1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

wduosnue Joyiny vd-HIN

"% NIH Public Access
@@‘ Author Manuscript

2 HEpst

NATIG,

O

Published in final edited form as:
Autoimmunity. 2009 September ; 42(6): 515-524. doi:10.1080/08916930902911738.

Sensitive and robust luminescent profiling of anti-La and other
autoantibodies in Sjoégren’s syndrome

Peter D. Burbelol, Hannah P. Leahy?, Alexandra T. Issal, Sandra Groot!, James N.
Baraniuk?, Nikolay P. Nikolov3, Gabor G. lllei3, and Michael J. ladarolal

INeurobiology and Pain Therapeutics Section, Laboratory of Sensory Biology, National Institute
of Dental and Craniofacial Research, National Institutes of Health, Bethesda, MD, USA

Division of Rheumatology, Immunology and Rheumatology, Georgetown University, Washington,
DC, USA

3Sjogren’s Syndrome Clinic, Molecular Physiology and Therapeutics Branch, National Institute of
Dental and Craniofacial Research, National Institutes of Health, Bethesda, MD, USA

Abstract

Sjogren’s syndrome (SjS) patients often have a variety of extraglandular manifestations including
neurological and gastrointestinal involvement. In this study we evaluated the diagnostic
performance of luciferase immunoprecipitation system (LIPS) that employs mammalian cell-
produced recombinant antigens for analyzing SjS autoantibody responses. LIPS testing of
mammalian cell-produced La, Ro60 and Ro52 recombinant antigens with defined commercial
antibodies demonstrated highly specific immunoprecitation of each antigen without cross-
reactivity. Next, sera from 57 SjS and 25 volunteers were evaluated by LIPS against a panel of
human autoantigens. LIPS detected robust anti-La antibody levels in 43/57 SjS patients (75%
sensitivity) and markedly outperformed an ELISA (46% sensitivity). Profiling of other SjS-
associated autoantigens revealed the presence of anti-Ro60, anti-Ro52 in 63% and 61%, of SjS
patients, respectively. Interestingly, a C-terminal fragment of Ro52 (R052-A2), a protein fragment
not previously found to be antigenic by ELISA, also showed positive immunoreactivity in 42/57
SjS patients (65% sensitivity). Additional profiling of other autoantigens revealed that certain SjS
patients also showed positive immunoreactivity with thyroid peroxidase (14%), AQP-4 (12%) and
the H*/K* gastric ATPase (16%) suggesting potential autoantibody attack of thyroid, neuronal and
gastric parietal cells, respectively. These heterogeneous autoantibody responses detected by LIPS
in SjS will likely be useful for diagnosis and for evaluating extraglandular manifestations.
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Introduction

Sjogren’s syndrome (SjS) is a common autoimmune disorder associated with epithelial
inflammation and exocrine glands dysfunction [1]. The etiology of SjS is unknown and
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genetic and environmental factors are both thought to play a role in triggering the
autoimmune response. The presence of multiple autoantibodies and oligoclonal and
polyclonal B cell activation is characteristic of SjS. The spectrum of SjS extends from an
organ-specific autoimmune disease with sicca symptoms of dry eyes and mouth, to systemic
disease with diverse extraglandular manifestations involving other organs such as the
thyroid, lungs, gastrointestinal and the peripheral nervous system.

The current American-European consensus classification for primary SjS is based on six
criteria [2]. Signs of ocular and oral dryness, evidence of inflammation from minor salivary
gland biopsy, and the presence of autoantibodies towards the extractable nuclear SSA and
SSB antigens are included in the criteria. These antibodies are not specific to SjS, however,
as they are detectable in SLE (systemic lupus erythematosus), myositis and other
autoimmune diseases [3]. SSA is composed of structurally unrelated Ro52 and Ro60, while
SSB, also known as La, is a single 48 kDa protein. In the 2002 classification standards for
SjS diagnosis, positive SSA and SSB autoantibody titers was the only mandatory criteria for
primary SjS if the salivary gland biopsy was negative [2]. Current ELISA-based
immunoassays detect a rate of approximately 70% SSA and 40% SSB immunoreactivity in
SjS [1]. However, few autoantibody tests exist to evaluate the diverse extraglandular
manifestations that are commonly found in SjS.

