Analysis (OPLS-DA), with all age-corrected levels of plasma N-glycans listed as var- 173
iables. OPLS-DA acquired variable importance in the projection (VIP) scores and correla- 174
tion coefficients values - p(corr), showed the intermediate correlation for several N-glycan 175
peaks in discriminating between the control and PTSD groups (Figure 2, Supplementary 176
Figure 1, Supplementary Table 52). Among the strongest associated N-glycans in this 177
model were also the ones that we have previously reported as significantly altered be- 178
tween the patients with PTSD and the control participants[8]. Therefore, in this study, we 179
have focused mainly on the association of the polymorphisms in FUTS§ associated region 180
with the relative levels of the N-glycans in the plasma, but due to differences in the N- 181
glycome between enrolled diagnostic groups, we have performed the analysis separately 182

in the patients with PTSD and in control participants. 183
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Figure 2. The volcano plot plotting the variable importance in the projection (VIP), acquired in the 185
OPLS-DA model, against the correlation coefficient values (p(corr)), for all included variables be- 186
tween the PTSD patients and the control participants. Colored according to the identifiers. 187

2.3. The association of the FUTS-related polymorphisms with the N-glycan levels 188

The level of each N-glycan peak was analyzed in the carriers of different genotypes 189
(genetic model) and alleles (allelic model) of the rs6573604, rs11621121, rs10483776, and 190
rs4073416 polymorphisms, as well as the rs11621121-rs10483776 haplotypes, separately 191
for the control and the PTSD group. The significance level was corrected for the number 192
of analyzed peaks using the False Discovery Rate (FDR) method (Benjamini-Hochberg). 193
The N-glycan moieties whose levels differed significantly between the carriers of different 194
genotypes or alleles are reported in Table 4 for the control group and in Table 5 for the 195
PTSD group. Statistical data for all analyzed N-glycan peaks is available in Supplemen- 19
tary Tables S3, S4 and S5. The strongest link of the plasma N-glycan levels was observed = 197
with the rs11621121 and rs10483776 polymorphisms, and their haplotype block in both 198
diagnostic groups, while the significant associations of the rs6573604 and rs4073416 poly- 199
morphisms with the plasma N-glycan levels were found only in the control group. 200

Polymorphism rs6573604 was associated with the levels of the GP36 (p=0.020), GP37 201
(p=0.013), and GP38 (p=0.007) glycans in the plasma of the healthy control subjects (Table 202
4, Supplementary Table S3). These three glycan peaks share the same tetraantennary, ga- 203
lactosylated, and sialylated N-glycan structure (A4G4S4), but they differ in the type of 204
linkage (a2,3 or a2,6-bond) by which sialic acid is attached to galactose (Supplementary 205
Table S1). For the rs6573604 polymorphism, the TT homozygotes had the lowest plasma 206



Int. ]. Mol. Sci. 2023, 24, x FOR PEER REVIEW 7 of 23

levels of the GP36, GP37, and GP38 glycans compared to the CT (p<0.001, posthoc Dunn 207
test) and the CC carriers (p<0.016, posthoc Dunn test) (Figure 3). The association of the T ~ 208
allele with a lower abundance of these N-glycans was confirmed in the allelic model 209
(p=0.003 for GP36, p=0.001 for GP37 and GP38) (Table 4, Supplementary Table S3). Alt- 210
hough several N-glycan peaks showed a nominal association with the rs6573604 polymor- 211
phism in the patients with PTSD, of which the GP29 glycan was the most prominent one, 212
none of the N-glycan peaks reached significance after the correction for multiple testing 213
(Supplementary Table S3). 214

For the rs11621121 polymorphism, the TT homozygotes (and the T allele carriers)had 215
significantly higher levels of the GP22 (FA2G2S2) glycan in plasma compared to the CC 216
and the CT carriers (p<0.001, posthoc Dunn test), or C allele carriers (p=0.001), both in the 217
control, as well as in the PTSD group (Table 4, Table 5, Figure 3). There were no other 218
significant differences in the plasma N-glycan levels associated with this SNP in the con- 219
trol participants. However, the GP08 (A2G2) glycan levels were higher in the carriers of 220
the CC genotype or the C allele, but only at a nominal significance level (Supplementary 221
Table S3). Relative distribution of the GP16 (FA2G2S1), GP20 (A2G2S2), GP23 222
(FA2BG2S2), and GP31 (FA3G353) glycan levels differed significantly between the carriers 223
of different rs11621121 genotypes or alleles in the PTSD group (Table 5, Supplementary 224
Table S3). Specifically, the TT homozygotes and the T allele carriers had higher plasma 225
levels of the GP16 and GP23 glycans compared to the PTSD patients carrying the CC and 226
CT genotypes (posthoc Dunn p=0.004 for GP16; p=0.003 for GP23) or the C allele (p=0.020 227
for GP16; p=0.013 for GP23, Figure 3). Significant association of the GP20 and GP31 glycan = 228
levels in the plasma with the rs11621121 polymorphism was observed only in the allelic 229
model, in which a lower abundance of the GP20 glycan levels (p=0.039) and higher abun- 230
dance of the GP31 glycan levels (p=0.045) in the plasma were detected in the T allele car- 231
riers (Figure 4). 232

