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glycans

# glycan structure ABR

21 B-GicNAc 5.5

38 [40803][60503]Gaip1-4GIcNAcS 7.8
40 [40S03]Galp1-4GicNAcS 13.7
61 Fucal-2Gaip1-3GIcNAcp1-3Galp1-4Gich 4.9
132 Galfi1-3GIcNAcp1-3Galp1-4Glch 6.8
149  Galfi1-4GlcNAcB1-3GalB1-4GIcp 74
190  Manai-2Manat-3(Manal-2Manal-6)Mana 15.1
191  Manal-2Mana1-3Mang 9.2
240 NeubAca2-3Galf1-4Glcp 8.6
313  Manai-2Manat-2Manat-3(Manal-2Manat-6(Manai1-3)Manai-6)Mana 6.3



Patent Application Publication Jul. 26,2012 Sheet 2 of 7 US 2012/0190581 A1

Figure 1

. ABR < 1 SD from mean

ABR > 1 SD from mean
N
@ ABR > 2 SD from mean

Number indicates arbitrarily assigned glycan number
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Table 2

Associations of positive anti-4 sullated LacNac antibody testing with sociodemographic and disease
characteristics of SSc patients.SSc = systemic sclerosis; FVC = forced vital capacity; DLCO = diffusing
capacity for carbon monoxide; eRVSP = estimated right ventricular systolic pressure. The range is given with
each variable group, where scoring was applisd.

Unadjusted Adjusted

Variable OR (95% CI)§ OR (95% CD)Y
Age, years 1.0 (0.9, 1.0) 1.0 (0.9, 1.0)
Gender, female 1.2(0.4,3.8) 12 (0.4, 4.0)
Race/Ethnicity

White 1 1

Black 0.5(0.2, 1.7) 0.8(0.2,2.7)

Other 0.8(0.1,7.3) 1.2(0.1, 11.5)
Smoking

Never 1 1

Past 0.7 (0.2, 1.8) 06(0.2,1.7)

Current 0.9(0.3,2.7) 1.1 (0.4,3.5)
SSc type 0.9(0.3,2.5) 1.1(0.4,3.1)
Disease duration, years*¥ 1.0 (0.95, 1.06) 0.99 (0.94, 1.04)
Rodnan’s skin score, modified (0-51)+ 0.96 (0.89, 1.03) 0.94 (0.86, 1.03)
Gastrointestinal scverity scorc (0-4)7 1.2 (0.8, 1.9) 1.3 (0.8,2.0)
Musculoskeletal involvement 0.8 (0.3,2.0) 1.0 (0.4,2.5)
Kidney involvement 1.2(0.3,4.3) 09(0.2,3.6)
Sicca complex 3.6(1.4,9.0) 30(1.2,8.2)
Lung severity score (0-4)1 1.4(1.0,1.9) 15(1.1,2.1)
Pulmonary function}

FVC, % predicted 0.99 (0.97, 1.02) 0.99 (097, 1.02)

DLCO, % predicted 0.99 (0.98, 1.02) 0.99 (097, 1.02)
Elevated eRVSP (>40 mmHg) 2.7(1.2,6.2) 26(1.1,6.3)
Raynaud’s Phenomenon severity score (0-4)+ 0.5(0.3,0.9) 0.5(0.3,0.9)
Digital Loss 0.8(0.3,1.9) 0.8(0.3,1.9)
Mortality 0.7 (0.2, 1.9) 0.5(0.2,1.7)
Autoantibodies

Ami-SCL70 0.4 (0.1, 1.8) 03(0.1,1.8)

Anti-centromere 1.4(0.6,3.2) 1.0(0.4,2.5)

* Time from first non-Raynaud’s symptom

§ Results are based on logistic regression model for positive anti-glycan testing as a function of the
sociodemographic or disease characteristics.

§ Odds ratios (ORs) with 95% confidence interval are based on logistic regression model for positive anti-
glycan testing as a function of the sociodemographic or disease characteristics.

9 ORs were estimated using logistic regression adjusting for age, gender, race, and discasc type.

T Odds ratios ol digital loss are per unit increase in the continuous predictor.
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DETECTION OF AUTO-ANTIBODIES TO
SPECIFIC GLYCANS AS DIAGNOSTIC TESTS
FOR AUTOIMMUNE DISEASES

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Patent Application Ser. No. 61/236,657 filed on Aug. 25,
2009. The application is incorporated herein by reference in
its entirety.

BACKGROUND

[0002] Systemic Sclerosis (scleroderma or SSc) is an
autoimmune disease that is characterized by endothelial cell
damage, fibroblast activation, extracellular matrix (ECM)
accumulation and abnormal angiogenesis that carries a high
rate of morbidity and mortality. The pathogenesis of sclero-
derma remains unclear, but is thought to involve an autoim-
mune response against target organs with early production of
auto-antibodies and inflammatory mononuclear cell infil-
trates followed by loss of organ function and fibrosis. Princi-
pal target organs are the skin, the gastrointestinal tract, the
lungs and kidneys, although other organs are also frequently
involved. A vasculopathy is observed with vasospasm and
intimal proliferation of small arteries leading to decreased
blood flow in affected organs and hypoxia. Raynaud’s phe-
nomenon, a painful discoloration of hands and feet in particu-
lar with exposure to cold, is a consequence of such vascular
abnormalities. It is observed in about 90-95 percent of scle-
roderma patients and often results in severely painful non-
healing ulcers and digital loss. One of the major causes of
mortality is fibrosis of lung tissue (interstitial lung disease)
and severe pulmonary hypertension.

[0003] Auto-antibodies that recognize membrane-bound
and extracellular antigens are thought to play an important
role in the pathogenesis of scleroderma, but direct evidence
for this hypothesis remains limited. Thus, anti-endothelial
cell antibodies (AECA) are found in 22-86 percent of sclero-
derma patients and have the capacity to modulate endothelial
cell function as well as to induce apoptosis. Similarly, anti-
fibroblast antibodies (AFA) from sera of patients with scle-
roderma have been shown to induce proinflammatory and
proadhesive properties. The target structures of these antibod-
ies remains largely unknown. Platelet-derived growth factor
receptor (PDGF-R) may represent an important auto-antigen
in this regard, although the specificity for scleroderma and
functional consequence of anti-PDGF-R antibodies remains
controversial.

[0004] Systemic lupus erythematosus (SLE or lupus) is
considered the prototype of systemic autoimmune diseases
since its manifestations may involve almost any organ sys-
tem, ranging from skin to kidneys, the hematopoetic system,
joints and the cardiovascular system. The mechanisms under-
lying the pathogenesis of the disease remain largely
unknown. However, the generation of an aberrant immune
response represents a central feature in SLE patients and is
thought to be a critical factor for the initiation of end-organ
damage. In particular, the immune response in SLE produces
distinct antibodies (auto-antibodies) that target self-mol-
ecules, also called auto-antigens. Auto-antigens are com-
prised of a heterogeneous and only partly identified group of
molecules that are ubiquitously expressed in the body and
normally not immunogenic. In SLE, binding of auto-antibod-
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ies to exposed auto-antigen in end-organ tissue and/or depo-
sition of antibody-antigen complexes is thought to lead to
tissue damage, most likely through complement activation.

SUMMARY OF THE INVENTION

[0005] The invention provides uses of glycans for detection
of antibodies to diagnose autoimmune disease; and methods
and kits for diagnosing an autoimmune disease in a subject by
detecting the presence of one or more antibodies that specifi-
cally bind to glycans in a subject sample.

