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MAGE-B2 Autoantibody: A New Biomarker for
Pediatric Systemic Lupus Erythematosus
ALICE D.C. HOFTMAN, LEI-QIAN TAI, SHEILA TZE, DAVID SELIGSON, RICHARD A. GATTI,
and DEBORAH K. McCURDY

ABSTRACT. Objective. Melanoma-associated antigen gene B2 (MAGE-B2) encodes an embryonic antigen nor-
mally silenced after birth except in testis and placenta. We identified the MAGE-B2 gene and
autoantibodies in pediatric patients with systemic lupus erythematosus (SLE) glomerulonephritis.
We investigated the prevalence of MAGE-B2 autoantibodies in association with active SLE, to
determine a pathogenetic role of MAGE-B2 protein through its distribution in cells and tissues.
Methods.A cross-sectional study analyzed the frequency of MAGE-B2 autoantibodies in 40 patients
with pediatric SLE, 23 adult controls, and 16 patients with pediatric juvenile rheumatoid arthritis
(JRA) using Western blots containing recombinant MAGE-B2. SLE Disease Activity Index 2000
(SLEDAI-2K) and British Isles Lupus Assessment Group (BILAG) index measured SLE disease
activity. Tissue distribution of MAGE-B2 protein was assessed by immunohistochemistry, immuno-
fluorescence, and Western blots.
Results. Seventeen (43%) of 40 pediatric SLE patients had MAGE-B2 autoantibodies as compared
to 0 of 16 JRA patients and 2 of 23 adult controls. SLE disease activity was significantly higher in
MAGE-B2 autoantibody-positive versus autoantibody-negative patients (SLEDAI-2K, mean 10.9 vs
5.2, p = 0.013; BILAG, mean 15.3 vs 6.3, p = 0.023). Active nephritis was more prevalent (60% vs
24%) in MAGE-B2 autoantibody-positive than autoantibody-negative SLE patients. MAGE-B2 pro-
tein was visualized in SLE kidney proximal convoluted tubules and in tumor epithelial cells, but not
in lymphoblastoid cells.
Conclusion.MAGE-B2 autoantibody appears to be a clinically relevant biomarker for pediatric SLE
disease activity and nephritis. (First Release Nov 1 2008; J Rheumatol 2008;35:2430–8; doi:10.3899/
jrheum.080333)
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Systemic lupus erythematosus (SLE) is a lifelong autoim-
mune illness that can potentially affect every organ in the
body. The disease course is one of intermittent remissions
and exacerbations, with exacerbations often precipitated by

ultraviolet radiation, infections, or drugs1. Genetic and envi-
ronmental components contribute to the SLE disease
process, but its etiology remains elusive. Current patho-
physiologic models suggest that cryptic antigen expression
may be induced after an initial triggering event, causing a
downstream cascade of antigen recognition, activation of
the innate and adaptive immune systems, autoantibody pro-
duction, chronic inflammation, and organ damage2,3.

Our group was the first to describe melanoma-associated
antigen gene B2 (MAGE-B2; National Center for Biotech-
nology Information accession no. NM_002364) autoanti-
bodies in patients with SLE4,5. In a search for autoantigens
that might provoke an autoimmune response, MAGE-B2
was cloned from a human epithelioma cell line (HEp-2) pro-
tein expression library, using uncharacterized serum autoan-
tibodies from 2 pediatric patients with SLE4. These patients
had Class IV glomerulonephritis according to the World
Health Organization (WHO) classification6, with high anti-
nuclear antibody titers and high double-stranded DNA
(dsDNA) antibody titers. They did not have a prior diagno-
sis of malignancy and have remained cancer-free for the past
10 years.

The large MAGE gene family is categorized alphabeti-
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cally (A through L), with the majority clustering on the X
chromosome7. MAGE-A1 was the first MAGE antigen
described, notably for its ability to activate cytotoxic T lym-
phocytes in the context of major histocompatibility complex
(MHC) presentation8. Other MAGE family members,
including MAGE-B2, were later identified by their
sequence homology to the MAGE A genes and intronless
open-reading frame9-11. The MAGE A, B, and C families
belong to a larger cancer-testis gene family that has charac-
teristic expression in normal testis and in various cancers
such as melanoma, non-small cell lung carcinoma, ductal
breast carcinoma, and testicular carcinoma11,12. MAGE
antigens are expressed in developing fetal ovaries and nor-
mal placenta, and may have important roles in embryogene-
sis and gametogenesis11-16. The MAGE-B2 gene, located on
the short arm of the X chromosome, has 4 exons with the
single open-reading frame in exon 44,7,11. The MAGE-B2
protein has 319 amino acids and a molecular weight
of 35 kDa4. The biologic function of MAGE-B2 remains
unknown15.

