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Abstract
Background—Interferon-alpha (IFN-α) is a primary pathogenic factor in systemic lupus
erythematosus (SLE), and high IFN-α levels may be associated with particular clinical
manifestations. The prevalence of individual clinical and serologic features differs significantly by
ancestry. We used multivariate and network analyses to detect associations between clinical and
serologic disease manifestations and serum IFN-α activity in a large diverse SLE cohort.

Methods—1089 SLE patients were studied (387 African-American, 186 Hispanic-American, and
516 European-American). Presence or absence of ACR clinical criteria for SLE, autoantibodies,
and serum IFN-α activity data were analyzed in univariate and multivariate models. Iterative
multivariate logistic regression was performed in each background separately to establish the
network of associations between variables that were independently significant following
Bonferroni correction.

Results—In all ancestral backgrounds, high IFN-α activity was associated with anti-Ro and anti-
dsDNA antibodies (p-values 4.6×10−18 and 2.9 × 10−16 respectively). Younger age, non-European
ancestry, and anti-RNP were also independently associated with increased serum IFN-α activity
(p≤6.7×10−4). We found 14 unique associations between variables in network analysis, and only 7
of these associations were shared by more than one ancestral background. Associations between
clinical criteria were different in different ancestral backgrounds, while autoantibody-IFN-α
relationships were similar across backgrounds. IFN-α activity and autoantibodies were not
associated with ACR clinical features in multivariate models.

Conclusions—Serum IFN-α activity was strongly and consistently associated with
autoantibodies, and not independently associated with clinical features in SLE. IFN-α may be
more relevant to humoral tolerance and initial pathogenesis than later clinical disease
manifestations.
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Systemic lupus erythematosus (SLE) is a heterogeneous disease, with diverse autoimmune
manifestations commonly affecting the skin, hematologic, musculoskeletal, and renal organ
systems. Differences in the prevalence of particular clinical and serologic manifestations of
disease by ancestral background have long been appreciated, and it is likely that genetic
influences play some role in these differences (1–3). Many lines of evidence support the idea
that interferon alpha (IFN-α) is a primary pathogenic factor in SLE, including the
development of SLE in patients given recombinant IFN-α to treat viral infections and
malignancy (4–6), familial aggregation of high serum IFN-α activity in SLE families (7,8),
and the finding that many SLE-risk genetic variants which function in the IFN-α pathway
result in increased IFN-α pathway signaling in patients in vivo (9–15).

Increased expression of IFN-α-induced genes in peripheral blood mononuclear cells
(PBMC) is one of the most dominant findings in microarray studies of SLE (16,17). In
cross-sectional studies, SLEDAI (SLE Disease Activity Index) score was correlated with
IFN-induced gene expression in PBMC (16,18), however longitudinal studies have not
conclusively demonstrated an association between IFN-α-induced gene expression and flare
(19,20). One study reported that high serum levels of chemokines which can be induced by
IFN-α were associated with risk of flare over the ensuing year, and that levels of these
chemokines were higher in patients during a disease flare (21). These chemokines can be
induced by other SLE-associated cytokines beyond IFN-α, such as IFN-gamma and tumor
necrosis factor alpha, and differences between this study and previous studies of IFN-α in
SLE may relate to this difference (22). Increased expression of IFN-α-induced genes in
PBMC has been associated with specific clinical manifestations including the presence of
lupus nephritis and proteinuria, cutaneous manifestations, and presence of anti-Ro, anti-
Smith (anti-Sm), anti-RNP, and anti-dsDNA antibodies (16,18,23). Anti-dsDNA antibodies
have been associated with lupus nephritis (24,25), and studies have linked anti-Ro antibody
to lupus-related skin findings (25,26). It is not currently clear whether the association
between IFN-α and cutaneous and renal disease manifestations in previous studies is
primary, or secondary due to an association between autoantibodies and IFN-α. In the case
of autoantibodies, previous studies suggest a mechanistic link, in which SLE-associated
autoantibody immune complexes may directly trigger IFN-α production in leukocytes when
the nucleic acid component of these immune complexes ligate endosomal Toll-like receptors
(27,28). Despite this mechanistic relationship, SLE-associated autoantibodies are not
sufficient to result in high circulating levels of IFN-α in humans. We have previously shown
that mothers of neonatal lupus patients with anti-Ro or anti-La antibodies who had SLE or
Sjögren’s syndrome had high serum IFN-α activity, while healthy mothers of neonatal lupus
patients who also had high titer anti-Ro or anti-La antibodies did not have elevated IFN-α
activity (29). This suggests that while there is an association between autoantibodies and
IFN-α in SLE, disease-associated and individual factors will also be important to this
relationship (11,12).