[0006] The invention provides for the use of a glycan in the
manufacture of an immunoassay for diagnosing an autoim-
mune disease in a subject including a glycan for contacting
with a subject sample; and detecting binding of the antibody
in the subject sample to the glycan, wherein binding of the
antibody to the glycan is diagnostic for an autoimmune dis-
ease. The binding of the antibody from the subject sample to
the glycan is specific binding. The immunoassay can include
one or more agents or components for the detection of the
binding of the antibody from the sera to the glycan. In certain
embodiments, the autoimmune disease is scleroderma or sys-
temic lupus erythematosus (SLE). In certain embodiments,
when the autoimmune disease is scleroderma and the glycan
is one or more (e.g., 1,2,3,4,5,6,7,8,9,10,11, 12,13, 14,
14,16,17,18, or 19) of a 4-sulfated LacNAc, a 4-6-disulfated
LacNAc, [40S03][60S03]Galp1-4GIlcNAc; [40SO3]
Galf1-4GlcNAc; [30S03]Galp1-4[60SO3]GIlcNAc;
[60S03]Galf1-4GlcNAc; GalB1-4GIcNAcB1-3Galp1-
4Glc;  Galp1-3GIleNAcf1-3Galpl-4Gle;  Galal-4Galpl-
4Glc; GalB1-3GalNAcP1-3Galal-4Galp1-4Gle; Manaol-
2Mana.1-3(Manal -2Manal-6)Man; Mano.1-2Manaol -
2Mana.1-3(Manal -2Manal -6(Mano1-3)Mano.1-6)Man;
Mana.1-2Manal -3Man; NeuSAca2-3Galf1-4Glc;
NeuSAca2-8NeuSAco2-8NeuSAca2-3(GalNAcB1-4)
Galf1-4GlcNeuSAca2-3Galf1-4GleNAcB1-3Galpl-
4GlcNAc; NeuSAca2-3(GalNAcfB1-4)Galp1-4GlcNAc;
NeuSAca2-8NeuSAco2-3(GalNAcB1-4)Galp1-4Glc;
NeuSAca2-6Galpf1-4GIlcNAc; NeuSAca2-8NeuSAc; and
NeuSAca2-3(GalNAcB1-4)Galp1-4Glc; or any combination
thereof.

[0007] Incertain embodiments, when the autoimmune dis-
ease is scleroderma, the glycan is one or more of 4-sulfated
LacNAc, a 4-6-disulfated LacNAc, [40SO3][60SO3]Galf1-
4GleNAc; and [40S03]Galf1-4GlcNAc; or any combina-
tion thereof. In certain embodiments, the glycan is diagnostic
for one or more conditions such as pulmonary hypertension
and sicca; or a combination thereof, particularly in a subject
with scleroderma. In certain embodiments, the binding of the
antibody to the glycan is diagnostic for a less severe
Raynaud’s phenotype in a subject with scleroderma.

[0008] Incertain embodiments, when the autoimmune dis-
ease is SLE, the glycan is one or more of [40SO3][60S03]
Galf1-4GlcNAc;  [40S03]Galf1-4GlcNAc;  [30SO3]
GalB1-4[60SO3]GIcNAc; [60S03]Galf1-4GIcNAc;
Manal-2Manal-3Man; NeuSAca2-3(GalNAcp1-4)Galp1-
4GlcNAc; NeuSAco2-8NeuSAca2-3(GalNAcP1-4)Galp1-
4Glc; NeuSAca2-6Galf1-4GleNAc; NeuSAca2-8NeuSAc;
and NeuSAca2-3(GalNAcf1-4)GalB1-4Glc.

[0009] In certain embodiments, when the disease is SLE or
scleroderma, the glycan is one or more of [40SO3][60S03]
Galf1-4GlcNAc;  [40SO3]Galpf1-4GlcNAc; Manal-
2Manal-3Man; NeuSAca2-6Galp1-4GleNAc; NeuSAco2-
8NeuSAc; and NeuS5Aco2-3(GalNAcf1-4)Galp1-4Gle. In
certain embodiments, scleroderma and SLE can be distin-
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guished from each other by the presence of an antibody spe-
cific to scleroderma or SLE, that is not present in both scle-
roderma and SLE.

[0010] The sample can be any subject sample that would
contain antibodies, for example the sample can be blood,
serum, or plasma; or any fraction thereof, e.g., a sample
enriched for antibodies or a specific type of immunoglobulin.
The binding of the antibodies in the subject sample to a glycan
can be compared to the binding of a control sample to the
glycan. Control samples include, but are not limited to, nor-
mal blood, normal serum, normal plasma, and intravenous
immunoglobulin (IVIG); or a combination thereof. Normal
blood, serum, and plasma can include blood, serum, or
plasma from a single subject, or pooled samples from mul-
tiple subjects. Control samples can include a sample enriched
for antibodies or a specific type of immunoglobulin

[0011] The invention provides methods for diagnosing an
autoimmune disease in a subject by contacting a subject
sample with a glycan; and detecting binding of an antibody in
the subject sample to the glycan, wherein binding of the
antibody to the glycan is diagnostic for an autoimmune dis-
ease. The binding of the antibody from the subject sample to
the glycan is specific binding. In certain embodiments, the
method further includes the step of obtaining a subject
sample. In certain embodiments, the method further includes
providing a diagnosis to a subject.

[0012] The methods of the invention include the diagnosis
of autoimmune diseases such as scleroderma or systemic
lupus erythematosus (SLE).

[0013] In certain embodiments, the autoimmune disease is
scleroderma and the glycan is one or more of: a 4-sulfated
LacNAc, a 4-6-disulfated LacNAc, [40SO3][60SO3]Galf1-
4GIcNAc;  [40S03]Galp1-4GIcNAc;  [30S03]Galp1-4
[60SO3]GIcNAc;  [60S03]Galp1-4GlcNAc;  Galpl-
4GIcNAcp1-3GalB1-4Glc; Galf1-3GlcNAcB1-3Galf1-
4Gle; Galal-4Galpl1-4Gle; Galpf1-3GalNAcf1-3Galol-
4Galp1-4Gle; Manal-2Manal-3(Manol-2Manol-6)Man;
Manal-2Manal-2Manal -3(Mano1-2Mana 1 -6(Mana1-3)
Manal-6)Man;  Manol-2Mana1-3Man;  NeuSAco2-
3Galp1-4Gle; NeuSAca2-8NeuSAco2-8NeuSAca2-3(Gal-
NAcp1-4)Galp1-4GlcNeuSAca2-3GalB1-4GIcNAcp1-
3Galp1-4GleNAc; NeuSAco2-3(GalNAcf1-4)Galf1-
4GlcNAc; NeuSAca2-8NeuSAca2-3(GalNAcp1-4)Galpl-
4Glc; NeuSAca2-6Galpl-4GlcNAc; NeuSAco2-8NeuSAc;
and NeuSAco2-3(GalNAcf1-4)GalB1-4Glc; or any combi-
nation thereof.

[0014] In certain embodiments, the autoimmune disease is
scleroderma and the glycan is one or more of 4-sulfated
LacNAc, a 4-6-disulfated LacNAc, [40SO3][60SO3]Galp1-
4GlcNAc; and [40S03]Galf1-4GlcNAc; or any combina-
tion thereof.

[0015] In certain embodiments, binding of the antibody to
the glycan is diagnostic for one or more of pulmonary hyper-
tension and sicca; or a combination thereof, particularly when
the subject has been diagnosed with scleroderma. In certain
embodiments, binding of the antibody to the glycan is diag-
nostic for aless severe Raynaud’s phenotype in subjects diag-
nosed with scleroderma.

[0016] In certain embodiments, the autoimmune disease is
SLE and the glycan is one or more of [40S03][60SO3]
Galf1-4GlcNAc;  [40SO3]Galf1-4GIlcNAc;  [30S0O3]
Galf1-4[60S0O3]GIcNAc; [60S03]GalB1-4GIcNAc;
Manal-2Manal-3Man; NeuSAca2-3(GalNAcfB1-4)GalB1-
4GlcNAc; NeuSAco2-8NeuSAca2-3(GalNAcp1-4)Galpl-
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4Glc; NeuSAco2-6Galf1-4GlcNAc; NeuSAco2-8NeuSAc;
and NeuSAca2-3(GalNAcB1-4)GalB1-4Glc.

[0017] In certain embodiments, the autoimmune disease is
SLE or scleroderma and the glycan is one or more of [40SO3]
[60S03]Galf1-4GlcNAc; [40S03]Galp1-4GIcNAc;
Manal-2Manal -3Man; NeuS5Aca2-6Galf1-4GlcNAc;
NeuSAco2-8NeuSAc; and NeuSAca2-3(GalNAcf1-4)
Galf1-4Glc. In certain embodiments, scleroderma and SLE
can be distinguished from each other by the presence of an
antibody specific to scleroderma or SLE, that is not present in
both scleroderma and SLE.