The discovery of MAGE-B2 autoantibodies in patients
with pediatric SLE prompted us to perform a cross-section-
al study to ascertain the prevalence and clinical relevance of
this autoantibody in a pediatric SLE cohort. We determined
for the first time that an association exists between the pres-
ence of MAGE-B2 autoantibodies and SLE disease activity
and nephritis.

MATERIALS AND METHODS
Patients. Forty pediatric patients with SLE were enrolled into the study
from the outpatient clinics and inpatient wards of the Children’s Hospital of
Orange County (CHOC) and the Mattel Children’s Hospital at the
University of California, Los Angeles (UCLA) between January 2002 and
February 2007. Inclusion criteria included diagnosis of SLE by the pres-
ence of 4 out of 11 clinical and laboratory criteria as defined in 1997 by the
American College of Rheumatology (ACR)17. Patients with SLE who had
undergone renal transplant were excluded as their renal function and urine
studies more likely reflected transplant-related changes rather than SLE-
induced changes, and their immunosuppressive regimens differed from
those of SLE patients without transplant. Clinical data (age, sex, ethnicity,
date of diagnosis, history, physical examination, medications, laboratory
results, and radiographic reports) were collected prospectively at UCLA
and retrospectively at CHOC.

Sixteen pediatric patients meeting the 1986 ACR diagnostic criteria for
juvenile rheumatoid arthritis (JRA)18 were enrolled into the autoimmune
disease control group from CHOC between April 2003 and February 2005.
Due to difficulties in the recruitment of age-matched healthy pediatric con-
trols, 23 adult volunteer controls were enrolled from both institutions
between June 2004 and December 2006. These volunteers self-reported
normal health without autoimmune disease or malignancy; their medical
records were not obtained. All subjects and/or their respective parents or
guardians gave written informed consent and/or assent (for children 7 to 13
years of age) approved by the UCLA Institutional Review Board and the
CHOC Institutional Review Board. This study was performed in accord
with the Declaration of Helsinki guidelines19.
Disease activity measurement. Disease activity was measured by the SLE
Disease Activity Index 2000 (SLEDAI-2K) and the British Isles Lupus
Assessment Group (BILAG) index (version 3)20,21. BILAG index “A”
received 9 points, “B” 4 points, “C” 1 point, and “D” and “E” 0 points.

Disease activity measurements were performed by one investigator
(ADCH) and confirmed by a second blinded investigator (DKM). Renal
SLEDAI scores encompassed the 4 renal categories in the SLEDAI-2K:
hematuria (> 5 red blood cells/high power field), pyuria (> 5 white blood
cells/high power field), urinary casts (heme-granular or red blood cell
casts), and proteinuria (24-h urine protein > 0.5 g). “Active nephritis” was
described in patients with proteinuria (as defined by the Renal SLEDAI cri-
teria or by random urine protein:creatinine ratio > 0.5), and/or any of the
other Renal SLEDAI categories22. The “all nephritis” category included all
patients with past or current SLE glomerulonephritis, diagnosed clinically
or by renal biopsy. The total number of patients whose data were available
for disease activity analysis was 32 (n = 15 in the MAGE-B2 autoantibody-
positive group, n = 17 in the MAGE-B2 autoantibody-negative group).

