Supplementary data

Accelerated biological aging in people with Down syndrome with full and segmental trisomy 21 begins in childhood as revealed by immunoglobulin G glycosylation
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Supplementary Figure 1. Relative abundances of directly measured IgG glycan traits (GP1-GP24) in persons with Down syndrome (DS) and in healthy controls shown separately for three cohorts of adults with DS from France (FRA), Italy (ITA) and the UK. Data are shown as box plots. Each box represents the 25th to 75th percentiles (IQR). Lines inside the boxes represent the median. Lines outside the boxes indicate data within 1.5 x IQR from the 25th and 75th percentiles. Black dots indicate outliers. Glycan structures corresponding to individual glycan peaks (GP1-24) are provided in Figure 1. Asterisk * sign next to the glycan trait name indicates statistically significant differences (p <0.05, meta-analysis) between DS individuals and healthy controls (additional information is available in Supplementary Table 1).
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Supplementary Figure 2. Relative abundances of directly measured IgG glycan traits (GP1-GP24) in persons with Down syndrome (DS) and in their healthy siblings (DSS) from the Italian cohort of DS. Each dot represents a single individual. Lines connect the dots of each sibling pair. The age of each individual in years is shown on the x-axis. Asterisk * sign next to the glycan trait name indicates statistically significant differences (p <0.05, meta-analysis) between DS individuals and their healthy siblings and asterisk in brackets (*) next to the glycan trait name indicates nominal significance (p value slightly above 0.05) (additional information is available in Supplementary Table 2).
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Supplementary Figure 3. Levels of derived IgG glycan traits in persons with Down syndrome (DS) and in their healthy siblings (DSS) from the Italian cohort of DS. Each dot represents a single individual. Lines connect the dots of each sibling pair. The age of each individual in years is shown on the x-axis. G0 total – sum of IgG glycans without galactose, G1 total – sum of IgG glycans with one galactose, G2 total – sum of IgG glycans with two galactoses, S total – sum of IgG glycans with sialic acid(s), F total – sum of IgG glycans with core fucose, B total – sum of IgG glycans with bisecting GlcNAc. Asterisk * sign next to the derived trait name indicates statistically significant differences (p <0.05, meta-analysis) between DS individuals and their healthy siblings and asterisk in brackets (*) next to the derived trait name indicates nominal significance (p value slightly above 0.05) (additional information is available in Supplementary Table 2).
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Supplementary Figure 4. Relationship between IgG glycosylation and dementia within the French and UK cohorts of Down syndrome. a, Comparison of levels of derived IgG glycan traits between healthy control individuals, persons with Down syndrome (DS) without dementia and persons with DS with dementia. FRA – DS cohort from France, UK – DS cohort from the UK. G0 total – sum of IgG glycans without galactose, G1 total – sum of IgG glycans with one galactose, G2 total – sum of IgG glycans with two galactoses, S total – sum of IgG glycans with sialic acid(s), F total – sum of IgG glycans with core fucose, B total – sum of IgG glycans with bisecting GlcNAc. Data are shown as box plots. Each box represents the 25th to 75th percentiles (the interquartile range (IQR)). Lines inside the boxes represent the median. Lines outside the boxes indicate data within 1.5 x IQR from the 25th and 75th percentiles. Black dots indicate outliers. No significant difference was observed between persons with DS with or without dementia (additional information is available in Supplementary Tables 3 and 4). b, Age distribution of DS individuals with and without dementia within the French and UK cohorts of Down syndrome.
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Supplementary Figure 5. Comparison of levels of derived IgG glycan traits between healthy control individuals, persons with Down syndrome (DS) without frequent infections and persons with DS with frequent infections. FRA – DS cohort from France, ITA – DS cohort from Italy, UK – DS cohort from the UK. G0 total – sum of IgG glycans without galactose, G1 total – sum of IgG glycans with one galactose, G2 total – sum of IgG glycans with two galactoses, S total – sum of IgG glycans with sialic acid(s), F total – sum of IgG glycans with core fucose, B total – sum of IgG glycans with bisecting GlcNAc. Data are shown as box plots. Each box represents the 25th to 75th percentiles (the interquartile range (IQR)). Lines inside the boxes represent the median. Lines outside the boxes indicate data within 1.5 x IQR from the 25th and 75th percentiles. Black dots indicate outliers. No significant difference was observed between persons with DS with or without frequent infections (additional information is available in Supplementary Tables 3 and 4).
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Supplementary Figure 6. Scatter plot of the levels of derived IgG glycan traits in 1 to 5-year-old children with Down syndrome (DS) from the UK cohort of DS, in CRO1 child with segmental trisomy 21 and in 3 to 5-year-old healthy children. n (children with DS) = 38, n (healthy children) = 17. G0 total – sum of IgG glycans without galactose, G1 total – sum of IgG glycans with one galactose, G2 total – sum of IgG glycans with two galactoses, S total – sum of IgG glycans with sialic acid(s), F total – sum of IgG glycans with core fucose, B total – sum of IgG glycans with bisecting GlcNAc. Each dot represents one child. CRO1 child is marked as single black cross. The age of each child in years is shown on the x-axis.


Supplementary Table 1. Comparison of directly measured IgG glycan traits and derived IgG glycan traits between persons with Down syndrome (DS) and healthy controls from the general population.  FRA – DS cohort from France, ITA – DS cohort from Italy, UK – DS cohort from the UK, meta – meta-analysis. G0 total – sum of IgG glycans without galactose, G1 total – sum of IgG glycans with one galactose, G2 total – sum of IgG glycans with two galactoses, S total – sum of IgG glycans with sialic acid(s), F total – sum of IgG glycans with core fucose, B total – sum of IgG glycans with bisecting GlcNAc. The significance of the differences between the DS group and the control group was assessed using a general linear model. Glycan data were adjusted for age and sex. False discovery rate was controlled using the Benjamini–Hochberg method. Effect sizes are expressed in standard deviation units. Statistically significant findings (p <0.05) are shown in bold. The rows shaded gray indicate glycans that differed significantly between persons with DS and controls in all three examined cohorts. 
	Directly measured IgG glycan traits

