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Objective: Immunoglobulin G (IgG) autoantibodies in systemic lupus erythematosus (SLE) are considered pathogenic,
whereas immunoglobulin M (IgM) autoantibodies may have protective effects. The aim of this study was to identify whether
IgG/IgM autoantibody ratios differ between patients with incomplete systemic lupus erythematosus (iSLE), patients with
SLE, and healthy controls (HCs), and whether IgG/IgM autoantibody ratios relate to progression from iSLE to SLE.
Method: This prospective cohort study included 34 iSLE patients, 41 SLE patients, and 11 HCs. IgG and IgM anti-
dsDNA, anti-Ro52, and anti-Ro60 were measured by fluoro-enzyme immunoassay in serum samples obtained at
baseline in all groups and in follow-up samples of up to 5 years for iSLE patients. Correlations between [gG/IgM
autoantibody ratios, interferon signature, and clinical parameters were also assessed.

Results: At baseline, IgG anti-dsDNA, anti-Ro52, anti-Ro60, and IgM anti-dsDNA were elevated in iSLE and SLE
patients. IgG/IgM anti-dsDNA and anti-Ro52 ratios were similar between groups, while IgG/IgM anti-Ro60 ratios
were significantly elevated in iSLE and SLE patients compared to HCs. IgG/IgM autoantibody ratios were not
correlated with interferon signature or clinical parameters. IgG/IgM ratios at baseline were similar and remained
relatively stable during a median follow-up of 18 months in non-progressors and six iSLE patients who progressed to

SLE.

Conclusion: IgG anti-dsDNA, anti-Ro52, anti-Ro60, and IgM anti-dsDNA were elevated in iSLE and SLE patients,
which was not apparent from the respective IgG/IgM ratios only. IgG/IgM autoantibody ratios remained relatively
stable over up to 5 years in iSLE non-progressors and six patients who progressed to SLE.

Systemic lupus erythematosus (SLE) is a heterogeneous
autoimmune disease mainly affecting women of repro-
ductive age, and can manifest with different symptoms
including skin rash, arthritis, and life-threatening organ
involvement. Despite substantial discoveries regarding
the pathogenesis of SLE, little is known about the early
stages of SLE (1). Patients with incomplete systemic
lupus erythematosus (iSLE) have SLE-like symptoms
but not enough to establish the diagnosis (2). Some of
these patients will progress to SLE within several years,
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while others will continue to have mild symptoms or
develop other autoimmune diseases (1, 2).

Early diagnosis of SLE is highly important to prevent
organ damage (3). Therefore, new biomarkers are
needed to identify iSLE patients with a high risk of
progression to SLE. In previous studies, risk factors
for progression to SLE have been identified, such as
a high interferon signature, high autoantibody diversity,
and complement consumption (1, 4-6). However, there
is no biomarker available that can predict progression.

It has been shown that the presence of autoantibodies
can precede onset of SLE by years (7, 8). In particular,
anti-Sjogren’s syndrome antigen A (anti-Ro/SSA), anti-
phospholipid, and anti-double-stranded DNA (anti-
dsDNA) antibodies can be detected in blood several
years before the diagnosis of SLE (7, 8). Whereas
immunoglobulin G (IgG) autoantibodies are associated
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with disease flares, there is evidence that autoantibodies
of the immunoglobulin M (IgM) isotype may have
beneficial and even protective effects in SLE (9, 10).
It has been suggested that IgM autoantibodies are
involved in clearing cell debris and thereby limit expo-
sure to autoantigens in SLE (11, 12). In contrast, IgG
autoantibodies are considered pathogenic, leading to the
formation of immune complexes and tissue damage
(13). IgG autoantibodies are produced after prolonged
exposure to autoantigens, and may therefore indicate
a more advanced disease state than IgM autoantibodies
(11). This hypothesis is further supported by a previous
study showing that patients with iSLE have more IgM
and fewer IgG autoantibodies compared to SLE patients
(14). In addition, anti-dsDNA IgG/IgM autoantibody
ratios in SLE patients correlate with disease activity
and glomerulonephritis in several studies (15-17).
Therefore, the aim of this study was to evaluate (i)
whether IgG/IgM autoantibody ratios are elevated in
patients with iSLE compared to healthy controls
(HCs); (ii) whether IgG/IgM ratios correlate with inter-
feron score and clinical parameters, such as complement
levels; and (iii) whether IgG/IgM ratios relate to pro-
gression from iSLE to SLE. The current analysis was
limited to anti-dsDNA, anti-Ro60, and anti-Ro52 anti-
bodies, as these antibodies have been shown to be the
earliest autoantibodies to appear before SLE diagnosis
and are routinely measured in clinical practice (7, 8).