Since complement levels and anti-dsDNA antibody titers are often used
clinically to monitor SLE disease activity, MAGE-B2 autoantibody status
was compared to anti-dsDNA antibody titers and the presence of low com-
plement levels. Patients were stratified into high-titer or low-titer dsDNA
antibody groups. High-titer anti-dsDNA antibody was defined as an indirect
immunofluorescence titer ≥ 1:320 on Crithidia luciliae substrate or an
enzyme immunoassay value 3-fold greater than the established laboratory
negative cutoff value. Patients with decreased complement values in C3, C4,
or both were placed in the “low complement” group. Possible correlations
of MAGE-B2 autoantibodies with other SLE-associated autoantibodies (i.e.,
Smith, ribonucleoprotein, Ro, La, cardiolipin, scleroderma-70, ribosomal P,
histone, and antineutrophil cytoplasmic antibodies) were also analyzed.
Recombinant MAGE-B2 protein synthesis. pBluescript plasmids containing
MAGE-B2 complementary DNA (cDNA) were extracted from a HEp-2
cDNA expression library using the ZAP-II lambda phage system, per the
manufacturer’s protocol (Stratagene, La Jolla, CA, USA)4. MAGE-B2
cDNA was excised from the pBluescript plasmid with Xho I and BAM HI
restriction enzymes (New England Biolabs, Ipswich, MA, USA) and ligat-
ed into a glutathione S-transferase (GST)-containing vector, PGEX 6p-1
(Sigma-Aldrich, St. Louis, MO, USA). The PGEX-MAGE-B2 vector was
transformed into BL21-DE3 Escherichia coli (Invitrogen, Carlsbad, CA,
USA) and the MAGE-B2-GST fusion protein was obtained after isopropyl-
beta-D-thiogalactopyranoside induction, sonication, and GST column
extraction (General Electric Healthcare, Piscataway, NJ, USA). GST tags
were excised from MAGE-B2 proteins with thrombin (General Electric
Healthcare).
MAGE-B2 autoantibody detection by Western blot. Four milliliters of blood
were collected from each patient, and plasma was separated and frozen
(–80°C) in aliquots. Prior to use on immunoblots, patient plasma was pre-
absorbed with E. coli lysate (Stratagene) to minimize nonspecific binding
to recombinant MAGE-B2 proteins synthesized in an E. coli system. We
followed an immunoblot protocol previously established in our laboratory
using 7.5% polyacrylamide gel electrophoresis and 0.4 µg recombinant
MAGE-B2 protein per lane23. Each polyvinylidene difluoride (PVDF; Bio-
Rad, Hercules, CA, USA) membrane strip containing a single lane of
recombinant MAGE-B2 was incubated with a preabsorbed plasma sample
(1:250 dilution)24, followed by incubation with horseradish peroxidase-
conjugated anti-human IgG secondary antibody (1:100,000 dilution;
Sigma-Aldrich). Positivity was defined by visual inspection for a single
band close to 36 kDa. PVDF membranes were reused for screening after
efficient stripping (30 min at 65°C in 20% sodium dodecyl sulfate/7.8% ß-
mercaptoethanol) was confirmed by a 1–2 hour film exposure following
secondary antibody incubation and enhanced chemiluminescence (General
Electric Healthcare). PVDF membranes were probed with commercial
MAGE-B2 antibody after the fifth and eleventh strippings and demonstrat-
ed MAGE-B2 protein immunoreactivity. PVDF membranes were not used
after the eleventh stripping.
Specificity of commercial MAGE-B2 antibody and MAGE-B2 autoantibod-
ies. Commercial goat polyclonal anti-MAGE-B2 antibody (1:500 dilution;
Santa Cruz Biotechnology, Santa Cruz, CA, USA) served as a positive con-
trol on immunoblots loaded with recombinant MAGE-B2 protein (0.4 µg).
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To establish binding specificity, the commercial MAGE-B2 antibody was
absorbed at 4°C with blocking peptide (Santa Cruz Biotechnology) at 50
times the molar concentration of the antibody. The commercial antibody
was also absorbed with our recombinant MAGE-B2 protein. In parallel
experiments, recombinant MAGE-B2 protein was used to absorb patient
autoantibodies. All absorbed antibodies were then tested on immunoblots.
Subcellular MAGE-B2 expression. Using the NE-PER kit (Pierce
Chemical, Rockford, IL, USA) for subcellular fractionation, nuclear and
cytosolic lysates (25 µg each) from HEp-2, a SLE lymphoblastoid cell line
(LCL), and a normal LCL, along with recombinant MAGE-B2 protein (0.9
µg), were analyzed by Western blot using commercial MAGE-B2 antibody
(1:500; Santa Cruz Biotechnology). Subcellular fractionation controls
included lamin A&C antibodies (1:500; catalog no. ab58529, Abcam,
Cambridge, MA, USA) as a nuclear marker, and heat shock protein-90
(HSP-90) antibody (1:30,000; Novus Biologicals, Littleton, CO, USA) as a
cytosolic marker.
MAGE-B2 indirect immunofluorescence. HEp-2 cells and ductal epithelial
breast cancer cells (MDA-231; a gift from J. Colicelli, PhD, University of
California, Los Angeles) were sequentially incubated with primary and sec-
ondary antibodies at 37°C prior to fixation, based on a cell-surface indirect
immunofluorescence protocol25. Primary antibodies included polyclonal
goat IgG anti-MAGE-B2 (4 µg/ml; Santa Cruz Biotechnology) and mono-
clonal mouse IgG2a anti-HLA ABC antibodies (10 µg/ml; Abcam).
Secondary antibodies included fluorescein isothiocyanate (FITC) conjugat-
ed anti-goat IgG (1:125; Sigma-Aldrich) and tetramethyl rhodamine isoth-
iocyanate (TRITC) conjugated anti-mouse IgG (1:100; Sigma-Aldrich).
Normal goat and mouse IgG controls (goat IgG 4 µg/ml; mouse IgG 10
µg/ml; Santa Cruz Biotechnology) were sequentially incubated at identical
conditions as above, followed by respective secondary antibodies. Nuclei
were stained blue with 4’6-diamidino-2-phenylindole (DAPI) after fixation
with 4% paraformaldehyde. For intracellular indirect immunofluorescence,
fixed HEp-2 cells were permeabilized with 0.5% Triton X-100 before pro-
ceeding with the above protocol.
MAGE-B2 immunohistochemistry. Samples of core renal biopsies obtained
from SLE patients with WHO Class IV or Class V glomerulonephritis6 (6
each) and a histologically normal region of resected kidney from a patient
with renal cell carcinoma were obtained anonymously from the UCLA
Tissue Procurement Core Laboratory. Immunohistochemistry was per-
formed after incubating slides at 95°C in 10 mM sodium citrate (pH 6.0)
for 25 min, using commercial MAGE-B2 antibodies (1 µg/ml; Santa Cruz
Biotechnology) or goat IgG control (1 µg/ml; Invitrogen), the Vectastain
ABC Kit (Vector Laboratories, Burlingame, CA, USA), and diaminobenzi-
dine (Vector Laboratories) according to the manufacturer’s protocol.
Digital photographs of immunohistochemistry and immunofluorescence
slides were taken with an Axiocam camera on an Axioskop 2 microscope,
using AxioVision software (Zeiss, Thornwood, NY, USA).
Statistical analysis. The p values for comparing population proportions
were computed with Fisher’s exact test. p values for comparing continuous
data with a normal distribution were calculated using Student’s t test; p val-
ues for comparing continuous data with a skewed distribution were calcu-
lated using the Wilcoxon/Kruskal-Wallis rank-sum test. A Spearman rank
correlation was computed for assessing the strength of the possibly nonlin-
ear association between disease duration and activity. p values < 0.05 were
considered statistically significant. Computations were made with JMP ver-
sion 6 (SAS Institute, Cary, NC, USA).