SLE disease manifestations are highly variable between patients, and the prevalence of
individual clinical features differs significantly by ancestry (30–33). Anti-RNP antibodies
and anti-Sm antibodies are more common in African-Americans than in European- and
Hispanic-Americans (30,31). Different genetic variants are associated with these
autoantibody traits in different ancestral backgrounds (34,35). African-Americans and
Hispanic-Americans tend to have more active SLE, with an earlier age of onset, than
European-Americans (31,36). In general Hispanic-Americans and African-Americans have a
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higher incidence of SLE-related renal disease than European-Americans, and this has been
associated with anti-dsDNA antibodies and anti-RNP antibodies (25,36,37).

In the present study, we analyze the largest series of serum IFN-α activity data available in
SLE patients to date, to determine associations with serologic and clinical factors. Given the
inter-related nature of many of the clinical and serologic characteristics in SLE, we use
multivariate logistic regression to account for between-variable relationships. Also, given
the strong precedent for differences in the prevalence of serologic and clinical features by
ancestral background, each self-reported ancestral background is analyzed separately. As
expected, we detect a number of significant relationships between the various clinical
variables, and present the associations discovered in network diagrams to illustrate the
patterns of association in the different ancestral backgrounds studied. Interestingly,
relationships between serologic parameters and serum IFN-α activity were relatively similar
across ancestral backgrounds, while relationships between other clinical variables were
heterogeneous by ancestral background. These data support the concept that IFN-α is a
common pathologic feature of SLE that is shared across ancestral backgrounds, while the
factors underlying SLE clinical manifestations might differ by ancestry.

Patients and Methods
Patients, samples, and data

Serum samples were obtained from 1089 SLE patients (387 African-American, 186
Hispanic-American, and 516 European-American) from the Lupus Family Registry and
Repository (LFRR) at the Oklahoma Medical Research Foundation (n=875), the
Translational Research Initiative in the Department of Medicine at the University of
Chicago Medical Center (n=156), and Rush University Medical Center (n=58). Data
regarding the presence or absence of ACR criteria for the diagnosis of SLE (38,39), and the
presence or absence of SLE-associated autoantibodies including ANA, anti-Ro, anti-La,
anti-Sm, anti-RNP, and anti-dsDNA were available for all of these subjects. Samples were
collected and studied at any point after the formal diagnosis of SLE, from newly diagnosed
patients to those who are many years post-diagnosis, and this is consistent across all of the
above registries.

Measurement of serum IFN-α activity
We have developed a sensitive and reproducible bioassay to detect serum IFN-α activity
(7,40), as ELISA methods for detection of IFN-α in human serum have been complicated by
both low sensitivity and low specificity (41). In this bioassay, reporter cells (WISH cells,
ATCC #CCL125) are used to measure the ability of sera to cause IFN-induced gene
transcription. The reporter cells are cultured with patient sera for 6 hours and then lysed, and
three canonical IFN-α-induced transcripts (IFIT-1, MX-1, and PKR) are measured using
rtPCR. Relative expression data from the three transcripts are then normalized using the
mean and standard deviation of healthy donor sera from a multi-ancestral cohort (n=141) run
in the same assay (7), and data are presented as an IFN-α activity score. To bin the IFN
results into high vs. low, we used a cutoff point for the IFN-α activity score of two standard
deviations above the mean of healthy donors. This categorical variable is used in the IFN-α
high vs. low stratified analyses and the multivariate logistic regression analyses presented
below. The IFN-induced transcriptional activity in the reporter cells can be blocked with
anti-IFN-α monoclonal antibodies, and no common significant functional inhibitors have
been detected to date (7). The demographics of the healthy donors were similar to that of the
SLE patients as follows: 70% female, 9% Asian-American, 14% African-American, 60%
European-American, and 17% Hispanic-American ancestry, and the mean age +/− SD was
40.8 +/− 13 years. In the controls, we did not see significant differences in serum IFN-α
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activity by ancestry (p=0.18 by Kruskall-Wallis one-way ANOVA). Additionally, there
were no significant differences in serum IFN-α activity related to age or sex in the controls
(8).