	 
	FRA
	ITA
	UK
	meta

	Glycan
	effect
	DF
	SE
	p.val
	p.adj
	effect
	DF
	SE
	p.val
	p.adj
	effect
	DF
	SE
	p.val
	p.adj
	effect
	SE
	p.val
	p.adj

	GP1
	0.345
	198
	0.120
	3.747E-03
	4.371E-03
	0.171
	101
	0.158
	2.616E-01
	2.930E-01
	0.576
	86
	0.175
	8.050E-04
	1.252E-03
	0.349
	0.084
	3.360E-05
	4.091E-05

	GP2
	-0.867
	198
	0.118
	1.938E-12
	4.933E-12
	-0.372
	101
	0.172
	2.548E-02
	3.397E-02
	-0.507
	86
	0.190
	5.948E-03
	7.570E-03
	-0.665
	0.087
	1.703E-14
	2.980E-14

	GP3
	0.650
	198
	0.111
	8.559E-09
	1.410E-08
	0.579
	101
	0.161
	2.759E-04
	5.518E-04
	0.818
	86
	0.167
	1.315E-06
	2.629E-06
	0.671
	0.080
	5.452E-17
	1.018E-16

	GP4
	0.873
	198
	0.104
	2.050E-15
	9.568E-15
	0.645
	101
	0.156
	3.208E-05
	1.210E-04
	0.973
	86
	0.156
	2.602E-09
	1.575E-08
	0.843
	0.076
	7.750E-29
	3.617E-28

	GP5
	-0.016
	198
	0.118
	8.915E-01
	8.915E-01
	-0.383
	101
	0.161
	1.419E-02
	2.208E-02
	-0.737
	86
	0.175
	2.392E-05
	4.185E-05
	-0.281
	0.084
	7.965E-04
	9.293E-04

	GP6
	0.044
	198
	0.115
	6.950E-01
	7.484E-01
	0.368
	101
	0.164
	2.054E-02
	2.875E-02
	0.512
	86
	0.162
	1.279E-03
	1.790E-03
	0.243
	0.082
	2.947E-03
	3.300E-03

	GP7
	-1.322
	198
	0.106
	4.801E-28
	6.722E-27
	-0.891
	101
	0.166
	1.429E-07
	8.001E-07
	-1.053
	86
	0.178
	1.218E-08
	5.504E-08
	-1.168
	0.080
	1.080E-48
	1.513E-47

	GP8
	0.770
	198
	0.122
	7.336E-10
	1.369E-09
	0.669
	101
	0.167
	5.725E-05
	1.603E-04
	0.158
	86
	0.190
	3.818E-01
	3.818E-01
	0.613
	0.087
	2.499E-12
	4.116E-12

	GP9
	-0.665
	198
	0.127
	2.033E-07
	2.995E-07
	-1.031
	101
	0.168
	3.383E-09
	4.737E-08
	-0.916
	86
	0.186
	1.145E-06
	2.466E-06
	-0.825
	0.089
	1.500E-20
	3.001E-20

	GP10
	-0.424
	198
	0.137
	1.752E-03
	2.133E-03
	0.076
	101
	0.184
	6.678E-01
	6.678E-01
	-0.295
	86
	0.202
	1.259E-01
	1.305E-01
	-0.257
	0.096
	7.680E-03
	8.271E-03

	GP11
	-0.593
	198
	0.127
	3.040E-06
	4.054E-06
	-0.623
	101
	0.164
	1.230E-04
	2.870E-04
	-0.444
	86
	0.176
	9.281E-03
	1.130E-02
	-0.565
	0.087
	8.342E-11
	1.298E-10

	GP12
	-1.393
	198
	0.099
	7.437E-33
	2.082E-31
	-1.032
	101
	0.152
	1.231E-10
	3.446E-09
	-1.228
	86
	0.166
	8.773E-12
	2.456E-10
	-1.273
	0.074
	1.260E-65
	3.528E-64

	GP13
	-1.023
	198
	0.116
	1.525E-16
	8.540E-16
	-0.524
	101
	0.177
	2.522E-03
	4.154E-03
	-0.975
	86
	0.187
	3.250E-07
	7.584E-07
	-0.894
	0.086
	3.806E-25
	1.522E-24

	GP14
	-0.766
	198
	0.098
	1.042E-13
	4.166E-13
	-0.523
	101
	0.147
	3.228E-04
	6.026E-04
	-0.810
	86
	0.146
	7.059E-08
	2.196E-07
	-0.719
	0.071
	6.806E-24
	2.382E-23

	GP15
	-0.878
	198
	0.113
	1.267E-13
	4.436E-13
	-0.632
	101
	0.167
	1.371E-04
	2.953E-04
	-0.892
	86
	0.167
	1.807E-07
	5.058E-07
	-0.823
	0.082
	8.085E-24
	2.515E-23

	GP16
	-0.866
	198
	0.125
	2.099E-11
	4.521E-11
	-0.714
	101
	0.183
	8.368E-05
	2.130E-04
	-1.049
	86
	0.178
	1.376E-08
	5.504E-08
	-0.876
	0.089
	1.049E-22
	2.938E-22

	GP17
	-0.918
	198
	0.125
	1.547E-12
	4.332E-12
	-0.903
	101
	0.154
	1.460E-08
	1.022E-07
	-1.105
	86
	0.178
	2.812E-09
	1.575E-08
	-0.956
	0.085
	2.908E-29
	1.628E-28

	GP18
	-0.752
	198
	0.104
	2.731E-12
	6.372E-12
	-0.472
	101
	0.156
	1.944E-03
	3.401E-03
	-0.823
	86
	0.155
	2.218E-07
	5.645E-07
	-0.703
	0.075
	1.091E-20
	2.350E-20

	GP19
	0.785
	198
	0.128
	1.942E-09
	3.399E-09
	0.174
	101
	0.193
	3.474E-01
	3.602E-01
	0.464
	86
	0.205
	1.908E-02
	2.226E-02
	0.570
	0.095
	1.708E-09
	2.392E-09

	GP22
	-0.733
	198
	0.129
	2.470E-08
	3.843E-08
	-0.175
	101
	0.189
	3.333E-01
	3.589E-01
	-0.720
	86
	0.198
	2.283E-04
	3.761E-04
	-0.592
	0.094
	3.005E-10
	4.428E-10