RESULTS
SLE patients. We tested preabsorbed plasmas from 40 pedi-
atric patients with SLE enrolled in the cross-sectional study.
Using Western blot strips loaded with 0.4 µg recombinant
MAGE-B2 protein, we observed single bands close to 36
kDa in 17 (43%) samples. We interpreted these bands as
MAGE-B2 autoantibodies. Age, sex, and ethnicity were not

significantly different between the 2 groups (Table 1).
Female to male ratio was 5.7 to 1 (34 female, 6 male). The
ethnic distribution of the cohort was 51% Hispanic, 29%
Asian, 12.5% African American, and 7.5% Caucasian. No
SLE patient had a current or past diagnosis of cancer.

Disease duration from the date of diagnosis was shorter
in the MAGE-B2 antibody-positive SLE patient group as
compared with the antibody-negative patient group (Table
1). The mean disease duration was 31.5 months (range
0–171) in the antibody-positive group and 56.7 months
(range 2–153) in the antibody-negative group (p = 0.007).
Seven patients (41%) in the former group had disease dura-
tion < 6 months, compared to one patient (4%) in the latter
group (p = 0.048). MAGE-B2 autoantibody was present in
7 of 8 (88%) patients whose SLE disease duration was < 6
months, as compared to 10 of 32 (31%) patients whose dis-
ease duration was > 6 months (p = 0.006).

Because the presence of autoantibodies could be influ-
enced by medications, we compared the therapy received by
patients in the cohort. The mean daily dosage of prednisone
was similar between the MAGE-B2 autoantibody positive
and negative groups: 23.4 mg versus 21.8 mg (Table 1).
Angiotensin-converting enzyme inhibitor and cyclophos-
phamide exposure were also similar. There was a trend
toward increased mycophenolate mofetil treatment in the
MAGE-B2 autoantibody-negative subset (p = 0.07).
Hydroxychloroquine (HCQ) treatment was more frequent in
the same subset (p = 0.04). The types of nephritis and preva-
lence of biopsy-proven nephritis were comparable in both
SLE patient groups (Table 1).
SLE disease activity and nephritis. SLE disease activity was
significantly higher in patients with MAGE-B2 autoantibod-
ies (Figure 1A). The mean SLEDAI-2K score was 10.9 in the
antibody-positive group as compared to 5.2 in the antibody-
negative group (p = 0.013); the mean BILAG score was 15.3
in the antibody-positive group as compared to 6.3 in the anti-
body-negative group (p = 0.023). Renal SLEDAI scores
were not significantly different between the groups (p = 0.21;
Table 2). When the SLEDAI-2K, BILAG, and renal SLEDAI
scores were adjusted using urine protein:creatinine ratio >
0.5 as a surrogate for a 24-h urine protein excretion > 0.5 g,
the significance values remained relatively unchanged (p =
0.027, p = 0.013, and p = 0.25, respectively).

