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A case-control study of abnormal modification of plasma IgG N-glycosylation levels in patients with ma-
laria

LI Yuejin'y, XU Yan', LU Xinxia®, LIU Jiancheng®, WEI Yanbin', SHEN Yanmei', WANG
Longjiang' s YAN Ge' ,ZHANG Benguang' , KONG Xiangli',JI Long” s WANG Yongbin' (1. Shandong
First Medical University (Shandong Academy of Medical Sciences) »Shandong Institute of Parasitic Disease »Jining »
Shandong 272033 ,China ;2. Shandong First Medical University (Shandong Academy of Medical Sciences) s School o f
Public Health and Health Management ;3. Laboratory of Linyi Center for Disease Control and Prevention ;4. Gastroen-
terology Hospital of Shandong First Medical University) ™"

Objective To explore differences in plasma immunoglobulin G (IgG) N-glycan levels between malaria pa-
tients and healthy populations. Methods 27 patients with imported malaria (excluding co-infections with bacterial in-
fections) diagnosed in Shandong Province from October 2022 to June 2023 were selected, and healthy controls were
matched 1 ¢ 1 using a propensity score,resulting in the inclusion of 55 cases. Venous blood was extracted,heparin antico-
agulation, plasma was separated,IgG was extracted,and IgG N-glycan level was detected by ultra-high liquid chromatogra-
phy. Using two independent samples z-test or Mann-Whitney U rank test to compare glycosylation between groups, P <C
0. 05 was considered a statistically significant difference. Results Total subjects age range was 27 £56 years, mean age
was (41,6448, 64) years. Glycan levels of GP4,GP6,GP14,GP17 and GP19 were significantly higher in the malaria ca-
ses than controls (P<C0. 05 or P<<0.01) ;GP5,GP8,GP9,GP11,GP13-GP18,GP20,GP21,GP23,and GP14 were signifi-
cantly lower than controls (P<C0. 05 or P<C0.01). In malaria cases.IgG Agalactosylated (G0) level (28.4247.07) was
higher than controls (22. 34 5. 54) ;IgG monogalactosylated (G1) level (25. 6144, 08) was lower than controls(32. 85+
2.71) ;1gG Digalactosylated (G2) level (23.35+4, 45) was higher than controls (19, 9343. 01 ) ; Gal-ratio level(0. 37+

0.15) was higher than controls (0. 28 0. 09) . it is suggested that galactosylation in malaria patients was lower than
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healthy controls; The difference between the two groups was statistically significant (all P<Z0. 05). Bisialylation S2 (3. 73

+0.92) was lower than healthy controls (5. 7242, 23) ; the difference was statistically significant (P<Z0. 01). Further a-

nalysis showed that Acetylglucosamine glycosylation B (2 =-0.109) ,BN (2 =-0.522) ,BS (2 =-0. 808) ,and fucosylation

F (¢=-0.598,P=0.55),FN (¢=-1.027,P =0. 30) were no significant differences between groups.

Conclusion Plas-

ma IgG monogalactosylation and sialylation were significantly reduced in malaria patients,suggesting a possible association

with malaria pathogenesis.

GG Y Blood plasmas;IgG N- glycan; Malaria; Glycosylation
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Table 1 Comparison of IgGN-glycans between malaria group and control group
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GP Structure

Tt M(Min-Max) Tt M(Min-Max)

