
Alteration of N-glycosylation in the kidney in a mouse model of
systemic lupus erythematosus: relative quantification of N-glycans

using an isotope-tagging method

Introduction

Glycosylation is one of the most common post-transla-

tional modifications1,2 and contributes to many biological

processes, including protein folding, secretion, embryonic

development and cell–cell interactions.3 Alteration of

glycosylation is associated with several diseases, including

inflammatory responses and malignancies;4–6 for instance,

significant increases in fucosylation and branching are

found in ovarian cancer and lung cancer.7 Additionally, the

carbohydrate structure changes from type I glycans

(Galb1-3GlaNAc) to type II glycans (Galb1-4GalNAc) in

carcinoembryonic antigen in colon cancer.8 Furthermore,

an increase in biantennary oligosaccharides lacking

galactose (Gal) was found on immunoglobulin G (IgG) in

systemic lupus erythematosus (SLE) and rheumatoid

arthritis,9–11 and agalactoglycans are used for the early

diagnosis of rheumatoid arthritis.12

Systemic lupus erythematosus is an autoimmune disease

characterized as chronic and as a systemic disease, with

symptoms such as kidney failure, arthritis and erythema. In

addition to the known changes in glycosylation on IgG,

there have been several reports on the association between

glycosylation and inflammation in SLE and rheumatoid
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Summary

Changes in the glycan structures of some glycoproteins have been

observed in autoimmune diseases such as systemic lupus erythematosus

(SLE) and rheumatoid arthritis. A deficiency of a-mannosidase II, which

is associated with branching in N-glycans, has been found to induce SLE-

like glomerular nephritis in a mouse model. These findings suggest that

the alteration of the glycosylation has some link with the development of

SLE. An analysis of glycan alteration in the disordered tissues in SLE may

lead to the development of improved diagnostic methods and may help to

clarify the carbohydrate-related pathogenic mechanism of inflammation in

SLE. In this study, a comprehensive and differential analysis of N-glycans

in kidneys from SLE-model mice and control mice was performed by

using the quantitative glycan profiling method that we have developed

previously. In this method, a mixture of deuterium-labelled N-glycans

from the kidneys of SLE-model mice and non-labelled N-glycans from

kidneys of control mice was analysed by liquid chromatography/mass

spectrometry. It was revealed that the low-molecular-mass glycans with

simple structures, including agalactobiantennary and paucimannose-type

oligosaccharides, markedly increased in the SLE-model mouse. On the

other hand, fucosylated and galactosylated complex type glycans with high

branching were decreased in the SLE-model mouse. These results suggest

that the changes occurring in the N-glycan synthesis pathway may cause

the aberrant glycosylations on not only specific glycoproteins but also on

most of the glycoproteins in the SLE-model mouse. The changes in glyco-

sylation might be involved in autoimmune pathogenesis in the model

mouse kidney.

Keywords: isotope-tagging method; liquid chromatography/multiple-stage

mass spectrometry; systemic lupus erythematosus
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arthritis.13–15 A deficiency of a-mannosidase II (aM-II),

which is associated with branching in N-glycans, has been

found to induce human SLE-like glomerular nephritis in a

mouse model.16 Green et al. reported that branching struc-

tures of N-glycan in mammals are involved in protection

against immune responses in autoimmune disease patho-

genesis.17 Although there is no direct evidence that alter-

ation of glycosylation is the upstream event in the

pathogenesis of SLE, these findings suggest that changes in

the glycan structure may be involved in the inflammatory-

related autoimmune disorder. Glycosylation analysis may

lead to the development of improved diagnostic methods

and may help to clarify the carbohydrate-related patho-

genic mechanism of inflammation in SLE.