Measurement of autoantibodies
Antibodies to anti-Ro, anti-La, anti-Sm, and anti-RNP were measured by precipitin method
in the OMRF samples at the OMRF Clinical Immunology Laboratory, and by ELISA
methods (INOVA Diagnostics, San Diego, CA) in the University of Chicago and Rush
University samples at the University of Chicago clinical laboratory. Standard clinical lab
cutoff points were used to categorize samples as positive or negative. Anti-dsDNA
antibodies were measured using Crithidia luciliae immunofluorescence in all samples at all
sites, and detectable fluorescence was considered positive. There were no significant
differences in antibody prevalence between study sites within each ancestral background;
however the majority of the samples were measured at OMRF and the number of subjects
from the other collections is relatively small when split by ancestral background for analysis
of heterogeneity. Subset analysis of the autoantibody associations in this smaller group of
subjects (n=214) in whom the anti-Ro, anti-La, anti-Sm, and anti-RNP autoantibodies were
measured by ELISA showed a similar pattern of association with serum IFN-α activity as
that observed in the overall cohort (data not shown). These data and previously published
studies examining autoantibody data measured by ELISA and serum IFN-α activity (7,29)
suggest that positive results for these four autoantibodies by ELISA would be similarly
predictive of high serum IFN-α activity in SLE as would positive results using the precipitin
technique.

Statistical Analysis
The cohort was stratified by ancestral background into 387 African-American patients, 186
Hispanic-Americans and 516 European-Americans. Serum IFN-α activity data for each of
these subjects was binned as high vs. low, using a cut-off point of two standard deviations
above the mean of healthy donors to separate high vs. low. In the univariate analyses, Chi-
square test statistic was used to compare differences in proportions of the clinical
characteristics between the three ancestral backgrounds (42). The multivariate logistic
regression presented in Table 3 was performed including all variables except IFN-α activity
as predictor variables and IFN-α activity as the outcome variable, and p-values which
remained significant following a Bonferroni correction for multiple comparisons
(p<0.00278) were considered significant. In this model, we also tested for any first-order
interactions between self-reported ancestry and other variables significantly associated with
serum IFN-α activity. Interaction variables were generated as the product of the ancestry
variable and each significant predictor variable. Interaction variables were then tested in
regression models with the two original predictor variables using serum IFN-α activity as
the outcome variable, and p-values for the interaction variables in these models were
assessed.

In the network analysis, iterative backward logistic regression modeling was performed in
each ancestral background separately. Positive ANA test is one of the ACR clinical criteria
for SLE, but was not included in the regression models, as this variable was almost
uniformly positive in the SLE cohorts. Also, the “immunologic disorder” ACR criterion was
not included in the multivariate regression models because we included both anti-dsDNA
and anti-Sm in these models, and the immunologic disorder criterion is largely derived from
these two variables. The iterative logistic regression models used each variable as an
outcome variable serially, with all of the other variables used as predictor variables
(variables tested were 9 of the 11 ACR criteria excluding ANA and immunologic, 5 SLE-
associated autoantibodies, and IFN-α high vs. low). Variables from this initial analysis with
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a p-value below 0.20 were then carried forward in next-step logistic regression models, and
variables with p-values greater than this threshold were discarded. On repeat regression
analysis, results with p<0.00357 were considered significant to allow for a Bonferroni
correction for multiple comparisons accounting for the number of variables tested (43). The
magnitude of positive and inverse correlations was estimated by calculating the odds-ratio
for each association. Some variables did not fit a logistic model (for example, anti-La is
almost never found without anti-Ro, and thus these variables are “perfect predictors” and do
not fit a logistic curve). In this case, Chi-square or Fisher’s exact analysis was used to assess
the relationships between these “perfect predictor” variables.