Most ELISA-based immunoassays for evaluating autoantibodies, including those for SSA
and SSB, employ either native proteins or protein complexes, such as those purified from
calf thymus [4], or ones produced recombinantly in bacteria or baculovirus. Immunoassays
that utilize proteins from these sources may contain contaminating proteins or
macromolecular aggregates that limit the accuracy of these tests due to high backgrounds
and/or false signals. We recently developed a highly sensitive immunoprecipitation
technology called Luciferase Immunoprecipitation System (LIPS) that utilizes mammalian
cell-produced, recombinant fusion protein antigens for efficiently evaluating antibody
responses [5-11]. In a limited number of side-by-side comparisons, LIPS showed improved
diagnostic performance compared to existing immunoassays for detecting antibodies to
infectious agents [10,11] and provided new tools to monitor drug treatment [11] and sub-
stratify disease states [9]. In addition, LIPS is highly useful for profiling autoimmunity [7,8]
and in one study showed several advantages over a highly sensitive radioactive /n vitro
transcription/translation assay for detecting anti-1A2 autoantibodies associated with type |
diabetes [8]. In the present study, LIPS was evaluated for its diagnostic performance in
detecting autoantibodies to SSA and SSB and for screening additional autoantibody
responses in primary SjS and control volunteers.

Material and methods

Patients and methods

The sera were randomly selected from a cohort of patients with primary SjS participating in
a longitudinal natural history study. These sera included 57 well-characterized patients
diagnosed with primary SjS and 25 healthy volunteers evaluated under Institutional Review
Board-approved protocols at the SjS clinic of the National Institute of Dental and
Craniofacial Research, National Institutes of Health, Bethesda, MD. An additional 15 serial
samples from the primary SjS patients were tested for further validation of the LIPS tests but
were not used for calculations of sensitivity and specificity. As part of a clinical protocol, all
SjS patients and volunteers underwent medical evaluation and standardized tests for salivary
(unstimulated and stimulated glandular salivary flow rate, whole salivary flow rate) and
lacrimal (Schirmer’s test) gland function, and minor salivary gland biopsy. The age, gender,
focus score, salivary flow and clinical laboratory findings of the volunteers and primary SjS
patients are summarized in Table 1. SjS patients were also documented for other covariants
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including peripheral and central nervous system disease, gammopathy, and lymphoma. For
the focus score [12], the histopathological ranking score ranged from 0 to 12 (severe). Focus
score, a marker of lymphocytic infiltrate, is defined as the number of lymphocytic foci
containing more than 50 lymphocytes per 4mm? of glandular tissue and range from 0 (no
infiltrate) to 12 (confluent).

Sera were kept at —80°C, thawed, aliquoted, then stored at 4°C, and measured as coded
samples. Sera were evaluated by LIPS for anti-La, anti-Ro60 anti- Ro52, anti-Jo1, and anti-
AQP-4 antibody titers without pre-knowledge of disease status. Assays for anti-TPO, anti-
AQP-1, anti-AQP-5, anti-gastric ATPase and antibodies to two recombinant fragments of
Ro52 antibodies were determined thereafter. For comparison, SSA (anti-Ro52 and anti-
R060 antibodies) and SSB (anti-La antibody) tests were measured in the Laboratory of
Clinical Medicine, NIH using a commercial ELISA obtained from BioRad (Hercules, CA)
that employs native, extractable bovine nuclear antigens [4].

Generation of Ruc-antigen fusion constructs

A mammalian Renilla luciferase (Ruc) expression vector, pREN2, was used to generate all
plasmids [6]. Human cDNA clones were amplified by PCR with specific linker-primer
adapters as described [6-8]. Unlike the other autoantigens tested, which represented full-
length proteins, a fragment of thyroid peroxidase (TPO) was fused to the carboxy terminus
of Ruc. In the case of the Ro52, two deletion constructs were also tested, Ro52-A1 and
R052-A2, spanning amino acid residues 2-277 and 278 — 475, respectively. DNA
sequencing was used to confirm the integrity of all the plasmid constructs. PCR primer
sequences that were used to generate each construct are available on request.

Validation of LIPS tests for detecting anti-La, anti-Ro52 and anti-Ro60

As previously described for other autoantigens [6], the specificity of the LIPS tests for La,
Ro-52 and Ro60 were validated using known positive control commercial antibodies. The
monoclonal anti-La (catalogue # sc-80656) and polyclonal anti-Ro52 (catalogue #
s¢-20960), anti-Ro60 (SC-20961) antibodies were obtained from Santa Cruz Biotechnology,
Ca, USA. For the Ruc-La and Ruc-Ro60 LIPS tests all three antibodies were used at 200 ng,
while for the Ruc-Ro52 LIPS test only 20 ng of each of three antibodies were used. Results
are shown from the average of two experiments and protein A/G bead background without
antibody addition was subtracted and normalized as described [5].