[0018] The sample can be any subject sample that would
contain antibodies, for example the sample can be blood,
serum, or plasma; or any fraction thereof, e.g., a sample
enriched for antibodies or a specific type of immunoglobulin.
The binding of the antibodies in the subject sample to a glycan
can be compared to the binding of a control sample to the
glycan. Control samples include, but are not limited to, nor-
mal blood, normal serum, normal plasma, and intravenous
immunoglobulin (WIG); or a combination thereof. Normal
blood, serum, and plasma can include blood, serum, or
plasma from a single subject, or pooled samples from mul-
tiple subjects. Control samples can include a sample enriched
for antibodies or a specific type of immunoglobulin

[0019] The invention provides kits for the uses of glycans
set forth above or for practicing the methods of the invention.
Kits include, for example, one or more glycans such as a
4-sulfated LacNAc, a 4-6-disulfated LacNAc, [40SO3]
[60S03]GalB1-4GlcNAc; [40S03]Galp1-4GlcNAc;
[30S03]Galp1-4[60S0O3]GlcNAc; [60S03]Galp1-
4GlcNAc; GalB1-4GleNAcp1-3GalB1-4Glc; Galf1-
3GIlcNAcP1-3Galp1-4Gle;  Galal-4Galp1-4Gle; Galpl-
3GalNAcP1-3Galal-4Galf1-4Glc; Manol-2Manol-3
(Mano1-2Mana.1-6)Man; Mana1-2Manal-2Manal-3
(Mana1-2Mana1-6(Manal-3)Mano1-6)Man; Manaol-
2Manal-3Man;  NeuS5Aco2-3Galf1-4Gle;  NeuSAco2-
8NeuSAca2-8NeuSAca2-3(GalNAcf1-4)Galpl-
4GlcNeuSAco2-3Galf1-4GleNAcB1-3Galf1-4GlcNAc;

NeuSAca2-3(GalNAcP1-4)Galp1-4GlcNAc;  NeuSAco2-
8NeuSAca2-3(GalNAcB1-4)GalB1-4Glc; NeuSAca2-
6Galp1-4GlcNAc; NeuSAca2-8NeuSAc; NeuSAca2-3

(GalNAcP1-4)GalP1-4Glc; NeuSAco2-3(GalNAcB1-4)
Galf1-4GlcNAc; and NeuSAca2-8NeuSAca2-3
(GalNAcP1-4)Galp1-4Gle. In certain embodiments, the kit
can include one or more control glycans as negative controls.
In certain embodiments, the kit can include one or more
reagents for performing a binding assay, particularly a bind-
ing immunoassay. For example, the kit can include one or
more glycans bound to a solid support (e.g., multiwell plate,
slide, beads, etc.) In certain embodiments, the kit can include
directions for performing the immunoassay and for correlat-
ing a result with a particular autoimmune disease.

[0020] Other embodiments of the invention are provided by
the disclosure infra.

BRIEF DESCRIPTION OF THE FIGURES

[0021] FIG. 1: Recognition of distinct carbohydrates by
serum antibodies in scleroderma. (A) Antibody binding ratio
(ABR) of pooled serum from 40 patients with scleroderma to
320 glycans determined by glycan array CFG 3.0 as outlined
in Materials and Methods. (B) List of glycan structures that
are highly recognized by pooled scleroderma serum with an
ABR>2 SD above the mean (mean 1.57; SD 1.58). (C) Com-
parison of ABR between pooled serum from scleroderma and
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SLE. Scleroderma serum recognizes a distinct set of glycans
(ABR>1 SD from mean (dark red); ABR>2 SD from mean
(bright red) are indicated).

[0022] FIG. 2: Antibodies to 4 sulfated LacNAc are fre-
quent and of high titer in patients with scleroderma. (A)
Antibodies to 4-sulfated LacNAc were determined by ELISA
as outlined in Materials and Methods in individual sera from
181 patients with scleroderma, 40 disease control patients
(SLE) and 40 healthy controls. Arbitrary units (A.U.) values
as defined in Materials and Methods are significantly higher
in scleroderma patients compared to normal healthy controls
(p=0.0058). (B) Correlation between fluorescence values
obtained by glycan array and A.U. obtained by ELISA in 17
selected scleroderma patients, r*=0.89

[0023] FIG. 3: Preferential recognition of 4- and 4-6 sul-
fated LacNAc by individual sera from scleroderma patients.
(A) ABR to all sulfated glycans present in glycan array CFG
3.1 was determined in 17 preselected sera from patients with
scleroderma (9 anti-4 sulfated LacNAc positive/8 anti-4 sul-
fated LacNAc negative by ELISA). (ABR>mean+1 SD (dark
red); and ABR>mean+2SD (bright red) are shown). (B) ABR
to LacNAc sulfated at position 3,4 and/or 6. 4- and 4-6 sul-
fated LacNAc is highly recognized by scleroderma sera with
ABRs upto 119. (C) Confirmation of preferential recognition
of 4-sulfated LacNAc compared to 3-sulfated and 6-sulfated
LacNAc by ELISA. Results from 26/181 previously identi-
fied anti-4 sulfated LacNAc positive scleroderma patients
(see FIG. 2A) are shown. (4-sulfated LacNAc; 3-sulfated
LacNAc; 6-sulfated LacNAc; 1 of the 27 anti-4 sulfated Lac-
NAc positive sera was not available for further testing)
[0024] FIG. 4: Antibodies to 4-sulfated LacNAc are not
increased in patients with sicca or pulmonary hypertension
independent from a diagnosis of systemic sclerosis. Antibod-
ies to 4-sulfated LacNAc were determined by ELISA as out-
lined in Materials and Methods in individual sera from 181
patients with scleroderma, 40 patients with primary
Sjogren’s, 16 patients with SLE and secondary Sjogren’s, 12
patients with RA and secondary Sjogren’s and 25 patients
with primary PH (*p=0.038)

DEFINITIONS

[0025] “Antibody-binding ratio” or “ABR” as used herein
for individual glycans is calculated by division of net fluo-
rescence units of samples, typically expressed in arbitrary
units, from disease patients by fluorescence units from
samples of healthy controls. Such ratios can be determined in
quantitative assays that have fluorescence as a read out, e.g.,
ELISA, glycan assay chip. Similar ratios can be determined
using radioactive labels or other quantitatively detectable
labels. Such ratios can be determined in comparing single test
samples to single control samples, single test samples to
pooled control samples, or pooled test samples to pooled
control samples.

[0026] “Antigenic fragment” and the like are understood as
at least that portion of an antigen, e.g., a glycan, capable of
inducing an immune response in a subject, or being able to be
bound by an antibody present in a subject having or suspected
of having an autoimmune disease, particularly scleroderma,
Sjogren’s syndrome or SLE particularly when the antigen is
at least one glycan from the group [40SO3][60SO3]Galf1-
4GIcNAc;  [40S03]Galp1-4GleNAc;  [30S0O3]Galpl-4
[60SO3]GIcNAc;  [60S03]Galp1-4GlcNAc;  Galpl-
4GlcNAcp1-3Galf1-4Glc; GalB1-3GlecNAcf1-3Galpl-
4Gle; Galal-4Galf1-4Gle;  Galf1-3GalNAcf1-3Galal-
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4Galf1-4Glc; Manoal-2Manal-3(Manol-2Manal-6)Man;
Manal-2Manal-2Manal -3(Mana1-2Mana.1-6(Mana1-3)
Mana1-6)Man; Mana1-2Manao.1-3Man; NeuSAca2-
3Galf1-4Glc; NeuSAca2-8NeuSAco2-8NeuSAco2-3(Gal-
NAcf1-4)Galf1-4GlcNeuSAca2-3Galp1-4GlecNAcp1-
3Galf1-4GlcNAc; NeuSAca2-3(GalNAcB1-4)Galp1-
4GleNAc; NeuSAca2-8NeuSAca2-3(GalNAcf1-4)Galfl-
4Glc; NeuSAco2-6Galf1-4GlcNAc; NeuSAco2-8NeuSAc;
and NeuSAco2-3(GalNAcf1-4)Galp1-4Gle. It is understood
that the glycan can be a portion of a glycoprotein, a gly-
colipid, free carbohydrate, etc in vivo as an antigen. It is
understood that the glycan may not be able to induce an
immune response in a normal (e.g., free from autoimmune
disease) subject. However, such an antigen can promote an
immune response in an individual that does not recognize the
peptide as a self-antigen, or who has dysfunctional immune
system such that the antigen is not recognized as self.

