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Derived glycan trait

Chromatographic peaks corresponding to glycans with similar structural features

GO GP1 + GP2 + GP3 + GP4 + GP6

Gl GP7 + GP8 + GP9 + GP10 + GP11

G2 GP12 + GP13 + GP14 + GP15

S GP16 + GP17 + GP18 + GP19 + GP21 + GP22 + GP23 + GP24

B GP3 + GP6 + GP10 + GP11 + GP13 + GP15 + GP19 + GP22 + GP24

F GP1 + GP4 + GP6 + GP8 + GP9 + GP10 + GP11 + GP14 + GP15 + GP16 + GP18 + GP19 + GP23 + GP24

GO: glycans with no galactose (agalactosylated); G1: glycans with one galactose (monogalactosylated); G2: glycans with two galactoses (digalactosylated); S:
glycans with sialic acid (sialylated); B: glycans with bisecting N-acetylglucosamine (GIcNAc) (bisected); F: glycans with fucose on the most inner GIcNAc (core-

fucosylated).
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Standardized glycan measurement
Standardized glycan measurement
Standardized glycan measurement

0.9925- ° 2
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Cycle phase Cycle phase Cycle phase

[ 3. 1gG N-FERAL RS A LAES A 2 R 3) 7y 52 . O MR R, WROXIEFRRTLFIAME (GO HFANE (G, —FIWE
(G2). MBI (S). ~F43 B GIeNAc(B)FIZ Lo HE (F) [ N-ZRMEAS 53 (11 95% B A5 X T],  BARE I J LA 288 30100 DR @ 3910 o 4 301 = b PR o 2
(nmol-L™) . MEZEE (pmol-L™) FIZHH (nmol-L™) WML (K3 P . xhil BRI REA S H LR WRITR. SNSRI RN
P EREAT bR A (WS 2.6 1), DMEECEARIBREEIR . @M. G0 (XTSRRI — N H @RI, WERE. B (X
BRI — D AR B R AMREARS n EERD =500,

R2  HEHIN BT 1gG MR R, LA T 288 WIS R AOAT AL RAE VIR AR R A 1gG N-BERRAL M2 R 00 A

Derived gly-  Glycan trait Ratio peak/all mea- MC phase effect ° Person Var ° MC Var ¢ )
) p value Adj p value
can trait peak * (% MC)  surements Percentage (%) s (%) (%)
GO 35 1.011 1.1 0.05 98 0.12 4.15x10°° 8.30 x 107
Gl 35 1.008 0.8 0.12 92 0.72 1.12 x 1072 3.36 x 107
G2 85 1.010 1.0 0.08 99 0.30 415 x 1075 249 x 107
S 84 1.010 1.0 0.07 90 0.26 2.79 x 107 4.19 x 107
31 1.005 0.5 0.04 86 0.06 0.01 0.01
F 47 1.000 0 0.05 93 0.10 0.09 0.09

p values describe the statistical significance of derived glycan trait abundance variability introduced by the menstrual cycle. False discovery rate was controlled
using the Benjamini-Hochberg procedure (p-value adjusted). Statistically significant adjusted p (Adj p) values are in bold (p < 0.05). The duration of one MC cor-
responds to 100%. Follicular phase range: 0%—50% MC; luteal phase range: 50%—100% MC. MC: menstrual cycle.
* The point of the menstrual cycle phase at which the highest abundance of glycans with a similar structural feature, i.e., derived glycan trait, was observed.
® Ratios of an average peak trait measurement and an average of all trait measurements for each derived glycan trait are shown as effects of the menstrual cycle
phase on the variability of derived glycan trait abundance, expressed in percentages (%) and standard deviations (s).
¢ Percentage of derived glycan trait variability explained by interpersonal differences (Person Var) in IgG N-glycosylation (%).
¢ Percentage of derived glycan trait variability explained by the menstrual cycle (MC Var; %).
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tb, TfRBEREFMEIAL (G (Adjp=3.36 x 107 N-
BREERZ0.72% M08, Kk, 458R%H, NHA
2 511 1gG N-FEEAL AR A &7 BA A o BT A it R A —
BHEEIR T E A AT 0.8%. ML T, #IgG i
MR BIN-SRHE (B) 1L 86% M= 7, w5
AN Z B N-FEEAL I 22 570 ek, B FRFERI R,
PN N 2 TR 2 FUBE SR A0 N- SR B 16 3 B 0T REAH 2 = s
99% (F£2),