In both PTSD and control subjects, the rs10483776 polymorphism was associated 233
with the GP22 (FA2G2S2) and GP31 (FA3G3S3) glycan levels in plasma (Table 4, Table 5). 234
The GP22 levels were significantly higher in the AA genotype carriers, compared to the 235
AG (p<0.001, posthoc Dunn test) and the GA carriers (p=0.041, posthoc Dunn test) in the 236
control group, as well as higher in comparison to the PTSD patients who were heterozy- 237
gous for this polymorphism (p=0.010, posthoc Dunn test) (Figure 2). Similarly, the GP31 238
glycan plasma levels were the highest in the AA homozygotes and the lowest in the car- 239
riers of the rs10483776 GG genotype (Figure 3). Additional associations of the rs10483776 240
SNP were observed with the plasma GP29 (FA3G3S3) and GP34 (A4G4S3) glycan levels in 241
the control participants in both the genetic and allelic model. Specifically the AA homo- 242
zygotes had higher levels of these N-glycans compared to heterozygotes (p=0.011 for 243
GP29; p<0.001 for GP31, posthoc Dunn test) and GG genotype carriers (p=0.004 for GP29; 244
p=0.011 for GP31, posthoc Dunn test). GP16 (FA2G2S1) glycan levels in the plasma of PTSD 245
patients were also significantly different between the carriers of different genotypes, but 246
not alleles, where the rs10483776 heterozygotes had the lowest levels of the GP16 glycan, 247
compared to the AA (p<0.001, posthoc Dunn test) and GG homozygotes (p=0.041, posthoc 248
Dunn test) (Table 4, Table 5, Figure 3). 249

The 154073416 polymorphism was associated with the plasma GP08 (A2G2), GP14 250
(A2G2S1), and GP22 (A2G2S2) glycan levels in the control participants (Table 4). The TT 251
homozygotes had higher levels of GP22 glycan levels in the plasma compared to the CC 252
homozygotes and the CT carriers (posthoc Dunn p=0.001). The association of the T allele 253
with the higher plasma levels of the GP22 glycan was confirmed also in the allelic model 254
(p=0.016) (Table 4). In contrast, the association of the rs4073416 polymorphism with the 255
levels of the GP08 and GP14 glycans in the plasma was only observed in the allelic model, 256
in which the T allele carriers had lower plasma levels of these glycans, representing the 257
non-fucosylated, biantennary N-glycans with lower sialylation levels (Figure 4). 258
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Table 4. The significant associations of the individual rs6573604, rs11621121, rs10483776, and rs4073416 polymor-
phisms (genetic and allelic model) as well as the rs11621121-rs10483776 haplotypes with the plasma N-glycan levels
in the control participants.

Glycan Model 156573604 rs11621121 1510483776 rs4073416 Haplo-
ode
peak H/U* P H/U* P H/U* ) H/U* P type

GP08 Genetic  0.06 0.999 9.06 0.215 2.95 0.593 1026 0.117  H=26.75;
(A2G2) Allelic 207545 0.978 25454.0 0.059 17330.5  0.333  24352.0 0.020 p=0.101
GP14 Genetic  0.62 0.893 4.61 0.650 5.24 0.475 9.85  0.091 H=21.39;
(A2G251)  Allelic 199565 0.726  26820.0 0.254 164465  0.202 24472 0.013 p=0.351
GP22 Genetic  1.56 0.744  21.00  0.001 2205  <0.001 1461  0.039 H=31.41;
(FA2G252)  Allelic  19856.5 0.710 23408.0 0.001 135065 <0.001 23952  0.016  P<0.001
GP29 Genetic ~ 3.99 0.530 4.07 0.464  12.85 0.020 6.99 0234 H=28.37;
(FA3G3S3)  Allelic  18026.5 0.167 276640 0.333 146085  0.003 25248  0.068  p=0.020
GP31 Genetic ~ 3.94 0.493 8.69 0.169 2436  <0.001 129  0.757 H=41.19;
(FA3G3S3)  Allelic 180425 0.151 25588.0 0.052 130525 <0.001 27646 0397  p<0.001
GP34 Genetic  6.66 0.281 2.57 0.540  13.53 0.013 1.38  0.755 H=14.39;
(A4G4S3)  Allelic 173405 0.068 27578.0 0.345 144525  0.002 28230 0559  p=0.013
GP36 Genetic 1513 0.020 4.58 0.563 1.44 0.702 0.41 0.881 H=23.30;
(A4G454)  Allelic 160105 0.003 26752.0 0.341 186065  0.781 28718 0706  p=0.256
GP37 Genetic 1514  0.013 0.10 0.978 3.50 0.522 018 0912 H=35.03;
(A4G454)  Allelic 155145 0.001 29586.0 0.876 168285  0.273 28868 0743 p=0.316
GP38 Genetic 1740  0.007 0.85 0.728 1.62 0.666 023 0914 H=33.42;
(A4G454)  Allelic 153425 0.001 287060 0.585 179885  0.622 29370  0.980  p=0.440

*The data are analyzed using the Kruskal-Wallis ANOVA of ranks for the genetic model and represented with the H
value, or the Mann-Whitney U test for the allelic model and represented with the U value. Significant p-values (cor-
rected using the Benjamini-Hochberg procedure) are denoted in bold.