Results
Prevalence of SLE criteria, autoantibodies, and high serum IFN-α in different ancestral
backgrounds

When comparing the prevalence of different ACR criteria and autoantibodies across
ancestral backgrounds, we observed a number of significant differences, similar to previous
studies (Table 1) (32,33,36,37,44). Hematological manifestations and discoid rash were
more common in African-Americans than in the other two cohorts. Photosensitivity, oral
ulcers and malar rash were more common in European-Americans and Hispanic-Americans.
When IFN-α activity was assessed categorically as high vs. low, African-Americans and
Hispanic-Americans had a greater proportion of high IFN-α subjects than European-
Americans (Table 1). In accordance with this result, quantitative serum IFN-α activity was
significantly lower in European-Americans than all non-European ancestral backgrounds
(Figure 1).

Univariate analysis of the prevalence of clinical features and autoantibodies in SLE
patients stratified by ancestry and high vs. low IFN-α

As shown in Table 2, IFN-α activity was strongly associated with autoantibodies in
univariate analyses, regardless of patient ancestry. High IFN-α activity subjects of all
ancestral backgrounds had significantly higher proportion of positive tests for anti-dsDNA
and anti-Ro autoantibodies when compared with low IFN-α activity subjects [Cochran-
Mantel-Haenzel meta-analysis across ancestral backgrounds for anti-dsDNA OR=3.04
(2.32–3.98), p-value=2.9×10−16 and for anti-Ro OR=3.35 (2.53–4.43), p-value=4.6×10−18].
In contrast, when testing for potential differences in the prevalence of ACR clinical criteria
in the high vs. low IFN-α activity groups, only two significant differences were observed
that would exceed a Bonferroni correction for the number of variables tested. In European-
Americans, hematologic manifestations were more common in the high IFN-α activity
group, and in African-Americans immunologic disorder was more common in high IFN-α
activity subjects. In the case of the immunologic disorder association, both anti-dsDNA and
anti-Sm are components of this criterion, and it is likely that the association of this criterion
with high IFN-α activity in African-Americans is secondary to autoantibody associations.
The “hematologic” ACR criterion is a composite measure incorporating anemia, leukopenia,
and lymphopenia. We had data available regarding these individual cytopenias in 894
subjects (294/387 AA, 446/516 EA, 154/186 HA), and we analyzed these data for
association with serum IFN-α activity. We did not find any significant correlations between
serum IFN-α activity and individual cytopenias in our patients which would withstand
multiple comparisons correction (minimum p-value was 0.023 for association of anemia
with high IFN-α activity in European-Americans).

Multivariate Regression to Detect Independent Associations with High IFN-α
While we found that non-European-Americans have higher serum IFN-α activity than
European-Americans, we also show that anti-Ro, anti-RNP and anti-Sm antibodies were all
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significantly more common in the African- and Hispanic-American cohorts, and the non-
European ancestry subjects were younger than the European ancestry subjects. Given the
previously reported correlations between autoantibodies and younger age with increased
serum IFN-α activity, these two variables could partially explain the higher serum IFN-α
activity seen in these populations. To test this possibility we performed a multivariate
logistic regression on all subjects using IFN-α high vs. low as the outcome variable and
including all other variables as predictors, including age at recruitment as well as European
vs. non-European ancestry. In this analysis, the following variables were independently
associated with increased serum IFN-α activity: non-European ancestry, younger age at time
of sample, anti-Ro, anti-RNP, and anti-dsDNA (Table 3). Given that ancestral background
was associated with both serum IFN-α (Figure 1) and the prevalence of autoantibodies
(Table 1), we attempted to further categorize ancestral background as either an effect
modifier or a confounder in the analysis. We examined first-order interactions between
ancestral background and autoantibodies upon serum IFN-α activity high vs. low, and there
were no significant first-order interactions (all p>0.09, data not shown). This would suggest
that ancestral background is a confounder and not an effect modifier, which was controlled
in the logistic model presented in Table 3 by inclusion as a variable. Subsequent network
models were performed in each ancestral background separately.