[0027] Asusedherein, a “binding assay” is any method that
allows for the detection of the presence of an anti-glycan
antibody in a sample by binding to the glycan antigen. Exem-
plary methods include, but are not limited to immunoassays
such as enzyme-linked immunosorbent assay (ELISA),
radio-immunoassay (RIA), glycan microarrays, immunopre-
cipitation, such as radioimmunoprecipitation (RIP) assay,
dot-blot assay, printed glycan array/chip, and the BIAcore®
biosensor assay. Such assays can include the detection of
binding directly, or the detection of binding indirectly by use
of'a competitor or use of the glycan antigen to prevent binding
of'the antibody to a surface. Binding is frequently detected by
the use of a labeled secondary antibody or other reagent
including a detectable label. In a preferred embodiment, the
binding assay is a quantitative binding assay rather than a
qualitative binding assay. Binding assays as used herein can
be performed to detect a single immunoglobulin type (e.g.,
1gG, IgA, IgM, IgE, IgD), or more than one immunoglobulin
type.

[0028] Asused herein, “changed as compared to a control”
sample or subject is understood as having a level of the
analyte or diagnostic or therapeutic indicator to be detected at
a level that is statistically different than a sample from a
normal, untreated, or control sample. Control samples
include, for example, cells in culture, one or more laboratory
test animals, or one or more human subjects, pooled sera or
plasma from normal subjects or subjects suffering from a
specific disease or condition, commercially available immu-
noglobulin or serum pools such as the IVIG preparations
Sandoglobulin and Privigen (CSL Behring, Bern, Switzer-
land) and Gamunex (Talecris, Research Triangle Park, N.C.).
Sandoglobulin and Privigen (IgG content>98%) contain<2%
and <0.01% IgA, respectively, and only traces of IgM, IgD,
and IgE (as reported by CSL Behring). Control samples are
typically, although need not be, from healthy subjects or
subjects not suspected of having a specific disease or condi-
tion. Control samples can also be historic samples collected
from an earlier time point(s). Control samples can be matched
to the subject or subjects being tested for a specific disease or
condition using, for example, one or more of'the criteria listed
in Table 2 (e.g., age, sex, ethnicity, smoking status, disease
duration (calculated from the date of onset of first non-
Raynaud’s phenomenon (RP) symptom), scleroderma sub-
type, specific organ involvement, and auto-antibody status.).
Control samples can be matched, but need not be, matched to
test samples, e.g., control samples enriched for IgG are com-
pared to test samples enriched for IgG. Alternatively, the test
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and control samples can be normalized for the amount of Ig or
IgG assayed for binding to the specific glycan. Methods to
select and test control samples are within the ability of those
in the art. An analyte can be a naturally occurring substance
that is characteristically expressed or produced by the cell or
organism (e.g., an antibody) or a substance produced by a
reporter construct (e.g, [-galactosidase or luciferase).
Depending on the method used for detection, the amount and
measurement of the change can vary. Changed as compared to
a control reference sample can also include a change in one or
more signs or symptoms associated with or diagnostic of
sclerodema or SLE. Determination of statistical significance
is within the ability of those skilled in the art, e.g., the number
of standard deviations from the mean that constitute a positive
result.

[0029] As specific values for control and test samples varies
based on a number of factors including, for example, the
specific assay method used, the specific test and control
samples used, etc. It is understood that binding may be
defined in arbitrary units or as a quotient. A sample is con-
sidered to be weakly positive for antibody binding to a glycan
if the amount of binding is 1-2 SD above the amount of the
value of a control, non-disease sample, typically a pooled
sample. Binding is defined as at least 2 SD above the amount
of the value of a control, non-disease sample, typically a
pooled sample. Binding can also be defined as at least 3 SD
(or more, e.g., 4 SD, 5 SD, 6 SD, 7 SD, 8 SD, etc.) above the
amount of the value of a control, non-disease sample, typi-
cally a pooled sample. It is understood that the specificity and
sensitivity of an assay can be manipulated by selection of
specific cut-off and threshold values and that a single, specific
threshold value is not required.

[0030] Asusedherein, “detecting”, “detection” and the like
are understood that an assay performed for identification of a
specificanalyte in asample, e.g., an antibody in a sample. The
amount of analyte or activity detected in the sample can be
none or below the level of detection of the assay or method.

[0031] By “diagnosing”as used herein refers to a clinical or
other assessment of the condition of a subject based on obser-
vation, testing, or circumstances for identifying a subject
having a disease, disorder, or condition based on the presence
of at least one sign or symptom of the disease, disorder, or
condition. Typically, diagnosing using the method of the
invention includes the observation of the subject for other
signs or symptoms of the disease, disorder, or condition in
conjunction with the methods provided herein. It is under-
stood that a diagnosis is typically based on more than one
criteria (e.g., the presence or absence of more than one clini-
cal observation, the presence or absence of more than one
diagnostic marker, or a combination thereof). A test can be
diagnostic for a disease or condition without being conclusive
as an independent assay. In some instances, diagnosing can
include prediction of an exacerbation, flare, or recurrence of
symptoms in a disease or condition that has an intermittent
pathology, or to detect subclinical disease in a subject.
[0032] As used herein, a “glycan” is understood as a
polysaccharide or oligosaccharide. Glycan may also be used
to refer to the carbohydrate portion of a glycoconjugate, such
as a glycoprotein, glycolipid, or a proteoglycan. Glycans
usually consist solely of O-glycosidic or N-glycosidic link-
ages of monosaccharides.

[0033] As used herein, an “immunoassay” is any method
that detects the specific binding of an antibody to an antigen.
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[0034] As used herein, “isolated” or “purified” when used
in reference to a glycan means that a naturally occurring
glycan has been removed from its normal physiological envi-
ronment (e.g., protein isolated from plasma or tissue) or is
synthesized in a non-natural environment (e.g., artificially
synthesized in an in vitro translation system with microsomes
or using chemical synthesis), and optionally cleaved from a
peptide, lipid, or other macromolecule to which it is attached.
Thus, an “isolated” or “purified” glycan can be in a cell-free
solution or placed in a different cellular environment (e.g.,
expressed in a heterologous cell type). The term “purified”
does not imply that the polypeptide is the only glycan or
macromolecule present, but that it is essentially free (about
90-95%, up to 99-100% pure) of cellular or organismal mate-
rial naturally associated with it, and thus is distinguished from
naturally occurring glycan. Similarly, an isolated peptide or
nucleic acid is removed from its normal physiological envi-
ronment. “Isolated” when used in reference to a cell means
the cell is in culture (i.e., not in an animal), either cell culture
or organ culture, of a primary cell or cell line. Cells can be
isolated from a normal animal, a transgenic animal, an animal
having spontaneously occurring genetic changes, and/or an
animal having a genetic and/or induced disease or condition.
Anisolated virus or viral vector is a virus that is removed from
the cells, typically in culture, in which the virus was pro-
duced.

[0035] As used herein, “kits” are understood to contain at
least one non-standard laboratory reagent for use in the meth-
ods of the invention in appropriate packaging, optionally
containing instructions for use. The kit can further include
any other components required to practice the method of the
invention, as dry powders, concentrated solutions, or ready to
use solutions. In some embodiments, the kit comprises one or
more containers that contain reagents for use in the methods
of the invention; such containers can be boxes, ampules,
bottles, vials, tubes, bags, pouches, blister-packs, or other
suitable container forms known in the art. Such containers
can be made of plastic, glass, laminated paper, metal foil, or
other materials suitable for holding reagents.