	GP23
	0.612
	198
	0.130
	2.643E-06
	3.701E-06
	0.263
	101
	0.177
	1.226E-01
	1.430E-01
	0.374
	86
	0.177
	2.845E-02
	3.187E-02
	0.460
	0.090
	3.247E-07
	4.133E-07

	GP24
	0.919
	198
	0.122
	5.999E-13
	1.866E-12
	0.895
	101
	0.175
	5.001E-07
	2.334E-06
	0.639
	86
	0.207
	1.539E-03
	2.052E-03
	0.859
	0.090
	1.762E-21
	4.110E-21

	Derived IgG glycan traits

	 
	FRA
	ITA
	UK
	meta

	Glycan
	effect
	DF
	SE
	p.val
	p.adj
	effect
	DF
	SE
	p.val
	p.adj
	effect
	DF
	SE
	p.val
	p.adj
	effect
	SE
	p.val
	p.adj

	G0 total
	0.708
	198
	0.103
	2.900E-11
	5.800E-11
	0.616
	101
	0.150
	3.892E-05
	1.211E-04
	0.876
	86
	0.155
	4.255E-08
	1.489E-07
	0.724
	0.074
	2.517E-22
	6.406E-22

	G1 total
	-0.034
	198
	0.133
	7.911E-01
	8.204E-01
	-0.288
	101
	0.184
	1.044E-01
	1.271E-01
	-0.625
	86
	0.194
	1.012E-03
	1.491E-03
	-0.240
	0.094
	1.093E-02
	1.134E-02

	G2 total
	-0.897
	198
	0.097
	8.792E-18
	6.154E-17
	-0.607
	101
	0.147
	3.457E-05
	1.210E-04
	-0.919
	86
	0.147
	2.222E-09
	1.575E-08
	-0.834
	0.071
	7.375E-32
	5.163E-31

	S total
	-0.424
	198
	0.119
	3.506E-04
	4.462E-04
	-0.383
	101
	0.169
	1.955E-02
	2.875E-02
	-0.726
	86
	0.170
	1.905E-05
	3.557E-05
	-0.488
	0.085
	7.698E-09
	1.026E-08

	F total
	1.126
	198
	0.117
	5.820E-19
	5.432E-18
	0.960
	101
	0.160
	7.031E-09
	6.562E-08
	1.136
	86
	0.177
	9.812E-10
	1.374E-08
	1.083
	0.083
	1.357E-38
	1.266E-37

	B total
	-0.065
	198
	0.131
	6.127E-01
	6.862E-01
	0.300
	101
	0.173
	7.122E-02
	9.065E-02
	0.278
	86
	0.186
	1.189E-01
	1.280E-01
	0.119
	0.091
	1.909E-01
	1.909E-01



Supplementary Table 2. Comparison of directly measured IgG glycan traits and derived IgG glycan traits between persons with Down syndrome and their healthy siblings from Italian Down syndrome cohort. G0 total – sum of IgG glycans without galactose, G1 total – sum of IgG glycans with one galactose, G2 total – sum of IgG glycans with two galactoses, S total – sum of IgG glycans with sialic acid(s), F total – sum of IgG glycans with core fucose, B total – sum of IgG glycans with bisecting GlcNAc. The significance of the differences between the affected and unaffected siblings was assessed using a general linear model. Glycan data were adjusted for age and sex. False discovery rate was controlled using the Benjamini–Hochberg method. Effect sizes are expressed in standard deviation units.  Statistically significant findings (p <0.05) are shown in bold.
	Directly measured IgG glycan traits

	Glycan
	effect
	SE
	p.val
	p.adj

	GP1
	0.003
	0.200
	2.376E-01
	3.024E-01

	GP2
	-0.234
	0.206
	8.646E-01
	8.646E-01

	GP3
	0.322
	0.203
	2.886E-01
	3.367E-01

	GP4
	0.643
	0.170
	1.252E-03
	5.010E-03

	GP5
	-0.321
	0.221
	3.424E-01
	3.763E-01

	GP6
	0.602
	0.234
	2.088E-02
	4.872E-02

	GP7
	-0.603
	0.158
	9.655E-04
	4.506E-03

	GP8
	0.106
	0.182
	2.673E-01
	3.254E-01

	GP9
	-1.052
	0.225
	4.748E-05
	4.431E-04

	GP10
	0.466
	0.247
	1.143E-01
	1.684E-01

	GP11
	-0.373
	0.203
	1.720E-01
	2.409E-01

	GP12
	-0.853
	0.139
	5.165E-07
	1.446E-05

	GP13
	-0.677
	0.200
	2.829E-03
	8.801E-03

	GP14
	-0.417
	0.192
	7.988E-02
	1.378E-01

	GP15
	-0.292
	0.149
	1.845E-01
	2.459E-01

	GP16
	-0.897
	0.196
	1.941E-04
	1.087E-03

	GP17
	-0.774
	0.173
	9.815E-05
	6.870E-04

	GP18
	-0.502
	0.188
	2.432E-02
	5.237E-02

	GP19
	0.433
	0.220
	1.068E-01
	1.661E-01

	GP22
	-0.192
	0.228
	5.182E-01
	5.374E-01

	GP23
	0.121
	0.224
	3.495E-01
	3.763E-01

	GP24
	0.984
	0.196
	3.156E-05
	4.418E-04

	Derived IgG glycan traits

	Glycan
	effect
	SE
	pval
	p.adj

	G0 total
	0.614
	0.186
	4.664E-03
	1.306E-02

	G1 total
	-0.479
	0.222
	6.922E-02
	1.292E-01

	G2 total
	-0.486
	0.185
	2.661E-02
	5.323E-02

	S total
	-0.433
	0.203
	8.365E-02
	1.378E-01

	F total
	0.611
	0.176
	2.447E-03
	8.564E-03

	B total
	0.702
	0.247
	9.500E-03
	2.418E-02




Supplementary Table 3. Comparison of derived IgG glycan traits between persons with Down syndrome (DS) without certain comorbidity and healthy controls from the general population. FRA – DS cohort from France, ITA – DS cohort from Italy, UK – DS cohort from the UK, meta – meta-analysis. G0 total – sum of IgG glycans without galactose, G1 total – sum of IgG glycans with one galactose, G2 total – sum of IgG glycans with two galactoses, S total – sum of IgG glycans with sialic acid(s), F total – sum of IgG glycans with core fucose, B total – sum of IgG glycans with bisecting GlcNAc. The significance of the differences between the DS group and the control group was assessed using general linear model. Glycan data were adjusted for age and sex. False discovery rate was controlled using the Benjamini–Hochberg method. Effect sizes are expressed in standard deviation units.  Statistically significant findings (p <0.05) are shown in bold.



