Electronic Supplementary Material (ESI) for Analyst.
This journal is © The Royal Society of Chemistry 2020

10

11

12

13

Comprehensive analysis of subclass-specific IgG glycosylation in

colorectal cancer progression by nanoLC-MS/MS
Si Liu,2* Yang Fu, 2 * Zhiwen Huang,? Yuanyuan Liu,2 Bi-Feng Liu,2 Liming Cheng, ® * Xin Liu &~

aBritton Chance Center for Biomedical Photonics at Wuhan National Laboratory for
Optoelectronics-Hubei Bioinformatics & Molecular Imaging Key Laboratory, Systems
Biology Theme, Department of Biomedical Engineering, College of Life Science and

Technology, Huazhong University of Science and Technology, Wuhan 430074, China

bDepartment of Laboratory Medicine, Tongji Hospital, Tongji Medical College,

Huzhong University of Science and Technology (HUST).

*These authors contributed equally to this work.
*Corresponding author.

E-mail: chengliming2015@163.com (L. Cheng), xliu@mail.hust.edu.cn (X. Liu)

S-1


mailto:chengliming2015@163.com
mailto:xliu@mail.hust.edu.cn

14

15

16

17

18

19

20

21

22

23

Supporting Figures

wa Condition A 485.6

I
*l_.,.'-r T T ul

b Condition B 1069

12288

» C Condition C

70

*

0
F a0
» *
: T
| u
1 " N

2000 2400

*
*
*
||| *
ok
SN o 1 J
2800 3200 3600 4000
Mass (m'z)

No. of N-Glycopeptides

Figure S1. Comparison of the efficiency of ice-cold acetone for the enrichment of IgG
glycopeptides. (a-c) MALDI-MS spectra for IgG glycopeptides purified by acetone
using different conditions; (d) Statistical analysis of the number of glycopeptides
identified under different conditions. Glycopeptides are marked with asterisk. 1-way
ANOVA is performed to assess the difference in number of observed glycopeptides
between different groups with post hoc Bonferroni test. *P<0.05, **P<0.01,
***P<0.001. ns, nonsignificant.
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Figure S2. Comparison of the efficiency of DPA-6S for the enrichment of IgG
glycopeptides. (a-c) MALDI-MS spectra for IgG glycopeptides purified by acetone
using different conditions; (d) Statistical analysis of the number of glycopeptides
identified under different conditions. Glycopeptides are marked with asterisk. 1-way
ANOVA is performed to assess the difference in number of observed glycopeptides
between different groups with post hoc Bonferroni test. *P<0.05, **P<0.01,
***P<0.001. ns, nonsignificant.
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Figure S3. Comparison of the efficiency of MCC for the enrichment of IgG
glycopeptides. (a-d) MALDI-MS spectra for IgG glycopeptides purified by acetone
using different conditions; (e) Statistical analysis of the number of glycopeptides
identified under different conditions. Glycopeptides are marked with asterisk. 1-way
ANOVA is performed to assess the difference in number of observed glycopeptides
between different groups with post hoc Bonferroni test. *P<0.05, **P<0.01,

***P<0.001.
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Figure S4. Comparison of the efficiency of ZIC-HILIC for the enrichment of 1gG
glycopeptides. (a-h) MALDI-MS spectra for IgG glycopeptides purified by acetone
using different conditions; (i) Statistical analysis of the number of glycopeptides
identified under different conditions. Glycopeptides are marked with asterisk. 1-way
ANOVA is performed to assess the difference in number of observed glycopeptides
between different groups with post hoc Bonferroni test. *P<0.05, **P<0.01,
***P<0.001.
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Figure S5. Comparison of the efficiency of PGC for the enrichment of IgG
glycopeptides. (a-c) MALDI-MS spectra for IgG glycopeptides purified by acetone
using different conditions; (d) Statistical analysis of the number of glycopeptides
identified under different conditions. Glycopeptides are marked with asterisk. 1-way
ANOVA is performed to assess the difference in number of observed glycopeptides
between different groups with post hoc Bonferroni test. *P<0.05, **P<0.01,