Table 5. The significant associations of the individual rs6573604, rs11621121, rs10483776, and rs4073416 polymor-
phisms (genetic and allelic model) as well as the rs11621121-rs10483776 haplotypes with the plasma N-glycan levels

in the PTSD patients.
Glycan Model 156573604 1s11621121 1510483776 14073416 Haplo-
ode
peak H/U* p H/U* p H/U* p H/U* p type

GP16 Genetic 0.18 0.991 11.51 0.039 15.50 0.017 6.85 0.322  H=21.10;
(FA2G2S1)  Allelic 233645 0908 356665 0.020 248385 0.169 373405 0.176  p=0.029
GP20 Genetic 2.82 0.683 7.82 0.156  6.19 0.160 392 0.687 H=20.13;
(A2G252)  Allelic 220425  0.794 365445 0.039 260165 0255 384745 0341 p=0.109
GP22 Genetic 0.05 1.000 1934 0.002 1292  0.026 1130  0.156 H=29.04;
(FA2G252)  Allelic 235525  0.936 335265 0.001 234545 0.039 368565 0.351  p=0.002
GP23 Genetic 0.94 0.938 12.78 0.039 9.19 0.065 7.69 0.273  H=21.73;
(FA2BG252)  Allelic  23606.5 0.865 354665 0.013 265365 0351 372685 0208 Pp=0.026
GP31 Genetic 2.34 0.674 6.57 0.160 13.75  0.020 799 0351  H=20.77;
(FA3G3S3)  Allelic 220745  0.754 370165 0.045 232765 0.020 375885 0.195 p=0.020

*The data are analyzed using the Kruskal-Wallis ANOVA of ranks for the genetic model and represented with the H
value, or the Mann-Whitney U test for the allelic model and represented with the U value. Significant p-values (cor-
rected using the Benjamini-Hochberg procedure) are denoted in bold.
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Figure 3. The relative distribution of the plasma N-glycan levels in the carriers of different geno-
types for the 1s6573604, rs11621121, rs10483776, and rs4073416 polymorphisms in the (a) control and
(b) PTSD group. The central box represents the interquartile range of the age-adjusted percentage
of the total glycan peak area, the middle line represents the median, the vertical line extends from

the minimum to the maximum value, and separate dots represent the outliers.
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Figure 4. The relative distribution of the plasma N-glycan levels in the carriers of different alleles 277
for (a) the rs4073416 polymorphism in the control group and (b) the rs11621121 polymorphism in 278
the PTSD group. The central box represents the interquartile range of the age-adjusted percentage 279
of the total glycan peak area, the middle line represents the median, the vertical line extends from 280
the minimum to the maximum value, and separate dots represent the outliers. 281

The control participants and the PTSD patients carrying the different rs11621121- 282
rs10483776 haplotypes showed differences in the relative distribution of the GP22 and 283
GP31 glycan levels in the plasma. However, the differences in the plasma GP29 and 284
GP34 glycan levels were observed only in the control participants, and the GP16 and GP23 285
glycan levels in the plasma differed only in the patients with PTSD (Table 4, Table 5). All 286
four significant N-glycan peaks followed the same distribution pattern across the carriers 287
of different haplotypes in the control group. The lowest plasma levels of the GP22, GP29, 288
GP31, and GP34 glycan levels were associated with the CG haplotype, compared to the 289
TA (p<0.001, posthoc Dunn test) and the CA haplotype carriers (p<0.010, posthoc Dunn 290
test), who did not differ significantly in the relative distribution of these N-glycan levels 291
(Figure 5). In the PTSD group, the CG haplotype and the CA haplotype carriers had lower 292
levels of the GP16, GP22, and GP23 glycan levels in the plasma compared to the TA hap- 293
lotype carriers (p<0.001). Moreover, the lowest plasma levels of the GP31 glycans were 294
associated with the CG haplotype, compared to the TA (p<0.001) and the CA (p=0.009) 295
haplotypes of PTSD patients (Figure 5). 296
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Figure 5. The relative distribution of the plasma N-glycan levels in the carriers of the different
rs11621121-rs10483776 haplotypes in the (a) control and (b) PTSD group. The central box represents
the interquartile range of the age-adjusted percentage of the total glycan peak area, the middle line
represents the median, the vertical line extends from the minimum to the maximum value, and
separate dots represent the outliers.
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3. Discussion 303