Mass spectrometry (MS) and liquid chromatography/

mass spectrometry (LC/MS) are the most prevalent

strategies for identifying disease-related glycans in glyco-

mics.18–20 Aberrant glycosylations in some disease samples

have been found by comparing mass spectra or chroma-

tograms between normal and disease samples; however,

because of the tremendous heterogeneities of the sugar

moiety in glycoprotein as well as the low reproducibility

of LC/MS, accurate quantitative analysis is difficult using

MS and LC/MS alone. To overcome these problems, we

previously developed the stable isotope-tagging method

for the quantitative profiling of glycans using 2-amino-

pyridine (AP).21 After the glycans are released from sam-

ple and the reference glycoproteins are derivatized to

pyridyl amino (d0-PA) glycans and to tetra-deuterium-

labelled pyridyl amino (d4-PA) glycans, respectively, a

mixture of both d0-PA and d4-PA glycans was subjected

to LC/MS, and the levels of individual glycans were calcu-

lated from the intensity ratios of d0-glycan and d4-glycan

molecular ions (Fig. 1a). Recently, alternative isotope-

tagging methods using deuterium-labelled compounds,

such as 2-aminobenzoic acid its derivatives, and perme-

thylation, have been proposed by other groups.22–24 All of

these studies prove the utility of isotope-tagging methods

for the quantitative analysis of glycosylation.

In the present study, we used the isotope-tagging method

to analyse changes in N-glycosylation in the disordered kid-

ney in an SLE mouse model. We used an MRL/MpJ-lpr/lpr

(MRL-lpr) mouse which lacks the Fas antigen gene.25–27

The MRL-lpr mouse is known to naturally develop SLE-like

glomerular nephritis and is widely used in SLE studies.

MRL/MpJ-+/+ (MRL-+/+) mice were used as controls.

Materials and methods

Materials

The kidneys of the SLE-model mice (MRL-lpr) and con-

trol mice (MRL-+/+) (n = 3) were purchased from Japan

SLC, Inc. (Hamamatsu, Japan). Thermolysin (EC

3.4.24.27), originating from Bacillus thermoproteolyticus

Rokko, was purchased from Daiwa Kasei (Shiga, Japan).

Glycopeptidase A (PNGase A) was obtained from Sei-

kagaku Kogyo Corporation (Tokyo, Japan). Non-deute-

rium-labelled 2-aminopyridine (d0-AP) and deuterium-

labelled 2-aminopyridine (d6-AP) were purchased from

Takara Bio (Otsu, Japan) and Cambridge Isotope Labora-

tories (Andover, MA), respectively.

Sample preparation

Mouse kidneys were filtered using a cell strainer (70 lm;

BD Biosciences, San Jose, CA) and contaminating blood

cells in the kidney cells were burst in 140 mM NH4Cl–Tris

buffer (pH 7�2). The surviving kidney cells were washed

three times with phosphate-buffered saline containing a

mixture of protease inhibitors (Wako, Tokyo, Japan) and

dissolved in guanidine–HCl buffer (8 M guanidine–HCl,

0�5 M Tris–HCl, pH 8�6) containing a mixture of protease

inhibitors by vortexing at 4�. The protein concentration

was measured using a 2-D Quant Kit (GE Healthcare
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Figure 1. (a) Quantitative glycan profiling using the stable isotope-

tagging method and liquid chromatography/mass spectrometry (LC/

MS). (i) sample = control, (ii) sample > control, (iii) sample < con-

trol. (b) Total ion chromatogram obtained by a single scan (m/z

700–2000) of the d0-glycan and d4-glycan mixture.
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Bio-Sciences, Uppsala, Sweden). The protein solution

(200 lg proteins) was incubated with 40 mM dithiothrei-

tol at 65� for 30 min. Freshly prepared sodium iodo-

acetate (final concentration, 96 mM) was added to the

sample solution, and the mixture was incubated at room

temperature for 40 min in the dark. The reaction was

stopped by adding cystine (6 mg/ml in 2 M HCl) in an

amount equal to the amount of dithiothreitol. The solu-

tion containing carboxymethylated proteins was diluted

in four times its volume of H2O, and the mixture was

incubated with 0�1 lg of thermolysin at 65� for 1 hr.