[0036] As used herein, a “less severe Raynaud’s pheno-
type” is understood, for example, as a severity score of
1.5£0.7 versus 2.0+0.7 (p=0.016; odds ratio 0.5) in a subject
sample. In certain embodiments, a less severe Raynaud’s
phenotype is understood as a score of 2.0 or less. In certain
embodiments, a less severe Raynaud’s phenotype is under-
stood as those with scleroderma not having antibodies that
specifically bind to a 4-sulfated LacNAc are more likely to
have less severe Raynaud’s phenotype than those who have
antibodies that specifically bind to a 4-sulfated LacNAc.
[0037] “Obtaining” is understood herein as manufacturing,
purchasing, or otherwise coming into possession of.

[0038] As used herein, “operably linked” is understood as
joined, preferably by a covalent linkage, e.g., joining an
amino-terminus of one peptide, e.g., expressing an enzyme,
to a carboxy terminus of another peptide, e.g., expressing a
signal sequence to target the protein to a specific cellular
compartment; joining a promoter sequence with a protein
coding sequence, in a manner that the two or more compo-
nents that are operably linked either retain their original activ-
ity, or gain an activity upon joining such that the activity of the
operably linked portions can be assayed and have detectable
activity, e.g., enzymatic activity, protein expression activity.
[0039] As used herein, “pulmonary arterial hypertension”
or “PAH” a subject is considered to have PAH if the estimated
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right ventricular systolic pressure (eRVSP) determined by
Doppler echocardiography is >40 mm Hg in separate tests
and there was no overt clinical evidence of congestive heart
failure, thromboembolic disease, or severe pulmonary inter-
stitial fibrosis (FVC<50%).

[0040] As used herein, “plurality” is understood to mean
more than one. For example, a plurality refers to at least two,
three, four, five, or more.

[0041] A “sample” as used herein refers to a biological
material that is isolated from its environment (e.g., blood or
tissue from an animal, cells or material from cells, or condi-
tioned media from tissue culture) and is suspected of contain-
ing, or known to contain an analyte, such as an auto-antibody.
A sample can also be a partially purified fraction of a tissue or
bodily fluid. Bodily fluids include, but are not limited to blood
and fractions thereof, e.g., serum, plasma, red blood cells,
white blood cells and subsets thereof, urine, saliva, tears,
lymph, and spinal fluid. A reference sample can be a “normal”
sample, from a donor not having the disease or condition
fluid, or from a normal tissue in a subject having the disease
or condition. A reference sample can also be from an
untreated donor or cell culture not treated with an active agent
(e.g., no treatment or administration of vehicle only). A ref-
erence sample can be a pooled sample from a plurality of
normal or not normal subjects. A reference sample can also be
taken at a “zero time point” prior to contacting the cell or
subject with the agent or therapeutic intervention to be tested.

[0042] ““Sensitivity and specificity” are statistical measures
of the performance of a binary classification test. The sensi-
tivity (also called recall rate in some fields) measures the
proportion of actual positives which are correctly identified as
such (e.g. the percentage of sick people who are identified as
having the condition); and the specificity measures the pro-
portion of negatives which are correctly identified (e.g. the
percentage of well people who are identified as not having the
condition). They are closely related to the concepts of type 1
and type II errors. A theoretical, optimal prediction can
achieve 100% sensitivity (i.e. predict all people from the sick
group as sick) and 100% specificity (i.e. not predict anyone
from the healthy group is sick).

[0043]
lows:

The concepts are expressed mathematically as fol-

sensitivity=#true positives/(#true positives+#false
negatives)

specificity=#true negatives/(#true negatives+#false
positives).

A diagnostic test with a high sensitivity and a low specificity,
or a low sensitivity and high specificity can be useful diag-
nostically in combination with one or more other tests, pref-
erably that have different properties in relation to sensitivity
and specificity.

[0044] An agent, antibody, polypeptide, nucleic acid, or
other compound “specifically binds” a target molecule, e.g.,
antigen, polypeptide, nucleic acid, or other compound, when
the target molecule is bound with at least 100-fold, preferably
at least 500-fold, preferably at least 1000-fold, preferably at
least a 5000-fold, preferably at least a 10,000-fold preference
as compared to a non-specific compounds, or a pool of non-
specific compounds. Specifically binds can be used in relation
to binding one of two or more related compounds that have
physically related structures. Binding preferences and affini-
ties, absolute or relative, can be determined, for example by
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determining the affinity for each pair separately or by the use
of competition assays or other methods well known to those
of'skill in the art.

[0045] <“Sicca” is a condition of persistent dry eyes and/or
dry mouth for at least three months. Sicca affecting the eye,
includes dryness of the eyes with a sensation of sandy/gritty
eyes, or requiring eye drops 3 times or more per day. Sicca
affecting the mouth includes dryness, swollen salivary
glands, or requiring liquids to swallow

[0046] A “subject” as used herein refers to living organ-
isms. In certain embodiments, the living organism is an ani-
mal. In certain preferred embodiments, the subject is a mam-
mal. In certain embodiments, the subject is a domesticated
mammal or a primate including a non-human primate.
Examples of subjects include humans, non-human primates,
monkeys, dogs, cats, mice, rats, cows, horses, goats, and
sheep. A human subject may also be referred to as a patient.
[0047] A subject “suffering from or suspected of suffering
from” a specific disease, condition, or syndrome has a suffi-
cient number of risk factors or presents with a sufficient
number or combination of signs or symptoms of the disease,
condition, or syndrome such that a competent individual
would diagnose or suspect that the subject was suffering from
the disease, condition, or syndrome. Methods for identifica-
tion of subjects suffering from or suspected of suffering from
autoimmune diseases such as scleroderma or SLE is within
the ability of those in the art. Subjects suffering from, and
suspected of suffering from, a specific disease, condition, or
syndrome are not necessarily two distinct groups.

[0048] As used herein, “susceptible to” or “prone to” or
“predisposed to” a specific disease or condition and the like
refers to an individual who based on genetic, environmental,
health, and/or other risk factors is more likely to develop a
disease or condition than the general population. An increase
in likelihood of developing a disease may be an increase of
about 10%, 20%, 50%, 100%, 150%, 200%, or more.
[0049] As used herein, “under conditions to allow the anti-
body to bind to the glycan” is understood as conditions under
which immunoassays such as ELISA, immunoblot, glycan
array, immunoprecipitation, BIACORE, or other immunoas-
says are performed. Such conditions are well known in the art
and provided, for example in Antibodies: A Laboratory
Manual (Eds. E. Harlow and D. Lane, Cold Spring Harbor
Laboratory, copyright 1988) and in versions of Current Pro-
tocols in Molecular Biology (Eds. F. M. Ausubel et al., copy-
right Wiley) available prior to the priority date of the instant
application. For example conditions that allow the antibody to
bind the glycan include a pH of about 6 to about 8, a salt
concentration, typically a sodium concentration, of about
100-300 mM, typically in the presence of one or more buffers,
a detergent, particularly a non-ionic detergent, and a blocking
agent to prevent non-specific binding of proteins to the gly-
can. It is understood that antibodies bind specifically to their
antigens at pH and salt concentrations outside of those spe-
cifically provided. It is further understood that binding of an
antibody to an antigen can be determined empirically and
optimized for binding to a specific antigen or antibody. It is
understood that the conditions to allow binding may vary
depending on the type of immunoassay or device used to
detect binding.

[0050] Ranges provided herein are understood to be short-
hand for all of the values within the range. For example, a
range of 1 to 50 is understood to include any number, com-
bination of numbers, or sub-range from the group consisting
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1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17, 18, 19, 20,
21,22,23,24,25,26,27,28,29,30,31,32,33,34,35,36,37,
38,39,40,41, 42, 43, 44, 45, 46, 47, 48, 49, or 50.

[0051] More than one is understood as 2,3, 4, 5, 6,7, 8, 9,
10,11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, 40, 50, 100,
etc., or any value therebetween.

[0052] Unless specifically stated or obvious from context,
as used herein, the term “or” is understood to be inclusive.
[0053] Unless specifically stated or obvious from context,
as used herein, the terms “a”, “an”, and “the” are understood
to be singular or plural.

[0054] Unless specifically stated or obvious from context,
as used herein, the term “about” is understood as within a
range of normal tolerance in the art, for example within 2
standard deviations of the mean. About can be understood as
within 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, 1%, 0.5%,
0.1%, 0.05%, or 0.01% of the stated value. Unless otherwise
clear from context, all numerical values provided herein can
be modified by the term about.