Method
Study design and population

Patients were recruited into a prospective, longitudinal
cohort study at the University Medical Centre Gronin-
gen in the Netherlands from 2016 until 2021. The
cohort study consisted of a baseline cross-sectional
part with iSLE patients, SLE patients, and HCs, and
a longitudinal cohort of iSLE patients. Patients were
classified as having iSLE if they had a disease duration
of less than 5 years, an anti-nuclear antibody (ANA)
titre equal to or higher than 1:80, and at least one
clinical criterion but fewer than four of the Systemic
Lupus International Collaborating Clinics (SLICC) cri-
teria (18). Patients with iSLE who were being treated
with immunosuppressive medication were excluded,
while treatment with hydroxychloroquine was not an
exclusion criterion.

In addition, SLE patients and HCs were included as
control groups. SLE patients were eligible if they met
the SLICC classification criteria and had a disease dura-
tion of less than 10 years. HCs were eligible in case of
a negative history of autoimmune diseases and no
symptoms of upper respiratory tract infection at the
time of inclusion. The study was approved by the
local ethics committee (METc 2015/313) and all parti-
cipants gave written consent.
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Study procedures

At baseline, clinical assessments were performed by
a qualified physician, and blood samples were collected
from HCs, iSLE patients, and SLE patients. In addition,
iSLE patients received follow-up visits every 6 months
comprising clinical assessment and blood sampling.
Follow-up was ceased if iSLE patients progressed to
classified SLE according to SLICC criteria. All visits
took place at the University Medical Centre in Gronin-
gen, which is a tertiary referral centre.

Analysis of autoantibodies

Autoantibodies were analysed in baseline serum sam-
ples from HCs and SLE patients, and in baseline and
follow-up serum samples from iSLE patients. For iSLE
patients who did not progress to SLE, annual samples
were analysed, and for iSLE patients who were later
identified as progressors, samples were analysed twice
a year until disease progression was determined.

Serum was collected after centrifugation of blood that
was drawn into serum separating tubes (BD, Plymouth,
United Kingdom) and stored at —80°C. Total IgG or
IgM levels were measured spectrophotometrically,
directly after sampling in lithium heparin plasma on
a Cobas8000-C502 instrument (Roche, Mannheim, Ger-
many), and were expressed in g/L. For patients with
total IgG or IgM values missing at baseline (n = 5), the
nearest available value within a 1 year window was
used. IgG and IgM anti-dsDNA, anti-Ro52, and anti-
Ro60 levels were measured in serum by automated
fluorescence enzyme immunoassay (FEIA) (EliA) on
a Phadia 250 instrument (Thermo Fisher Scientific,
Nieuwegein, The Netherlands). These samples were
stored at —80°C and were measured after collection of
all samples within 1 week. IgG anti-dsDNA was
expressed in IU/mL and IgG anti-Ro52 and anti-Ro60
IgG in AU/mL, as defined by the manufacturer. For IgG
anti-dsDNA, values above 15 IU/mL, and for IgG anti-
Ro052 and anti-Ro60, values above 10 AU/mL were
considered positive, according to the manufacturer’s
instruction.

For IgM anti-dsDNA, anti-Ro52, and anti-Ro60, arbi-
trary response units as reported by the Phadia 250 system
(FEIA response units) were used. For IgM anti-dsDNA,
anti-Ro52, and anti-Ro60, levels higher than the mean +
two standard deviations of the HC group were considered
elevated. To calculate IgG/IgM ratios, we used FEIA
response units for both IgG and IgM anti-dsDNA, anti-
Ro052, and anti-Ro60 to increase comparability.