After terminating the reaction by boiling, the reaction

mixture was diluted in four times its volume of 0�2 M

acetate buffer. The N-linked glycans were released by

treatment with PNGase A (1 mU) at 37� for 16 hr and

were desalted using an EnviCarb C cartridge (Supelco,

Bellefonte, PA).

Labelling of N-glycans with d0-AP and d6-AP

Glycans released from the SLE-model mouse cells were

incubated in acetic acid (20 ll) with 12�5 M d0-AP at 90�
for 1 hr. Next, 3�3 M borane–dimethylamine complex

reducing reagent in acetic acid (20 ll) was added to the

solution and the mixture was incubated at 80� for 1 hr.

Excess reagent was removed by evaporation, and d0-PA

glycans were desalted using an EnviCarb C cartridge, con-

centrated in a SpeedVac and reconstituted in 20 ll of

5 mM ammonium acetate (pH 9�6). Glycans released from

the control mouse were labelled with d6-AP in a similar

manner. The resulting d4-PA glycans were combined with

d0-PA glycans, which were prepared from an equal

amount of proteins.

On-line liquid chromatography/mass spectrometry

The sample solution (4 ll) was injected into the LC/MS

system through a 5-ll capillary loop. The d0-PA and

d4-PA glycans were separated in a graphitized carbon col-

umn (Hypercarb, 150 · 0�2 mm, 5 lm; Thermo Fisher

Scientific, Waltham, MA) at a flow rate of 2 ll/min in a

Magic 2002 LC system (Michrom Bioresources, Auburn,

CA). The mobile phases were 5 mM ammonium acetate

containing 2% acetonitrile (pH 9�6, A buffer) and 5 mM

ammonium acetate containing 90% acetonitrile (pH 9�6,

B buffer). The PA-glycans were eluted with a linear gradi-

ent of 5–45% of B buffer for 90 min.

Mass spectrometric analysis of PA glycans was per-

formed using a Fourier transform ion cyclotron reso-

nance/ion trap mass spectrometer (FT-ICR-MS, LTQ-FT;

Thermo Fisher Scientific) equipped with a nanoelectro-

spray ion source (AMR, Tokyo, Japan). For MS, the

electrospray voltage was 2�0 kV in the positive ion mode,

the capillary temperature was 200�, the collision energy

was 25% for MSn experiment, and the maximum injection

times for FT-ICR-MS and MSn were 1250 and 50 milli-

seconds, respectively. The resolution of FT-ICR-MS was

50 000, the scan time (m/z 700–2000) was approximately

0�2 seconds, dynamic exclusion was 18 seconds, and the

isolation width was 3�0 U (range of precursor ions ± 1�5).

Results

Quantitative profiling of kidney oligosaccharides in
the SLE-model mouse

The recovery of oligosaccharides from whole tissues and

cells is generally low because of the insolubility of the mem-

brane fraction and possible degradation of the glycans. To

improve the recovery of N-glycans from kidney cells, whole

cells were dissolved in guanidine hydrochloride solution,

and all proteins, including membrane proteins, were

digested into peptides and glycopeptides with thermolysin.

The N-glycans were then released from the glycopeptides

with PNGase A, which is capable of liberating N-linked

oligosaccharides even at the N- and/or C-terminals of

peptides. The N-linked oligosaccharides from the

SLE-model mice and control mice were labelled with d0-AP

and d6-AP, respectively. The mixture of labelled glycans

derived from an equal amount of proteins was subjected to

quantitative glycan profiling using LC/MSn.

Figure 1(b) shows the total ion chromatogram obtained

by a single mass scan (m/z 700–2000) of the glycan

mixture in the positive ion mode. Although the MS data

contain many MS spectra derived from contaminating

low-molecular-weight peptides, the MS/MS spectra of oli-

gosaccharides could be sorted based on the existence of

carbohydrate-distinctive ions, such as HexHexNAc+ (m/z

366) and Hex(dHex)HexNAc+ (m/z 512). The mono-

saccharide compositions of the precursor ions were calcu-

lated from accurate m/z values acquired by FT-ICR-MS.