Supplementary Table 4. Comparison of derived IgG glycan traits between persons with Down syndrome (DS) with and without a certain comorbidity. FRA – DS cohort from France, ITA – DS cohort from Italy, UK – DS cohort from the UK, meta – meta-analysis. G0 total – sum of IgG glycans without galactose, G1 total – sum of IgG glycans with one galactose, G2 total – sum of IgG glycans with two galactoses, S total – sum of IgG glycans with sialic acid(s), F total – sum of IgG glycans with core fucose, B total – sum of IgG glycans with bisecting GlcNAc. The significance of the differences between the two DS groups (with and without certain comorbidity) was assessed using general linear model. Glycan data were adjusted for age and sex. False discovery rate was controlled using the Benjamini–Hochberg method. Effect sizes are expressed in standard deviation units. Statistically significant findings (p <0.05) are shown in bold. NA = data not available


Supplementary Table 5. Association of derived IgG glycan traits with age in controls and in persons with Down syndrome (DS). FRA – DS cohort from France, ITA – DS cohort from Italy, UK – DS cohort from the UK, meta – meta-analysis. G0 total – sum of IgG glycans without galactose, G1 total – sum of IgG glycans with one galactose, G2 total – sum of IgG glycans with two galactoses, S total – sum of IgG glycans with sialic acid(s), F total – sum of IgG glycans with core fucose, B total – sum of IgG glycans with bisecting GlcNAc. Statistically significant associations (p <0.05) are shown in bold. Cor = correlation coefficient.
	Controls

	 
	FRA
	ITA
	UK
	meta

	Glycan
	Cor
	p.val
	Cor
	p.val
	Cor
	p.val
	effect
	p.val
	p.adj

	G0 total
	0.551
	5.360E-10
	0.441
	9.414E-04
	0.636
	5.899E-06
	0.554
	9.545E-30
	5.727E-29

	G1 total
	-0.189
	4.875E-02
	0.124
	3.771E-01
	-0.007
	9.660E-01
	-0.074
	2.820E-01
	2.820E-01

	G2 total
	-0.496
	4.204E-08
	-0.445
	8.322E-04
	-0.662
	1.785E-06
	-0.540
	3.305E-27
	9.914E-27

	S total
	-0.438
	1.952E-06
	-0.373
	5.931E-03
	-0.525
	3.608E-04
	-0.445
	3.375E-15
	6.749E-15

	F total
	-0.096
	3.203E-01
	-0.148
	2.918E-01
	-0.160
	3.103E-01
	-0.123
	7.654E-02
	9.185E-02

	B total
	0.350
	1.884E-04
	0.377
	5.444E-03
	0.408
	7.239E-03
	0.370
	1.215E-09
	1.823E-09

	Persons with Down syndrome

	 
	FRA
	ITA
	UK
	meta

	Glycan
	Cor
	p.val
	Cor
	p.val
	Cor
	p.val
	effect
	p.val
	p.adj

	G0 total
	0.464
	1.471E-06
	0.518
	3.715E-05
	0.532
	4.148E-05
	0.498
	2.073E-21
	6.220E-21

	G1 total
	-0.224
	2.684E-02
	-0.191
	1.544E-01
	-0.241
	8.236E-02
	-0.219
	9.607E-04
	1.153E-03

	G2 total
	-0.555
	3.012E-09
	-0.526
	2.675E-05
	-0.575
	6.709E-06
	-0.553
	3.711E-30
	2.227E-29

	S total
	-0.356
	3.162E-04
	-0.438
	6.490E-04
	-0.543
	2.702E-05
	-0.440
	4.632E-15
	9.264E-15

	F total
	-0.059
	5.611E-01
	-0.216
	1.072E-01
	-0.039
	7.789E-01
	-0.100
	1.459E-01
	1.459E-01

	B total
	0.327
	1.009E-03
	0.440
	6.110E-04
	0.524
	5.684E-05
	0.422
	1.424E-13
	2.136E-13




Supplementary Table 6. Comparison of the rate of change in the IgG glycan levels with age between persons with Down syndrome (DS) and healthy controls. FRA – DS cohort from France, ITA – DS cohort from Italy, UK – DS cohort from the UK, meta – meta-analysis. G0 total – sum of IgG glycans without galactose, G1 total – sum of IgG glycans with one galactose, G2 total – sum of IgG glycans with two galactoses, S total – sum of IgG glycans with sialic acid(s), F total – sum of IgG glycans with core fucose, B total – sum of IgG glycans with bisecting GlcNAc. False discovery rate was controlled using the Benjamini–Hochberg method. Data yielding a p-value of less than 0.05 was considered statistically significant. Effect sizes are expressed in standard deviation units. No significant difference was observed in the rate of change in IgG glycan levels with age between controls and persons with DS.
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	ITA
	UK
	meta

	Glycan
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	DF
	SE
	p.val
	p.adj
	effect
	DF
	SE
	p.val
	p.adj
	effect
	DF
	SE
	p.val
	p.adj
	effect
	SE
	p.val
	p.adj

	G0 total
	-0.002
	202
	0.013
	0.870
	0.870
	0.008
	105
	0.013
	0.546
	0.931
	0.010
	90
	0.011
	0.378
	0.454
	0.006
	0.007
	0.438
	0.526

	G1 total
	-0.009
	202
	0.016
	0.570
	0.851
	-0.016
	105
	0.016
	0.314
	0.931
	-0.018
	90
	0.014
	0.199
	0.454
	-0.015
	0.009
	0.102
	0.526

	G2 total
	-0.007
	202
	0.012
	0.544
	0.851
	-0.006
	105
	0.013
	0.647
	0.931
	-0.004
	90
	0.011
	0.709
	0.709
	-0.006
	0.007
	0.421
	0.526