This study is the first association study to analyze the molecular link between plasma 304
N-glycan levels, different genetic polymorphisms located in the FUTS-linked region, and 305
PTSD. Our study found significant association of the plasma N-glycan levels with PTSD, 306
as well as with the rs6573604, rs11621121, rs10483776, and rs4073416 polymorphisms. We 307
detected the strongest association of the rs11621121 and rs10483776 polymorphisms, as 308
well as their haplotype block with the plasma levels of the core-fucosylated bi- and trian- 309
tennary N-glycan species in both the control and the PTSD groups. On the other hand, for 310
the rs6573604 and rs4073416 polymorphisms, the differences in plasma N-glycan levels 311
among the carriers of the different genotypes and alleles were found only in the control 312
group. Moreover, a possible association between the T allele of the rs6573604 polymor- 313
phism and PTSD was detected, because this allele was more frequent in the patients with 314
PTSD, than in the control participants, who were more frequent carriers of the C allele. 315

Significant differences in N-glycome between the patients with PTSD and the control 316
participants, as we have reported previously [8], were reflected mainly in the elevated 317
plasma levels of the tri- and tetra-antennary, highly galactosylated and sialylated N-gly- 318
can structures and in the decreased plasma levels of the core-fucosylated biantennary N- 319
glycans with the lower degree of sialylation, which are mainly derived from the IgG [42]. 320
The presence of the core-fucose acts as a “safety switch” against the ADCC by significantly 321
decreasing the affinity of the IgG to FcyRIIIA and FcyRIIIB receptors and exerting its anti- 322
inflammatory effect [7,9,43—45]. The lower degree of the core-fucosylation in the IgG N- 323
glycans, as well as the increased complexity and sialylation of the plasma N-glycans, 324
which are seen in PTSD, are also observed in inflammation, autoimmune diseases, cancer 325
[10,46,47], and other psychiatric disorders, such as schizophrenia [4] and major depressive 326
disorder [5] in several human studies. 327

To the best of our knowledge, there are no reported data yet on the FUTS-related 328
polymorphisms associated with PTSD, while molecular relationships with other psychi- 329
atric disorders and neurodegenerative diseases are based on GWAS reports. The GWA 330
studies linked several variants located in a close proximity or within the FUTS gene region 331
with schizophrenia [48,49], major depressive episodes [50], cognitive decline in Alz- 332
heimer’s disease [51], and multiple sclerosis [52], although replication of these results is 333
missing. However, FUT8 polymorphisms have been associated with the levels of high- 334
density lipoprotein cholesterol (rs10483776) [53,54], hypertension [55], and chronic ob- 335
structive pulmonary disease [56,57], which are common comorbidities in PTSD [1]. 336

In our study, the T allele of the rs6573604 polymorphism was associated with higher 337
risk of PTSD, as well as with the lower plasma levels of tetra-antennary, tetragalactosyl- 338
ated and tetrasialylated (A4G4S4) N-glycans in the control participants. Previous reports 339
on the association of the rs6573604 polymorphism with N-glycan levels demonstrated a 340
positive effect of the G allele on the A2 N-glycan levels in the male population, but this 341
effect was not related to the levels of highly-branched N-glycans [35]. This is not surpris- 342
ing, since this type of N-glycan moieties usually has low heritability scores [32,33], and its 343
almost exclusive source in plasma is acute-phase alpha-1-acid glycoprotein (AAG) [42], 344
whose concentration in the serum rises considerably in response to inflammatory stimuli 345
[58]. Highly sialylated tri- and tetra-antennary N-glycans, which exhibit the immunomod- 346
ulatory function by regulating the complement system and the transport of lipophilic mol- 347
ecules [42,59], are the predominant N-glycans on AAG, and a detected increase in the 348
levels of these N-glycans in plasma often reflects ongoing inflammation [60,61]. Although 349
genetic influence on these processes is considered negligible, low heritability N-glycans 350
are often influenced by epigenetic factors, such as changes in DNA methylation [62]. In 351
particular, recent studies have shown a significant correlation between the methylation of 352
the HNF1A gene and the abundance of the highly sialylated tri- and tetraantennary N- 353
glycans including the A4G454 glycan [37,38]. Since the rs6573604 polymorphism is located 354
within the microRNA 4708 gene (MIR4708), in close proximity of 5 end of the FUTS8 gene, 355
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it is possible that it affects plasma levels of these N-glycans through molecular epigenetic 356
mechanisms [63]. 357