LIPS analysis

The LIPS assay was performed in a 96-well plate format at room temperature as described
[7]. First, a “master plate” was constructed by diluting patient sera 1:10 in assay buffer A
(20mM Tris, pH 7.5, 150mM NaCl, 5mM MgCly, 1% Triton X100) in a 96well
polypropylene microtiter plate. Additional sera dilutions were required for measuring anti-
Ro52 and anti-Ro60 antibody titers. For evaluating antibody titers by LIPS, 40 pl of buffer
A, 10 pl of diluted human sera (1 pl equivalent), and 50 pl of 1 x 107 light units (LU) of
Ruc-antigen Cosl cell extract diluted in buffer A, were added to each well of a
polypropylene plate and incubated for 1 hour at room temperature. Next, 7 pl of a 30%
suspension of Ultralink protein A/G beads (Pierce Biotechnology, Rockford, IL) in PBS
were added to the bottom of each well of a 96well filter HTS plate (Millipore, Bedford,
MA). To this filter plate, the 100 pl antigen-antibody reaction mixture was transferred and
incubated for 1 hour at room temperature on a rotary shaker. The washing steps of the
retained protein A/G beads were performed on a BioMek FX [7] work station (Beckman
Coulter, Fullerton, CA) using an integrated vacuum manifold. After the final wash, LU were
measured in a Berthold LB 960 Centro microplate luminometer (Berthold Technologies,
Bad Wilbad, Germany) using coelenterazine substrate mix (Promega, Madison, WI). All LU
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data were obtained from the average of at least two independent experiments and the LU
values used without subtracting the buffer blank as described [8].

Statistical and data analysis

Results

The GraphPad Prism software (San Diego, CA) was used for statistical analysis, including
the evaluation of receiver operator characteristics (ROC) and test performance by area under
the curve (AUC). Mann-Whitney U-tests were used to compare the antibody titers among
the different groups. It should be noted that the duplicate LIPS tests were performed
separately for each antigens and the interassay coefficient of variation was below 20%. For
each test, the mean + standard deviation (SD) of LU derived from 2 separate determinations
was calculated and the 3SD and 5SD cut-off points determined; both of which are indicated
in the figures. Due to the robust nature of the autoantibody values found in the SjS patients,
the mean plus 3SD was consistently used for most calculation of sensitivity and specificity.

Data transformation and a heatmap were used to visualize the autoantibody profiles of the
participants as a single graphic (Figure 5). In order to create this heatmap, the mean and
standard deviation of the antibody titers for each antigen in the 25 control samples was first
generated as a reference scale. Next antibody titer values for each antigen-antibody
measurement greater than the control mean plus 3 SD were color coded to signify the
relative number of standard deviations above these cut-off values. Lastly, the samples were
rank ordered with respect to anti-La antibodies, the most informative SjS autoantigen.

Validation of LIPS tests for detecting anti-La, anti-Ro52 and anti-Ro60 antibodies

Here we fused cDNAs in-frame for human La, Ro52 and Ro60, encoding full-length
proteins, to the C-terminus of Renilla luciferase (Ruc) using the mammalian expression
vector, pREN2. Following transfection of these individual constructs into Cos1 cells, cell
lysates containing high levels of expression of the Ruc-antigen fusions were obtained. For
example, the Ruc-La lysate yielded 1 x 109 LU per 100mm? plate of Cos1 cells (sufficient
for ~ 300 serological tests). These Ruc-antigen lysates were next used in the standard LIPS
format to evaluate specificity with commercial anti-La, anti-Ro52 and anti-Ro60 antibodies.
In the standard LIPS format, 1 pg of anti-La monoclonal antibody immunoprecitatated
approximately 10% of the Ruc-La input, but this antibody did not immunoprecipitate the
Ruc-Ro52 or Ruc-Ro60 fusion proteins (Figure 1A). In contrast a polyclonal anti-Ro52
antibody efficiently immunoprecipitated Ruc-Ro52, but did not immunoprecipitate the Ruc-
La or Ruc-Ro60 fusion proteins (Figure 1B). Lastly, an anti-Ro60 antibody did not
immunoprecipitate the Ruc-La or Ruc-Ro52 fusion proteins, but efficiently
immunoprecipitated the Ruc-Ro60 extract (Figure 1C). These results suggest that the Ruc-
La, Ruc-Ro52 and Ruc-Ro60 antigen fusions contain the expected linear and/or
conformational epitopes and may be useful in LIPS tests for detecting autoantibodies to
these proteins in SjS.