Since SLE disease activity is generally higher in newly
diagnosed patients, we repeated the analysis after excluding
all patients with disease duration < 6 months. Seven patients
from the antibody-positive group and one patient from the
antibody-negative group were excluded. The resulting data
showed a mean SLEDAI-2K score ± standard deviation of
10.1 ± 8.4 in the antibody-positive group and 5.4 ± 5.9 in the
antibody-negative group (p = 0.08); mean BILAG score was
10.9 ± 11.6 in the antibody-positive group and 6.5 ± 5.6 in
the antibody-negative group (p = 0.42). Spearman’s correla-
tion showed an inverse relationship between SLE disease
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Table 1. Demographic data of patients with pediatric SLE.

MAGE-B2 Autoantibody-positive, MAGE-B2 Autoantibody-negative, p*
n = 17 n = 23

Age, yrs
Mean ± SD 14.1 ± 4.2 15.7 ± 3.6 0.19**
Range 3–19 9–23
Median 15 15

Sex, %
Male 17.6 4.3 0.29
Female 82.4 95.7

Ethnicity, %
Asian 32.3 26.1 0.97
African American 11.8 13
Hispanic 50 52.2
Caucasian 5.9 8.7

Disease duration, mo
Mean ± SD 31.5 ± 42.3 56.7 ± 35.6 0.007***
Median 23 51

Biopsy-proven nephritis, %
Total 52.9 56.5 0.57

WHO Class II 5.9 0
WHO Class III 5.9 8.7
WHO Class IV 17.6 26.1
WHO Class V† 23.5 21.7

No nephritis 35.3 39.1
Medication††

Prednisone, mean ± SD mg 23.4 ± 15 21.8 ± 17.2 0.79**
Cyclophosphamide, % 40 35.7 1
Mycophenolate mofetil, % 33.3 71.4 0.07
Azathioprine, % 6.7 7.1 1
Methotrexate, % 0 14.3 0.22
Hydroxychloroquine, % 53.3 92.9 0.04
ACE inhibitor, % 46.7 57.1 0.72
Aspirin, % 40 28.6 0.70
NSAID, % 13.3 21.4 0.65

* p values calculated using Fisher’s exact test except where noted. ** Student t test. *** Wilcoxon/Kruskal
Wallis rank-sum test. † Includes mixed proliferative and membranous glomerulonephritis. †† Medication analy-
sis included 29 patients whose medication records were available. ACE: angiotensin-converting enzyme;
NSAID: nonsteroidal antiinflammatory drugs; WHO: World Health Organization.

Figure 1. A. Disease activity distribution of SLE patients with and without the MAGE-B2 autoantibody. Horizontal line in each column depicts the mean
value. P values by Wilcoxon/Kruskal-Wallis rank-sum test. B. Comparison of active nephritis and all nephritis in patients with and without MAGE-B2 autoan-
tibody. The active-nephritis category was defined as any positive Renal SLEDAI and/or a urine protein:creatinine ratio > 0.5 or proteinuria > 0.5 g/24 h. The
all-nephritis category included patients with past or current lupus nephritis, diagnosed clinically or by renal biopsy. P values by Fisher’s exact test.
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activity and disease duration, but it did not reach statistical
significance: r = –0.24 (p = 0.18) and r = –0.33 (p = 0.07)
comparing SLE disease duration to SLEDAI-2K and
BILAG indices, respectively.

The cohort of pediatric patients with MAGE-B2 autoan-
tibody had a higher prevalence of active lupus nephritis
(60%) compared to those without the antibody (24%) (p =
0.07; Table 3, Figure 1B). Both patient groups had a high
prevalence of glomerulonephritis (71% and 65%; p = 1.0).
The proportion of patients with positive anti-dsDNA anti-
body titers was similar between the 2 groups: 67% and 65%
(p = 1.0). Subanalysis showed that 60% of MAGE-B2 anti-
body-positive patients had high-titer dsDNA antibodies,
compared to 35% of the MAGE-B2 antibody-negative
patients (p = 0.29). Low complement levels were more
prevalent in the MAGE-B2 autoantibody-positive group
(60% vs 29%; p = 0.15). Low complement levels were found
in about 80% of patients with high-titer anti-dsDNA anti-
bodies. There was also no serological correlation between
MAGE-B2 autoantibodies and other SLE-associated autoan-
tibodies (data not shown).