	S total
	0.016
	202
	0.014
	0.267
	0.851
	-0.008
	105
	0.014
	0.586
	0.931
	-0.012
	90
	0.012
	0.308
	0.454
	-0.003
	0.008
	0.743
	0.743

	F total
	0.005
	202
	0.014
	0.709
	0.851
	0.001
	105
	0.014
	0.931
	0.931
	0.013
	90
	0.013
	0.282
	0.454
	0.007
	0.008
	0.370
	0.526

	B total
	0.006
	202
	0.015
	0.705
	0.851
	-0.003
	105
	0.015
	0.853
	0.931
	0.017
	90
	0.013
	0.198
	0.454
	0.007
	0.008
	0.374
	0.526





Supplementary Table 7. Comparison of derived IgG glycan traits between around 4-year-old children with Down syndrome (DS) from the UK DS cohort and 4-year-old healthy children. G0 total – sum of IgG glycans without galactose, G1 total – sum of IgG glycans with one galactose, G2 total – sum of IgG glycans with two galactoses, S total – sum of IgG glycans with sialic acid(s), F total – sum of IgG glycans with core fucose, B total – sum of IgG glycans with bisecting GlcNAc. The significance of the differences between children with DS and healthy children was assessed using general linear model. Glycan data were adjusted for age and sex. False discovery rate was controlled using the Benjamini–Hochberg method. Effect sizes are expressed in standard deviation units.  Statistically significant findings (p <0.05) are shown in bold.

	Glycan
	Cohort
	Disease
	effect
	DF
	SE
	p.val
	p.adj

	G0 total
	UK
	Down
	1.446
	15
	0.551
	0.007
	0.044

	G1 total
	UK
	Down
	-0.520
	15
	0.651
	0.374
	0.463

	G2 total
	UK
	Down
	-1.241
	15
	0.543
	0.017
	0.052

	S total
	UK
	Down
	-1.195
	15
	0.631
	0.043
	0.087

	F total
	UK
	Down
	0.537
	15
	0.690
	0.386
	0.463

	B total
	UK
	Down
	0.279
	15
	0.584
	0.592
	0.592






Supplementary Table 8. Clinical observations for the child (code-named as CRO1) with partial trisomy 21 caused by the segmental duplication in 21q22. Clinical features were examined following the list published for other partial trisomy 21 cases (Lyle et al. 2009, ref 66 in the main text)

+ feature present;    - feature absent;   ? feature unknown
	
	Case

	Clinical features
	CRO1

	Short stature
	-

	Microcephaly
	-

	Brachycephaly
	-

	Flat facies
	+

	Upslanting palpebral fissures
	-

	Epicanthic folds
	+

	Brushfield spots
	-

	Flat nasal bridge
	-

	High arched palate
	+

	Furrowed tongue
	-

	Open mouth
	-

	Malpositioned ears
	+

	Small dysmorphic ears
	+

	Cardiac anomaly
	-

	Duodenal stenosis
	-

	Broad short hands
	-

	Clinodactyly of fifth finger	
	+

	Wide-gap toes 1 and 2
	+

	Abnormal dermatoglyphics
	-

	Palmar crease
	-

	Hypotonia
	+

	Hyperlax. ligaments
	+

	Delayed Intellectual development
	+

	Short neck
	-

	Delayed language and speech development
	+

	Autism spectrum disorders
	-

	Behavioral and emotional problems (ADHD, anxiety, impulsive behavior, aggression, psychosis, depression…)
	ADHD

	DM type 1
	-

	Thyroid gland dysfunction (hypothyroidism or Hashimoto)
	-

	Celiac disease
	-

	Hearing loss
	-

	Vision problems
	+

	Frequent/recurrent infections
	+

	Immunodeficiency
	?

	Leukemia
	-

	Sideropenic anemia
	-

	Polycythemia
	-

	Atlantoaxial instability
	-

	Sleep disorder
	-

	Gum disease and dental problems
	-

	Seizures/epilepsy
	-

	Digestive problems
	-



Supplementary Discussion

Whole plasma proteome glycosylation in DS 
An earlier study of the whole blood plasma protein glycosylation found differences in 76 individuals with DS from a single population compared to euploid controls (Borelli et al. 2015, ref 59 in the main text), indicating that glycosylation changes associated with ageing of uncharacterised plasma proteins appeared earlier in DS, but were only partially overlapping with ageing markers of euploid persons, revealing a DS-specific ageing phenotype (Borelli et al. 2015, ref 59 in the main text). However, this study investigated changes in glycans that originate from total plasma proteins, and not from one specific protein such as IgG, thus, in addition to changes in glycosylation, the observed differences also probably reflected changes in the levels of individual plasma proteins. Our data allow us to calculate a chronological age estimate, which based on DS values for G2 and G0 corresponded on average to 19 years older euploid individuals (range 11.7-31.1 years).

Additional discussion on glycans with core fucose in DS 
Our study also reveals the increase in fucosylated (F) structures of IgG, which appears to be a DS-specific trait. Increase in IgG glycans with core fucose has rarely been reported in other diseases, and these reports include rheumatoid arthritis, ANCA-associated vasculitis, Chron’s disease, visceral leishmaniasis, HIV infection, hepatocellular carcinoma, galactosaemia and hypertension (Gudelj, Lauc, and Pezer 2018, ref 27 in the main text). The presence of core fucose is known to decrease the binding of IgG to activating FcγRIIIA and FcγRIIIB receptors up to 100-fold, dampening the downstream antibody-dependent cellular cytotoxicity (ADCC) (Gudelj, Lauc, and Pezer 2018, ref 27 in the main text; Shields et al. 2002). Increased core fucosylation that we reveal here as a DS-specific phenotype could therefore explain the mechanism causing the decreased ADCC ability observed in DS lymphocytes (Warren et al. 1987), which may contribute to a higher frequency, severity, duration and mortality of infections, in particular those of the upper respiratory tract, observed in DS (Chicoine et al. 2021; Ram and Chinen 2011).  