LIPS detection of anti-La autoantibodies in SjS

LIPS testing of 82 serum samples with the Ruc-La antigen yielded anti-La antibody titers
ranging from 3,468 to 2.4 million LU in the (Figure 2A). The mean + SD of the anti-La
antibody titer in the 25 controls was 5561 + 2424 LU and it was significantly different (p <
0.0001) from the mean value for 57 SjS samples of 686,471 + 794,507 LU. The results from
these duplicate interassay LIPS tests for anti-La antibodies were highly reproducible and had
a coefficient of variation of 16%.
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ROC analysis of the anti-La antibody test showed a calculated area under the curve (AUC)
value of 0.88, which reflected the high sensitivity and specificity of this assay (Figure 2B).
A cut-off of the mean plus 3 SD of the control subjects revealed 75% sensitivity (43/57) and
100% specificity in detecting positive anti-La autoantibodies in the SjS samples, while a
lower cut-off of the mean plus 2 SD yielded 76% sensitivity with 92% specificity. An even
higher cut-off of the mean plus 5 SD of the control subjects yielded a 72% and 100%
specificity. In comparison to the SSB ELISA, LIPS using the mean plus 3SD cut-off showed
a dramatically greater sensitivity than ELISA (i.e., 76% for LIPS versus 46% for ELISA) for
detecting anti-La antibody positive SjS samples (Table I1).

Anti-Ro60 and anti-Ro52 antibody titers in SjS

The Ro52 and Ro60 proteins of the SSA autoantigen are generally measured together in
ELISASs using extracts of purified, native proteins. Since separate analysis of these two
antigens could improve the sensitivity, recombinant Ruc-Ro60 and Ruc-Ro52 fusion
proteins were analyzed independently. A pilot set of controls and SjS samples showed a
uniformly high immunoprecipitation activity in the sera suggesting that the anti-Ro60
antibodies in nondiluted sera were in excess (data not shown). Dilution of the sera to 1:200
(equivalent to 5 nanoliters of serum/assay) was required to accurately determine anti-Ro60
antibody titers in the linear range of the LIPS assay. The diluted sera yielded anti-Ro60
antibody titers ranging from 16,981 to 1,590,939 LU in the 82 samples (Figure 2A). While
the 25 normal control samples showed anti-Ro60 antibody titers with a mean and SD of
57,389 + 64,381 LU, the 57 SjS had a much higher mean and SD of 609,065 + 495,736 LU.
A Mann-Whitney U-test showed a marked difference in anti-Ro60 antibody titers between
the controls and SjS patients (p < 0.0001). The cut-off value determined from the control
mean plus 3 SD identified 36/57 (63% sensitivity and 96% specificity) of SjS subjects with
positive anti-Ro60 antibody titers (Table I1). A higher cut-off of the control mean plus 5 SD
would identify 61% (35/57) of the SjS patients as positives with 100% specificity (Figure
2A).

Similar to the anti-Ro60 LIPS antibody test, the anti-Ro52 antibodies in undiluted sera were
in excess. Titration and dilution of sera to 1:400 was needed to obtain values in the linear
range (data not shown). Using this 1:400 dilution, the 82 SjS and normal volunteer serum
samples showed a wide range of anti-Ro52 antibody titers from 15,862 to 2,068,366 LU
(Figure 2B). Analysis of mean and SD of the anti-Ro52 antibody titers between the controls
(31,786 + 18,587 LU) and SjS patients (554,249 + 607,002 LU) revealed that they were
markedly different (o< 0.0001). The cut-off of the mean plus 3 SD from the 25 control
subjects identified a positive anti-Ro52 titer in 61% (35/57) of the SjS samples with 96%
specificity (Table 11). A higher cut-off of the control mean plus 5 SD would identify 60%
(34/57) of the SjS patients as positives with 100% specificity (Figure 2B).

The AUC values for the anti-Ro52 and anti-Ro60 antibody tests were 0.80 and 0.82,
respectively. Despite the fact that the AUC values were quite similar, regression analysis of
the anti-R052, anti- Ro60 and anti-La antibody detected by LIPS revealed weak but
statistically significant correlations between the different autoantibody titers in the SjS
samples. The strongest association was between the anti-Ro52 antibodies and anti-Ro60
antibodies (R = 0.60; p= 1.0 x 1075), followed by anti-La antibody and anti-R052
antibodies (R=0.59; A= 1.0 x 1075), and lastly anti-La antibodies and anti-Ro60 antibodies
(R=0.52; p=3.0 x 107°).