3.5. 1gG N-HEHAL B AL AN VR IR A0 e IR FEAE B
JEEIE R L G g

NTIRRMEEER OUHEMERER) 5 1gG N-Fi LA
I CRIER R [32,34], ot 2 15 ) DU A S FE I 1R
PR I A V(B I T 5 0 A TR PR P D A = P R AT L
oo s rb i iRk B A MEGR 5 0 & A b e KT AT
A TgG IR Z 18] i) R R AE BT S A IR S5 P aa i

W TEREE B, T SCHR A0 O 6 0 Ao v fE — UK T [44)
52 S Ry mFEARES, REZRESALH
SR P SYT K E WA 2R VA — B s 3 Fo . BEALER

&3 AL R SATAER 1gG RBEMRIT T

7

WY, G2 RIS IEAH K2 AR B AR I 25 25 R (82% MC,
HeMCREHZFEWD, 12K)5, 1£H 2B HK
21513 R (45% MC) 1A B FE T SCHR 1 5 v e — ER 2
A, KREATEH SR 16 K EERE LR REm (55%
MO) JE 559 RKWEL 1gG = - FLME AL A IR AL IEAE, 7]
IS} 7E 25 8 S 3 4K S0 2 R ROME — Rk P Ak B i . 4,
TP FUREFEAL N-SRWE L R FUE R AL NSRBI 4y 7Y
GleNAc N-SRH I 55 = 2 5 3 28 J AR AT o] — 550 (1
BERIRERE) MR EER. M, BRI IeG KT
B, TG FLBE AR B e P B AL KSR B R H 42
JMRIEE 9 K (31% MC) FIEE 10 K (35% MC) ik 3| 1i%
B, B (D =g (M BEMZEE K
(3D,

3.6. VR B MLRIR T 5 1gG N-HEREA B0 A ¢
FERILA G A W 1gG N-BESE AR S TERER Bl A
ULhc)s, frfd 1R SATA R 1gG RPE MR 22 18] 1T e
KK AT FUR) =RV R AR 5 AN ] 1gG 2B
R v B SRR UN 2R 3 BT
B 505 DA A A0 ME — A8 A 42 L I vh 5 TG N-HE 3%
MR AL R I . HE — I 5 MEVR R AL I A 0%, T 42

Derived glycan trait Hormone Hormone peak* (% MC)  Glycan trait peak® (% MC) Hormone effect on glycan trait abundance ~ p value Adj p value
Testosterone 55 35 Positive 0.002 0.003

GO Estradiol 45 35 Positive 0.211 0.253
Progesterone 82 35 Negative 1.662 x 107 9.972 x 107
Testosterone 55 35 Positive 0.001 0.002

Gl Estradiol 45 35 Negative 0.001 0.002
Progesterone 82 35 Negative 2,962 x 107" 2.665 x 107
Testosterone 55 85 Negative 1.421 x 107 5116 x 107

G2 Estradiol 45 85 Positive 0.074 0.095
Progesterone 82 85 Positive 1.505 x 107" 2.708 x 107
Testosterone 55 84 Negative 0.016 0.024

S Estradiol 45 84 Positive 0.032 0.045
Progesterone 82 84 Positive 4.404 x 10 0.001
Testosterone 55 31 Positive 0.529 0.560

B Estradiol 45 31 Negative 0.002 0.004
Progesterone 82 31 Negative 2.595x10°  1.168 x 107
Testosterone 55 47 Positive 0.013 0.021

F Estradiol 45 47 Positive 0.285 0.320
Progesterone 82 47 Negative 0.784 0.784

p values describe the statistical significance of associations between peak concentrations of sex hormones in plasma and peak abundances of derived glycan traits.
Associations are shown as the functional effect of sex hormones on derived glycan trait abundance. The false discovery rate was controlled using the Benjamini—
Hochberg procedure (p-value adjusted). Statistically significant Adj p values are in bold (p < 0.05). The duration of one MC corresponds to 100%. Follicular

phase range: 0%—-50% MC; luteal phase range: 50%—100% MC.