***P<0.001.
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Figure S6. Representative MS/MS spectra IgG glycopeptide, the biantennary mono-

sialylated glycan of fucosylation, in each subclass. MS/MS analysis was acquired by

collision-induced dissociation (CID). The mass charge was labeled with bracketed

numbers. Green circle: mannose; yellow circle: galactose; blue square: N-

acetylglucosamine; red triangle: fucose; pink diamond: N-acetylneuraminic acid.
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Figure S7. Bar graph describing the statistical difference between incomplete
digestion and complete digestion in analysis of representative individual glycopeptide
and corresponding glycan features. H, hexose; N, N-acetylglucosamine; S, N-
acetylneuraminic acid. GO, agalactosylation; F, fucosylation. Mann-Whitney U test is
performed to assess the difference in statistical analysis between different groups.

*P<0.05, **P<0.01, ***P<0.001.
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Supporting Tables

Table S1. Descriptive statistics of the difference between normal group and colon or
rectal cancer group in the factors including age, sex and TNM stages. P values result
from one-way ANOVA analysis. P-value less than 0.05 is set as significant.
aComparison between normal and colon cancer; °Comparison between normal and

rectal cancer; cComparison between normal and colon cancer. IQR, interquartile

range.
Discovery set Validation set
Characteristic Normal Colon Rectal p Normal Colon Rectal p
(N=24) (N=17) (N=16) (N=17) (N=23) (N=23)
026" 0.16"
Age,y, median (IQR) 53 (50, 55) 53 (51,54) 52 (47, 60) 0.86° 55(37,60) 57 (47,67) 58(53, 65) 0.06°
0.34°¢ 0.59°¢
0.51° 0.57°
Sex, male, n (%) 13(542) 11(647) 13(81.2) 0.08° 9(52.9) 10 (43.5)  14(60.9) 0.63°
0.30° 0.25°
TNM stage, early stages, n (%) - 8(47.1) 10 (62.5) 0.39° = 9(39.1) 12 (52.2) 0.39°¢
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78 Table S2. Number of IgG glycopeptides that could be identified using different

79 enrichment methods under different reaction conditions. The optima condition is

80 labeled with “*”.

Reaction conditions

No. of glycopeptide

Enrichment methods ~Condition
. loading/equilibrium . 91Dy
Washing buffer Elution buffer
buffer
A water water 30% ACN/0.1% TFA 16.89 +2.41
PGC B water 80% ACN/0.1% TFA  30% ACN/0.1% TFA 14.00 + 1.50
C* water 0.1% TFA 30% ACN/0.1% TFA 19.56 +2.19
A water 80% ACN/0.5% FA 0.5% FA 17.26 £ 1.68
B water 80% ACN/0.1% TFA  water 19.37+2.53
C 80% ACN/0.5% FA 80% ACN/0.5% FA 1% FA 16.41 £2.62
ZIC-HILIC D* 0.5% FA 90% ACN/0.1% TFA  0.5% TFA 23.52+2.12
E water 80% ACN/1% TFA 0.1% TFA 15.33£2.02
F 0.1% TFA 80% ACN/0.1% TFA  0.1% TFA 18.48 £2.83
G 1% TFA 80% ACN/1% TFA 0.1% TFA 16.63 +2.37
H 80% ACN/5% TFA  80% ACN/5% TFA 30% ACN/0.1% TFA 19.15 £2.68
A* water 80% ACN/0.1% TFA  water 25.19+1.92
MCC B water 80% ACN/0.1% TFA  50% ACN/0.1% TFA 22.67 £ 1.41
C 70% ACN 70% ACN 10% ACN 15.85+1.90
D water 80% ACN/0.1% TFA  0.1% TFA 19.33+£3.20
A 95% ACN 95% ACN 20% ACN 11.07 £4.25
DPA-6S B* 95% ACN/0.1% TFA 95% ACN/0.1 % TFA  20% ACN/0.1% TFA 14.89 +1.76
C H0 80% ACN/0.1% TFA _ 0.1% TFA 10.56 +2.44
Centrifugal speed Centrifugal Centrifugal Time
(g Temperature ('C) (min)
A 12000 20 10 8.85+1.32
Ice-cold acetone B 16000 20 15 5.04£4.03
]1 C* 10000 20 15 9.85+1.32
82
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Table S3. Overview of the glycoforms detected by nanoLC-MS/MS. Product ion is
defined to be the higher abundance in the comparison between two fragment ions at
m/z 204.1 or m/z 366.1. For all glycoforms, green circle: mannose; yellow circle:
galactose; blue square: N-acetylglucosamine; red triangle: fucose; pink diamond: N-
acetylneuraminic acid. For glycan compositions, H: hexose; F, fucose; N: N-