Interferon

Expression of 12 interferon inducible genes was measured
with quantitative polymerase chain reaction in whole
blood collected into PAXgene RNA tubes (Qiagen,
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Hombrechtikon, Switzerland), and relative expression
(RE) was calculated according to the following formula:
RE= 2_((:‘Testgene ~C 5 appir. We calculated two interferon
scores. One score was based on three commonly assessed
interferon-related genes (IFN 3 score; IFI44L, LY6E, and
MX1) and the other was based on 12 interferon-related
genes (IFN 12 score; CXCL10, IFI44L, IFIT3, LY6E,
MX1, SERPINGI, IFITMI1, IRF7, STATI, CIQA,
IFI16, and IRF9). The scores were calculated as follows,
using log-transformed relative expression levels:
Z(REsubject - MeanHC)/SDHC (19)

Statistical analysis

Descriptive statistics were used to compare baseline char-
acteristics. Continuous data are presented as median (inter-
quartile range) and categorical data are presented as number
(percentage). To assess differences in autoantibody ratios at
baseline between the three groups, Kruskal-Wallis tests
were used. In case of significance, Mann—Whitney U tests
were performed for pairwise comparisons. Differences
between categorical variables were assessed with Fisher’s

Table 1. Baseline characteristics.
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exact tests. Spearman rank correlation was used to assess
correlations between IgG/IgM autoantibody ratios at base-
line and clinical and immunological parameters. A two-
sided p-value of <0.05 was considered significant. Boxplots
show median and interquartile range. R statistical software
version 4.2.0 was used for statistical analysis and graphics.
Data were collected and managed using REDCap electronic
data capture tools hosted at the University Medical Centre
Groningen (20).

Results
Baseline characteristics

In total, 34 iSLE patients, 41 SLE patients, and 11
HCs were included for baseline comparison. At base-
line, the median age of iSLE and SLE patients was 39
and 43 years, respectively, and most iSLE and SLE
patients were female and Caucasian (Table 1). Both
iSLE and SLE patients had low disease activity, with
a median Systemic Lupus Erythematosus Disease
Activity Index 2000 (SLEDAI 2000) (21) of 1.5 for

HCs (n = 11) iSLE (n = 34) SLE (n = M) p
Demographics
Age at inclusion (years) 28 (27-48) 39 (29-50) 43 (30-51) 0.32%
Female 10 (91) 30 (88) 33 (80) 0.64t
Ethnicity
Caucasian 11 (100) 30 (88) 37 (90)
Asian 0(0) 2 (6) 1(2)
Afro-American 0(0) 0 (0) 0 (0)
Other 0(0) 2 (6) 3(7)
Family history of autoimmunity 2 (18) 9(27) 16 (39) 0.12t
Smoking 0(0) 14 (41) 7 (17) 0.007t
Clinical characteristics
SLEDAI 2000 score n/a 1.5 (0-2) 2 (2-3)
SLICC criteria n/a 3(2-3) 6 (5-7)
EULAR/ACR criteria n/a 6 (4-9) 18 (14-23)
Medication use
Hydroxychloroquine 0 (0) 8 (24) 35 (85) < 0.001%
Prednisolone 0 (0) 0 (0) 12 (29)
Methotrexate 0 (0) 0 (0) 2 (5)
Mycophenolate mofetil 0 (0) 0 (0) 9(22)
Azathioprine 0 (0) 0 (0) 6 (15)
Autoantibody positivity
lgG
IgG anti-dsDNA 0(0) 7(21) 15 (37) 0.2%
IgG anti-Ro52 0 (0) 7(21) 4 (10) 0.21%
IgG anti-Ro60 0 (0) 11 (32) 14 (34) > 0.99%
IgM
IgM anti-dsDNA 0 (0) 16 (47) 31 (76) 0.02t+
IgM anti-Ro52 0(0) 11 (32) 10 (24) 0.61%
IgM anti-Ro60 0(0) 11 (32) 12 (29) 0.81%

Data are shown as median (interquartile range) or n (%).