Oligosaccharides found at 25–27 min were assigned to

low-molecular-mass glycans consisting of dHex0,1Hex4,3

HexNAc2 (dHex, deoxyhexose; Hex, hexose; HexNAc,

N-acetylhexosamine). High-mannose-type glycans, which

consist of Hex5–10HexNAc2, were located at 20–28 min;

complex-type glycans (dHex0–3Hex3–6HexNAc4–6) were

found at 21–27 min. Figure 2(a) shows the relative inten-

sities of the molecular ions of N-glycans in the SLE-

model mouse, which may correspond roughly to the

levels of individual N-glycans. More than half of all

glycans were complex-type oligosaccharides, and the most

prominent glycan was dHex3Hex5HexNAc5. Man-9

(Hex9HexNAc2) was the second most common oligo-

saccharide. Nearly one-quarter of the glycans were low-

molecular-mass glycans, and dHex1Hex2HexNAc2 was the

third most abundant glycan in the SLE-model mouse.

The rate of percentage change in individual glycans

between the SLE-model mice and control mice was calcu-

lated from the intensity ratio of d0-glycan and d4-glycan
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Figure 2. (a) Relative intensities of the molecular ions of d0-pyridyl amino (PA) glycans from the systemic lupus erythematosus (SLE) model

mouse. The intensity of the most intense ion ([M + 2H]2+of d4-PA dHex3Hex5HexNAc3(3), m/z 1180�97) was taken as 1�0. (b) Rate of percent-

age change of d0/d4-glycans. Each value is the average of three biological repeats. Error bars correspond to the standard deviation. The numbers

in parentheses show the isomers.
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molecular ions (Fig. 2b). The significant changes found in

many glycans are described below.

Increased oligosaccharides in the SLE-model mouse

Figure 3(a,b) show the mass and MS/MS spectra of the

most increased glycan, which showed a notable increase

in the SLE-model mouse. Based on m/z values of molecu-

lar ions and differences of 1�00 U in m/z values among

monoisotopic ions, the intense ion (m/z 973�40) and its

neighbour ion (m/z 977�43) were assigned to [M+H]+ of

d0-PA dHex1Hex2HexNAc2, and d4-PA dHex1Hex2Hex-

NAc2, respectively (Fig. 3a). The intensity ratio of these

ions suggested that the level of dHex1Hex2HexNAc2

increased 3�6-fold in the SLE-model mouse. The structure

of this oligosaccharide was estimated to be a core-fucosy-

lated trimannosyl core lacking a Man residue from the

successive cleavages of Man (Y3: m/z 815), Man (Y2: m/z

653), GlcNAc (Y1: m/z 450) and Fuc (Y1/10: m/z 304)

(inset in Fig. 3b). Such a defective N-glycan is known as

a paucimannose-type glycan, and is rarely found in verte-

brates. All paucimannose-type glycans, such as dHex1

Hex3HexNAc2 (a core-fucosylated trimannosyl core) and

Hex3HexNAc2 (a non-fucosylated trimannosyl core) were

increased in the SLE-model mouse. Furthermore, a two-

fold increase was found in Hex4HexNAc2 (Man-4).

Figure 4 shows the molecular ratios of individual

N-glycans between the SLE-model mice and control mice.

A remarkable increase (3�5-fold) was also found in

dHex1Hex3HexNAc4, which is assigned to a core-fucosy-

lated biantennary oligosaccharide lacking two non-reduc-

ing terminal Gal residues; its non-fucosylated form

(Hex3HexNAc4) was also increased 1�8-fold in the SLE-

model mouse. In other complex-type glycans,

dHex1Hex4HexNAc4 (1), which is assigned to a bianten-

nary oligosaccharide lacking one molecule of Gal,

increased 1�6-fold. Interestingly, a significant decrease was

found in dHex1Hex4HexNAc4 (2), a positional isomer of

dHex1Hex4HexNAc4 (1); this might have been caused by

galactosylation on either GlcNAc-Mana1–3 or GlcNAc-

Mana1–6. In contrast, no change was found between

fucosylated and non-fucosylated oligosaccharides, nor

between bisected and non-bisected oligosaccharides.