Additionally, we found several other associations between the rs11621121 and 358
1510483776 polymorphisms, located in the regulatory and intron regions of the FUTS gene, 359
respectively, and plasma levels of N-glycans containing mostly the core-fucosylated, bi- 360
and triantennary, galacotsylated and sialylated structures. The strongest association in 361
both diagnostic groups was detected with plasma GP22 (FA2G2S2) and GP31 (FA3G3S3) 362
glycan levels, which were increased in the individuals carrying the T allele of the 363
rs11621121 polymorphism, the A allele of the rs10483776 polymorphism or the TA 364
rs11621121-rs10483776 haplotype in both the control and PTSD individuals. Other associ- 365
ations of the N-glycan levels in the plasma with the rs11621121 polymorphism were 366
mostly noticeable in the PTSD group, where the carriers of the T allele had increased 367
plasma levels of GP16 (FA2G2S1) and GP23 (FA2BG2S2) glycans, and lower plasma levels 368
of the non-fucosylated GP20 (A2G252) glycan. In contrast, the effect of the rs10483776 pol- 369
ymorphism (the A allele) on the plasma N-glycan levels was observed only in the control 370
group, and was associated with higher plasma concentration of GP29 (FA3G3S3) and 371
GP34 (A4G4S3) glycans. As for GP16 glycan, the effective allele of the rs10483776 poly- 372
morphism could not be distinguished, as the heterozygotes had the lowest plasma levels 373
of this N-glycan in the PTSD group. These results are in agreement with previous GWAS 374
that reported the negative effect of the rs10483776 G allele on the plasma levels of the N- 375
glycans DG6, DG10, GP10 and C-FUC, which represent the core-fucosylated, digalacto- 376
sylated and sialylated N-glycans with two or three antennae [34-36]. For the rs11621121 377
polymorphism, the observed significant positive association of the C allele with the 378
plasma levels of non-fucosylated A2G2S2 glycan, as well as its nominal association with 379
the A2G2 glycan levels in the plasma, is consistent with the previous studies demonstrat- 380
ing a positive effect of the rs11621121 G allele on the levels of the biantennary N-glycans 381
without core-fucose [34-36]. 382

Furthermore, our study showed a significant association of the C allele of the 383
rs4073416 polymorphism with lower plasma levels of GP22 glycan and higher plasma 384
levels of GP08 (A2G2) and GP14 (A2G2S1) glycans, both representing the afucosylated, 385
biantennary and digalactosylated N-glycans with lower sialylation levels, although these 386
results were limited to the control group. Previous GWAS reported a positive association 387
of the G allele with biantennary agalactosylated N-glycans (A2); however, this effect was 388
only observed in women [33]. These inconsistent results could be explained by the already 389
known gender differences in the N-glycome [33], as only male subjects participated in our 390
study. 391

High heritability of the core-fucosylated N-glycans, GP16 (FA2G2S1), GP22 392
(FA2G2S2), GP23 (FA2BG2S2), GP31 (FA3G3S3), which were significantly associated with 393
the FUT8 polymorphisms in our study, has been reported previously [32]. In contrast, the =~ 394
non-fucosylated GP20 (A2G252) and GP14 (A2G251) glycans, which are the most abun- 395
dant N-glycans present in several plasma glycoproteins, exhibit low heritability scores 396
[32]. This could be due to the fact that most of the core-fucosylated, bi- and triantennary 397
structures show greater protein specificity than the non-fucosylated N-glycans, with the 398
exception of GP08 (A2G2) glycan, which is present only in apolipoprotein B-100 [42]. The 399
plasma levels of the FA2G2S1 and the FA2BG2S2 glycans derive almost entirely from the 400
IgM and the IgG-A22 glycan, respectively [64]. Although the FA2G2S2 glycan is mainly 401
found in immunoglobulins, it is not exclusively restricted to them, but may also be present 402
in other plasma proteins, involved in the immunological and antioxidant response, such 403
as alpha-1-glycoprotein, haptoglobin, serotransferrin, and to a lesser extent in other pro- 404
teins [42]. The primary source of FA3G3S3 glycan is vitronectin [42], a glycoprotein in- 405
volved in the cell adhesion, extracellular matrix binding and blood coagulation [65], and 406
its glycosylation pattern mainly includes non-fucosylated N-glycans, with the site-specific 407
core-fucosylation being a possible indicator of malignant changes, such as hepatocellular 408
carcinoma [66]. 409
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In the patients with PTSD, almost all significant associations of the tested polymor- 410
phisms were observed with the plasma levels of N-glycans that were core-fucosylated, 411
whereas in the control group, we found an additional association of all tested polymor- 412
phisms with the plasma levels of several non-fucosylated N-glycans linked to the acute- 413
phase proteins detected in various inflammatory states. In a recent pilot study that evalu- 414
ated patients with PTSD due to civilian trauma using an in vivo neuro 2D MR spectros- 415
copy, an increase in two fucose-a(1-2)-glycans and the appearance of the substrate o fu- 416
cose in the brain was detected [67]. Findings from animal models have already shown that =~ 417
fucose-a(1-2)-glycans, observed at the synapse of the neurons, play a role in several neu- 418
rological processes such as neuronal development and learning [68,69]. This may indicate 419
the role of fucose in neuronal communication and signal transduction, which can contrib- 420
ute to the altered neurobiology and pathogenesis of PTSD [67]. In contrast, hypersialyla- 421
tion of plasma proteins could contribute to increased inflammation. Specifically, it could 422
modulate the platelet activation through the interaction of sialic acid with P- and E-se- 423
lectins [5], or by protecting the acute-phase proteins from protease digestion and therefore 424
maintaining their abundance in the bloodstream [4]. It is possible that the underlying 425
chronic inflammation, which is considered a hallmark of PTSD symptomatology [70,71], 426
conceals the potential genetic influence on the plasma levels of some of the investigated 427
N-glycans, with different microenvironmental and epigenetic factors potentially contrib- 428
uting more extensively to their abundance and release in a non-homeostatic state, such as 429
PTSD. 430