Network analysis of clinical variables, autoantibodies, and IFN-α in SLE
In order to determine relationships between the ACR criteria for SLE, autoantibodies, and
serum IFN-α activity, we used an iterative multivariate logistic regression strategy as
described in the Methods section. The magnitude of the statistically significant associations
was determined by odds-ratio calculations, and these relationships were represented in
network diagrams. Of over one trillion possible associations, we found 14 unique
associations, forming network maps of relatively sparse density in each background (Figure
2). Of these 14 associations, only 7 were shared by more than one different ancestral
background, significantly differing from a model in which each of the associations would be
shared by at least two of the three ancestral backgrounds (p = 5.8×10−3). Interestingly,
associations between IFN-α activity and serologic parameters were strikingly similar across
the different ancestral backgrounds. IFN-α activity was positively correlated with anti-
dsDNA and anti-Ro antibodies in all three backgrounds. As expected, anti-Ro antibodies
were strongly correlated with anti-La antibodies and anti-RNP antibodies were correlated
with anti-Smith antibodies across all three ancestries.

As shown in Figure 2A, in African-Americans high IFN-α activity was associated with the
presence of anti-dsDNA and anti-Ro antibodies, in addition to anti-RNP. Anti-dsDNA was
positively correlated with anti-Sm antibodies, and anti-RNP was inversely correlated with
anti-La, forming a robust network of serologic associations in this background. Malar rash
was linked to photosensitivity and oral ulcers, and oral ulcers were associated with
neurologic manifestations. Arthritis and renal manifestations were inversely correlated. In
European-Americans, high IFN-α activity was also linked to anti-dsDNA and anti-Ro
antibodies (Figure 2B). Anti-Ro antibodies were highly correlated with anti-La antibodies,
and anti-Sm antibodies were associated with anti-RNP antibodies as expected. The skin
manifestations (photosensitivity, oral ulcers, and malar rash) were associated with each other
(Figure 2B), similar to African-Americans. In this background, arthritis was also inversely
correlated with renal manifestations. In Hispanic-Americans, autoantibody-IFN-α
associations were very similar to the other ancestral backgrounds, although in this
background anti-Sm antibodies were correlated with anti-Ro antibodies (Figure 2C). As in
African-Americans, malar rash is linked to oral ulcers, and a novel association between
arthritis and serositis was observed in this ancestral background.

Weckerle et al. Page 6

Arthritis Rheum. Author manuscript; available in PMC 2012 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



We did not observe similar associations between serology and clinical features in this study
as have been previously described, such as anti-Ro with cutaneous disease or anti-dsDNA
with renal disease (24–26). It is possible that these manifestations could be mediated in part
by IFN-α, and that inclusion of serum IFN-α activity in our multivariate models abolished
the observed associations. To test this hypothesis, we analyzed these particular associations
between serology and clinical manifestations leaving IFN-α activity out of the model. Only
one association which exceeded our threshold p-value was observed between anti-Ro and
photosensitivity in Hispanic-Americans with an odds-ratio of 6.47 (data not shown). This
would suggest that inclusion of IFN-α activity in our model was not obscuring previously
reported associations between serology and clinical manifestations. Given that we have
previously reported an association between age and serum IFN-α activity (8) and that age
differed significantly between the ancestral backgrounds studied, we tested whether age
could be confounding the network of association by including age as a covariate in the
regressions. This re-analysis of the network of associations with IFN-α including age as a
covariate resulted in the same associations (data not shown), suggesting that age differences
between different ancestral backgrounds were not causing the differences observed in the
patterns of association between ancestral backgrounds.