Additional notes on IgG glycan profiles for DS with and without co-morbidities 
Persons with DS also show a much higher incidence of a whole spectrum of auto-immune diseases, in particular thyroid conditions and type-1-diabetes (Ferrari and Stagi 2021; Giménez-Barcons et al. 2014), while the most frequent co-morbidity and cause of death in DS remains Alzheimer’s disease (AD) (Hithersay et al. 2019, ref 4 in the main text). In the general population, it has been reported that several immune system disorders, a whole spectrum of auto-immune diseases and Alzheimer’s disease (AD), are all among the diseases exhibiting an altered plasma IgG glycosylation profile in the general population (Gudelj, Lauc, and Pezer 2018, ref 27 in the main text). We therefore wanted to examine if the differences between DS and euploid controls we observed for the IgG glycosylation profiles were merely a secondary effect of the much higher prevalence of these co-morbidities in the DS population. We therefore repeated the analysis for DS without specific co-morbidities (thyroid dysfunction + any other autoimmune conditions, frequent infections, or AD-dementia), against the control population. We found nearly identical IgG glycan differences as for the whole (co-morbidity-unfiltered) DS cohorts, proving these alterations are caused by trisomy 21 as a genetic condition, and not as a secondary effect of DS co-morbidities. Corroborating to the observations in the general population, we did find that persons with DS with diagnosed autoimmunity had a significantly lower level of G2 IgG glycans (Figure 3 and Supplementary Table 4) than persons with DS without this diagnosis. Also, comparison of DS with and without autoimmune thyroid disease, the most common autoimmune disease associated with DS, revealed a higher level of G0 IgG glycans, and lower levels of G2 and S IgG glycans in persons with DS diagnosed with thyroid disease (Figure 3 and Supplementary Table 4). We observed no significant differences in IgG glycosylation patterns between DS with and without dementia, nor between DS with and without frequent infections (Supplementary Figure 4, Supplementary Figure 5 and Supplementary Table 4).
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G0 total no Autoimmune Dis. 0.635 164 0.115 5.26E-08 1.05E-07 0.455 79 0.166 4.807E-03 1.442E-02 0.759 61 0.161 3.028E-06 7.268E-06 0.624 0.081 1.906E-14 3.813E-14

G1 total no Autoimmune Dis. 0.039 164 0.153 7.92E-01 7.92E-01 -0.278 79 0.223 1.906E-01 2.287E-01 -0.553 61 0.218 8.076E-03 9.691E-03 -0.185 0.109 9.010E-02 1.138E-01

G2 total no Autoimmune Dis. -0.818 164 0.108 5.43E-13 1.63E-12 -0.387 79 0.161 1.284E-02 2.568E-02 -0.807 61 0.158 6.228E-07 1.868E-06 -0.715 0.078 5.140E-20 1.234E-19

S total no Autoimmune Dis. -0.346 164 0.135 8.96E-03 1.43E-02 -0.298 79 0.189 9.843E-02 1.571E-01 -0.534 61 0.181 2.270E-03 3.406E-03 -0.384 0.094 4.137E-05 6.619E-05

F total no Autoimmune Dis. 1.042 164 0.133 1.33E-13 4.57E-13 0.931 79 0.189 1.167E-06 7.003E-06 0.999 61 0.221 6.742E-06 1.245E-05 1.004 0.098 8.550E-25 4.104E-24

B total no Autoimmune Dis. -0.052 164 0.144 7.11E-01 7.92E-01 0.179 79 0.194 3.310E-01 3.310E-01 0.149 61 0.232 4.904E-01 4.904E-01 0.054 0.104 6.022E-01 6.141E-01

G0 total no Dementia 0.761 178 0.111 4.32E-11 1.04E-10 NA NA NA NA NA 0.982 73 0.156 2.677E-09 3.212E-08 0.835 0.091 3.525E-20 9.400E-20

G1 total no Dementia -0.044 178 0.145 7.54E-01 7.92E-01 NA NA NA NA NA -0.751 73 0.201 1.493E-04 2.560E-04 -0.286 0.117 1.476E-02 2.084E-02

G2 total no Dementia -0.908 178 0.106 7.50E-16 4.50E-15 NA NA NA NA NA -0.997 73 0.149 4.130E-10 9.912E-09 -0.938 0.086 1.510E-27 9.060E-27

S total no Dementia -0.494 178 0.128 1.10E-04 1.89E-04 NA NA NA NA NA -0.809 73 0.178 6.401E-06 1.245E-05 -0.601 0.104 7.776E-09 1.436E-08

F total no Dementia 1.061 178 0.125 1.23E-15 5.90E-15 NA NA NA NA NA 1.041 73 0.196 2.151E-07 1.016E-06 1.056 0.105 9.201E-24 3.680E-23

B total no Dementia -0.040 178 0.136 7.64E-01 7.92E-01 NA NA NA NA NA 0.269 73 0.199 1.550E-01 1.771E-01 0.058 0.112 6.036E-01 6.141E-01

G0 total no Freq. Infections 0.776 183 0.107 3.81E-12 1.02E-11 0.575 85 0.160 2.721E-04 9.795E-04 0.790 79 0.156 6.131E-07 1.868E-06 0.733 0.077 2.844E-21 8.533E-21

G1 total no Freq. Infections -0.042 183 0.142 7.60E-01 7.92E-01 -0.199 85 0.196 2.871E-01 3.040E-01 -0.540 79 0.190 3.505E-03 4.673E-03 -0.215 0.098 2.918E-02 3.891E-02

G2 total no Freq. Infections -0.967 183 0.102 2.24E-18 5.38E-17 -0.596 85 0.155 1.077E-04 4.848E-04 -0.872 79 0.150 2.213E-08 1.328E-07 -0.859 0.074 5.551E-31 6.661E-30

S total no Freq. Infections -0.509 183 0.125 4.34E-05 8.01E-05 -0.277 85 0.185 1.192E-01 1.651E-01 -0.635 79 0.171 1.725E-04 2.760E-04 -0.490 0.089 3.266E-08 5.600E-08

F total no Freq. Infections 1.116 183 0.124 4.16E-17 4.99E-16 0.929 85 0.183 5.952E-07 5.357E-06 1.099 79 0.187 1.553E-08 1.242E-07 1.067 0.090 1.495E-32 3.587E-31

B total no Freq. Infections -0.073 183 0.133 5.74E-01 7.66E-01 0.353 85 0.198 6.308E-02 1.135E-01 0.221 79 0.196 2.367E-01 2.583E-01 0.098 0.096 3.064E-01 3.502E-01