Plasma samples from patients with JRA were included to
determine whether MAGE-B2 autoantibodies occur in other
autoimmune diseases. Using immunoblot strips containing
our recombinant MAGE-B2 protein, none of the 16 patients

with JRA had detectable autoantibody to MAGE-B2, as
compared to 43% of SLE patients (p = 0.001). MAGE-B2
autoantibodies were present in 2 of the 23 adult controls (p
= 0.005 vs SLE patients).
Specificity of commercial MAGE-B2 antibodies and autoan-
tibodies. Using PVDF membrane strips loaded with our
recombinant MAGE-B2 protein (0.4 µg), the commercial
antibody signal was abrogated by absorption with commercial
MAGE-B2 blocking peptide (Figure 2A, 2B) and with
recombinant MAGE-B2 protein (Figure 2C), demonstrating
antigen-binding specificity of the commercial anti-MAGE-
B2 antibody. Plasma MAGE-B2 autoantibody signal was also
blocked by recombinant MAGE-B2 protein (Figure 2D).
MAGE-B2 expression. MAGE-B2 was seen in immunoblots
of cytosolic and nuclear HEp-2 lysates (Figure 3). It was
noted predominantly in the cytosolic compartment, but
given the comparatively lower expression of ß-actin control
in the nuclear lysate sample, it is possible that the HEp-2
nuclear MAGE-B2 expression may be similar to that seen in
the cytosol. No MAGE-B2 expression was seen in either the
SLE or normal LCL. The nuclear marker lamin A&C
showed no nuclear contamination of the cytoplasmic frac-
tions. HSP-90, mainly a cytosolic protein, showed some
cytoplasmic contamination of the HEp-2 nuclear prepara-
tion, but not of the LCL.

Table 2. Comparison of SLE disease activity.

MAGE-B2 Autoantibody-positive, MAGE-B2 Autoantibody-negative, p*
n = 15 n = 17

SLEDAI-2K
Mean ± SD 10.9 ± 7.5 5.2 ± 5.7 0.013
Median 8 2

BILAG
Mean ± SD 15.3 ± 13.2 6.3 ± 5.5 0.023
Median 13 5

Renal SLEDAI
Mean ± SD 2.7 ± 4.5 1.2 ± 2.7 0.21
Median 0 0

* Wilcoxon/Kruskal-Wallis rank-sum test. SLEDAI-2K: SLE Disease Activity Index 2000; BILAG: British Isles
Lupus Assessment Group Index.

Table 3. Comparison of dsDNA autoantibody titers, hypocomplementemia, and nephritis.

MAGE-B2 Autoantibody-positive, MAGE-B2 Autoantibody-negative, p*
n = 15 n = 17

Active nephritis, % (n) 60 (9) 24 (4) 0.07
All nephritis**, % (n) 71 (12) 65 (15) 1.0
Anti-dsDNA autoantibody- 67 (10) 65 (11) 1.0

positive, % (n)
Higher-titer dsDNA autoantibody, 60 (9) 35 (6) 0.29

% (n)
Low complement, % (n) 60 (9) 29 (5) 0.15

*Fisher’s exact test. ** All-nephritis category: n = 17 in the autoantibody-positive group and n = 23 in the
autoantibody-negative group. dsDNA: double-stranded DNA.
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Surface indirect immunofluorescence of HEp-2 cells
showed distinct surface MAGE-B2 expression, which
colocalized with class I MHC (Figure 4). MDA231 ductal
epithelial cell immunofluorescence showed similar surface
MAGE-B2 expression and colocalization with class I
MHC (data not shown). MAGE-B2 was mainly distributed
in the HEp-2 cytoplasm on intracellular immunofluores-
cence.

In the kidney, all 6 biopsy samples of Class IV glomeru-
lonephritis and 5 of 6 biopsy samples of Class V glomeru-
lonephritis showed strong MAGE-B2 expression in the

brush borders of the proximal convoluted tubules (Figure
5A, 5B). In contrast, proximal convoluted tubules of normal
kidney sections of a patient with renal carcinoma showed
minimal staining (Figure 5C). There was mild MAGE-B2
staining in the SLE glomerular epithelial (podocyte) cells,
with predominant staining of the cytoplasm and nuclear
membrane (Figure 5D). Normal glomeruli did not stain for
MAGE-B2 (Figure 5E). This provides evidence for MAGE-
B2 expression in the kidney tissues and is compatible with
the observations in Figure 4 that the protein is strongly
expressed on cell surfaces.