Discussion
By studying a large cohort of SLE patients, we were able to show that IFN-α levels vary
significantly by ancestral background, and demonstrate some shared and some distinct
patterns of association between serum IFN-α activity, autoantibodies, and clinical
manifestations in SLE patients of different ancestral backgrounds. Both the similarities and
the differences between ancestral backgrounds are interesting, as SLE is a highly
heterogeneous condition and a better understanding of this heterogeneity could inform our
approach to diagnosis and treatment. The association between SLE-associated
autoantibodies and high IFN-α activity was remarkably similar across all of the ancestral
backgrounds studied. Consistent with previous data, we found that SLE-associated
autoantibodies were more common in African-American and Hispanic-American SLE
patients than in European-American SLE patients, and serum IFN-α activity were also
higher in African- and Hispanic-American SLE patients. Studies support the idea that SLE-
autoantibody immune complexes can directly trigger IFN-α production, likely via ligation of
endsomal Toll-like receptors (27,28), and these data provide a potential mechanistic
explanation for the strong shared association we observed. It was interesting that despite
controlling for all of the variables analyzed in this study, some residual association between
non-European ancestry and higher serum IFN-α activity remained, suggesting that some
genetic or other unaccounted for factors result in this difference in serum IFN-α activity by
ancestry.

Previous studies have correlated increased expression of IFN-induced genes in SLE with
presence of renal disease, cutaneous manifestations, anti-Ro, anti-Sm, anti-RNP, and anti-
dsDNA antibodies (16,18,23). While we strongly confirm the previously reported serologic
associations, strikingly we did not find any associations between clinical characteristics and
IFN-α activity or autoantibodies. Certain clinical characteristics were positively correlated
with each other, and autoantibodies were correlated with high IFN-α activity and with each
other, but these two groups of associations were not interconnected in the network diagrams.
We may not have detected these associations between clinical and serum factors due to the
stringent statistical significance we required in our analysis to allow for multiple
comparisons. However if this is the case, then the associations between serology and high
IFN-α activity are at least much stronger than any potential association between clinical
features and high IFN-α activity. The ACR criterion for renal involvement in SLE does not
differentiate well between current and prior disease. Thus, our study cannot exclude an
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association between IFN-α activity and acute renal disease. Similarly, the cutaneous ACR
criteria could refer to present or past skin involvement. In each ancestral background,
cutaneous manifestations were associated with each other in some way. This seems logical
that ACR criteria which assess the same organ system are correlated with each other, and
this may indicate a shared pathogenesis.

A strength of the present analysis is that the large cohort of SLE subjects from diverse
ancestral backgrounds allowed us to stratify the analyses by ancestry, and account for
between-variable correlations with multivariate analyses in each ancestral background.
Heterogeneity in the ancestral composition of an SLE cohort could result in confounding of
an IFN-α-clinical correlation study, as both the prevalence of high IFN-α activity as well as
the prevalence of particular clinical manifestations differ significantly by ancestry. For
example, both renal disease and high IFN-α activity are more common in African-and
Hispanic-Americans, and without control for ancestry these two variables could be seen as
correlated in the overall mixed ancestry cohort when they may actually be co-linear in a
subset of the cohort.

Limitations of the study include that disease activity was not assessed in these subjects, and
could not be included as a covariate. These data would have been interesting as we could
have tested whether the previously reported associations between IFN-α activity and disease
activity were dependent or independent of autoantibody traits. In particular, anti-dsDNA
antibodies would be an important potential confounder clearly related to both IFN-α activity
and SLEDAI score. Other autoantibodies associated with high IFN-α activity, such as anti-
Ro, tend to be stable, and in this case large temporal variation in IFN-α due to changes in
disease activity would tend to obscure this correlation. Additionally, work from a number of
investigators supports relative stability of IFN-α in SLE serum over time (19,20). Age was
included in this study as “age at time of sample”, and data regarding age at SLE onset were
not fully available. In younger patients these two variables will likely be correlated, but this
would not be the case in older patients, and thus we cannot assess any effects related to
disease duration in this study. Immunosuppression and its possible effect on IFN expression
were not controlled in the study. However, prior studies have shown that while pulse
glucocorticoids suppress IFN-α and IFN-α-induced gene expression, patients treated with
azathioprine or mycophenolate mofetil did not have lower IFN-α-induced gene expression in
PBMCs when compared to patients not receiving these medications (18). Data regarding
hydroxychloroquine would be interesting to analyze in our cohort if these data were
available, as studies have suggested that anti-malarial agents decrease intracellular Toll-like
receptor signaling (45), and these agents are commonly used in SLE. Previous work
suggests a non-significant trend (p=0.06) toward an association between
hydroxychloroquine treatment and lower IFN-α-induced gene expression in SLE patient
PBMC in a multivariate model (18).

