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Figure 2 Flow cytometric analysis of MxA protein expression in CD14 monocytes from healthy controls (HCs) (n=27) and primary Sjogren’s
syndrome (pSS) patients stratified in interferon (IFN) type | signature negative (IFNneg) (n=14) and IFN type | signature positive (IFNpos) (n=21)
patients. (A) Representative dot plots show CD14 and MxA protein expression on monocytes from study subjects. (B) Correlation plot shown

between IFNscores for all study subjects and relative mean fluorescent intensity (MFI) of MxA. (C) Relative MFI of MxA is shown for healthy controls
(HCs), IFNneg and IFNpos pSS patients. (D) MxA levels are shown for IFNneg (left) and IFNpos (right) pSS patients. Representative histograms are
depicted; shaded histogram represents the isotype control, dotted line represents the HC and the solid line represents the pSS patients. Relative
expression was calculated as MxA-specific staining (MFl)/isotype control (MFI). MxA levels (wg/l) determined by MxA-enzyme immunoassay (EIA) in
whole-blood lysates of HC and pSS patients. (E) Correlation plot between IFNscores for all study subjects and intracellular MxA-EIA (.g/l) levels. (F)
MxA-EIA (w.g/l) levels shown for HC and pSS patients, stratified in IFNneg and IFNpos patients. Each symbol represents an individual sample
(duplicates of two separate EIA measurements per study subject); horizontal lines represent the median. The correlation coefficients (r) and p values

are shown. For correlations, Spearman’s rho correlation test was used and to compare medians, the Mann—-Whitney U test was used.

CD14 monocytes."”> This observation was confirmed in our
current cohort (see online supplementary figure S3). We there-
fore assessed intracellular BAFF protein in CD14 monocytes as
a candidate biomarker for IFN type I, using flow cytometry.
Intracellular BAFF levels showed no correlation with the
IFNscore (figure 3C; see online supplementary figure S2).
Moreover, BAFF protein levels were not significantly elevated in
pSS patients compared with HC, neither in IFNpos nor [FNneg
patients (figure 3F).

MXxA correlates with disease manifestations of pSS

Previously observed association of the IFN type I signature with
high ESSDAI disease activity scores'® (reconfirmed in this study;
figure 4A) gave rise to the question whether this also holds true
for the here described potential biomarkers MxA, CD64 and
CD169. We were able to assess ESSDAI disease activity scores in
23 pSS patients of this cohort. Significant correlation was
observed between ESSDAI scores and MxA levels measured by
either assays, even though the correlation was the strongest
when the EIA was used (table 2 and figure 4B,C). For the other
biomarkers, no correlation was found (see online supplementary

table S1).

We subsequently determined whether the potential biomar-
kers were associated with classical aberrant immune parameters
of pSS such as anti-SSA and anti-SSB autoantibodies, rheuma-
toid factor, immunoglobulin levels and neutrophil counts
(table 2). In particular, whole blood MxA levels showed the
strongest and the most significant correlations with many of
these parameters; patients with autoantibodies showed higher
levels of whole blood MxA compared with patients free of
autoantibodies (figure 4D). Significant positive correlations
were also found between whole-blood MxA and rheumatoid
factor, and immunoglobulin levels (IgG, IgA and IgM) (table 2,
figure 4E). Significant negative correlations were found
between whole-blood MxA, haemoglobin levels and neutrophil
counts. Monocyte MxA(-Facs) and CD169 levels performed
less well in these comparisons (table 2; see online
supplementary table S1).

Patients on hydroxychloroquine (HCQ, Plaquenil) treatment
had significantly reduced biomarkers of IFN activity (figure 4F,
G); table 2 and figure 4G show patients on HCQ treatment to
have reduced levels of MxA, measured by EIA and FACS. HCQ
was, however, found to have no significant effect on ESSDAI
levels (figure 4H).
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Figure 3 Flow cytometric analysis of CD14 monocytes from healthy controls (HCs) and primary Sjégren’s syndrome (pSS) patients. Correlation
plots shown between interferon (IFN) scores for all study subjects and (A) CD64, (B) CD169 and (C) B cell-activating factor (BAFF) protein levels,
respectively. Relative mean fluorescent intensity (MFI) for (D) CD64 (E) CD169 and (F) BAFF protein levels are shown for CD14 monocytes from HC
(n=27) and pSS patients, stratified in IFN type | signature negative (IFNneg) (n=14) and IFN type Isignature positive (IFNpos) (n=21) patients. Each
symbol represents an individual sample; horizontal lines represent the median. Relative expression was calculated as protein-specific staining (MFI)/
isotype control (MFI). The correlation coefficients (r) and p values are shown. For correlations on CD64 and CD169, Spearman's rho correlation test
was used and to compare medians, the Mann—-Whitney U test was used. For BAFF, Pearson's correlation test was used and to compare means, the
independent t test was used.
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Figure 4 EULAR Sjogren’s Syndrome Disease Activity Index (ESSDAI) scores stratified in (A) interferon (IFN) type | signature negative (IFNneg) and
IFN type | signature positive (IFNpos) primary Sjégren’s syndrome (pSS) patients (B) MxA (ug/l) levels as measured by the MxA-EIA; MxA<100 ug/l
(low) and MxA>100 ug /I (high). Cutoff values were determined as meanyc + 2xSDyc (C) Correlation plot is shown between EULAR Sjogren’s
Syndrome Disease Activity Index (ESSDAI) scores and MxA (ug/l) levels. (D) MxA (ug/l) levels in pSS patients in presence (+) or absence (—) of
autoantibodies; anti-SSA (divided in Ro52 and Ro60) and anti-SSB (E) immunoglobulin levels (g/l) such as IgG, IgA and IgM in pSS patients
stratified in MxA<100 ug /I and MxA>100 ug/l. Comparisons for pSS patients in presence (+) or absence (—) of hydroxychloroquine (Plaquenil)
treatment plotted for (F) the IFNscore; line represents IFNscore cutoff >10, (G) MxA (ug/l), as measured by the MxA-EIA and (H) ESSDAI scores.
Each symbol represents an individual sample; horizontal lines represent the median. The correlation coefficient (r) and p values (*p>0.05; **p>0.01;
***p>0.001) are shown, Spearman’s rho correlation test was used and to compare medians, the Mann—Whitney U test was used.
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Table 2 Comparisons of the MxA biomarker—assessed by MxA-EIA and MxA-FACS—uwith clinical and laboratory parameters of pSS patients