A significant increase was found in some high-

mannose-type oligosaccharides, such as Hex5HexNAc2

(Man-5; + 137%) and Hex6HexNAc2 (1) (Man-6;

+ 136%), while Hex7HexNAc2 (1,2) (Man-7) and a posi-

tional isomer of Hex6HexNAc2 (1) [Hex6HexNAc2 (2)]

remained unchanged in the SLE-model mouse. A slight

increase was found in Hex8HexNAc2 (Man-8; + 116%)

and Hex10HexNAc2 (possibly assigned to Man-9 plus Glc;

+ 116%).

Decreased oligosaccharides in the SLE-model mouse

The mass spectrum of the most decreased glycan is shown

in Fig. 5(a). Based on differences of 0�5 U in m/z values

among monoisotopic ions, molecular ions at m/z 1180�97
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and 1182�98 are estimated to be [M + 2H]2+ of d0-PA

and d4-PA dHex3Hex5HexNAc5 (1), respectively. The

intensity ratio of d0 : d4 glycans suggests that this glycan

in the SLE-model mouse was decreased to 47% of the

amount found in the control mouse. Figure 5(b) shows

the MS2–4 spectra of d0-PA dHex3Hex5HexNAc5 (1) (pre-

cursor ion, m/z 1180�97). The fragment ion at m/z 512 in

MS/MS (i) and MS/MS/MS (ii) spectra, which corre-

sponds to dHex1Hex1HexNAc1
+, suggests the attachment

of two Lewis motifs on the side chains of the glycan. The

presence of dHex1HexNAc1PA+ (m/z 446) and

dHex1Hex1HexNAc3PA+ (m/z 1015) reveals the linkages

of a core fucose and a bisecting GlcNAc. Based on these

fragments, this decreased glycan is estimated to be a

Lewis-motif-modified, core-fucosylated and bisected bi-

antennary oligosaccharide (inset in Fig. 5).

As shown in Figs 2(b) and 4, oligosaccharides lacking

one molecule of Gal with and without bisecting Glc-

NAc [dHex1Hex4HexNAc4 (2) and dHex1Hex4HexNAc5

(1)] were decreased to 48% and 55%, respectively. A

significant decrease was also found in other monogalacto-

biantennary oligosaccharides, such as dHex2Hex4Hex

NAc4 (2) (a Lewis-motif-modified, core-fucosylated

monogalacto-biantennary) and dHex2Hex4HexNAc5 (1)

(a Lewis-motif-modified core-fucosylated and bisected

monogalacto-biantennary).

The oligosaccharides, non-reducing ends of which are

fully galactosylated, were decreased in the SLE-model

mouse. For example, monofucosyl biantennary

dHex1Hex5HexNAc4 (1) and (2) were decreased 59% and

75%, respectively. The di-, tri- and tetra-fucosylated oli-

gosaccharides, dHex2Hex6HexNAc6 (1), dHex3Hex6Hex-

NAc6 (1,2) and dHex4Hex6HexNAc6 (1,2), which were

estimated to be tri- and tetraantennary forms, were

also significantly decreased. These results show that

oligosaccharides with a complicated structure, such as

high branching oligosaccharides and di- and tri-fucosylated

oligosaccharides, were decreased in the SLE-model mouse.

Discussion

Using the isotope-tagging method, we demonstrated

aberrant N-glycosylation on the kidney proteins of a SLE-

model mouse. We found increases in low-molecular-mass

glycans with simple structures, including paucimannose-

type glycans, agalacto-biantennary oligosaccharides, Man-5

and Man-6, and decreases in glycans which have a compli-

cated and diverse structure, such as digalacto-biantennary

oligosaccharides and highly fucosylated glycans (Fig. 4). An

increase in agalacto-biantennary oligosaccharides on IgG

has been reported in the sera of patients with autoimmune

diseases, including SLE, rheumatoid arthritis and IgA

Increased 
glycan 

(>120%) 