G0 total no Thyroid Dis. 0.612 175 0.108 2.83E-08 6.18E-08 0.453 77 0.177 7.853E-03 2.019E-02 0.766 62 0.158 1.742E-06 4.646E-06 0.619 0.080 8.129E-15 1.774E-14
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		B total		no Freq. Infections		-0.073		183		0.133		5.74E-01		7.66E-01		0.353		85		0.198		6.308E-02		1.135E-01		0.221		79		0.196		2.367E-01		2.583E-01		0.098		0.096		3.064E-01		3.502E-01

		G0 total		no Thyroid Dis.		0.612		175		0.108		2.83E-08		6.18E-08		0.453		77		0.177		7.853E-03		2.019E-02		0.766		62		0.158		1.742E-06		4.646E-06		0.619		0.080		8.129E-15		1.774E-14

		G1 total		no Thyroid Dis.		0.042		175		0.142		7.61E-01		7.92E-01		-0.288		77		0.228		1.851E-01		2.287E-01		-0.546		62		0.214		7.686E-03		9.691E-03		-0.169		0.105		1.065E-01		1.278E-01

		G2 total		no Thyroid Dis.		-0.815		175		0.102		4.26E-14		1.71E-13		-0.424		77		0.171		1.014E-02		2.281E-02		-0.830		62		0.156		2.540E-07		1.016E-06		-0.740		0.077		3.861E-22		1.324E-21

		S total		no Thyroid Dis.		-0.307		175		0.126		1.31E-02		1.96E-02		-0.225		77		0.199		2.346E-01		2.639E-01		-0.521		62		0.178		2.439E-03		3.443E-03		-0.346		0.091		1.506E-04		2.259E-04

		F total		no Thyroid Dis.		1.093		175		0.126		4.37E-16		3.49E-15		0.985		77		0.178		8.307E-08		1.495E-06		1.008		62		0.217		4.037E-06		8.807E-06		1.048		0.093		1.460E-29		1.168E-28

		B total		no Thyroid Dis.		-0.125		175		0.139		3.58E-01		5.05E-01		0.314		77		0.203		1.048E-01		1.571E-01		0.198		62		0.231		3.593E-01		3.749E-01		0.052		0.103		6.141E-01		6.141E-01






image8.emf
Glycan Trait effect DF SE p.val p.adj effect DF SE p.val p.adj effect DF SE p.val p.adj effect SE p.val p.adj

G0 total Autoimmune Dis. 0.227 89 0.185 0.200 0.436 0.374 47 0.222 0.071 0.323 0.313 43 0.274 0.213 0.394 0.293 0.126 0.021 0.098

G1 total Autoimmune Dis. -0.172 89 0.219 0.410 0.708 0.005 47 0.270 0.984 0.984 -0.092 43 0.321 0.753 0.786 -0.100 0.150 0.507 0.641

G2 total Autoimmune Dis. -0.180 89 0.177 0.289 0.579 -0.545 47 0.208 0.006 0.105 -0.318 43 0.275 0.206 0.394 -0.330 0.121 0.006 0.039

S total Autoimmune Dis. -0.277 89 0.206 0.159 0.425 -0.230 47 0.241 0.299 0.599 -0.401 43 0.279 0.118 0.394 -0.292 0.136 0.032 0.130

F total Autoimmune Dis. 0.075 89 0.232 0.736 0.883 0.096 47 0.270 0.698 0.837 0.207 43 0.334 0.495 0.599 0.111 0.156 0.477 0.636

B total Autoimmune Dis. 0.131 89 0.222 0.536 0.757 0.389 47 0.232 0.072 0.323 0.205 43 0.276 0.416 0.554 0.242 0.139 0.082 0.214

G0 total Dementia -0.168 89 0.260 0.499 0.749 NA NA NA NA NA -0.519 43 0.286 0.050 0.394 -0.327 0.193 0.089 0.214

G1 total Dementia 0.206 89 0.307 0.482 0.749 NA NA NA NA NA 0.700 43 0.325 0.021 0.394 0.438 0.223 0.050 0.149

G2 total Dementia -0.027 89 0.249 0.911 0.942 NA NA NA NA NA 0.429 43 0.290 0.108 0.394 0.167 0.189 0.378 0.566

S total Dementia 0.226 89 0.289 0.413 0.708 NA NA NA NA NA 0.318 43 0.300 0.248 0.395 0.270 0.208 0.195 0.390

F total Dementia 0.534 89 0.319 0.082 0.280 NA NA NA NA NA 0.408 43 0.352 0.206 0.394 0.477 0.236 0.044 0.149

B total Dementia -0.125 89 0.311 0.674 0.852 NA NA NA NA NA -0.073 43 0.296 0.786 0.786 -0.098 0.214 0.649 0.779

G0 total Freq. Infections -0.410 89 0.237 0.072 0.280 0.162 47 0.259 0.496 0.744 0.553 38 0.357 0.090 0.394 -0.013 0.157 0.932 0.932

G1 total Freq. Infections -0.022 89 0.284 0.936 0.942 -0.437 47 0.301 0.118 0.330 -0.524 38 0.417 0.167 0.394 -0.277 0.185 0.135 0.294

G2 total Freq. Infections 0.466 89 0.225 0.031 0.216 0.019 47 0.254 0.937 0.984 -0.306 38 0.371 0.361 0.510 0.171 0.153 0.263 0.421

S total Freq. Infections 0.507 89 0.263 0.045 0.216 -0.283 47 0.266 0.247 0.557 -0.594 38 0.364 0.074 0.394 -0.032 0.166 0.848 0.928

F total Freq. Infections 0.160 89 0.299 0.574 0.766 0.132 47 0.307 0.639 0.822 0.483 38 0.388 0.171 0.394 0.225 0.187 0.230 0.394

B total Freq. Infections -0.063 89 0.287 0.818 0.935 -0.214 47 0.266 0.381 0.685 0.360 38 0.348 0.253 0.395 -0.024 0.170 0.889 0.928

G0 total Thyroid Dis. 0.475 89 0.200 0.014 0.171 0.346 47 0.226 0.098 0.330 0.316 43 0.273 0.206 0.394 0.395 0.131 0.003 0.024