As mentioned previously, altered glycosylation plays an important role in modulat- 431
ing the immune response mainly through lectins (galectins, selectins, siglecs, etc.), the car- 432
bohydrate-binding proteins which can be found free or expressed on the cell surface of 433
many immune cells, such as NK and T-cells, B-cells, dendritic cells and leukocytes, as well ~ 434
as endothelial cells and platelets [72]. The complex interaction of glycan-containing motifs 435
on different cell receptors is involved in microbial recognition and elimination, cell adhe- 436
sion, antigen-specific immune response, tumor cell identification, and modulation of the 437
immune cell function [10]. These findings have enabled the development of potential 438
strategies for the treatment of different autoimmune diseases and carcinomas. For exam- 439
ple, the gp120 glycoprotein expressed on the surface of the Human Immunodeficiency 440
Virus 1 (HIV-1) envelope enables the virus to evade detection by the host immune system. 441
Differential glycosylation of the gp120 glycoprotein can be used not only for the identifi- 442
cation of different types of HIV-1 clades but also for the prediction of vaccine treatment 443
efficacy and the production of more specific and optimized vaccination regimens [73,74]. 444
Moreover, glycoengineering of antibodies and intravenous Ig with elevated galactosyla- 445
tion and a?2,6-linked sialylation, which exhibits anti-inflammatory properties, could be 446
used in the treatment of chronic diseases such as rheumatoid arthritis (RA), systemic lu- 447
pus erythematosus (SLE), and inflammatory bowel disease (IBD), as this type of IgG gly- 448
coform is often decreased in aforementioned diseases [10,13,15,75]. On the other hand, 449
afucosylated monoclonal antibodies could be applied to treat certain types of cancer, due 450
to enhanced ADCC [76]. In a recent pilot study, differences in baseline plasma glycosyla- 451
tion patterns were found in female MDD patients depending on the efficacy of antide- 452
pressant treatment [5]. Since PTSD and depression share similar glycosylation patterns 453
and therapeutic strategies; and depression is one of the major comorbidities in PTSD [1], 454
this finding may have the potential in estimating the treatment response in PTSD patients. 455
However, it is important to investigate the possible role of gender and levels of sex hor- 456
mones on this effect, as they can affect the N-glycan concentrations and neurotransmitter 457
metabolism [33,77]. 458

High-resolution separation techniques, strict exclusion criteria, and adjustments for 459
the effect of the age and multiple testing contribute to the strength of the study. Moreover, 460
the inclusion of solely male, Caucasian participants of similar age in both diagnostic 461
groups, the additional control for the effects of age, BMI, and smoking, as well as the ex- 462
clusive focus on combat-related PTSD, reduce the possible effect of these confounding 463
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variables on N-glycan levels, and support the findings of this study. However, relatively = 464
small sample size for a genetic study, biological parameters that may have been over- 465
looked in this study, and still unresolved molecular mechanisms by which plasma N-gly- 466
cans influence the signaling pathways, pose challenges to the unequivocal interpretation 467
of the obtained results. Additional multidisciplinary experiments in animal models of 468
PTSD, such as immunohistochemical and Western blot analysis for determination of FUT8 469
expression in different brain areas, and high-performance liquid chromatography (HPLC) 470
for neurotransmitters study, as well as positron emission tomography (PET) scans and 471
functional magnetic resonance imaging (fMRI) of patients with PTSD, would strengthen 472
the current findings. In addition, the interaction of these SNPs with the expression levels 473
of the FUTS gene and plasma N-glycome, and validation of our results in a larger number 474
of participants, as well as in women, in individuals of different ethnicities and in individ- 475
uals exposed to different types of trauma, could provide more insight and overcome the 476
limitations of this study. 477