*Kruskal-Wallis rank sum test; tFisher's exact test; tFisher's exact test, HC group excluded from analysis. HC,
healthy control; iSLE, incomplete systemic lupus erythematosus; SLE, systemic lupus erythematosus; SLEDAI 2000,
Systemic Lupus Erythematosus Disease Activity Index 2000; SLICC, Systemic Lupus International Collaborating
Clinics; EULAR, European Alliance of Associations for Rheumatology; ACR, American College of Rheumatology;

IgG, immunoglobulin G; IgM, immunoglobulin M.

www.scandjrheumatol.se
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iSLE and 2 for SLE patients. Compared to HCs,
smoking was more common among iSLE and SLE
patients (0% vs 41% vs 17%, p = 0.007). Hydroxy-
chloroquine was used more frequently by SLE
patients than by iSLE patients (85% vs 24%,
p < 0.001).

IgG and IgM autoantibody positivity at baseline

There was no significant difference in the proportion of
iSLE patients positive for IgG anti-dsDNA or IgG anti-
Ro052 compared to SLE patients (21% vs 37%, p = 0.2;
21% vs 10%, p = 0.21) (Table 1). In both groups,
around one-third of patients were positive for IgG
anti-Ro60 (32% iSLE vs 34% SLE, p > 0.99)
(Table 1). IgG anti-dsDNA/total IgG, anti-Ro52/total
IgG, and anti-Ro60/total IgG ratios are shown in sup-
plementary Figure 1(B-D). Fewer iSLE than SLE
patients had elevated IgM anti-dsDNA levels (47% vs
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76%, p = 0.02), while around one-third of both iSLE
and SLE patients had elevated IgM anti-Ro52 and anti-
Ro60 levels (Table 1).

Baseline comparison of 1gG/IgM ratios

At baseline, there were no significant differences in total
IgG/IgM ratios, IgG/IgM anti-dsDNA, and anti-Ro52
ratios between HCs, patients with iSLE, and patients
with SLE (Figure 1(A-C)). However, IgG/IgM anti-
Ro60 ratios were significantly higher in iSLE and SLE
patients than in HCs (HCs vs iSLE, p < 0.01; HCs vs
SLE, p < 0.001) (Figure 1(D)).

Baseline comparison of IgM autoantibody levels

Next, we compared baseline IgM autoantibody levels
between groups. Total IgM and IgM anti-Ro52 and anti-
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Figure 1. (A) Total immunoglobulin G (IgG)/immunoglobulin M (IgM) ratios, (B) IgG/IgM anti-double-stranded DNA (anti-dsDNA), (C) anti-

www.scandjrheumatol.se
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Figure 2. (A) Total immunoglobulin M (IgM), (B) IgM anti-double-stranded DNA (anti-dsDNA), (C) IgM anti-Ro52, and (D) IgM anti-Ro60
levels. Boxplots show median and interquartile range. HC, healthy control; iSLE, incomplete systemic lupus erythematosus; SLE, systemic lupus
erythematosus; RU, FEIA response units. *p < 0.05; ***p < 0.001; ns, not significant.

Ro60 levels were similar among HCs, iSLE, and SLE
patients (Figure 2), as were IgM anti-Ro52/total IgM
and anti-Ro60/total IgM ratios (supplementary Figure 1).
In contrast, IgM anti-dsDNA levels (Figure 2(B)) and
the IgM anti-dsDNA/total IgM ratio (supplementary
Figure 1(E)) were significantly elevated in iSLE and
SLE patients compared to HCs (p = 0.02 and
p < 0.001; p =0.01 and p < 0.001).