Figure 2. Specificity of MAGE-B2 antibodies using PVDF strips loaded with 0.4 µg recombinant MAGE-B2 pro-
tein. A. Commercial MAGE-B2 antibody signal was no longer observed after absorption with blocking peptide
(+BP). B. The same PVDF membranes as in A were stripped and reprobed with MAGE-B2 antibody at the same
dilution. The weaker signal in –BP membrane in section A most likely reflects that the centrifugation step was
omitted in section B immunoblotting. C. Commercial MAGE-B2 signal was blocked by full-length recombinant
MAGE-B2 protein (+rMB2). D. SLE patient’s MAGE-B2 autoantibody signal was blocked after absorption with
recombinant MAGE-B2 protein (+rMB2).

Figure 3. Immunoblot loaded with cytosolic (C) and nuclear (N) lysates of HEp-2 cells, SLE lymphoblastoid cell
line (LCL), and normal LCL. Recombinant MAGE-B2 (rMAGE-B2) is in the last lane. Note MAGE-B2 expres-
sion in both subcellular compartments of HEp-2 cells but not in LCL. Second panel shows ß-actin antibody load-
ing control. Third panel shows the degree of cross-contamination of cytosolic fractions with the nuclear protein
marker lamin A&C. Fourth panel shows the same blot for nuclear fraction contamination, using a cytosolic pro-
tein marker, HSP-90.
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Figure 4. Indirect surface immunofluorescence (IF) of HEp-2 cells (A–F). A. MAGE-B2
stained green with FITC; B. HLA-ABC stained red with TRITC; C. colocalization of MAGE-
B2 and HLA-ABC (yellow) on the cell membrane. D. Goat serum IgG (control for MAGE-B2
antibodies) and (E) mouse serum IgG (control for HLA-ABC antibodies) are stained with FITC
and TRITC, respectively. F. Overlay of D and E shows no specific staining or colocalization.
Intracellular staining (G, H). G. Within HEp-2 cells, MAGE-B2, stained green with FITC, is dis-
tributed mainly in the cytoplasm. H. Intracellular IF with goat serum IgG, labeled with FITC,
shows minimal staining. Nuclei are stained blue with 4’,6-diamidino-2-phenylindole.

Figure 5. Immunohistochemistry of kidney biopsies from SLE patients with (A)
WHO Class IV and (B) WHO Class V glomerulonephritis (GN) shows strong
MAGE-B2 expression (brown staining) in the brush borders of proximal convo-
luted tubules (arrowheads). C. Biopsy from a normal kidney resection (from a
patient with renal cancer) shows minimal staining of the proximal convoluted
tubules (arrowheads). Sections A, B, and C: first column, H&E stain; second
column, anti-MAGE-B2 antibody (1 µg/ml); third column, goat serum IgG control
(1 µg/ml). Original magnification: top row ×400; bottom row ×1890 (inset).
D. Immunohistochemistry of kidney biopsy from SLE patient with WHO Class IV
nephritis shows MAGE-B2 staining in glomerular epithelial nuclear membranes
and cytoplasm (arrowheads), in contrast to a normal glomerulus (E). Sections D
and E: first column, anti-MAGE-B2 antibody (1 µg/ml); second column, goat
serum IgG control (1 µg/ml). Magnification: top row ×630, bottom row ×1260
(inset).
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DISCUSSION
Little is known about MAGE-B2 and its role in SLE. While
patients with SLE are at increased risk of hematologic malig-
nancies such as non-Hodgkin’s lymphoma, melanoma is not
a cancer that is typically associated with SLE26. MAGE-B2,
like many of the cancer/testis MAGE antigens, is transiently
expressed during embryogenesis and is physiologically sup-
pressed after birth, except in the testes and placenta9,12,15,27.
MAGE-B2 is fully capable of stimulating an immune
response when it is presented to both T and B lymphocytes
by the MHC28-31. In non-SLE patients with non-small cell
lung carcinoma, MAGE-B2 antibody titers are reported to
reflect tumor burden, recurrence, and metastasis31.

Previous reports described MAGE-B2 expression at the
transcriptional level in various cancers, but not protein
expression4,11. We show that the MAGE-B2 protein is
expressed in 4 cell lineages: epithelial cancer cells (HEp-2),
breast cancer ductal cells (MDA231), SLE kidney proximal
convoluted tubules, and SLE kidney glomerular epithelial
cells. HEp-2 cells expressed MAGE-B2 protein mainly in
the cytosolic fraction; on the cell surface, a weaker signal of
MAGE-B2 protein colocalized with class I MHC molecules.
Immunohistochemistry of WHO Class IV and Class V
glomerulonephritis biopsies from SLE patients showed
strong MAGE-B2 expression in the brush borders of proximal
convoluted tubule cells and mild MAGE-B2 staining in
glomerular epithelial cells, but not in normal tubules and
glomeruli. The pathogenetic role of MAGE-B2 protein and
autoantibodies in the development of lupus nephritis is
unknown; however, their presence in patients with active
lupus nephritis suggests a potential role in immune activation.