[0055] The recitation of a listing of chemical groups in any
definition of a variable herein includes definitions of that
variable as any single group or combination of listed groups.
The recitation of an embodiment for a variable or aspect
herein includes that embodiment as any single embodiment
or in combination with any other embodiments or portions
thereof.

[0056] Any compositions or methods provided herein can
be combined with one or more of any of the other composi-
tions and methods provided herein.

DETAILED DESCRIPTION OF THE INVENTION

[0057] Autoimmune diseases are a spectrum of serious dis-
orders that can be difficult to diagnose and treat. The evalua-
tion of such patients usually requires a panel of blood tests to
help distinguish between related conditions and confirm other
clinical and diagnostic findings. The availability of novel
blood tests to aid in this process would improve the ability to
reliably diagnose such conditions.

[0058] Differential glycosylation of proteins and lipids
plays an important role in the regulation of numerous physi-
ological processes. The endothelium and extracellular
matrix, two key tissue components affected in scleroderma,
contain various highly glycosylated structures (glycans). A
number of intracellular and extracellular target auto-antigens
are seen with SLE. As demonstrated herein, the immune
response in scleroderma and SLE target distinct glycans,
leading to the development of specific anti-glycan antibodies.
[0059] Batches of serum pooled from patients with the
autoimmune disorder SLE or scleroderma were used to
screen for the presence of antibodies recognizing a panel of
over 300 different glycans using a printed glycan array.
Results were compared to pooled sera from 40 healthy control
subjects. Binding was quantified by fluorescence using an
anti-human IgG detection reagent. It was discovered that,
compared to normal pooled serum, SLE and scleroderma
patients had antibodies that recognized the following glycans
that have distinct structures:

[0060] As shown in Table 1 below, some glycans are diag-
nostic for scleroderma, some glycans are diagnostic for SLE
(i.e., can be used to differentiate scleroderma from SLE), and
some glycans are diagnostic for both. Due to the varied pre-
sentations of both scleroderma and SLE, it is expected that
antibodies to the glycans in Table 1 will be high specificity
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markers for disease, likely with a relatively low sensitivity as
is common with markers for both scleroderma and SLE.

SS¢  SLE
Sulfated glycans
[40S03][60S03]Galp1-4GleNAc + +
[40S03]Galp1-4GlcNAc + +
[30S03]Galp1-4[60S03]GlecNAc +
[60S0O3]Galp1-4GlcNAc +

Galactosylated glycans

Galp1-4GleNAcp1-3Galpl-4Gle
Galp1-3GleNAcp1-3Galpl-4Gle
Galal-4Galp1-4Gle
Galp1-3GalNAcP1-3Galal-4Galp1-4Gle
Mannosylated glycans

+ o+ o+ o+

Manal-2Manal-3(Manal-2Manal-6)Man

Manal-2Manal-2Manal-3(Manal-2Manal-6(Manal-

3)Manal-6)Man

Mana1-2Manal-3Man + +
Sialylated glycans

+ +

NeuSAca2-3Galpl-4Gle +
NeuSAca2-8NeuSAca2-8NeuSAca2-3(GalNAcP1- +
4)Galp1-4GleNeuS Aca2-3Galp1-4GleNAcp1-

3Galp1-4GleNAc

Neu5Aca2-3(GalNAcP1-4)Galp1-4GlcNAc +
Neu5Aca2-8NeuSAca2-3(GalNAcP1-4)Galpl-4Gle +
Neu5Aca2-6Galpl-4GlcNAc (+) +
Neu5Aca2-8NeuSAc (+) +
Neu5Aca2-3(GalNAcp1-4)Galpl-4Gle (+) +
[0061] Based on the identification of antibodies to a num-

ber of glycans, a subsequent study was performed using an
ELISA assay on individual subject samples for antibodies to
sulfated LacNAc, a dominant antibody identified in sclero-
derma patient using the array. Antibodies to sulfated LacNAc
were determined in 181 individual sera from scleroderma
patients and 40 healthy controls by ELISA using an anti-
human Fc gamma specific secondary antibody for detection,
a high-titer positive scleroderma serum as standard and a
cut-off of 3SD above healthy controls. Statistical analysis of
clinical associations was performed using student’s t-test and
logistic regression.

[0062] Immunogenicity was predominantly conferred by
sulfation at position 4 of galactose (4S-LacNAc), but not at
position 3 or 6 (13.6 fold; 3.0 fold and 0.9 fold compared to
controls; respectively). 27/181 (14.9%) patients were positive
for anti-4S-LacNAc antibodies by ELISA compared to 1/40
(2.5%) of healthy controls. Anti-4S-LacNAc positive sclero-
derma patients had a higher prevalence of pulmonary hyper-
tension as determined by a right ventricular systolic pressure
(RVSP)>40 mm Hg on echocardiogram (15/27; 55.7% versus
control 49/154;31.8% p=0.02). The odds ratio for pulmonary
hypertension was 2.6 (1.1, 6.3) after adjusting for age, gender,
race and disease type. Anti-4S-LacNAc positive patients
accounted for 23.4% of all patients with pulmonary hyper-
tension. There was no association between anti-4S-LacNAc
positivity and disease type (limited versus diffuse sclero-
derma) or the presence of anti-topoisomerase I or anti-cen-
tromere antibodies.

[0063] This study demonstrates that sera from scleroderma
patients contain high titer IgG antibodies targeting glycan
structures, with sulfated N-Acetyl-lactosamine (LacNAc) as
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a dominant target of the antibody response in scleroderma.
The antibodies preferentially target LacNAc sulfated at the 4
position.

[0064] Further the 4S-LacNAc was identified as a frequent
target of the antibody response in scleroderma and antibody
positivity was associated with echocardiographic evidence of
pulmonary hypertension. The invention provides a new anti-
gen for use in the diagnosis of scleroderma, particularly scle-
roderma with pulmonary hypertension.

[0065] Without being bound by mechanism, these results
suggest that specific posttranslational carbohydrate modifi-
cations may be an important immunogen in scleroderma.
Such antibodies would be prime candidates to interfere with
glycosylation-dependent processes and thus may play an
important role in the pathogenesis of the disease.

[0066] Further, the data provided herein demonstrate that
detection of antibodies against glycans can be used as a diag-
nostic and/or prognostic test for identifying, monitoring, or
categorizing patients with the autoimmune diseases such as
lupus, scleroderma or other autoimmune diseases. Testing for
these serum antibodies can be performed by any method,
typically a binding assay, known to those skilled in the art
including, but not limited to, enzyme-linked immunosorbent
assay (ELISA), radio-immunoassay (RIA), glycan microar-
rays, immunoprecipitation, such as radioimmunoprecipita-
tion (RIP) assay, and the BIAcore® biosensor assay. The
specific method of detection of one or more antibodies tar-
geted to a glycan as an indicator of an autoimmune disease is
not a limitation of the invention.

Scleroderma

[0067] The diagnosis of scleroderma is primarily based on
clinical findings, including the presence of characteristic skin
changes (sclerodactyly), digital pitting scars of the finger tips
or loss of substance of the distal finger pad and the presence
of lung fibrosis. At present, there are no reliable serological
biomarkers available that would enable clinicians to make the
diagnosis of scleroderma before significant organ damage has
occurred. Furthermore, scleroderma is characterized by peri-
ods of disease flares and remission. Determination of early
disease activity is difficult at present and substantial organ
damage may occur before a flare can be diagnosed. Some
patients may suffer from ongoing smoldering disease activity
that escapes clinical detection, but leads to serious conse-
quences. Thus, patients may experience an ongoing inflam-
matory lung process that slowly progresses to end stage lung
disease and premature death. Currently, there are no reliable
serological biomarkers available that would help clinicians to
determine disease activity in scleroderma.