Subsequently, we divided iSLE and SLE patients
into IgG anti-dsDNA, anti-Ro52, and anti-Ro60-
positive or -negative patients. Patients with autoanti-
body positivity for IgG anti-dsDNA, anti-Ro52, and
anti-Ro60 also showed higher IgG/IgM ratios for the
respective autoantibodies (data not shown). Then, we
compared IgM autoantibody levels between IgG
anti-dsDNA, anti-Ro52, and anti-Ro60-positive and
-negative iSLE and SLE patients (Figure 3). IgM
anti-dsDNA levels were similar between IgG anti-
dsDNA-positive and -negative iSLE and SLE
patients (p = 0.44 and p = 0.9, respectively). IgG

anti-Ro52-positive iSLE patients had increased IgM
anti-Ro52 levels (p = 0.045), while IgM levels were
similar between IgG anti-Ro52-positive and -nega-
tive SLE patients (p = 0.69). IgM anti-Ro60 levels
were elevated in IgG anti-Ro60-positive iSLE and
SLE patients compared to IgG anti-Ro60-negative
patients (p = 0.004 and p = 0.005, respectively).

Correlation analysis

To assess whether baseline IgG/IgM ratios were asso-
ciated with clinical and immunological parameters
such as complement levels and interferon score, cor-
relation analyses were performed for iSLE and SLE
patients separately (supplementary Figure 2(A,B)). In
SLE patients only, total IgG/IgM ratios were weakly
correlated with interferon scores (r = 0.37 p = 0.02 for
IgG/IgM ratio and IFN 3 score). For both iSLE
patients and SLE patients, there was no significant

www.scandjrheumatol.se
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Figure 3. Immunoglobulin M (IgM) autoantibody levels for (A) immunoglobulin G (IgG) anti-double-stranded DNA (anti-dsDNA), (B) anti-Ro52,
and (C) anti-Ro60 positive (pos) and negative (neg) incomplete systemic lupus erythematosus (iSLE) and systemic lupus erythematosus (SLE)
patients. Boxplots show median and interquartile ranges. RU, FEIA response units.

correlation between IgG/IgM anti-dsDNA, anti-Ro52, Subsequently, we looked at correlations between IgM
and anti-Ro60 ratios, complement levels, SLEDAI anti-dsDNA, anti-Ro52, and anti-Ro60 levels and the
2000 scores, different classification criteria, and inter- above-named variables. IgM anti-Ro52 levels were cor-
feron scores. related with interferon scores in iSLE but not in SLE

www.scandjrheumatol.se
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patients (r = 0.44, p = 0.01 for IgM anti-Ro52 and IFN
3 score). In SLE patients, IgM anti-Ro60 levels were
correlated with interferon scores (r = 0.31, p = 0.049).
In addition, IgM anti-dsDNA levels were negatively
correlated with complement component 3 (C3) levels
(r =-0.32, p = 0.04) in SLE patients.

Longitudinal analysis of IgG/IgM ratios

IgG/IgM autoantibody ratios were measured in 26 iSLE
patients annually, with a median follow-up time of
18 months. During follow-up, six iSLE patients pro-
gressed to SLE by acquiring more SLICC criteria. These
progressors were younger than non-progressors (23 vs
43 years, p < 0.001, supplementary Table 1) and were
all female. One of the progressors was positive for IgG
anti-Ro52 at baseline, while none of the progressors was
positive for IgG anti-dsDNA or anti-Ro60 at baseline.
One patient developed sicca symptoms during fol-
low-up and fulfilled the American College of Rheuma-
tology (ACR)/European Alliance of Associations for
Rheumatology (EULAR) criteria for primary Sjogren’s
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syndrome (22). This patient was excluded from further
analyses.