Nonetheless, this is the first study to report the molecular associations of FUT8-re- 478
lated genetic polymorphisms with the levels of the plasma N-glycans in a relatively ho- 479
mogeneous group of PTSD patients and control participants. The differentiation between 480
the non-fucosylated and the core-fucosylated N-glycan levels by different alleles or hap- 481
lotypes of the FUT8-related polymorphisms is consistent with the known biological role 482
of FUTS, and it adds supporting evidence for the genetic effects on the core-fucosylation. 483
Moreover, the variations in the plasma N-glycome could reflect the changes in the protein 484
composition in the plasma, thus providing a better insight into the immunological and 485
pathological state of the organism at the molecular level, using this relatively easily ob- 486
tainable source of biomarkers, and revealing novel and personalized strategies for the 487

treatment of PTSD. 488
4. Materials and Methods 489
4.1. Participants 490

This study enrolled a total of 541 unrelated, Caucasian, male participants, of which 491
295 were war veterans with PTSD with a median age of 55 (51; 61), and 246 were healthy 492
control participants not exposed to the war trauma within the same age-range (median 493
age 55 (48; 62)). Participants were recruited at the University Psychiatric Hospital Vrapce, 494
Zagreb, and diagnosed with current and chronic PTSD using the Structured Clinical In- 495
terview (SCID) based on the DSM-5 criteria [78] and the Clinician Administered PTSD 496
Scale (CAPS) [79]. The majority of participants with PTSD had moderately severe PTSD 497
symptoms (median CAPS scores 86 (78; 88)), with similar number and type of traumas 498
(combat-related). All participants were evaluated using the same diagnostic instruments 499
according to DSM-5 criteria and the International Classification of Diseases (ICD-10) to 500
exclude the possible presence of other psychiatric disorders, such as schizophrenia, bipo- 501
lar disorder, adult attention deficit hyperactivity disorder (ADHD), substance and alcohol 502
abuse, Alzheimer’s disease, somatic diseases leading to altered liver function and current 503
use of antihypertensive, antidiabetic and lipid-lowering medications. The patients with 504
PTSD did not receive the psychopharmacological therapy in the 30 days before the blood 505
collection. The study was approved by the Ethics Committee of the University Psychiatric 506
Hospital Vrapce, Zagreb, and the Bioethics Committee of the Rudjer Boskovic Institute, 507
Zagreb, Croatia and all participating subjects signed an informed consent prior to the 508
blood sampling, in accordance with the Helsinki declaration (1975), revised in 2013. 509

4.2. Blood processing 510

Blood samples were collected in the morning, using the BD Vacutainer™ glass col- 511
lection tubes (Becton, Dickinson and Company, USA) with acid citrate dextrose (ACD) 512
anticoagulant, and processed on the same day. Platelet-poor plasma used for the glycomic 513
analysis was isolated using the series of centrifugation (3 min at 1811 x g, followed by 15 514
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min at 5031 x g), as described previously [80], while DNA from the peripheral blood was 515
isolated using a salting out method [81]. Plasma samples were immediately frozen and 516
stored at — 80 °C and DNA samples were stored at +4 °C until further analyses. 517

4.3. Determination of the N-glycan levels in the plasma 518

Relative distribution of the N-glycan levels derived from the total plasma glycopro- 519
teins was determined using the hydrophilic interaction high-performance liquid chroma- 520
tography (HILIC), as described previously [82]. Briefly, the protein denaturation from the 521
platelet-poor plasma was performed with 2% (w/v) sodium dodecyl sulfate (SDS) (Invi- 522
trogen, Camarillo, CA, USA) for 10 min at 65 °C, followed by the addition of 4% (v/v) 523
Igepal CA630 (Sigma Aldrich, St. Louis, MO, USA). N-glycan release from the proteins 524
was accomplished by adding 1.2 U of the PNGase F (Promega, San Luis Obispo, CA, 525
USA), followed by overnight incubation, at 37 °C. Following extraction, the N-glycans 526
were fluorescently labeled with 2-aminobenzamide (2-AB) (Sigma Aldrich, St. Louis, MO, 527
USA) after 2 h incubation at 65 °C. 528

Separation of the fluorescently labeled plasma N-glycans was performed using 529
HILIC, with Acquity Ultraperformance Liquid Chromatographic (UPLC) instrument 530
(Waters, Milford, MA, USA), on a Waters BEH Glycan chromatography column (150 x2.1 531
mm i.d., 1.7 um BEH particles) at 25 °C with 100 mM ammonium formate as the solvent 532
A (pH 4.4) and acetonitrile as the solvent B. Linear gradient of the solvent A (30-47%) at 533
0.56 mL/min flow rate, for 23 min and the fluorescence detector set with the excitation 534
wavelength of 250 nm and the emission wavelength of 428 nm, were used to perform the 535
runs. The retention times for individual N-glycans were converted to glucose units using 536
an external standard of hydrolyzed and 2-AB-labeled glucose oligomers for calibration. 537

Obtained chromatograms were separated into 39 chromatographic peaks for which 538
the major N-glycan structures have been previously assigned [46,83] (Supplementary Ta- 539
ble 1). The amount of the N-glycans present in each peak was expressed as a percentage 540
of the total integrated chromatographic area using an automatic method with a traditional 541
integration algorithm and with manual correction afterward to maintain the same inter- 542
vals of integration for all the samples. 543