The anti-Ro52 and anti-Ro60 antibody titers were also compared to the anti-SSA ELISA
values determined in a clinical laboratory, which measures anti-Ro52 and anti-Ro60 as a
complex. While the SSA ELISA had a sensitivity of 72%, 1 of the SjS samples was
borderline positive. The LIPS test for anti-Ro52 and anti-Ro60 showed a combined
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sensitivity of 69% sensitivity and 92% specificity using a cut-off of the mean plus 3 SD,
while a cut-off of the mean plus 5 SD still showed 69% sensitivity and 100% specificity.
These results suggest that LIPS, using defined recombinant antigens, show a similar
sensitivity and specificity as the ELISA for detecting anti-SSA antibodies.

Detection of autoantibody responses to the C-terminus of Ro52

Recent biochemical and structural studies suggest that Ro52 functions in regulating the
quality control of immunoglobulins via proteosomal destruction of misfolded
immunoglobulins [13,14]. Although a C-terminal domain, called the PRYSPRY domain, of
Ro52 functions to bind the Fc region of 1gG antibodies [15,16], previous ELISA studies
have failed to detect autoantibodies to this region [17,18]. Here we used LIPS to test the
immunoreactivity of the N- and C-terminal fragments of Ro52, designated Ro52-A1 and
R052-A2, containing amino acids 2-277 and 278475, respectively. In the case of the Ro52-
A1, this N-terminal protein fragment was found to be highly immunogenic with SjS samples
and still required the sera to be diluted (1:40) to obtain values in the linear range (data not
shown). Interestingly, the Ro52-A2 C-terminal fragment, which no longer required sera to
be diluted for detecting values in the linear range, still showed high sensitivity and
specificity for detecting SjS samples (Figure 3C). Using a cut-off of the mean plus 3 SD of
the normal volunteers, positive anti-Ro52-A2 antibody titers were detected in 65% of the
SjS samples with 96% specificity (Figure 3C). These results demonstrate that the C-terminal
PRYSPRY domain of Ro52 contains useful epitopes for the diagnosis of SjS, but that these
antibodies are of lower titer than the N-terminus and are missed by ELISAs which use
recombinant proteins.

SjS patient autoantibodies against other autoantigens

In light of the many extraglandular manifestation found in SjS, 4 additional known
autoantigens that are associated with other autoimmune diseases were evaluated by LIPS.
These autoantigens included Jo-1, thyroid peroxidase (TPO), gastric H*/K* ATPase and
aquaporin-4 (AQP-4) that are often detected in myositis [19], autoimmune thyroid disease
[20], autoimmune gastritis [21] and neuromyelitis optica [22,23], respectively. LIPS analysis
examining anti-Jo-1 antibodies revealed only 1 of the 57 SjS subjects had significant
antibody titers above the control cut-off level of mean plus 3 SD (data not shown). A much
higher percentage of the SjS patients, 14% (8/57), had anti-TPO antibody titers above the
cut-off value of the mean plus 3 SDof the 25 control samples (Figure 4A). Testing for anti-
gastric H*/K* ATPase (beta subunit) revealed that 16% (9/57) of the SjS samples had
antibody titers above the cut-off value of the mean plus 3 SD of the 25 control samples
(Figure 4B). Many of these positive anti-gastric H*/K* ATPase SjS samples showed robust
values that were 15-50-fold higher than the mean of the controls (Figure 4B).

Testing for anti-AQP-4 antibodies revealed that 12% (7/57) of the SjS patients showed
positive titers using a cut-off value of the mean plus 3 SD of the 25 control samples (Figure
4C). Using this cut-off, none of the controls were positive for anti-AQP-4 antibodies (100%
specificity). In contrast, LIPS assays for antibodies to two other aquaporin, AQP-1 and
AQP-5, showed little immunoreactivity with no significant antibody titer differences
between the SjS and control samples (data not shown). LIPS testing of an additional deletion
mutant of AQP-4, missing the N-terminal 53 amino acids, failed to show immunoreactivity
suggesting that antibodies to AQP-4 may be conformation dependent (data not shown).
Lastly, positive AQP-4 autoantibody titers observed in the SjS samples were not simply a
reflection of indiscriminate polyclonal B cell activation, since 3 of 7 anti-AQP-4 antibody
positive samples were found in subjects negative for autoantibodies to La, Ro52, and TPO.
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Autoantibody profiles in SjS and clinical phenotypes