Variable MxA-EIA MxA-Facs
N r p Value N r p Value
ESSDAI score 24 0.65 <0.01 28 0.45 0.02
Laboratory parameters
Rf (IE/ml) 22 0.57 0.01 26 0.33 n.s.
a3 (g/)* 27 0.03 n.s. 33 -0.17 n.s.
C4 (g/l) 27 —0.07 n.s. 33 —0.43 n.s.
19G (g/l)* 29 0.52 <0.01 35 0.40 0.02
IgA (g/l) 27 0.44 0.02 33 0.41 0.02
IgM (g/1) 27 0.46 0.02 33 0.18 n.s.
CRP (mg/l) 26 0.09 n.s. 31 0.22 n.s.
Hb (mmol/l) 29 —0.45 0.02 35 —0.61 n.s.
Thrombocytes (*10E9/1)* 28 0.20 ns. 34 0.03 n.s.
Lymphocytes (*10E9/1)* 26 0.03 ns. 32 -0.11 n.s.
Neutrophils (*10E9/) 26 —0.40 0.05 32 —0.18 n.s.
Variable N (%) Y4 p Value N (%) Y4 p Value
Autoantibodies
Anti-SSA 24129 (83) -3.07 <0.01 30/35 (86) -2.40 0.02
Anti-Ro52 16/22 (73) -2.26 0.02 21127 (78) -1.98 0.05
Anti-Ro60 15/22 (68) -3.02 <0.01 19/27 (70) -2.76 0.01
Anti-SSB 19/29 (66) -3.20 <0.01 23/35 (66) —1.63 n.s.
Medical therapy
Pilocarpine 7129 (24) -1.36 ns. 9/35 (26) —1.47 n.s.
Plaquenil 23129 (79) —-2.05 0.04 26/35 (74) -3.25 <0.01
Corticosteroids 229 (7) —1.64 ns. 3/35 (9) -0.59 n.s.

Data are presented as Spearman'’s rho (r) or according to k2 test (Z), unless otherwise mentioned.

*Data normally distributed are presented as Pearson'’s rho (r).
CRP, C-reactive protein; Hb, haemoglobin; n.s., not significant; Rf, rheumatoid factor.

DISCUSSION

Our study is the first to simultaneously assess protein levels of
MxA, CD64, CD169 and BAFF as biomarkers for IFN type I
detection. Herein, MxA was distinguished as the best functional
biomarker for systemic IFN type I activity in pSS.

MxA protein is considered as an important mediator of early
innate immune defence and its expression has been used as a
marker for IFN bioactivity in experimental as well as clinical
settings.”” 27 The MxA gene, in contrast to other IFIGs, is not
directly induced by viruses and strictly depends on IFN signal-
ling.?” Furthermore, the stability of MxA protein in cells was
observed to be higher than the corresponding mRNA levels.?
We assessed intracellular MxA protein using an EIA method on
whole blood and flow cytometric analyses on circulating CD14
monocytes. In our patients, flow cytometric detection of MxA
in monocytes showed a slightly better distinction between
IFNpos and IFNneg patients within this pSS group, relative to
the EIA in whole blood. Nevertheless, the MxA-EIA was a more
practical assay as it requires only 25 pl of whole blood—
obtained during routine blood collection and easily stored at
—70°C to the time of assessment—without necessity of labori-
ous PBMC isolation and subsequent monocyte isolation. Vallittu
et al,"”® who previously validated the MxA-EIA for monitoring
MS patients treated with IFN-B, concluded the EIA favourable
for large-scale clinical application due to its high level of stand-
ardisation and reproducibility. We also experienced the EIA to
be less variable than FACS (data not shown). This report shows
whole-blood MxA levels measured by EIA to have the strongest

correlation with features of active pSS, that is, with higher
ESSDAI scores, anti-SSA/SSB antibodies, rheumatoid factor,
immunoglobulin levels, lower haemoglobulin levels and neutro-
phil counts. We found no association with complement con-
sumption as previously found for the IFNscore.”> On the basis
of these observations, we propose to use the MxA-EIA for iden-
tification of IFN type I bioactivity in pSS.