* The point of the menstrual cycle phase at which the highest serum concentration of analyzed sex hormone was observed.
® The point of the menstrual cycle phase at which the highest abundance of glycans with a similar structural feature, i.e., derived glycan trait, was observed.
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Bl CBRMEMRIRALAN) 551G B~ FURER AL N 5. ik
G, W REAI AR AR S AT 20 B GIeNAe B> LAk
FALIN TG JRAE UG, T Jo~F FLBE 2R AL 1gG JRBEIL 5
I 3% P R B A ok . B2 AIME —BEAHEE, Bk
DLSERR 5 1gG MR B s R R R IS5 A4
FS b OE A AR A B AR SRR O B R AL
1gG RPERG I % -

4. 111E

KHFFAHT T 70 AR A 205 Lotk A 4 8
TG IR, L 128 (RA=ANHALRAMD K
SEMFE, BFFREY, TgGHEA AL A &R aT T
T RE ) A ATE AR AL, X5 MR A & R R BOR
Ko BRI, FAN 1gG RMEPER 1 I AE 0% 5 13 B ik
FERIPE R A E S, RIWNAZ N B 4.
Ab, IR BAE SRS Lot A RTBA B 7K T e R A0 R TG
FLHEEEAL 1gG RIEHERAB IR . 4T 1gG FIN-FE AL 2
S BUAR-TCAA AR AR, AT SR G ] B, BRI O
TG W J Ak 1% 38 2% R 15 IO BIF 06 F 17 A Lot g B & O
HT,

JEHT R AR IR T MR N 2ot TgG N-HEBE A 52 1) 3
i MIRAT 0 A B 70 HEIRT HH R (1), X SeBIE T S % Pl
R3S R AR 3215 A FOR TS (BB R IR
AR AR R ERMLEIE FC . H AT B SRt &R
g fE 4 2w A 23010 & 1gG N-FE LA DS OR %, 7
A& RS, EMESERMZAEIRE T, REiEahmim
B AN ) 3 R0 8 e L UR55  AR B A R AL B
[45]. CLRIMERCE [FIN B RAEMBT R4, X IR T3
W GRRERAPIRIGHE) LASA Py MR F1 2 B v
Z B gl [46], T2 3 B R FE BT R AE I [47]. X EEK
DR, 2 A AP B MR B BN TT R 2 s L 1 1) 1 G
N-FESEAL, DT 52 06 200 P [ 2 FAA T G922 [48] -

IEAh, ¥ 1gG N-FEEEAL AR 3 )12 8 UMK 240K
BV oA = B 1 R AR . BEFOR I, H & P
TR RAE R TP FURE A SR L b FUR AL SR AT 2L
A 75374 GleNAc I R BEF= FE fe iy, CAIIX SESRME 5 A
PE TG G 1A K[49]: MAEHRIN 5, Pua IR AL A0
M YR TR 10 N-SREMHE (1) T2 FE 3G 0 [11,16] 78 Hai i I 25
ZA i 7K E A AR T 0 Lot g% RGP AR IR T B
PUASEAE IR 7 B R I T 2RI 45 SR [50-51]. S HiT i)
RV, AF1gG N-HEHENFEKF AR ZE 7 5oR
T RBE T R AR [40,52], oo AR R AR AL

B OK[53-54], ABFFUESE TiX— 5. Aoh, AL
N-ZEWE AR 3= FEAS 22 Bl A 20 J8 328 44 T H B0 39 4
Bl XHAZEE, N IgG A AL 7F AR R R A
SE[19], RAAEH LA B G Vi Fhe i 4 22 K AR &
EHBA[55-56]0 AT FUI BB b f JE Lo Pt 4L R, AT DA
T ¢ 41 B 91 18] 985 A 52 B0 T A N A= B qg R R 47 o Utk
Gb, BIEAT AL, SCHER A v AR HRIE S 1gG A B AL AR
SR Z BRI, PRk, WLsR H 2 v o i 2
K FI N AGTE S T H 5 o

BT ERRIL, R IgG N-BEEE AL B A G IR R AL 7]
R 5% H A& AP EE MRS . fEXFEN
T, A& AMIRET UAE N AL 1gG N-FE AR A0 TR A4
R Z[57]. AR RBEVER T FE I A k5 A 28 5 I B
HR, HENFBOA AT RRERIE A H & B
828R /N, AR AR L BT R . Ak, SRR R
SERS SRR L, 5 H 2R IR S 1gG N-FE AL AR
AT B /N, A SO TSN e | O X R AT TR A
[58]. TEAEFER LRI HZRIAF, BEX 1gG N-HE
A EZM /N SR R AT e TG e K, M= F[59].
KEWRE H 2 I R ) A A LR IgG 7 A AR
FARTEE . DR, 1gG RRESRAL IR vT R s 1R — AN H
22 JE WK FE RIS ) B A (R P M R K. B E 2,
FIFAAEY, LWLk 1gG N-ERALEGR T H 25 1
RE, REEWERKESSENRAH, ZHEIERN.