A heatmap was used to more easily visualize the antibody profiles to the seven most
informative autoantigens in all the different participants. For this heatmap, antibody titer
values for each antigen-antibody measurement greater than the cut-off of the control mean
plus 3 SDwere color coded to signify the relative number of standard deviations above these
cut-off values. Analysis of the heatmap revealed several interesting findings. As expected,
only a few single weak signals were detected in the normal volunteer controls (Figure 5). In
contrast, the SjS patients showed a wide range of titers and heterogeneous immunoreactivity
to this seven-antigen panel. The most informative SjS autoantigen was the anti-La antibody
test (Figure 5). Although adding the results from the anti-Ro52 antibody test added only 1
additional SjS patient, positive anti-Ro60 antibodies were only detected in SjS samples that
were already positive for anti-La antibodies (Figure 5). Anti-gastric ATPase antibodies were
always found in SjS patients positive for anti-La and anti-Ro52 antibodies and 4 of the 9
anti-gastric ATPase positive samples were also positive for anti-TPO antibodies. Finally,
several anti-AQP-4 and anti-TPO antibody responses were found in anti-La and anti-Ro52
antibody negative patients (Figure 5). Taken together these results, along with the titer
differences, highlight the heterogeneity of autoantibody responses in SjS patients.

The antibody titer data were also analyzed to determine whether there were any antibody
correlates for focus score, salivary flow, lacrimal gland function and other clinical
laboratory findings. While there were no apparent correlations of any antibody titers
measured with LIPS for gammopathy, anti-Ro52 antibody titers detected by LIPS weakly
correlated (R = 0.56; p < 0.0001) with the amount of inflammation in the salivary gland as
determined by the focus score (data not shown). Although the sample size was small, all 3
lymphoma patients showed markedly elevated anti-Ro52 antibody titers (data not shown).

Discussion

LIPS technology provided quantitative measures of autoantibody titers to 8 different human
proteins. This simple modular assay system, expressing human autoantigens as a series of
Ruc fusion proteins in mammalian cells followed by standardized chemiluminescent
detection, efficiently evaluated patient humoral response to these different antigens. In
contrast, ELISA and protein microarrays utilize a variety of antigens produced from multiple
sources, varying in purity and amount, and/or under different conditions [24]. Given the
substantial difference in antibody titers determined by LIPS between the SjS patients and
controls, cut-off values derived from the mean of the 25 controls plus 3 or 5 SD yielded
relatively similar results (see Table I1).

The anti-La antibody test was the most informative achieving 75% sensitivity and 100%
specificity. Incorporating anti-Ro52, anti-TPO and anti-AQP-4 antibody tests improved the
sensitivity to 86%, still maintaining 96% specificity. Using LIPS, autoantibodies associated
with four other autoimmune diseases were evaluated in SjS. Similar to published studies
[25], only a minority of patients within our SjS cohort tested positive for anti-Jo-1 antibodies
(1/57; 1.7%). The 14% rate of positive TPO autoantibodies found in SjS patients was also
similar to the results found in other studies [26,27] and is consistent with autoimmune
epithelitis associated with SjS [28]. The findings that some S;jS patients without clinical
thyroid disease have positive anti-TPO antibodies and others have only anti-AQP-4
antibodies, but undetectable anti-La, anti-Ro52/Ro60 antibodies, also supports the notion
that these SjS patients do not have “classical SjS” and that SjS is a heterogeneous disease.
Finally, one limitation of our study is the relatively small number of healthy control sera and
lack of other rheumatological disease control sera that were tested. Future studies expanding
the autoantigen panel and profiling a larger and more diverse set of samples (e.g.,
rheumatoid arthritis, SLE) are still needed to evaluate the diagnostic utility of these tests.
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The detection rate of 75% of the primary SjS patients based upon anti-La antibodies is in
sharp contrast to the 46% obtained with the ELISA. LIPS and the ELISA had similar
sensitivities and specificities for SSA (Ro52 and Ro60), but it should be noted that this
commercial ELISA is performed with natural, cell-derived SSA, which may contain
contaminating antigens that cross-react with other autoantibodies in SjS sera. Numerous
studies show that recombinant £. coli proteins employed in ELISA have notably lower
sensitivity than native proteins. For example, using recombinant £. coli proteins only 55%,
30%, and 30% sensitivities were reported for detecting SjS positive anti-Ro52, anti-Ro60
and anti-La antibodies, respectively [29]. Furthermore, the detection of diagnostically useful
(i.e., 65% sensitivity) antibodies to the C-terminus of Ro52 by LIPS, which were completely
missed by conventional ELISAs that use recombinant bacterial proteins[17], supports the
notion of the improved sensitivity and specificity of the LIPS approach over ELISA. In other
commercial ELISAs currently used in most clinical laboratories, native non-human bovine
SSA and SSB proteins [4] are used. It is likely that the non-human SSA and SSB antigens
used in ELISA fail to present many human specific epitopes. Unlike solid phase ELISA, the
solution phase LIPS assay detects many more conformational epitopes. These advantages
provided by LIPS result in high sensitivity, high specificity and robust signals providing a
substantial and clear distinction between positive and negative sera.