acetylglucosamine; S, N-acetyl neuraminic acid.

IgG1 (EEQYNSTYR) 1gG2 (EEQFNSTFR) IgG4 (EEQFNSTYR)

Glycan structure  Glycan species - - - - - -
4 4 P Precursor ion (m/z)  Product ion (m/z)  Precursor ion (m/z) ~ Product ion (m/z) Precursor ion (m/z) Product ion (m/z)

M+3H M+H]" M+3HT M+H] M+3HT M+H]
s 4
i tena HSN4F1 986.7407 366.1446 976.0744 366.1454 981.4106 366.1393
[t et HAN3F1 865.0244 366.1427 8543621 366.1436 B B
=
R SR HAN4F1 932.7208 204.0937 922.0578 366.1455 927.4307 366.1447
el H3N4F1 878.7008 204.0934 868.0381 204.0811 873.3666 204.0808
"eni H3N3F1 810.9946 204.0932 800.3302 204.0897 805.6600 204.0803
a5, 07
. H5NSFI 1054.4347 366.1441 1043.7715 366.1446 1049.1042 366.1450
i HANSF1 1000.4159 204.0926 989.7521 204.0813 995.0633 204.0805
o emn H5N4 938.0517 366.1459 927.3982 366.1000 B B
. T
A=t H3NSF1 946.3934 204.0808 935.7326 204.0815 941.0633 204.0798
e HAN4 884.0167 204.0931 873.3547 204.0890 B B
- e
o H5N5 1005.7485 366.1436 - B _ B
pibe S R H3N4 830.0128 204.0936 819.3352 204.0897 B B
- .\
e ww HANS 951.7281 204.0811
- - - - -
Taees H3NS 897.7078 204.0809 B - - ~
elomesal H5N4F1S1 1083.7752 366.1463 1073.1134 366.1459 1078.1069 366.1429
o g ‘:\. -l H5NSFIS1 1151.4717 366.1459 1140.8092 366.1429 B B
one, 1 H4N4F1S1 1029.7565 204.0818 1019.0935 366.1443 1024.4236 366.1423
o teua HAN3FIS1 962.0617 366.1433 951.3969 366.1464 B B
o aeenn H5N4S1 1035.0876 366.1439 1024.4292 366.1457 - B
Ttk HSN4F1S2 1180.8108 366.1423 B B B B
o e H4N4S1 981.0467 366.1441 B B B B
LR} A\
so| Eeua HANSFIS1 1086.7633 204.0808
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90 Table S4. Subclass-specific IgG glycan feature calculations. The individual glycoforms
91 with the same glycan features were grouped and the percentage was calculated by

92 the formula. Glycan structures are annotated as described in Table S3.