Next, we looked at the course of IgG/IgM ratios over
time in iSLE patients. Patients with iSLE were divided
into progressors and non-progressors to examine
whether an increase in IgG/IgM autoantibody ratios
was related to progression. Overall, IgG/IgM ratios
remained relatively stable over time in both groups
(Figure 4). In the non-progressor group, several patients
showed slight fluctuations and one patient showed
a clear increase in the IgG/IgM anti-Ro60 ratio.
Among the progressors, one patient had an increase in
IgG/IgM anti-Ro52 and anti-Ro60 ratios prior to pro-
gression to SLE. This increase was due to an increase in
IgG anti-Ro52 and anti-Ro60, while the corresponding
IgM antibody level stayed relatively stable (supplemen-
tary Figure 3). Similarly to IgG/IgM ratios, IgG and
IgM anti-dsDNA, anti-Ro52, and anti-Ro60 levels
stayed relatively stable over time in iSLE non-progres-
sors and progressors (supplementary Figure 3). In one
of the progressors, a decrease in IgM anti-dsDNA, anti-
Ro52, and anti-Ro60 levels could be observed prior to
progression.
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Figure 4. (A-D) Immunoglobulin G (IgG)/immunoglobulin M (IgM) ratios for incomplete systemic lupus erythematosus (iSLE) non-progressors
and systemic lupus erythematosus (SLE) progressors over time. IgG/IgM ratios per patient are depicted as dots and connected by lines. Thick lines
show median ratios per group over time.
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Discussion

It has been suggested that class switching of autoreac-
tive B-cells from IgM to IgG autoantibodies may drive
persistent autoimmunity and could therefore be an indi-
cator of progression from iSLE to SLE (11).

In this study, IgG/IgM anti-dsDNA, anti-Ro52, and
anti-Ro60 autoantibody ratios were examined and mea-
sured over time in iSLE patients who did and those who
did not progress to SLE. At baseline, IgG/IgM anti-
Ro60 ratios were elevated in iSLE and SLE patients
compared to HCs, while other IgG/IgM ratios did not
differ between groups. IgM anti-Ro52 and anti-Ro60
levels themselves were similar between groups, while
IgM anti-dsDNA levels were higher in iSLE and highest
in SLE patients compared to HCs. In general, IgG/IgM
ratios remained stable over time and did not relate to
progression from iSLE to SLE.

Baseline autoantibody levels

In this study, the proportion of iSLE and SLE patients
positive for IgG anti-dsDNA, anti-Ro52, and anti-Ro60
did not differ significantly, which highlights immunolo-
gical similarities between these groups despite
differences in clinical manifestations. Both IgG and
IgM anti-dsDNA antibody levels were elevated in SLE
patients, which is concordant with previous reports (15,
16, 23), and resulted in a similar IgG/IgM anti-dsDNA
ratio to that observed in HCs. Remarkably, the same
pattern was observed for iSLE patients.

In line with our results, Li et al found similar IgG/
IgM anti-dsDNA ratios in iSLE patients compared to
healthy controls (14). Furthermore, Li et al reported
higher IgG/IgM ratios in SLE than in iSLE patients,
whereas we did not find differences in our study. This
may be explained by lower disease activity in SLE
patients included in our cohort and consequently lower
IgG anti-dsDNA levels. Furthermore, Li et al measured
autoantibodies using a different method, namely
a proteome microarray (14).

IgM anti-dsDNA levels were elevated in both iSLE
and SLE patients and were higher in SLE patients than
in iSLE patients. There was no difference in IgM anti-
dsDNA levels between IgG anti-dsDNA-positive and
-negative iSLE and SLE patients. This finding indicates
that IgG anti-dsDNA-negative iSLE and SLE patients
also show autoreactivity towards dsDNA. Moreover, it
does not support the hypothesis that IgM autoantibody
levels protect from class switching and from progres-
sion to SLE, at least not for this specific autoantibody.

IgG/IgM anti-Ro60 ratios were elevated in iSLE and
SLE patients in our study, while there was no difference
in IgM anti-Ro60 levels between groups. In addition,
iSLE patients who were positive for IgG anti-Ro52 or
anti-Ro60 also had higher IgM levels of these antibo-
dies. Hence, it can be concluded that differences in anti-
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Ro60 ratios were mainly driven by IgG anti-Ro60
levels.