G1 total Thyroid Dis. -0.302 89 0.241 0.190 0.436 0.140 47 0.274 0.576 0.798 -0.126 43 0.319 0.664 0.724 -0.113 0.157 0.472 0.636

G2 total Thyroid Dis. -0.380 89 0.193 0.041 0.216 -0.438 47 0.217 0.031 0.279 -0.280 43 0.274 0.264 0.395 -0.379 0.128 0.003 0.024

S total Thyroid Dis. -0.590 89 0.221 0.006 0.143 -0.330 47 0.234 0.128 0.330 -0.463 43 0.275 0.069 0.394 -0.467 0.139 0.001 0.019

F total Thyroid Dis. -0.018 89 0.256 0.942 0.942 -0.188 47 0.272 0.451 0.739 0.205 43 0.332 0.499 0.599 -0.025 0.163 0.877 0.928

B total Thyroid Dis. 0.345 89 0.243 0.138 0.415 0.045 47 0.238 0.835 0.939 0.129 43 0.275 0.606 0.693 0.175 0.145 0.227 0.394
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		Glycan		Trait		effect		DF		SE		p.val		p.adj		effect		DF		SE		p.val		p.adj		effect		DF		SE		p.val		p.adj		effect		SE		p.val		p.adj

		G0 total		Autoimmune Dis.		0.227		89		0.185		0.200		0.436		0.374		47		0.222		0.071		0.323		0.313		43		0.274		0.213		0.394		0.293		0.126		0.021		0.098

		G1 total		Autoimmune Dis.		-0.172		89		0.219		0.410		0.708		0.005		47		0.270		0.984		0.984		-0.092		43		0.321		0.753		0.786		-0.100		0.150		0.507		0.641

		G2 total		Autoimmune Dis.		-0.180		89		0.177		0.289		0.579		-0.545		47		0.208		0.006		0.105		-0.318		43		0.275		0.206		0.394		-0.330		0.121		0.006		0.039

		S total		Autoimmune Dis.		-0.277		89		0.206		0.159		0.425		-0.230		47		0.241		0.299		0.599		-0.401		43		0.279		0.118		0.394		-0.292		0.136		0.032		0.130

		F total		Autoimmune Dis.		0.075		89		0.232		0.736		0.883		0.096		47		0.270		0.698		0.837		0.207		43		0.334		0.495		0.599		0.111		0.156		0.477		0.636

		B total		Autoimmune Dis.		0.131		89		0.222		0.536		0.757		0.389		47		0.232		0.072		0.323		0.205		43		0.276		0.416		0.554		0.242		0.139		0.082		0.214

		G0 total		Dementia		-0.168		89		0.260		0.499		0.749		NA		NA		NA		NA		NA		-0.519		43		0.286		0.050		0.394		-0.327		0.193		0.089		0.214

		G1 total		Dementia		0.206		89		0.307		0.482		0.749		NA		NA		NA		NA		NA		0.700		43		0.325		0.021		0.394		0.438		0.223		0.050		0.149

		G2 total		Dementia		-0.027		89		0.249		0.911		0.942		NA		NA		NA		NA		NA		0.429		43		0.290		0.108		0.394		0.167		0.189		0.378		0.566

		S total		Dementia		0.226		89		0.289		0.413		0.708		NA		NA		NA		NA		NA		0.318		43		0.300		0.248		0.395		0.270		0.208		0.195		0.390

		F total		Dementia		0.534		89		0.319		0.082		0.280		NA		NA		NA		NA		NA		0.408		43		0.352		0.206		0.394		0.477		0.236		0.044		0.149

		B total		Dementia		-0.125		89		0.311		0.674		0.852		NA		NA		NA		NA		NA		-0.073		43		0.296		0.786		0.786		-0.098		0.214		0.649		0.779

		G0 total		Freq. Infections		-0.410		89		0.237		0.072		0.280		0.162		47		0.259		0.496		0.744		0.553		38		0.357		0.090		0.394		-0.013		0.157		0.932		0.932

		G1 total		Freq. Infections		-0.022		89		0.284		0.936		0.942		-0.437		47		0.301		0.118		0.330		-0.524		38		0.417		0.167		0.394		-0.277		0.185		0.135		0.294

		G2 total		Freq. Infections		0.466		89		0.225		0.031		0.216		0.019		47		0.254		0.937		0.984		-0.306		38		0.371		0.361		0.510		0.171		0.153		0.263		0.421

		S total		Freq. Infections		0.507		89		0.263		0.045		0.216		-0.283		47		0.266		0.247		0.557		-0.594		38		0.364		0.074		0.394		-0.032		0.166		0.848		0.928

		F total		Freq. Infections		0.160		89		0.299		0.574		0.766		0.132		47		0.307		0.639		0.822		0.483		38		0.388		0.171		0.394		0.225		0.187		0.230		0.394

		B total		Freq. Infections		-0.063		89		0.287		0.818		0.935		-0.214		47		0.266		0.381		0.685		0.360		38		0.348		0.253		0.395		-0.024		0.170		0.889		0.928

		G0 total		Thyroid Dis.		0.475		89		0.200		0.014		0.171		0.346		47		0.226		0.098		0.330		0.316		43		0.273		0.206		0.394		0.395		0.131		0.003		0.024

		G1 total		Thyroid Dis.		-0.302		89		0.241		0.190		0.436		0.140		47		0.274		0.576		0.798		-0.126		43		0.319		0.664		0.724		-0.113		0.157		0.472		0.636

		G2 total		Thyroid Dis.		-0.380		89		0.193		0.041		0.216		-0.438		47		0.217		0.031		0.279		-0.280		43		0.274		0.264		0.395		-0.379		0.128		0.003		0.024

		S total		Thyroid Dis.		-0.590		89		0.221		0.006		0.143		-0.330		47		0.234		0.128		0.330		-0.463		43		0.275		0.069		0.394		-0.467		0.139		0.001		0.019

		F total		Thyroid Dis.		-0.018		89		0.256		0.942		0.942		-0.188		47		0.272		0.451		0.739		0.205		43		0.332		0.499		0.599		-0.025		0.163		0.877		0.928

		B total		Thyroid Dis.		0.345		89		0.243		0.138		0.415		0.045		47		0.238		0.835		0.939		0.129		43		0.275		0.606		0.693		0.175		0.145		0.227		0.394
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