GP1 FA1 0.2840.15 0.24(0.08-0. 6) 0.2540. 24 0.19(0.01-1. 29) -1.71 >>0.05
GP2 A2 0.6140. 42 0.51(0.08-2.10) 0.6140. 21 0.59(0. 24-1. 00) -0. 901 =>0.05
GP3 A2B 0.36+0.21 0.32(0.06-0.97) 0.33%+0. 30 0.28(0.01-1.70) -0. 96 >0.05
GP4 FA2 22.3146.24 20.9(11.01-37.01) 17.42+5.00 15.59(9. 45-26. 87) -2.778 <0.01"
GP5 M5 0.1440.09 0.14(0.01-0. 28) 0.2340. 14 0.20€0.02-0.52) 2.597 <0.05"
GP6 FA2B 4.86+1.42 4.84(2.67-7.96) 3.73£1.06 3.43(2.26-6.21) -3.3 <0.01"
GP7 A2G1 0.4040. 26 0. 33(0.04-0. 98) 0.5140. 31 0.45(0.08-1.41) 1. 339 >0.05
GP8 FA2[6]G1 15.01+2.25 14.92(11.19-18. 55) 19.85+2.00 20.10(14.92-22.19) 8. 445 <o0.01"
GP9 FA2[3]G1 6.67+£2.02 6.32(2.15-9.81) 7.99+2. 40 8.09(1.54-12.02) -2.315 <0. 05"
GP10 FA2[6]BG1 3.3040.93 3.38(2.09-5.96) 3.94+1. 44 3.45(2.33-7.48) -1.229 =>0.05
GP11 FA2[3]BG1 0.2440. 24 0.09(0.01-0.71) 0.5640. 30 0.49(0.01-1.15) 4.462 <o0.01"
GP12 A2G2 0.8640.43 0.77(0.31-1.73) 1.06+0. 94 0.81(0. 31-4.09) 1. 036 >>0.05
GP13 A2BG2 0.3140.17 0. 28(0. 06-0. 82) 0.4340. 22 0.41(0.01-1. 16) 2. 147 <<0. 05"
GP14 FA2G2 21.0444.31 21.94(12.42-28.62) 17.1342. 49 17.52(12. 56-22. 62) -3.536 <<0. 01"
GP15 FA2BG2 1.1540. 47 1.16(0.42-2.09) 1.31+0. 64 1.16(0. 39-3. 48) -4.139 <o0.01"
GP16 FA2G1S1 3.4540.70 3.35(2. 34-4. 96) 2.76=+0. 64 2.66(0.96-3.83) -3.87 <0.01"
GP17 A2G2S1 2.2940.97 1.91(1.14-3.99) 1.11+0. 44 1.00(0. 16-2. 02) -5. 806 <o0.01"
GP18 FA2G2S1 10.44+3. 20 10. 04(5.19-16.11) 12.79+2.71 13.05(7.06-17.45) 2.95 <0.01"
GP19 FA2BG2S1 2.4640. 65 2.34(1.06-4. 34) 1.99+0. 34 2.03(1.00-2.61) -3. 404 <o0.01"
GP20 FA2FG2S1 0.1040. 10 0.07(0.01-0. 48) 0.2840.17 0.27(0.05-0.78) 4.826 <<0.01"
GP21 A2G2S2 0.58+0.23 0.53(0. 24-1.10) 1.19+1.43 0.73(0.20-5.97) 2.194 <0.05"
GP22 A2BG2S2 0.2540.11 0.24(0.08-0.51) 0.3240. 26 0.24(0.05-1.18) -0. 354 >0.05
GP23 FA2G2S2 1.5840.56 1. 54(0. 60-2. 69) 2.37£0.72 2.50(0.51-4. 21D) -4.235 <0.01"
GP24 FA2BG2S2 1.32+0.54 1.17(0. 35-2.49) 1.85+0.67 1. 90(0. 85-3.98) -2.964 <0.01"
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Fig. 1 Comparison of IgG N-glycosylation level

between malaria group and control group

3.2 BUBEBER_ESCBE HrEEAL R
Mann-Whitney U K 50 9817 41 0] 22 5 PE LU 8, 45 2R 10
N IR B AR A3 O T A R AR AT AR AR AR B(x =~
0.109) \BN(z =-0. 522) . BS(z =-0. 808) 7 % 4 [A] 2=
S TG L (P P>0.05) 48 % — 50 B
% M 3L 09 25 5 F8 41 Bisecting GleNAc Wi 4 8] 22
SHG T L (2 =-0.598,P=>0.05), % HHILiL
B2 2L B E AL AT A F8 AR FGO (2 =-2. 778, P<C0.01) .
FG1 (2 =-5. 270, P <<0.01) ,FG2 (2 =-3. 536, P <<
0. 01) Fl A 38 M 25 Ak v e W% R Ak 117 26 98 b1 FS (=2 =-
3.990, P<<0. ODFEW AL b B 2 B A S it B G F
(z=-0.598, P =0.55)f FN(z=-1. 027, P =0. 30)
W YA R Ak F8 B 1 4 ) L 3 2 S 3 T G AR L
3.3 EERAL X MEVR PR AT AE RS PR HEAT ¢ K I LA,
XM Y R AL FE bR S2 K FIE R B4R 3. 73+
0.92 f@FEXTHRZH K 5. 72+£2. 23, X R A AL %%
X (t=4.304,P<C0.01);S1(+=0.012,P>0.05),
GPS(:=1.594,P =0.12) .BS(z =-1. 242, P =0. 22)
S I Y TR S AL K A (R 22 R B TG E X
Wi

AR EW R AR, A — R
TAIL e BH 1E 75 4 R AL IR 0 R e LB A Y
P L A AR B SRE R g R R
J R BRI S B 7 2 2 N-BE AL O-B 3k Fn C- 1
FEME AL W O H R R R R R L 5 R R RN
WAL S T T (B 3k 22 5 21 LW RN R 4 E 09 B R
H LS # bR IR S R 5. 8 i i 245

N2 R 1) 120 v I v R Rt D A R L R
P LB (GPTs) o 03 1 32 B W05 240 i . 5 35058 0F 4 i [
1 7 A R A RGBT 0 A Ak R R R
R E [ G (Immunoglobulin G, I1gG) J& AR N &
T — P G R AR L FE LA S E SN LR 9 1
S S R v Py i A B A 40