IgG Subclass | Glycan features Description Formula
G0 Fraction of agalactosylated glycan A2GOF+A1GOFN+A2GOFN+A2G0+A2GON
Gl Fraction of monogalactosylated glycans AlGIFN+A2GIF+A2GIFN+A2GI+A2GIN+A2GIFS+AIGIFNS+A2GIS
G2 Fraction of digalactosylated glycans A2G2F+A2G2FN+A2G2+A2G2N+A2G2FS+A2G2FNS+A2G2S+A2G2FS2
S Fraction of sialylated glycans A2G2FS+A2G2FNS+A2GIFS+AIGIFNS+A2G2S+A2G2FS2+A2G1S
G 1 B Fraction of bisected glycans AIGIFN+A1GOFN+A2G2FN+A2G1FN+A2GOFN+A2G2N+A2GIN+A2GON+A2G2FNS+A1GIFNS
F Fraction of fucosylated glycans AlGIFN+A2G1F+A2G0OF+A1GOFN+A2G2FN+A2GIFN+A2GOFN+A2G2FS+A2G2FNS+A2G1FS+AIGIFNS+A2G2FS2
A6 Galactosy pegr];:;s"m ond A2G2FHA2GZFN+A2G2+A2GIN HA2G2FS +A2GIFNS +A2G2S +A2G2FS 2 H(A2G I F+A2GIFNHA2GI+A2GINHAZGIFS +A2GIS) 2
A28 Sialylation per antenna on diantennary glycans A2G2FS2+(A2G2FS+A2G2FNS+A2G2S+A2G1S)2
A2GS Sialylation per galactose on diantennary glycans A28/A2G
GO Fraction of agalactosylated glycan A2GOF+A1GOFN+A2G0
Gl Fraction of monogalactosylated glycans AlGIFN+A2GIFN+A2G1F+A2G1+A2GIFNS+A2GIFS+AIGIFNS
G2 Fraction of digalactosylated glycans A2G2F+A2G2FN+A2G2FNS+A2G2FS+A2G2+A2G2S
S Fraction of sialylated glycans A2G2FNS+A2G2FS+A2GIFNS+A2GIFS+AIGIFNS+A2G2S
1662 B Fraction of bisected glycans A2G2FN+AIGIFN+A2G1FN+A1GOFN+A2GOFN+A2G2FNS+A2GIFNS +A1GIFNS
F Fraction of fucosylated glycans A2G2F+A2G2FN+A1GIFN+A2GIFN+A2GIF+A2G0F+A1GOFN+A2GOFN+A2G2FNS+A2G2FS+A2GIFNS+A2GIFS+ALGIFNS
A2 Galactosyk ":;C";:S'“‘a ond A2G2F+A2G2FN+A2G2ENS+A2G2FS+A2G2+A2G2S+(A2GI FN+A2GIF+A2G1 +A2GIFNS+A2GIFS)2
A28 Sialylation per antenna on diantennary glycans (A2G2FNS+A2G2FS+A2GIFNS+A2GIFS+A2G2S)/2
A2GS Sialylation per galactose on diantennary glycans A2S/A2G
GO Fraction of agalactosylated glycan A2GOF+A1GOF+A2GOFN
Gl Fraction of monogalactosylated glycans A2GIF+A2GIFN+A2GIFS
G2 Fraction of digalactosylated glycans A2G2F+A2G2FN+A2G2FS
S Fraction of sialylated glycans A2G2FS+A2GIFS
A2FB GleNAcyhtion of fucosylated diantennary A2GIENHAZGIFNHA2GOEN
glycans
16G 4 -
AZFG Galactosyhiion per arema on ficosyhicd ADGIF+AXGIEN+A2GIFSH(A2GIF+A2GIFN+A2GIFS)2
diantennary glycans
A2FS Sialylation per antenna on fucosylated diantennary (A2GIFS+A2GIFS)2
glycans
AZFGS Sialylation Per galactose on ficosylated AJFS/AZFG
9 3 diantennary glycans

94

95 Table S5. Comparison of the result for the quantitation of individual IgG glycopeptide
96 between normal and cancer groups by incomplete or complete digestion. P values
97 result from Mann-Whitney U test. P-value less than 0.05 is set as significant, which
98 are emphasized with bold. SD, standard deviation. Glycan structures are annotated

99 as described in Table S3.

100
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101

102

Incomplete Digestion Complete Digestion
Glycan species Normal Cancer Normal Cancer
Mean SD Mean SD P Mean SD Mean SD P