While our analysis did not show a direct link between clinical manifestations of SLE and
IFN-α activity or autoantibodies, this may be because there are intermediate factors relating
these disease characteristics which have not yet been identified or included in our analysis.
IFN-α is known to be a primary pathogenic factor in SLE (7,9), but may not directly
influence the late disease manifestations. Instead, IFN-α may be involved in the early
pathogenesis of SLE through a break in humoral self-tolerance, allowing the production of
pathogenic SLE-associated autoantibodies. Previous studies have shown that autoantibodies
can develop years prior to the disease onset of SLE, and typically develop in a predictable
fashion (46). Our analysis showed that IFN-α activity was strongly associated with
autoantibodies in SLE patients, and this association was strikingly consistent despite the
known differences in the prevalence of both autoantibodies and clinical features in different
ancestral backgrounds. Our data support a model in which IFN-α is involved in early
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humoral loss of self-tolerance which is more highly conserved in SLE pathogenesis, and
IFN-α may be less involved in the later diversification of the autoimmune response against
various organs which is more variable between persons and ancestral backgrounds.
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Figure 1.
Serum IFN-α alpha activity in SLE patients stratified by self-reported ancestry. Serum IFN-
α activity is represented in relative units on the Y-axis, as described in the Methods. Line is
drawn at the median, boxes show the interquartile range, and error bars represent the 90th

and 10th percentiles respectively. Two-column t-tests and p-value calculations were done
using the non-parametric Mann-Whitney U test.

Weckerle et al. Page 12

Arthritis Rheum. Author manuscript; available in PMC 2012 April 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2.
Network diagram showing significant associations between ACR clinical criteria,
autoantibodies, and serum IFN-α activity in SLE patients of each ancestral background. A.
shows African-American patients, B. shows European-American patients, and C. shows
Hispanic-American patients. Each of the boxes indicates the presence of the given feature,
and IFN indicates high IFN-α activity, and the odds ratios indicate the direction of the
association. Thus, an odds ratio greater than one for an association between “Anti-Ro” and
“IFN” means that the presence of anti-Ro antibodies is associated with high IFN-α activity.
Connecting lines indicate associations, and arrowheads indicate directionality of the
associations (arrowhead touching the box of the outcome variable that is associated with the
given predictor variable, most are bidirectional associations). OR = Odds ratio, Photosens. =
photosensitivity, anti-DNA = anti-dsDNA
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Table 3

Output from multivariate regression to detect independent associations with high IFN-α activity across all
ancestral backgrounds

β-coefficient Standard error p-value

Non-European Ancestry 0.534 0.157 6.7 × 10−4

Age at Recruitment −0.025 0.0056 9.7 × 10−6

Photosensitivity −0.224 0.151 0.14

Discoid Rash 0.236 0.192 0.22

Malar Rash 0.304 0.151 0.044

Oral Ulcers −0.089 0.155 0.56

Serositis −0.007 0.149 0.96

Hematologic 0.230 0.152 0.13

Neurologic −0.187 0.215 0.38

Renal Disease −0.052 0.154 0.74

Arthritis −0.220 0.176 0.21

Anti-dsDNA 0.859 0.158 6.5 × 10−8

Anti-Sm 0.247 0.290 0.39

Anti-RNP 1.132 0.195 7.8 × 10−9

Anti-Ro 0.985 0.182 7.3 × 10−8

Anti-La 0.398 0.300 0.19

β
coefficient = beta coefficient from the logistic regression model, p-value calculated from the t-statistic. Bolded entries have a p-value that would

remain <0.05 following a Bonferroni correction for the number of variables tested in this analysis.
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