IgG 7L AL 2 S e BR 2R 1 A0 B BB 1 X
IgG 2520 2L M B Ak 25 22 88 N GIeNAc FRHE, 4 &
5 H #E A GBS R 2 A B AR AT S O AR R
M) EE1F FH (complement dependent cytotoxicity, CDC)
TG P3G R T TG 12 LM 6 A 18 1 DU v] £ i 1gG 5
Foy #2932 (R Z o] i 40 BAE . 5 30 1gG M R )
RE 7 1) AR 020 AR TR 9 A T 8 JR Il TG
L 2 Ak K TR T 4t R X B ONRE , T ~f LB 2 Ak K R
(Gal-ratio) fm T fl FE A BE , 7] fE J& AR 9 Ji fUJs 1R
DAL 20 2 LM 25 R 1) SROBE OIS AR 2R 58 0T AR 1 4 0E I
WL KA BEAR TG B A S g o 1 10 375 9 9% AR
A TR ALK TG 2 FURE L AL K B 3/ B A1 B
] FREAR FoyRITT A 500 41 40 I 4 A AR

Fry &850 i 18 0 e e A2 B 5 1 B B JF A 56, A
Bl AB Bl A O BB B 28 5y 8™ B E R
AZKAY ABOCHD Il B R ge s 2 i T A0 4 g & i H
PUIF AR 36 07 2R [ B A g 45 R B
7N WV R AL B —H8 bR S1.S2 il GPS 7EJE 9% B # 1R N
14 22 35 K P B AR T e X BN B o L MR VR IR Ak 25 6 VF
i bR Sialylation 753 55 &8 14K P [F FE b TR AKF-
A A ) LA BT AU W B R o 5 A 2 A MR YR TR 1Y)
H—F8 bR S2 25 5 B et 2 S A AL R R AL AR e Y
FR 7K SF- 1 BEAR 7T BB 2 5 92 9 B2 1 & 2B B IR e
G003 I BRER )0 R IS TeG MR YRR k18 M UK
S I ZE AR T i R X B2 L AT AR Sy 3t R Rk s
SR S 52 Wi ds b . TG MR R R A6 A& T () 385 i, AT
FHLAFBLAR S AMA Clq MIZ5& 5 Zoho i my b A 408 40
MuFE M (complement dependent cytotoxicity , CDC) %%
TG NI B SR AT BT 2 AE T 5 ez, 7= AR A2 %
ERE

25 Bk JEB R 1gG 2 FLE R AL K 8- F 0
R A 7K ST (8 AR T BE 2 5 2 0 10 & Je i A L (H R e 3
P T A R T A AR e A A i 7 Y o SR A TR N
MR RE, AR P L EaA TIERGHE LK 1gG
N Wl B AL KT 55 ft e AN =2 1] 1 28 S M, vl e
s B 2 ML R 55 AL A 5T i 44 A0 B BR A

[& % k]

[1] Ashley EA, Pyae Phyo A, Woodrow CJ. Malaria[ J]. Lancet,

2018,391(10130) :1608-1621.
(2] IBHAT R BR IR ABIEIR L 45 2 B AR 10 I PR AR A B I3 27 45 4



TR R R E M FRE
Journal of Pathogen Biology

2023 4F 11 3 45 18 B4 11 1)
Nov. 2023, Vol. 18,No. 11

(3]

(4]

(5]

L6l

(7]