AW E KRN T A 8 W SRE IR = 1 Ve (5 A
15 BN PER PR AR T 22 5 PRIER X
IgG N-FEISALRE R BUR A& T ARk, RS A& 5 AT
FRoEmf A LG, 1gG BARKMEEM Q1R . XEE
T 1gG 7= A2 AN A0 T e d e R H 22 S A
PEBRIRE e B, H G2 R G i AT 51 & [60] -

SEUR R X TG R A B2 I (10 38 25 ORI 7 4 SR — 3
11[32-34]. AWFITHE N T ME B R B 5 nE R 4K N- SR
FERIEMHIRRKR, XATHE2 M B- AN -2,6-ME R IR
RGBT 1 (St6Gall; 1E B HE 5 2 H ook e 7 2 s 0 21 1gG
R o B R VR IR R AE ) BRI SR [32]. RiT, Jones 4§
[O1HRIERR, ML A A7 AE — PP dde 241 B 4t i A i 1
IgG MER R A S B IX AN RESE 4 A R T |, PROAARSC
ATt 7 2 Y Ml I T e A8 IR A U {1t IRLAE ) 68 R SR R AS BT By
Beo CRNFFUME JE Ak SROBE 2 B 5 oK i 1gG VR R AL R IR )
[62]. #EUL, ARSCHWFFCHIBATE & B/ RS H &R 1eG
F P 8 R e R 2 LR SR AU Q) AR Ak T AR ) . IXRT g
R TE A0 5 WA 45 T A7-AE 1gG 2 LM J: A R el Y R 1
FOAE ELYEATHLHI[63], AT Aeid 76 7 02 FLE I B-1,4-F



FURERFEFLNE (B4GalT1) F N HE K R 1) St6Gall 2 [H]
TE RS IR A [64]. 3K 9 Pl 56 54 78 g (1) i .5 4 ]
DB 2R 2 B, MEBCER 32 AR AE B2 45 G I 78 iz %
SR, AF NSRRGSR — 35 3 B B R 3R
15[65].

RECHBTRIE 1 MR R 20 1gG 2 FLRE R AL
[34], (HEARHLHITIRATE HE . 2020 45— T 4> B R 4H %
B 58 (GWAS) [66] i 78 1 4 65 %% 5% Al F RUNXI .
RUNX3. SPINK4 Fl ELL2 [ K2 142 E2 5 1gG - 7L A
B TS S5 FAUHIMIEBES 5%, W0 Mijakovac 55
[671HAT FIAR A SLIR BT 7R o« ASHIF A0 B 42 B e — A
T FURE A TR 2 (R R ORI, SR WIME R T AR
FAOR, HATREAS R H &Y 1gG F 2L B A /K P 1)
LRSS {5

PP A JFCAth Y8 2% 0o B 1 B A s i ) A T AR/ [68]
KT A [69]F 52 i [70] ¥ Tisf ST AR 2D, HARR 5 1gG
N-FEREA K T 20 Ak, XS 1gG N-FESE 1L 1
SR A ik — Bt . C R B 1gG A B AL
(R PR S T S ERATAEME BERVER, A2 SEE A
5[34]. ARWFTEMER T 15 JLF BTG 1gG BNk 2 )
PRI . IR FEAETEE, DR 52 B @ A 25 52 AR TE 4 B
AT AR R B A SR E R, a2 E AT
WHE SN 7, SR — R RIA[71], HHIETEE
S G A B 4T PN 2 5 R 1 0R N W S A Ak 3L il ) R 3R
1% Munkley £ [70] 5% Hi % 5 51 B 00 B 5T 48 7 1 52 I8
Tok T PR R R R A A B M SR SRR T 4% N-RE IR e e
NI AR 240 3 o T Be ML . SRR 55 M RO T 48
HH 52 A PR ) B 40 B (73] B A PR [T H B
PR R, (R 2otk S2 I SRR R A G, X2
Z RO HELEAAE (PCOS) PRI ER 25 L 1 78 75 5 HE L
[74]. MRYEXLEF T, H FT I EE I 5 580 0% 8 5 1EAH
KUK G RER R, SR T 2E7E 2 Rk 5
PEIgG R AR A CE . R I, 784 BE i 2 B 22 1t
o, GRS AR AR T AN E AR, S
75 7 W I AE F A i R M R —— M i [75-76],
f SEFATE o VAR B R G0 1EF DhRg B R ] B AR