[0068] Auto-antibodies are thought to play an important
part in the disease pathogenesis. However, as the presentation
of scleroderma varies widely, it is likely that no single auto-
antibody or other marker will be present in all subjects with
the disease. The identification of biomarkers with regards to
auto-antibodies has been focusing on antinuclear antibodies
(ANAs) which are a broad class of antibodies present in a
number of autoimmune diseases in addition to scleroderma
(e.g., SLE). ANAs are found in almost all scleroderma
patients, and antibodies against topoisomerase I (ScI70) are
highly specific for the disease (approaching 100 percent).
However, anti-topoisomerase I antibodies are present in
about 40 percent of patients. Similarly, anti-centromere anti-
bodies are associated with the limited scleroderma disease
phenotype, but are also found only in a small percentage of
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patients (about 20-40 percent). Therefore, it is well recog-
nized in the art that detection of an auto-antibody specific for
a particular disease can be useful for diagnosis of the disease,
even if the auto-antibody is present in only a small portion of
subjects with the disease. That is, highly specific markers can
be useful for diagnosis even when they are not highly sensi-
tive. As demonstrated herein, antiglycan auto-antibodies are
useful for diagnosis and determination of disease activity.

[0069] Efforts to identify auto-antigens in scleroderma and
other systemic autoimmune diseases have long been focusing
on protein and/or nucleic acid antigens. To our knowledge,
this is the first report that provides a comprehensive evalua-
tion of antibody binding to diverse carbohydrate antigens in
patients with scleroderma and SLE. Here, we identify a num-
ber of glycans useful for the diagnosis of scleroderma and
SLE, particularly 4-sulfated LacNAc as a prominent target of
the immune response in scleroderma and SLE. Further pro-
vided herein is the clinical association of the antibody in
scleroderma patients with echocardiographic evidence of
pulmonary vascular disease and sicca.

[0070] The anti-4 sulfated LacNAc antibodies identified
herein (e.g., antibodies that bind [40SO3][60SO3]Galfp1-
4GIcNAc or [40S03]Galp1-4GlecNAc) in scleroderma
patients showed remarkable specificity to the position of the
sulfate within the LacNAc structure. The antibodies are of the
IgG isotype, as demonstrated by using an anti-human Fc-
gamma specific secondary antibody for detection, as well as
retention of anti 4-sulfated LacNAc reactivity in the isolated
IgG fraction from patient serum (data not shown).

[0071] Furthermore, anti-[60SO3]Galf1-4GlcNAc; anti-
Galp1-4GleNAcp1-3Galp1-4Gle; anti-Galp1-3GlcNAcp1-
3Galf1-4Gle; anti-Galal-4Galf1-4Gle; anti-Galf1-3Gal-
NAcf1-3Galal-4Galp1-4Glc; anti-Manal-2Mano1-3
(Manoa1-2Mana.1-6)Man; anti-Manal-2Mano1-2Mano1-3
(Manal-2Manal-6(Manal-3)Manol-6)Man;  and — anti-
Manal-2Manal-3Man  antibodies were identified in
scleroderma patient serum. Additional antibodies that weakly
bound NeuSAco2-6Galf1-4GlcNAc; NeuSAca2-8NeuSAc;
and NeuSAco2-3(GalNAcfB1-4)Galp1-4Glc were also iden-
tified in serum from scleroderma patients. Anti-Manal-
2Mana1-3Man antibodies were also found in patients with
SLE. The carbohydrate antigens can be further characterized
forbinding to patient sera using routine methods such as those
provided herein (e.g., testing individual sera for binding to
glycans, testing of sera for binding to related glycans, etc.).
Such analysis can be used to determine the specificity and
sensitivity or each of the antigens demonstrated herein to be
useful as a diagnostic marker for an autoimmune disease,
particularly scleroderma. Such methods are well known in the
art.

[0072] The invention provides methods for use of the gly-
cans listed above to detect antibodies from subject samples
for the diagnosis if autoimmune disease such as scleroderma,
and optionally to stratify subjects diagnosed with sclero-
derma (e.g., pulmonary involvement, sicca, Raynaud’s phe-
notype). It is understood that the invention includes method
and uses for detecting antibody binding to more than one of
the glycans demonstrated herein to be associated with scle-
roderma. It is understood that the methods and uses provided
herein can be combined with one or more diagnostic indica-
tors, e.g., immunoassays for previously identified auto-anti-
gens (e.g., nuclear antigens), physical exam, etc., for diag-



US 2012/0190581 Al

nosing scleroderma such as those provided in the guidelines
and diagnostic methods for the diseases and those provided
herein.

[0073] The pathway by which the anti-glycan antibodies
develop, or the physiological effect that these antibodies
might have on the subject suffering from SLE or scleroderma,
does not limit their use as diagnostic markers. Antibodies to
carbohydrate structures were previously thought to develop
in a T-lymphocyte independent manner, however, this para-
digm has recently been shifting. It has long been known that
anti-ABO blood group antibodies, another form of anti-car-
bohydrate antibodies, are responsible for transfusion reac-
tions in mismatched blood. Whether anti-4 sulfated LacNAc
antibodies target self structures and thus represent true auto-
antibodies needs to be studied further. However, the patho-
logical effect, or lack thereof, of the anti-glycan antibodies
has no effect on their use as diagnostic markers of disease.
[0074] Sulfation is a common modification of endogenous
human carbohydrate structures. Examples include sulfation
of Gal at position 4 in the carbohydrate-protein linkage region
of glycosaminoglycans (GAGs), with the sequence GlcAf1-
3Galp1-3Galf1-4Xylp. However, the sulfated Gal in this
instance is 3 1-3 linked to a second Gal rather than $1-4 linked
to GlcNAc. 4-sulfation of N-acetylated Gal (GalNAc) repre-
sents an important modification in several GAGs, including
chondroitin sulfate A and Dermatan sulfate. GAGs are promi-
nently expressed in the extracellular matrix and on endothe-
lial cells, where they regulate processes that may be involved
in the pathogenesis of systemic sclerosis, including wound
healing, angiogenesis and lymphocyte migration.

[0075] Several auto-antibodies have been found to be asso-
ciated with pulmonary hypertension in scleroderma, includ-
ing anti-centromere and anti-U3 RNP, with a frequency of
about 22 and 17 percent of patients affected, respectively.
Anti-endothelial cell antibodies have also been reported in
association with pulmonary hypertension, but the targets of
these antibodies remain ill defined. In our study, over one half
of anti-4 sulfated LacNAc positive patients (55.6%) had
echocardiographic evidence of pulmonary vascular disease.
Furthermore, anti-4 sulfated LacNAc antibody positivity
identified almost a quarter (23.4%) of all scleroderma patients
with pulmonary vascular disease. This provides a valuable
biomarker to screen for pulmonary hypertension in sclero-
derma. Interestingly, an increased anti-4 sulfated LacNAc
antibody positivity was not found in patients with primary
pulmonary hypertension (PPH). This finding is in agreement
with the notion that IgG antibodies from patients with idio-
pathic or scleroderma associated PAH may express distinct
reactivity profiles with regards to endothelial cell antigens
and that autoimmune and inflammatory pathways likely play
a more dominant role in scleroderma-related PAH versus
PPH.

[0076] Interestingly, anti-4 sulfated LacNAc positivity was
associated with pulmonary vascular disease, but a less severe
Raynaud’s phenotype. Since both disease manifestations are
represented on a histopathological level by vasculopathy, one
may expect a concordance in severity. However, while an
association between severity of Raynaud’s syndrome and
development of pulmonary hypertension has been found by
some investigators, that has not been seen by others.

Systemic Lupus Erythematosis

[0077] At present, the diagnostic process for SLE is cum-
bersome and involves a set of 11 clinical and laboratory
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parameters, at least 4 of which should be present in order to
make the diagnosis (current guidelines by the American Col-
lege of Rheumatology, ACR). The relevance of determining
auto-antibodies for the diagnosis of SLE is illustrated by the
fact that the presence of distinct serum auto-antibodies (anti-
double stranded DNA, anti-Sm and anti-Cardiolipin) is so
specific for SLE that these tests are utilized in the current ACR
classification. However, auto-antibodies to these antigens are
present only in a fraction of SLE patients. Thus, at present
there is no single laboratory test available that can determine
whether a patient has SLE or not.