We also report for the first time that autoantibodies are frequently found in SjS patients
directed against the plasma membrane-associated gastric H*/K* ATPase. The 16% detection
rate of anti-gastric antibodies found here is consistent with many clinical studies
demonstrating multiple gastrointestinal manifestations in greater than 30% of SjS [30]. It
should also be noted that this simple high-throughput assay for detecting anti-gastric H*/K*
ATPase autoantibodies will likely be useful for detecting these gastric autoantibodies in
other autoimmune diseases including type | diabetes [31] and autoimmune gastritis [21].
Nevertheless, additional larger SjS studies are also needed to clarify whether these
antibodies are associated with other clinical phenotypes such as anemia and gastric
dysfunction.

Anti-AQP-4 autoantibodies are found in patients with neuromyelitis optica [22,23,32],
which is characterized by autoimmune attack on the optic nerve and spinal cord. Here we
report that 12% of the SjS patient had positive anti-AQP-4 antibodies, which is consistent
with a recent study reporting anti-AQP-4 antibodies in a subset of SjS children showing
central nervous system inflammation [33]. Although we have not tested whether these anti-
AQP-4 antibody positive sera show immunoreactivity by a standard indirect
immunofluorescence assay with mouse cerebellum tissue, a similar liquid phase
immunoassay employing green fluorescent protein, in place of Renillaluciferase, shows
high sensitivity and specificity for detecting these antibodies in patients with neuromyelitis
optica [33,34]. Furthermore, these autoantibodies detected by LIPS in the SjS patients
appeared to be specific for AQP-4, since no significant antibodies were detected to either
AQP-1 or AQP-5 channels. Interestingly, examination of the clinical information from the
seven anti-AQP-4 antibody positive SjS patients revealed that two had peripheral
neuropathy; one had peripheral and autonomic neuropathy; one had trigeminal neuralgia and
the two others had white matter CNS lesions. Since it has been reported that approximately
20% of SjS patients show neuropathy, optic neuropathy and autonomic nervous system
dysfunction [35], future studies using a larger SjS patient cohort will address whether there
is a relationship between positive anti-AQP-4 antibodies and neurologic disease in SjS
patients.
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Validation of LIPS tests for detecting anti-La, anti-Ro52 and anti-Ro60 antibodies. As
described in the material and methods, commercial antibodies to La, Ro52 and Ro60 were
mixed with extract from lysates containing Ruc-La (A), Ruc-Ro52 (B) and Ruc-Ro60 (C)
for 1 hour, incubated with protein A/G beads for an additional hour, processed and light
units measured. The mean LU plus standard error is shown for each immunoprecipitation
determination.
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LIPS detection of autoantibodies against La in 25 normal volunteers and 57 primary SjS
patients. (A). Each circle or square symbol represents the anti-La antibody titer of a normal
volunteer (NV) or SjS patient sample, respectively. For determining sensitivity and
specificity for this anti-La antibody test, the dashed line represents the cut-off level derived
from mean plus 3 SD of the antibody titer of the 25 normal volunteers, while the solid line is
the cut-off for the mean plus 5 SD. p-values were calculated using the Mann Whitney U-test.
(B). Roc plot analysis of anti-La antibodies detected by the LIPS test. Area under the curve
(AUC) =0.88.
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LIPS detection of autoantibodies against Ro60, Ro52 and a C-terminal fragment of Ro52 in
25 normal volunteers and 57 primary SjS patients. Each circle or square symbol represents
an individual normal volunteer (NV) or SjS patient sample, respectively. For determining
sensitivity and specificity, the dashed line represents the cut-off level derived from mean
plus 3 SD of the antibody titer of the 25 normal volunteers, while the solid line is the cut-off
for the mean plus 5 SD. (A) The anti-Ro60 antibody test. (B) The anti-Ro52 antibody test.
(C) The anti-Ro52- A2 antibody test. p-values were calculated using the Mann Whitney U-