Alongside MxA, we also considered CD64, CD169 and BAFF
as candidates, observing a significant correlation between CD64
and CD169 and the IFNscore, be it with a relatively low correl-
ation coefficient.

CDé64, the high-affinity Fc-gamma receptor I (Fcy RI) recog-
nising Fc portion of IgG, is exclusively expressed on myeloid
cells and found to correlate with IFIG expression in SLE.*!
Levels of CD64 on monocytes did neither correlate with IFN
type I activity, nor with the clinical and laboratory parameters.
In contrast, the surface marker was overexpressed in all pSS
patients. We therefore consider it as a marker of systemic auto-
immunity in general.*®

CD169, also termed sialoadhesin (Siglec-1), previously identi-
fied as a biomarker for IFN type I activation in SLE, was found
to correlate with disease severity.'® Also in SSc, elevated CD169
levels were found on monocytes.” In our hands, CD169 was
elevated in IFNpos pSS patients and correlated to several clinical
and laboratory parameters, even though not as strongly as the
MXA assays.

BAFF overexpression has been observed in serum, salivary
glands and monocytes in pSS patients.'® 20 37 3% We previously
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observed a strong correlation between the IFN type I signature
and BAFF mRNA in pSS monocytes.'* Moreover, we found
BAFF serum protein level increased in pSS compared with HC,
but did not find a correlation with the IFNscore; additionally,
BAFF serum protein did not correlate with BAFF mRNA. We
report here that BAFF protein levels showed a slight but not sig-
nificant increase in IFNpos patients, whereas BAFF mRNA was
indeed significantly increased in IFNpos patients. This again
indicates the lack of correlation between BAFF mRNA and
BAFF protein.

Some limitations of our study are for one, the relatively small
sample size for CD64. Assessing this surface marker in a large
set of patients is warranted to better understand its role in sys-
temic autoimmunity. Second, MxA-EIA levels were not assessed
for all subjects due to whole-blood necessity. Furthermore,
absence of viral infections was defined as ‘no symptoms of
underlying viral infections” at inclusion, whereas no viral screen-
ing was done to confirm. In HC with relatively high MxA
levels, however, ENA profiles were run to rule out the presence
of autoantibody. Third, the ESSDAI as well as some clinical and
laboratory parameters were not assessed in all pSS patients.

In this study, we reconfirmed a monocyte IFN type I signa-
ture prevalence in over half of the pSS patients, a subgroup
with higher disease activity.'> We proposed the identification of
these subgroups useful in establishing a patient’s eligibility for
specific treatments. Indeed, an interesting finding here was that
patients on HCQ treatment had considerably reduced MxA
levels, indicating HCQ to perhaps interfere with IFN produc-
tion. A recent report shows HCQ to impair systemic IFNo. pro-
duction.®® Our data suggest that identifying the IFN type I
signature by performing MxA assays might prove useful in pre-
dicting HQC treatment responsiveness. In this cohort, there
are more HCQ users in the IFNneg group compared with
IFNpos. However, it is not likely that the increased ESSDAI
levels in the IFNpos group are an effect of less HCQ use in
this group, because in the IFNpos group, 62% of the patients
use HCQ and are nevertheless I[FNpos. Moreover, we previ-
ously showed 61% (23/38) of the IFNpos patients to use HCQ
compared with 55% (17/31) of IFNneg patients. In addition,
HCQ use did not significantly affect ESSDAI scores (figure
4H). Larger studies are, however, warranted to fully elucidate
the effects of HCQ on the IFN type I system, in particular,
longitudinal studies monitoring MxA levels in HCQ-naive
patients starting HCQ treatment.

The association between the IFN type I signature, MxA protein
and disease activity levels in pSS needs to be further assessed, by
for one looking longitudinally, in order to validate MxA as a
disease activity marker. The same holds true for association
between IFN type I polymorphisms and MxA, as these poly-
morphisms have been linked to increased IFNa sensitivity.** *!

To determine the applicability of the MxA-EIA in other IFN
type I-related diseases, MxA levels were assessed in a small SLE
cohort (see online supplemental figure S4) and showed results
similar to pSS—a significant correlation between IFNscores and
MxA levels (r=0.885, p<0.0001)—suggesting a broad applic-
ability of MxA-FEIA in systemic autoimmunity.

In conclusion, we identify MxA protein expression by EIA
and FACS analysis as practical and rapid approaches for assess-
ment of IFN type I bioactivity in pSS. MxA-EIA is the simplest
and most reliable of these assays and indicates clinical applicabil-
ity in stratifying pSS patients according to IFN positivity. The
use of MxA as a biomarker for identifying patients eligible for
therapy in pSS clearly requires further research.
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