4.4. Genotyping 544

FUTS gene-related polymorphisms, rs6573604, rs11621121, rs10483776, and 545
rs4073416 polymorphisms, were determined with the TagMan Genotyping Assays (Ap- 546
plied Biosystems, Foster City, CA, USA) using the Applied Biosystems R 7300 Real-Time 547
PCR System, according to the manufacturer’s protocol. The genotyping was performed in 548
10 pL reaction volume, which contained around 20 ng of DNA with the thermocycler con- 549
ditions for the TagMan Genotyping Assays: 10 min at 95 °C (initial denaturation), 40 cycles 550
of 95 °C for 15 s and 60 °C for 1 min. 551

4.5. Statistical analysis 552

The N-glycan data obtained by UPLC were expressed as percentages of the total area 553
under the curve, after normalization and batch correction, performed to remove the ex- 554
perimental variation in the measurements, as described previously [8]. R Statistics 3.5.1 555
software was used for the statistical analyses and figure preparation. Haploview 4.2 soft- 556
ware [84] was used to determine HWE using the x2- test and LD values between the 557
rs6573604, rs11621121, rs10483776, and rs4073416 polymorphisms based on the confi- 558
dence interval method [85]. For the haplotype blocks that were in the strong LD (D’>0.80), 559
an expectation-maximization algorithm integrated into the PLINK 1.07 software [86] was 560
used to assign the most probable haplotype pair for each subject. The frequency of occur- 561
rence of the different genotypes, alleles, and haplotypes of tested polymorphisms in PTSD 562
patients and control participants was evaluated with the x>-test. Standardized residuals 563
(R) were calculated to determine which parameter contributed mostly to the significant 564
differences between the groups [87]. 565
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Kolmogorov-Smirnov test was used to assess the normality of the data distribution 566
for each N-glycan peak. Since the data distribution deviated from the normal in most 567
cases, the results were expressed as the median and interquartile range (25t and 75" per- 568
centile). The results were presented with the box-plot diagrams, where the central box 569
represented the interquartile range of the age-adjusted percentage of the total glycan peak 570
area, the middle line represented the median, vertical line extended from the minimum to 571
the maximum value, while separate dots represented the outliers (values lying more than 572
1.5 box-lengths and less than 3 box-lengths outside of the box). Extreme values (more than 573
3 box-lengths outside of the box) were excluded from the analyses. Multiple linear regres- 574
sion was used to determine the effect of age, BMI, and diagnosis on plasma N-glycan lev- 575
els. Since it is known that N-glycans are highly influenced by age [88], and age was a 576
significant predictor in this model, fitting the linear model of each glycan peak depending 577
on age and using the obtained residuals for further analysis was used to correct for this 578
effect [7,8]. OPLS-DA with the age-corrected levels of the plasma N-glycans as variables, 579
and obtained VIP scores and correlation coefficients values - p(corr) for each N-glycan 580
was used to demonstrate the differences in the N-glycome between the PTSD and control 581
group [89] and all further analyses were performed separately in the control participants 582
and the patients with PTSD. 583

The differences in the relative abundance of the N-glycan peaks in the participants 584
subdivided according to different the rs6573604, rs11621121, rs10483776, and rs4073416 585
genotypes (genetic model) or alleles (allelic model), were evaluated using the Kruskal- 586
Wallis ANOVA on ranks with the posthoc Dunn test and the Mann-Whitney U test, re- 587
spectively. FDR (Benjamini-Hochberg) method was used to correct the p values for the 588
number of tested N-glycan species. The corrected values of psu < 0.05 were considered 589
significant. 590

Supplementary Materials: The following supporting information can be downloaded at: 591
www.mdpi.com/xxx/s1, Table S1: The plasma N-glycan peaks separated by HILIC and their domi- 592
nant composition; Table S2: The list of N-glycan peaks with their p-values obtained by the univariate 593
analysis (corrected with the Benjamini-Hochberg procedure), the correlation coefficients values and 594
the VIP obtained by the OPLS-DA; Table S3: The associations of the rs6573604 and rs11621121 pol- 595
ymorphisms (genetic and allelic model) with the plasma N-glycan levels in the control participants 596
and the patients with PTSD; Table S4: The associations of the rs10483776 and rs4073416 polymor- 597
phisms (genetic and allelic model) with the plasma N-glycan levels in the control participants and 598
the patients with PTSD; Table S5: The associations of the rs11621121-rs10483776 haplotypes with the ~ 599
plasma N-glycan level in the control participants and the patients with PTSD; Figure S1: Direction ~ 600
and size of glycan concentration change in the minor allele carriers compared to carriers of the major 601
allele of (a) rs6573604, (b) rs11621121, (c) rs10483776, and (d) rs4073416 polymorphism in control 602
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compared to carriers of the major allele of (a) rs6573604, (b) rs11621121, (c) rs10483776, and (d) 604
rs4073416 polymorphism in PTSD patients. 605
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