IgG1
H5N4F 1 14.38 441 13.41 448 4.47E-01 14.38 401 11.04 2,95 1.00E-03
H4N3F1 0.53 0.14 0.50 0.17 5.70E-01 0.80 038 0.63 0.18 1.0SE-01
H4N4F 1 29.75 426 3113 475 2.97E-01 26.05 377 25.98 422 9.54E-01
H3N4F1 2441 7.11 26.08 8.53 475E-01 17.54 5.14 2324 6.25 1.00E-03
H3N3F1 0.45 0.28 0.42 0.26 6.30E-01 0.46 0.12 0.82 241 5.43E-01
HSNSF1 0.70 025 0.69 027 9.37E-01 1.40 0.78 0.82 0.35 9.00E-03
H4NSF1 490 1.26 477 147 7.52E-01 6.69 1.82 6.26 1.82 4.01E-01
H5N4 257 116 233 1.07 4.35E-01 232 133 2.23 1.02 7.58E-01
H3N5F1 3.83 1.60 3.95 1.54 7.95E-01 486 1.40 5.20 147 4.21E-01
H4N4 3.57 2.08 3.09 1.96 4.00E-01 291 142 3.45 1.53 2.17E-01
H5NSF1 0.14 0.14 0.14 0.14 8.99E-01 124 125 0.89 0.99 3.05E-01
H3N4 249 1.50 245 1.48 9.23E-01 176 1.09 2.80 1.39 7.00E-03
H4NS 0.65 0.41 0.61 0.34 7.05E-01 232 1.83 225 1.89 8.97E-01
H3NS 0.47 035 047 033 9.96E-01 125 1.09 1.94 218 2.13E-01
H5N4F1S1 7.41 2.88 6.64 2.69 3.27E-01 10.46 323 7.58 1.94 2.00E-03
H5N5FIS1 0.13 0.1 0.11 0.08 5.15E-01 034 027 027 0.25 3.49E-01
H4N4F1S1 2.00 0.99 1.81 0.80 4.40E-01 241 121 230 0.79 6.83E-01
H4N3F1S1 0.12 0.04 0.1 0.05 3.37E-01 035 0.44 047 116 6.94E-01
H5N4S 1 114 0.56 094 047 1.64E-01 1.54 0.73 1.23 0.52 1.20E-01
H5N4F1S2 0.12 0.13 0.1 0.10 8.64E-01 0.40 0.58 021 0.30 2.05E-01
HAN4S | 027 0.12 026 0.17 8.19E-01 053 047 0.42 0.46 3.76E-01

IgG2
H5N4F1 15.99 5.01 12.18 3.95 2.00E-03 12.46 2.99 9.67 3.20 3.00E-03
H5NSF1 1.04 023 0.83 034 2.50E-02 0.99 022 0.76 0.28 4.00E-03
H4N3F1 0.45 0.08 0.44 0.1 7.14E-01 0.66 037 0.57 0.15 3.14E-01
H4NSF1 440 1.02 423 093 5.44E-01 4.67 0.80 427 0.88 1.02E-01
H4N4F 1 33.36 1.80 3115 497 8.00E-02 32.11 3.20 30.88 3.82 2.42E-01
H3N4F1 23.83 621 31.27 8.13 1.00E-03 26.84 459 33.12 6.39 4.55E-04
H3N3F1 035 022 0.50 027 4.50E-02 0.65 027 0.60 0.15 4.60E-01
H3NSF1 497 1.88 6.15 1.57 1.50E-02 574 150 6.64 1.65 5.20E-02
H4N4 0.79 0.77 1.05 153 5.03E-01 0.66 027 0.69 0.33 7.26E-01
H3N4 0.46 032 057 026 1.40E-01 2.66 278 1.67 1.36 1.79E-01
H5NSF1S1 0.11 0.04 0.09 0.04 4.60E-02 0.15 0.10 0.12 0.13 4.52E-01
H5N4F1S1 8.02 295 6.01 292 1.80E-02 6.48 1.77 518 1.62 8.00E-03
H4NSF1S1 0.16 0.07 0.13 0.05 4.70E-02 028 0.15 0.23 0.14 2.59E-01
H4AN4F1S1 534 111 4.68 1.58 1.23E-01 459 146 451 1.06 8.09E-01
H4N3F1S1 0.27 0.08 026 0.09 8.48E-01 038 0.16 043 0.59 6.96E-01
H5N4 036 028 035 028 9.20E-01 0.50 035 0.44 0.33 5.20E-01
H5N4S 1 0.11 0.04 0.10 0.07 7.00E-01 0.19 0.14 0.20 0.32 8.34E-01