Deduced 
structure 

Intensity 
ratio(%) 136 

Hex6HexNAc2 
(1) 

dHex1Hex4HexNAc4 
(1) 

dHex4Hex6HexNAc6 
(2) 

dHex3Hex6HexNAc6 
(1,2) 

dHex2Hex6HexNAc6 
(1) 

dHex1Hex4HexNAc5 
(3,4) 

dHex2Hex4HexNAc4 
(1) 

dHex2Hex4HexNAc5 
(2,3) 

dHex4Hex6HexNAc6 
(1) 

dHex2Hex6HexNAc6 
(2) 

dHex3Hex5HexNAc5 
(2,3) 

dHex3Hex5HexNAc4 
(1,2) 

dHex2Hex5HexNAc5 
(1–5) 

dHex1Hex5HexNAc5 
(1–3) 

dHex1Hex5HexNAc4 
(3,4) 

dHex1Hex6HexNAc6 dHex3Hex6HexNAc5 

dHex3Hex5HexNAc5 
(1) 

dHex2Hex4HexNAc5 
(1) 

dHex2Hex4HexNAc4 
(2) 

dHex1Hex5HexNAc4 
(1,2) 

Hex7HexNAc2 
(1,2) 

Hex6HexNAc2 
(2) 

Hex5HexNAc2 
(2) 

dHex1Hex4HexNAc5 
(1,2) 

dHex1Hex4HexNAc4 
(2) 

Hex10HexNAc2 Hex9HexNAc2 Hex8HexNAc2 

Hex5HexNAc2 
(1) 

Hex4HexNAc2 Hex3HexNAc2 dHex1Hex2HexNAc2 dHex1Hex3HexNAc2 dHex1Hex3HexNAc4 Hex3HexNAc4 

–208 

116 

–104, –105 110, 115 –112 –106 –114 –112 116 –111, –103, 
–119 

–101, 102, 
–110, 113, 

100 

116 –111, 107 102 106 –115, 101 –101 –111 105, 101 

–182, –133 –133 –149 –154 –213 –159 –147, –132 –139 –169, 

137 204 139 363 170 184 346 163 

Abbreviation 

Deduced 
structure 

Intensity 
ratio(%) 

Abbreviation 

Deduced 
structure 

Intensity 
ratio(%) 

Abbreviation 

Deduced 
structure 

Intensity
ratio (%)

Abbreviation 

Decreased 
glycan 

(<–120%) 

Other
glycan

Figure 4. Summary of quantitative analysis of the systemic lupus erythematosus (SLE) model mouse against control mice. Values of relative

ratios are the averages of three biological repeats. Grey circle, mannose; white circle, galactose; grey triangle, fucose; black square, N-acetylglucos-

amine.

� 2008 The Authors Journal compilation � 2008 Blackwell Publishing Ltd, Immunology, 126, 336–345 341

Differential analysis of N-glycan in the kidney in a SLE mouse model



nephropathy.9,11,28 The present findings show that abnor-

mal glycosylation occurs not only in IgG in serum but also

in several glycoproteins in the SLE-model mouse kidney.

Figure 6 shows the biosynthesis pathway of N-linked

oligosaccharides in mammalian cells. Man-9, a product in

the early stage of the pathway, is processed to Man-5 in

the endoplasmic reticulum, and a GlcNAc and Fuc are

added to Man-5 in the Golgi apparatus. After the

removal of two Man residues by aM-II, GlcNAc, Gal and

Fuc are further added to oligosaccharides by several

glycosyltransferases. There have been a few reports on

paucimannose-type oligosaccharides in vertebrates;29 how-

ever, these glycans are common oligosaccharides in other

multicellular organisms such as insects and Caenorhabditis

elegans.30,31 The membrane protease b-N-acetylgluco-

saminidase is thought to mediate the synthesis of

paucimannose-type oligosaccharides.32 Based on core

fucosylation on some paucimannose-type oligosaccha-

rides, it was deduced that b-N-acetylglucosaminidase

might act on glycan synthesis after N-acetylglucosaminyl-

transferase I, core fucosyltransferase and aM-II.32 The

synthesis of paucimannose-type oligosaccharides may be

involved in the suppression of growing diversity and

complexity of glycan structures.