test.
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LIPS detection of anti-TPO, gastric H/K ATPase and anti-AQP4 antibodies. Each circle or
square symbol represents an individual normal volunteer (NV) or SjS patient sample,
respectively. For determining sensitivity and specificity, the dashed line represents the cut-
off level derived from mean plus 3 SD of the antibody titer of the 25 normal volunteers,
while the solid line is the cut-off for the mean plus 5 SD. (A) Anti-TPO autoantibodies, (B),
Anti-H + /K + gastric ATPase autoantibodies (C). Anti-AQP-4 autoantibodies.
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Heatmap representation of SjS patient autoantibody profiles. Autoantibody titers to 7
autoantigens are shown for each of the 25 NVand 57 SjS patients. The titer values greater
than the mean of the 25 normal volunteers plus 3 standard deviations were color-coded from
clear to dark blue to signify the relative number of standard deviations above these reference
values.
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Table |

Clinical characteristics of 57 patients diagnosed with primary SjS and 25 healthy volunteers.

SiS(n=57) NV (n=25)

Age, years (mean, + SD) 53 (£ 13) 48 (= 14)
Percent Female 83% 60%
Unstimulated Salivary Flow, mL/15 min (mean, + SD)  1.30 (+2.30) 3.39 (+ 3.39)

Focus Score ¥ (mean, + SD) 4(x4) 0(=1)
Schirmer’s test, mm/5 min (mean, + SD) 5(7) 14 (£ 11)
Anti-SSA positive by ELISAT (%) 72 0

Anti-SSB positive by ELISA (%) 46 0

RF positivef(%) 60 8

ESR, mm/h (mean, = SD) 27 ( 26) 16 (£ 13)
Serum IgG, mg/dL (mean, = SD) 1640 (£ 857) 1162 (+ 291)

*

Minor salivary gland biopsy and focus score data was available for all subjects. A focus score of 1 or greater is needed to show histopathological
evidence of Sjogren’s syndrome.;
fAnti—SSA and SSB reference (0-19 EU).;

’tRheumatoid Factor reference (< 20 IU/mL).
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Performance of ELISA and/or LIPS for the diagnosis of primary SjS.

Table Il

Test Sensitivity Specificity

ELISA
SSA (Ro52 and Ro60) 72% (41/57)
SSB (La)” 46% (26/57)
SSA & SSB7 T7% (44/57)

Lips?
La (mean plus 3 SD) 75% (43/57) 100%
La (mean plus 5 SD) 72% (41/57) 100%
R052 (mean plus 3 SD) 61% (35/57) 96%
R052 (mean plus 5 SD) 60% (34/57) 100%
R060 (mean plus 3 SD) 63% (36/57) 96%
R060 (mean plus 5 SD) 61% (35/57) 100%
R052 & Ro60 (mean plus 3 SD) 68% (39/57) 92%
R052 & Ro60 (mean plus 5 SD) 68% (39/57) 100%
La & Ro52 (mean plus 3 SD) T7% (44/57) 96%
La & Ro52 (mean plus 5 SD) 74% (42/57) 100%
TPO (mean plus 3 SD) 14% (8/57) 100%
TPO (mean plus 5 SD) 11% (6/57) 100%
H + /K + ATPase (mean plus 3 SD) 16% (9/57) 96%
H +/ K + ATPase (mean plus 5 SD) 14% (8/57) 100%
AQP-4 (mean plus 3 SD) 12% (7/57) 100%
AQP-4 (mean plus 5 SD) 11% (6/57) 100%
La, R052, TPO & AQP-4 (mean plus 3SD)  86% (49/57) 96%
La, Ro52, TPO & AQP-4 (mean plus 5 SD)  79% (45/57) 100%

*
Includes 1 ELISA borderline positive cases.;
flncludes 3 ELISA borderline positive case.;

’tlncludes 2 ELISA borderline positive case.;
A

the 25 control samples.
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For LIPS, the cut-off limit for calculating sensitivity and specificity for each antigen was derived from the value of the mean plus 3 or 5 SDs of