IgG4
H5N4F1 20.18 8.56 14.43 6.41 5.00E-03 15.44 537 1247 6.1 8.60E-02
H4N4F 1 21.52 14.19 17.48 12.76 2.83E-01 36.91 2351 32.84 20.60 5.05E-01
H5N5F1 0.55 045 0.82 123 3.70E-01 123 0.50 1.19 0.86 8.43E-01
H3N4F1 34.82 12.69 42.60 17.15 9.40E-02 28.58 14.18 3233 13.82 3.46E-01
H3N3F1 4.68 6.00 5.82 7.63 5.80E-01 0.63 034 151 2.39 1.90E-02
HANSF1 420 6.46 354 263 5.69E-01 418 240 420 2.65 9.80E-01
H3NS5F1 7.98 391 8.89 299 3.26E-01 6.61 3.84 8.57 527 1.67E-01
HSN4F1S1 2.02 1.62 211 139 8.26E-01 347 334 344 351 9.76E-01
H4N4F1S1 4.06 244 431 1.98 6.78E-01 2.94 1.4 3.45 3.83 5.98E-01
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103 Table S6. Comparison of the result for the quantitation of IgG glycan features between
104 normal and cancer groups by partial and complete digestion. P values result from
105 Mann-Whitney U test. P-value less than 0.05 is set as significant, which are

106 emphasized with bold. SD, standard deviation.

Incomplete Digestion Complete Digestion
Glycan features Normal Cancer Normal Cancer
Mean SD Mean SD P Mean SD Mean SD P
IgG1
GO 25.83 6.69 33.36 9.41 4.00E-03 25.86 6.06 34.00 717 1.O3E-04
Gl 2.72 3.55 42.27 528 7.50E-01 42.06 247 41.75 3.13 7.13E-01
G2 31.45 7.59 2437 7.08 1.00E-03 32.08 6.81 24.26 5.54 1.71E-05
S 12.65 4.64 9.98 3.40 1.50E-02 16.03 4.84 12.47 2.90 1.00E-02
B 11.55 373 11.76 291 8.17E-01 19.70 429 19.53 6.75 9.27E-01
F 90.10 5.65 89.72 4.17 7.69E-01 86.12 474 84.80 5.57 3.89E-01
A2G 52.81 693 45.51 7.90 1.00E-03 53.11 633 44.58 6.27 1.13E-05
A28 639 232 5.05 171 1.50E-02 8.22 256 6.11 132 4.00E-03
A2GS 0.12 0.03 0.11 0.03 3.20E-01 0.15 0.04 0.14 0.02 1.23E-01
IgG2
GO 29.61 8.02 38.50 9.24 1.00E-03 35.89 487 42.03 7.51 3.00E-03
Gl 44.76 245 41.95 478 2.40E-02 43.35 251 41.59 3.88 8.70E-02
G2 25.52 7.59 19.55 6.69 3.00E-03 20.76 4.71 16.38 4.54 1.00E-03
S 14.00 3.86 11.27 4.06 1.90E-02 12.06 296 10.68 281 9.30E-02
B 11.74 272 12.63 1.93 1.53E-01 13.51 1.99 13.63 2.26 5.40E-01
F 98.29 092 97.92 1.58 3.73E-01 96.00 326 96.99 1.95 2.50E-01
A2G 48.00 771 40.53 771 1.00E-03 41.92 459 36.67 5.86 1.00E-03
A2S 7.00 1.93 5.63 2.03 1.90E-02 5.84 145 512 131 6.50E-02
A2GS 0.14 0.02 0.14 0.03 3.63E-01 0.14 0.03 0.14 0.03 8.32E-01
IgG4
GO 47.48 12.59 5731 13.87 1.30E-02 35.82 17.88 4241 16.18 1.68E-01
Gl 29.78 13.74 25.33 12.56 2.29E-01 44.04 20.36 40.49 17.62 4.99E-01
G2 2.74 8.38 17.36 6.96 1.20E-02 20.14 520 17.10 6.72 6.50E-02
S 6.07 3.08 6.42 2.29 6.34E-01 6.41 2.66 6.89 5.01 7.10E-01
A2FB 12.72 9.51 13.26 423 7.54E-01 12.03 6.11 13.96 7.59 6.50E-01
A2FG 37.63 8.20 30.02 9.00 3.00E-03 42.16 8.35 37.34 8.71 5.30E-02
A2FS 3.04 1.54 321 115 6.35E-01 321 133 345 2.50 7.10E-01
107 A2FGS 0.09 0.04 0.11 0.0 4.80E-02 0.08 0.03 0.10 0.07 2.68E-01
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Table S7. Diagnostic performance of the candidate glyco-biomarkers for diagnosis of