We found a number of changes in the levels of

monogalacto-biantennary oligosaccharides in the SLE

mouse. Galactosylation to agalacto-biantennary oligo-

saccharides is mediated by b-1,4-galactosyltransferase
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(b-1,4-GalTase).33 Previous studies suggested that trans-

lational repression of b-1,4-GalTase in lymphocytes is

associated with an increase in agalacto-oligosaccharides

on IgG in the serum of the MRL-lpr mouse.34 Although

the activity of b-1,4-GalTase remains unknown in the

SLE-model mouse, the increase in agalacto forms and

the decrease in digalacto forms imply changes in b-1,4-

GalTase activity. The present results suggest a decrease

in diverse and complex glycans, which are synthesized at

a late stage in the N-glycan synthesis pathway, and an

increase in the simple glycans appearing at an early stage

in the SLE-model mouse.

The activation of complements is involved in glomeru-

lar nephritis of SLE.35–37 The complements are activated

through three pathways: a classical pathway, an alternative

pathway and a lectin pathway. In the classical pathway, a

binding of C1q to an immune complex triggers the acti-

vation of C1r and C1s. Activated C1s cleaves C4 and C2,

generating C3 convertase (C4b2a), which generates C3b.

The complement component subsequently produces C5b-

9 complex, which leads to an inflammatory response on

host tissues.38–41 The excess deposition of immune com-

plexes followed by a sustained immune response triggers

tissue disorders, including lupus nephritis.42–45 In the

lectin pathway, mannose-binding lectin (MBL) is associ-

ated with the activation of complements. Two forms of

MBL (MBL-A and MBL-C) are present in complexes with

MBL-associated serine proteases (MASPs) in mice. The

MASPs are activated by binding MBL to Man or GlcNAc

on the surface of the antigen in a calcium-dependent

manner.46–49 Like C1s in the classical pathway, activated

MASPs cleave C4 and C2.50,51 In lupus nephritis, MBL-A

and MBL-C in the immune complex bind to GlcNAc resi-

dues at the reducing ends of agalacto-biantennary oligo-

saccharides in IgG,52 and subsequently activate the

complements.53,54 In aM-II-deficient mice, which suffer

from SLE-like syndromes including kidney disorders, the

majority of glycans are hybrid-type oligosaccharides

because of the failure of Man trimming by the lack of

aM-II.16 Green et al. concluded that MBL recognized

Mana1–3 and Mana1–6 linkages in hybrid-type oligo-

saccharides,17 and glycans lacking normal side chains,

including agalacto-biantennary oligosaccharides, might be

involved in the aberrant immune response in auto-

immune diseases. Paucimannose glycans, which contain

exposed Mana1–3 or Mana1–6 linkages, may be recog-

nized as ligand carbohydrates by MBL. Our present find-

ing, an increase in paucimannose oligosaccharides and

agalacto forms, might result from an alteration of the bio-

synthesis pathway of N-glycans. The alterations may cause

the aberrant glycosylations on most of the glycoproteins

rather than some glycoproteins in the SLE-model mouse.

The changes in glycosylation might be involved in an

autoimmune pathogenesis in the SLE-model mouse

kidney.

The continuous production of aberrant antibodies that

react with components from self-tissue and accumulation

in the immune complex are thought to promote tissue

damage in autoimmune disease.55,56 The mechanism of

localized accumulation in the immune complex in some

tissues remains unknown in SLE. We found an increase

in glycans that may bind to MBL and subsequently pro-

mote complement activation via the lectin pathway in the

mouse kidney. Our present results suggest that an aber-

rant N-glycan synthesis pathway as well as an abnormal

immune system may be involved in the damage caused

by glomerular nephritis in the SLE-model mouse.
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