Genome-wide methylation abnormalities seen in SLE
may explain why MAGE-B2 autoantibodies are found in
our patient cohort32,33. DNA methylation is a tightly regu-
lated mechanism that controls gene transcription32.
Hypomethylation of DNA, invariably found in malignant
cells, is thought to be a major contributor of carcinogenesis
by activating silenced genes and proteins that disrupt normal
cellular differentiation34. MAGE-B2 mRNA transcription in
non-MAGE-B2-expressing cell lines can be induced by
chemical demethylation11. Enhanced T lymphocyte autore-
activity with increased surface expression of B lymphocyte
costimulators has been attributed to aberrant methylation
patterns in lupus33,35. Perhaps the combination of dysregu-
lated genomic methylation with presentation of usually hid-
den antigens activates autoreactive T lymphocytes, and sus-
tains an autoimmune response, inflammation, and down-
stream pathology in SLE.

In our cross-sectional study, MAGE-B2 autoantibodies
occurred in 43% of our pediatric SLE cohort. Both the
SLEDAI-2K and BILAG scores were significantly higher in
the MAGE-B2 autoantibody-positive patients. A large pro-
portion of patients in this group (60%) also had active SLE
nephritis. None of the 16 autoimmune control patients with

JRA had MAGE-B2 autoantibodies. Two of 23 adult control
patients were positive for this autoantibody. Since all adult
control samples were collected from self-reported healthy
volunteers with no option for obtaining followup medical
information, we were unable to ascertain whether these indi-
viduals might have undiagnosed autoimmune disease or
past/current malignancy.

The lack of statistical significance in the disease activity
analysis after excluding patients with disease duration < 6
months suggested that the higher disease activity in MAGE-
B2 autoantibody-positive patients may reflect the occur-
rence of the autoantibody early in the course of SLE disease
or diagnosis, before adequate disease control was achieved
with medical therapy. This is supported by the finding that
the average SLE disease duration from diagnosis was short-
er by 25 months in the antibody-positive group as compared
to the antibody-negative group, and that 7 of 8 (88%)
patients with disease duration < 6 months had MAGE-B2
autoantibodies. MAGE-B2 autoantibody status may be
influenced by disease progression and medications such as
HCQ (and possibly mycophenolate mofetil). Correlation
analysis also revealed an inverse relationship between dis-
ease activity and duration of illness, although it did not
reach statistical significance.

The MAGE-B2 autoantibody-negative subset of patients
was more likely to be treated with HCQ and had lower dis-
ease activity than the autoantibody-positive patients. While
it is possible that HCQ alone may have suppressive effects
on MAGE-B2 expression or autoantibody production, it is
also possible that suppression of this autoantibody reflects a
positive treatment response or disease remission achieved
with a combination of medications (including HCQ).
Conversely, the presence of MAGE-B2 autoantibody may
signify inadequate disease control or a higher risk of treat-
ment resistance, with corresponding elevated SLE disease
activity and active lupus nephritis.

The relatively high plasma dilution of 1:250 used in the
Western blot was based on a screening protocol published by
Lim, et al24 for other autoantibodies. Since there were no
data on MAGE-B2 autoantibody titers in SLE, we chose this
dilution for autoantibody screening to minimize the false-
positive rate (type I error), perhaps leading to a higher false-
negative rate (type II error). In addition, Western blot is more
specific than sensitive, and may have underestimated the
prevalence of this autoantibody in our pediatric lupus cohort.

This exploratory investigation included a small cohort of
pediatric patients with SLE, autoimmune disease control
patients (JRA), and normal controls. Despite finding statisti-
cally significant differences between the MAGE-B2 autoan-
tibody-positive and autoantibody-negative SLE patients, the
study did not possess sufficient power to detect small differ-
ences between groups. Because our pilot investigation was
primarily focused on pediatric-onset SLE, we cannot gener-
alize our results to the adult-onset SLE population.
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MAGE-B2 autoantibody appears to be a potentially rele-
vant serological biomarker for SLE disease activity in a
pediatric cohort. This autoantibody is present relatively
early in the SLE disease course and may fluctuate with dis-
ease activity. The presence of the MAGE-B2 autoantibody
may be predictive of treatment response and may define a
subset of SLE patients at higher risk for active lupus nephri-
tis. Prospective controlled trials with periodic MAGE-B2
autoantibody titer monitoring will help establish its utility as
a clinical disease biomarker. In addition, the physiological
and pathogenetic roles of MAGE-B2 must be clarified. If
the MAGE-B2 protein and its autoantibody are shown to be
major participants in the pathogenesis of SLE, target-specif-
ic immunomodulatory therapies may be developed.
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