different stages of CRC. P-values less than 0.05 and AUC scores over 0.70 are

emphasized with bold. Glycan structures are annotated as described in Table S3.

Glycan species Normal vs Benign Normal vs Cancer Normal vs Early Stages  Normal vs Late Stages
P AUC P AUC P AUC P AUC
IgGl H3N4F1 3.30E-03 0.78 1.00E-03 0.77 6.90E-03 0.76 2.10E-03 0.78
IgG1 H5NSFI 1.37E-02 0.74 4.00E-04 0.80 1.50E-03 0.80 1.80E-03 0.79
IgGl H3N4 1.00E-01 0.66 1.10E-03 0.77 9.00E-03 0.75 1.90E-03 0.79
IgGl H5N4F1S1 5.27E-02 0.69 1.80E-03 0.76 5.30E-03 0.77 6.60E-03 0.75
IgG2 H5N4F1 1.26E-02 0.74 3.20E-03 0.74 8.20E-03 0.75 1.04E-02 0.74

Table S8. Diagnostic performance of the glycan features for diagnosis of different

stages of CRC. P-values less than 0.05 and AUC scores over 0.70 are emphasized

with bold.
Glycan features Normal vs Benign Normal vs Cancer Normal vs Early Stages  Normal vs Late Stages

P AUC P AUC P AUC P AUC

IgGl GO 2.80E-03 0.79 2.00E-04 0.81 5.00E-03 0.83 1.40E-03 0.80
IgGl G2 5.30E-03 0.77 1.00E-04 0.82 8.00E-03 0.82 6.00E-04 0.82
IgG1 S 6.87E-02 0.68 1.14E-02 0.71 8.33E-02 0.67 7.70E-03 0.75
IgGl_A2G 1.70E-03 0.80 < 0.0001  0.83 2.00E-03 0.85 5.00E-04 0.82
IgGl A2S 4.92E-02 0.69 4.50E-03 0.74 2.77E-02 0.71 5.70E-03 0.76
IgG2 GO 8.20E-03 0.75 2.20E-03 0.75 3.70E-03 0.78 1.20E-02 0.73
IgG2 Gl 4.59E-02 0.69 1.43E-01 0.62 1.13E-01 0.65 3.05E-01 0.60
IgG2 G2 3.71E-02 0.70 3.00E-03 0.75 7.60E-03 0.76 1.04E-02 0.74
1gG2 _A2G 3.45E-02 0.70 9.50E-03 0.71 1.37E-02 0.74 3.34E-02 0.70
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119 Table S9. Statistical analysis of the glycosylation changes between normal and
120 different tumor location of CRC patients in the discovery set. Mean Diff, mean
121 difference; 95% CI, 95% confidence interval. Glycan features were annotated as in