(8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

AR BT ], P E BEZ5FRE,2021,11(20) £ 147-149,153.
SR 2 R AL B S M Al & e ML AR DG Y R TR LT .
m ] DA 2 24 7, 2022, 17(4) 1 488-493, 496,
FLREAL P #. F AL, 25, 2012-2021 4 1L 7R 44 95 956 058 155 4 AiF I
BB TR I 58 H5 50T R W I me A3 BT LD 0. i R TR A A 2 e
5,2023,18(3):287-292,302.
BRSSO VR L A5, —aff — B 2R SO0 R R AT IR
LA ks (1], b A AT 4 2R L 2022, 43 (7)1 1073~
1078.
Wicht KJ,Mok S, Fidock DA. Molecular mechanisms of drug re-
sistance in Plasmodium falciparum malarial J]. Annu Rev Mi-
crobiol,2020,74.431-454.
Lei ZN,Wu ZX, Dong S, et al. Chloroquine and hydroxychloro-
quine in the treatment of malaria and repurposing in treating CO-
VID-19[J]. Pharmacol Ther,2020,216:107672.
Wu S,Nie Q,Tan S,et al. The immunity modulation of transfor-
ming growth factor-B in malaria and other pathological process
[J]. Int Immunopharmacol,2023,122:110658.
Santano R,Rubio R,Grau-Pujol Bset al. Plasmodium falciparum
and helminth coinfections increase IgE and parasite-specific IgG
responses[ J]. Microbiol Spectr,2021,9(3):e0110921.
Okek EJ,Ocan M, Obondo SJ,et al. Effects of anti-malarial pro-
phylaxes on maternal transfer of Immunoglobulin-G (IgG) and
association to immunity against Plasmodium falciparum infec-
tions among children in a Ugandan birth cohort[J]. PLoS One,
2023,18(2):e0277789.
Gu Y, Duan B, Sha J,et al. Serum IgG N-glycans enable early
detection and early relapse prediction of colorectal cancer[]J]. Int
J Cancer,2023,152(3) :536-547.
de Taeye SW,Bentlage A, Mebius MM, et al. FcyR Binding and
ADCC Activity of Human IgG Allotypes[ J]. Front Immunol,
2020,11:740.
Van Coillie J,Schulz MA,Bentlage A, et al. Role of N-Glycosy-
lation in FcyRIIla interaction with IgG[J]. Front Immunol,
2022,13:987151.
Wu Z.Pan H,Liu D,et al. Variation of IgG N-linked glycosyla-
tion profile in diabetic retinopathy[J]. J Diabetes,2021,13(8):
672-680.
Clarke J. Glycosylation influences IgG effects in LN[J]. Nat
Rev Rheumatol,2021,17(6) :310.
Du N,Song L.Li Y,et al. Phytoestrogens protect joints in colla-
gen induced arthritis by increasing IgG glycosylation and reduc-
ing osteoclast activation[ J]. Int Immunopharmacol, 2020, 83
106387.
Shahbodaghi SD, Rathjen NA. Malaria: Prevention, diagnosis,
and treatment[J]. Am Fam Physician,2022,106(3):270-278.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Li Y,Shi F,Wang G,et al. Expression profile of immunoglobulin
G glycosylation in children with epilepsy in han nationality[ J].
Front Mol Neurosci,2022,15:843897.

Wang B, Liu D,Song M,et al. Immunoglobulin G N-glycan,in-
flammation and type 2 diabetes in East Asian and European pop-
ulations:a Mendelian randomization study[ J]. Mol Med, 2022,
28(1):114.

Su XZ,Zhang C,Joy DA. Host-malaria parasite interactions and
impacts on mutual evolution[ J]. Front Cell Infect Microbiol,
2020,10:587933.

Cao J, Jiang LB, Miller LH. Decoding infection and transmis-
sion: Deciphering the mystery of infectious diseases from data—
based research[ J]. Decod Infect Transm, 2023, 1: 100001.
Goerdeler F, Seeberger PH, Moscovitz O. Unveiling the sugary
secrets of Plasmodium parasites[ J]. Front Microbiol,2021,12:
712538.

Banerjee P,Silva DV, Lipowsky R,et al. The importance of side
branches of glycosylphosphatidylinositol anchors:a molecular dy-
namics perspective[ ] ]. Glycobiology,2022,32(11):933-948.
Buhre JS, Becker M, Ehlers M. IgG subclass and Fc glycosyla-
tion shifts are linked to the transition from pre- to inflammatory
autoimmune conditions[ J]. Front Immunol,2022,13:1006939.
Wu Z,Pan H,Liu D,et al. Association of IgG glycosylation and
esophageal precancerosis beyond inflammation[ J]. Cancer Prev

Res (Phila),2021,14(3) :347-354.

Kriétic],Lauc G,Pezer M. Immunoglobulin G glycans - biomar-
kers and molecular effectors of aging[J]. Clin Chim Acta,2022,
535:30-45.

Qosterhoff JJ,Larsen MD,van der Schoot CE,et al. Afucosylat-
ed IgG responses in humans - structural clues to the regulation of
humoral immunity[ J]. Trends Immunol, 2022, 43 (10): 800-
814.

Fry AE, Griffiths MJ, Auburn S,et al. Common variation in the
ABO glycosyltransferase is associated with susceptibility to se-
vere Plasmodium falciparum malarial J]. Hum Mol Genet, 2008,
17(4) :567-576.

Everest-Dass AV, Kolarich D, Pascovici D,et al. Blood group an-
tigen expression is involved in C. albicans interaction with buccal
epithelial cells[J]. Glycoconj J,2017,34(1):31-50.

EFRIE, (V5 4 ORI, 55 L TG MR IR IR b5 1 78 JIF ek )
ST R O FE )], b A A e g A AR o 2k, 2023,
41(4):1-6.

Li D, Lou Y, Zhang Y, et al. Sialylated immunoglobulin G: a
promising diagnostic and therapeutic strategy for autoimmune
diseases[ J]. Theranostics,2021,11(11) :5430-5446.

[ E#Y 2023-06-19 [EEHHAY 2023-09-01



	2023-11