Association of 1gG/IgM autoantibody ratios and IgM
levels with clinical and immunological parameters

In SLE patients, IgM-anti-dsDNA was negatively asso-
ciated with C3 levels, which are regarded as a marker of
disease activity (21). The fact that we did not find this
correlation in iSLE patients may be explained by the
lower proportion of iSLE patients with low C3 levels.
We did not find a correlation between IgG/IgM anti-
dsDNA, anti-Ro52, and anti-Ro60 autoantibody ratios
and interferon scores. However, our results showed
correlations between IgM anti-Ro60 levels and inter-
feron scores in SLE patients and between IgM anti-
Ro52 levels and interferon scores in iSLE patients.
Along with C3, interferon is regarded as a measure of
disease activity in SLE (24). In contrast, Li et al found
IgM autoantibodies (taking into account a large number
of autoantibodies) to be negatively correlated with inter-
feron scores in patients with iSLE. The authors con-
cluded that higher IgM autoantibody levels are therefore
associated with a less severe iSLE phenotype (25). It
should be noted that it is difficult to compare results
between studies because of the different antibodies stu-
died.

Longitudinal changes in autoantibody levels

In a small cohort study, Olsen et al assessed the levels
of around 80 IgG and IgM autoantibodies with
a proteome microarray in 22 iSLE patients, of whom
three progressed to SLE by accumulation of ACR
criteria (5). In line with our longitudinal results, pro-
gressors were all female and younger at baseline than
non-progressors. All progressors had an increase in IgG
autoreactivity prior to progression, including three anti-
bodies directed against SSA/SSB (5). In our study, one
iSLE progressor also showed an increase in IgG/IgM
anti-Ro52 and anti-Ro60 ratios prior to progression, and
this increase was also due to an increase in IgG anti-
Ro52 and anti-Ro60 antibodies, whereas the respective
IgM levels remained stable. Notably, compared to other
reports, progressors in this study were positive for rela-
tively few of the measured autoantibodies (1, 7, 8).
There is strong evidence that IgG autoreactivity
increases before a diagnosis of SLE and that the
cumulative number of different IgG autoantibodies
is related to progression from iSLE to SLE (4, 7,
8). Therefore, the IgG autoantibody status is regu-
larly assessed in patients with iSLE and SLE in
clinical practice. However, the role of IgM autoanti-
bodies in iSLE and SLE remains unclear. There is
evidence from mouse studies indicating that IgM
autoantibodies have protective effects (9, 10), while



IgG/IgM ratios in iISLE

studies in humans show more contradictory results
(11, 26, 27). The current hypothesis that IgM auto-
antibodies in iSLE may be protective is based on
early studies in mice and relatively small studies in
humans with iSLE (5, 11, 14, 25, 28). Furthermore,
different methods used to measure IgM autoantibo-
dies, differences in the antibodies studied, and dis-
crepancies in the definition of iSLE make it difficult
to compare results.

In addition to autoantibodies of the IgM isotype,
natural IgM should be considered. Natural IgM
refers to autoreactive IgM that is produced indepen-
dently of antigen encounter, and has been linked to
the clearance of apoptotic cells. Accordingly, lower
levels of natural IgM seem to be associated with
autoimmunity in mice and in humans (27, 29-31).
There is evidence implying that, in contrast to nat-
ural IgM, IgM autoantibodies that are produced upon
antigen encounter may be early indicators of auto-
immunity and have pathogenic effects. Examples are
bullous pemphigoid caused by IgM antibodies and
anti-modified protein IgM antibodies exerting pro-
inflammatory effects in rheumatoid arthritis (32, 33).

The relatively high anti-Ro52, anti-Ro60, and anti-
dsDNA IgM levels in some IgG-negative patients in this
study may also be an early indicator of autoimmunity.
We did not, however, observe higher IgM autoantibody
levels in progressors compared to non-progressors.

Strengths and limitations

This prospective longitudinal study showed changes in
autoantibody levels over multiple years in iSLE
patients. The study has several limitations, including
the relatively low number of iSLE patients. It should
also be noted that most SLE patients used immunosup-
pressive medication, which may influence the results.

Conclusion

More mechanistic and clinical studies are needed to
identify the effects of autoreactive IgM in early forms
of autoimmune diseases, and to discover whether
measuring IgM autoantibodies next to IgG autoanti-
bodies is of added value in clinical practice. Ideally,
international consensus on how to measure IgM auto-
antibodies and how to define iSLE for scientific
research in the future will increase the applicability
of studies.
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