122 Table S5.

Normal vs Colon Normal vs Rectal Colon vs Rectal
Glycan features - - .
Mean Diff.  95% CI P Mean Diff.  95% CI P Mean Diff.  95% CI P
IgG1
G0 -6.68 (-11.23,2.12)  2.00E-03 -2.90 (-7.54,1.73)  3.83E-01 3.77 (-123,8.78)  2.04E-01
G1 0.91 (-2.56,437)  1.00E+00 -0.12 (-3.65,3.40)  1.00E+00 -1.03 (-4.84,2.78)  1.00E+00
G2 577 (0.88,10.66)  1.60E-02 3.03 (-195,8.01)  4.20E-01 274 (-8.12,2.63)  6.38E-01
S 7.26 (2.53,11.99)  1.00E-03 478 (-0.04,9.60)  5.20E-02 248 (-7.68,2.72)  730E-01
B 1.73 (-3.77,7.23)  1.00E+00 0.96 (-4.64,6.56)  1.00E+00 -0.78 (-6.82,5.27)  1.00E+00
F 252 (-0.32,536)  9.90E-02 3.86 0.97,6.75)  5.00E-03 134 (-1.78,447)  8.76E-01
A2G 465 (-0.54,9.83)  9.30E-02 1.77 (-3.51,7.05)  1.00E+00 -2.88 (-8.58,2.82)  6.50E-01
A28 1.98 (0.46,348)  6.00E-03 0.90 (-0.64,2.43)  4.68E-01 -1.08 (-2.73,0.58)  3.45E-01
A2GS 0.03 (0.003,0.06)  2.40E-02 0.02 (-0.01,0.04)  3.82E-01 -0.01 (-0.04,0.02)  8.58E-01
IgG2
G0 557 (-9.52,-1.63)  3.00E-03 -2.01 (-6.23,2.01)  6.66E-01 3.56 (-0.77,7.90)  1.42E-01
G1 1.93 (-0.41,427)  1.40E-01 1.50 (-0.88,3.88)  3.78E-01 043 (-2.99,2.14)  1.00E+00
G2 3.65 (0.42,6.88)  2.20E-02 0.51 (-2.78,3.80)  1.00E+00 -3.14 (-6.69,0.41)  1.00E-01
S 1.00 (-1.64,3.64)  1.00E+00 -1.72 (-4.40,097)  3.58E-01 272 (-5.62,0.18)  7.20E-02
B 0.28 (-1.73,2.28)  1.00E+00 -0.46 (-2.50,1.58)  1.00E+00 -0.74 (-2.94,1.47)  1.00E+00
F 1.88 (0.39,3.38)  9.00E-03 227 (0.74,3.79)  2.00E-03 0.38 (-126,2.02)  1.00E+00
A2G 445 (1.06,7.85)  6.00E-03 1.12 (-2.34,4.58)  1.00E+00 -333 (-7.06,0.40)  9.50E-02
A28 0.13 (-1.20,1.46)  1.00E+00 -1.38 (-2.73,-0.03)  4.40E-02 -1.51 (-2.97,-0.05)  4.00E-02
A2GS -0.02 (-0.04,0.01)  2.42E-01 -0.04 (-0.06,-0.01)  1.00E-03 -0.02 (-0.05,0.01)  1.68E-01
IgG4
G0 7.44 (-121,16.10)  1.14E-01 8.78 (-0.02,17.59)  5.10E-02 134 (-8.16,10.84)  1.00E+00
G1 -1.25 (-10.71,821)  1.00E+00 457 (-1420,5.07)  7.40E-01 332 (-13.71,7.08)  1.00E+00
G2 -6.19 (-13.65,1.26)  1.35E-01 422 (-11.81,337)  5.26E-01 1.98 (-6.21,10.17)  1.00E+00
S -10.65  (-18.32,-2.98)  3.00E-03 890  (-16.70,-1.09)  2.00E-02 1.76 (-6.67,10.18)  1.00E+00
A2FB 2.96 (-2.64,8.55)  5.91E-01 0.04 (-5.66,5.74)  1.00E+00 292 (-8.55,2.64)  5.91E-01
A2FG 682 (-13.36,-0.28)  3.80E-02 650 (-13.16,0.16)  5.80E-02 032 (-6.87,751)  1.00E+00
A2FS 533 (-9.16,-1.49)  3.00E-03 445 (-835,-0.54)  2.00E-02 0.88 (-3.33,5.09)  1.00E+00
123 A2FGS -0.09 (-0.15,-0.02)  3.00E-03 -0.07  (-0.13,-0.004)  3.00E-02 0.02 (-0.05,0.09)  1.00E+00
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125 Supporting File
126 AreaProportion_simple.txt file. The MATLAB code for the integration and

127 quantitation of subclass-specific IgG glycosylation.
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