ZA A 7R AT SRR S VR TR [77], R AR TE
RETT 5277 TR, 3K A2 J T S 0% 1) e OB RRAE [ 78] AHIT I
N T 5 R 2R IR A BT TgGIE It i AH S, HEN
A e e R G0 A AR B RS I S 2 AR gRIA[78]. ZAlH
o G (A FH AT RER FAS TR AL, B 8 1 G 92 4
[791F1 Hi 44 Tl GE[69,80], LA S FELAS 2 4 48 A b5 -+ 1) 7= AE
(811, SEED RIEPUAR S £ FHAL . AFRERE, SRit
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5 1 25 R B A DG PE T AR I i REAN S 5 1gG N-BE
T AR I o

s A 2 Wb 1gG OpE A2 VR T WL mT DL
PEBER SPE SR TER SRR R . MR R miL S S
IgG N-FEILALIG B ZE R (b AL A0 . R A A%
HIREZEE D #hih, XFEMEEREA 250~900 1,
NREER AN 1%~4%, HAKSHECH[82-84]. MR 45 Tk
ORI, Z I R 55 SERE L RS UG 1 . 1K N- SR
TR M\ 22 T I 2804 2 7% 22 P I X o 15 A B 11 [69] 0 )
I, EECER 2 X T — 20 () N- SR BB AR I 5 005, [
R WEICR SO RS B R 16 B4GalT1 1 ST6Gall, X ELfig 4y
Sl 308 T T g 2R AR R N e LB R SR SR AZ 11 1gG N-2R
BE R 3 [32,85-86] 52 B 55 53 M il 21 e 40 i o (R B
W R AL AT R (871, AB N 2ot N-KE AL 52 ma AT A7 F¢ T
Flo ARWFFIEH ST MERE . Zf A 220 1) BT 45 1R
B, MERRVESE AN T 1gG N-FEILAL 5 1 LA K AE A 28 )5 3
et i (B T RE) BAATBIEMIAN A . At
FAE L /R . Flan, BFXEXT HERE T 1eG
N-FEEACS) ) 5 0 56 — TR 5, DRt 2 1 1gG N-HE 5
A SAFAE AN, 7R ANATE P38 43 A IR i) 8] 2 (FF
TR B BEAT — IR AR, T AE ] 2 BB Bon
A o ST IR A T R K 5 PR B T P A7 2 PR AT 11 1R
KA, B 7RSSR T 2. D&
F MR E F- A B AT VAl A 24 R B R AR .
ARkt T B TEVEANVT Al H 28 8 HHh e e A 3 R 1 A 5 mT
REREHBEME (BH) RIMBCRFE, LIRS BRI
MR AR

5. 4518

AT FERLZ AL 5 — AN PPl 28 A 1 v 1gG N-HE AL 3l
SIWETT . YT TgG bt 5k SR £ 1) 1A ity D7) 10 e s 2 A
RAIARP SR E; R, X kE R R A
AL MIIASE AR, DA PR R PR BE88]. 1gG R BE AU
FEHEEREYIAREY, it B S G RS A RAEVE O
FIZhRERNIA,  CORIAE o o 4 3 S Ay I 5 2o P
FAUIC[31]. IX TR FUAE X o3 25 B H 22 fi ST 4K 0 s 2
PR AH R 0 TG WE R A AR AL 2 8] 1 22 e O AT R AT
R 51 1gG R 5 VF 2 0 ELIRAE G, JF HAEARWE e b4
BN A 28 b o KRR A . X AETE IS
WP RIVRRELEMREY) (GlycanAge T80 AT ML
g e ME AR 79 50 R AT REAR B 22 [35), (HRXPI7RF EHRR. R
i, FERAFIACE £, A2 5K 1gG B AL AR AR /N
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CUNTF0.8%), FoVFRFEABKIBE FO 10 AT 3k, 1
AR A G BG IR BT LSBT I g S
Ao T AEBEAN-ERACS R Y Rt &
FERAM AR T I TR 8 W AR R B R S TG N-HE
AL Z TR OB 55t
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