[0078] The immune response in SLE produces distinct
auto-antibodies. The target auto-antigens are a heterogeneous
and only partly identified group of molecules that are ubiq-
uitously expressed in the body and normally not immuno-
genic. In SLE, binding of auto-antibodies to exposed auto-
antigen in end-organ tissue and/or deposition of antibody-
antigen complexes is thought to lead to tissue damage, most
likely through complement activation. However, the mecha-
nism of action of the auto-antibodies in disease pathology are
not limiting to the instantly invention.

[0079] Disease activity in SLE patients is typically charac-
terized by flares and remission. The prediction of flares and
the early diagnosis of a flare are of utmost importance to
prevent irreversible end-organ damage and decrease mortal-
ity. Studies to date have failed to show a reliable correlation
between measures of disease activity and the presence or
titers of known auto-antibodies. At present, there is no reli-
able biomarker available to assess early disease activity in
SLE.

[0080] As part of a pilot project to expand our search for
new biomarkers in SLE, pooled sera from SLE patients was
screened by the Consortium for Functional Glycomics, a
National Institute of General Medical Sciences (NIGMS)-
funded project. The screen involved testing for the presence
of antibodies capable of binding to a panel of approximately
200 different glycans, When this analysis was performed and
compared to binding patterns of a commercially available
pool of antibodies (intravenous gamma globulin, or IVIG)
used therapeutically, four specific sulfated glycans emerged
as being detected by antibodies in lupus sera but not in normal
pooled human IVIG. These data indicated that SLE patients
uniquely make antibodies to these glycans and that detection
of these antibodies can be used as a diagnostic and/or prog-
nostic test for SLE.

[0081] Based on the initial results, pooled sera from SLE
and scleroderma patients was screened by the Consortium for
Functional Glycomics using a later version of the glycan
library with additional members. The screen involved testing
for the presence of antibodies capable of binding to a panel of
over 300 different glycans. When this analysis was performed
and binding patterns were compared to IVIG as well as a pool
of normal serum samples, numerous specific sulfated, galac-
tosylated, mannosylated and sialylated glycans were detected
by antibodies in either SLE or scleroderma sera, but not in
normal sera (see Table 1). Specifically, SLE samples had
antibodies that specifically bound to [40SO3][60SO03]
Galf1-4GlcNAc;  [40S03]Galf1-4GlcNAc;  [30S0O3]
GalB1-4[60SO3]GIcNAc; [60S03]GalB1-4GIcNAc;
Manal-2Manal-3Man; NeuSAco2-3(GalNAcR1-4)Galp1-
4GlcNAc; NeuSAca2-8NeuSAca2-3(GalNAcf1-4)Galfl-
4Glc; NeuSAco2-6Galf1-4GlcNAc; NeuSAco2-8NeuSAc;
and NeuSAca2-3(GalNAcf1-4)Galp1-4Glc. The carbohy-
drate antigens can be further characterized for binding to
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patient sera using routine methods such as those provided
herein (e.g., testing individual sera for binding to glycans,
testing of sera for binding to related glycans, etc.). Such
analysis can be used to determine the specificity and sensi-
tivity or each of the antigens demonstrated herein to be useful
as a diagnostic marker for an autoimmune disease, particu-
larly SLE. Such methods are well known in the art.

[0082] The invention provides methods for use of the gly-
cans listed above to detect antibodies from subject samples
for the diagnosis if autoimmune disease such as SLE, and
optionally to stratify subjects diagnosed with SLE. Itis under-
stood that the invention includes method and uses for detect-
ing antibody binding to more than one of the glycans dem-
onstrated herein to be associated with SLE. It is understood
that the methods and uses provided herein can be combined
with one or more diagnostic indicators, e.g., immunoassays
for previously identified auto-antigens (e.g., nuclear antigens,
cardiolipin, Sm antigens) physical exam, etc., for diagnosing
SLE such as those provided in the guidelines and diagnostic
methods for the diseases and those provided herein.

Example 1
Material and Methods
Patients

[0083] One hundred eighty-one scleroderma patients were
randomly identified in the Johns Hopkins scleroderma Center
database. All patients met the American College of Rheuma-
tology criteria for scleroderma and were classified as having
diffuse cutaneous scleroderma or limited cutaneous sclero-
derma depending on the extent of skin involvement. Serum
from 40 consecutive patients with SLE as well as 20 SLE
patients with sicca symptoms, 25 patients with primary pul-
monary hypertension diagnosed according to the criteria of
the National Institutes of Health Patient Registry for the Cath-
eterization of Primary Pulmonary Hypertension (Rich S D et
al. Primary pulmonary hypertension: a national prospective
study. Ann Intern Med. 1987, 107:216-223) and 40 healthy
controls were also obtained for this study. SLE patients met
the 1997 revised ACR criteria for SLE, and primary Sjogren’s
patients met the San Diego criteria for Sjogren’s disease
(Fox-Rletal., Sjogren’s syndrome. Proposed criteria for clas-
sification. Arthritis Rheum. 1986; 29:577-85). Written
informed consent was obtained from all patients prior to this
study at the time of sample collection. The present study was
approved by the Johns Hopkins Institutional Review Board.

Clinical Phenotyping

[0084] Demographic and clinical data, including age, sex,
ethnicity, smoking status, disease duration (calculated from
the date of onset of first non-Raynaud’s phenomenon (RP)
symptom), scleroderma subtype, specific organ involvement,
and auto-antibody status, were previously recorded for each
patient at the time of the clinical visit. RP activity and pres-
ence of digital ischemia were determined using a previously
published severity score (Medsger, et al., A disease severity
scale for systemic sclerosis: development and testing. J Rheu-
matol, 1999. 26(10): p. 2159-67) (0=no RP, 1=RP with or
without vasodilator required, 2=digital pitting scars, 3=digi-
tal tip ulcerations, 4=digital gangrene). Active digital
ischemia was defined as an RP severity score of 3. Skin
involvement was scored according to the modified Rodnan
skin thickness score (MRSS [range 0-51]) (Clements et al.,

Jul. 26,2012

Inter and intraobserver variability oftotal skin thickness score
(modified Rodnan TSS) in systemic sclerosis. J Rheumatol,
1995. 22(7): p. 1281-5. Internal organ involvement was
assessed using previously published criteria (Medsger, et al,
1999). Pulmonary involvement was determined based on
abnormal findings on pulmonary function tests (PFTs) forced
vital capacity [FVC] and single-breath diffusing capacity for
carbon monoxide [DLCO], measured as the absolute value as
well as the percent predicted value for race, sex, and age,
according to the American Thoracic Society recommenda-
tions (Lung function testing: selection of reference values and
interpretative strategies. American Thoracic Society. Am Rev
Respir Dis, 1991. 144(5): p. 1202-18). For the purpose of this
study, a patient was considered to have evidence of PAH ifthe
estimated right ventricular systolic pressure (eRVSP) deter-
mined by Doppler echocardiography was >40 mm Hg in
separate tests and there was no overt clinical evidence of
congestive heart failure, thromboembolic disease, or severe
pulmonary interstitial fibrosis (FVC<50%). This assumption
has been supported and confirmed in other studies (Denton, et
al., Comparison of Doppler echocardiography and right heart
catheterization to assess pulmonary hypertension in systemic
sclerosis. Br J Rheumatol, 1997. 36(2): p. 239-43). Lung
severity score 0=Normal 1=FVS/DLCO 70-80% predicted or
rales or CXR fibrosis 2=50-69% predicted or Mild PHT
(RVSP 36-45) 3=<50% predicted or mild-severe PHT
(RVSP>45). Heart, gastrointestinal, renal, or musculoskeletal
involvement was considered present when the relative Meds-
ger severity score (Medsger, et al, 1999) was 1. Evidence of
sicca complex was determined by clinical criteria as daily dry
eyes and/or dry mouth for at least 3 months.

Glycan ELISA

[0085] Ninety-six well microtiter Neutravidin plates preb-
locked with Superblock® (Pierce®) were coated with bioti-
nylated glycans (Lectinity®) as indicated at 200 ng/well in
PBS for 2 hours at room temperature. After extensive washes,
sera from disease patients and healthy controls were added at
1:250 dilution in PBS 1% BSA and incubated for 1 hour,
followed by extensive washes and incubation with a second-
ary anti-human Fc gamma-specific antibody (Jacksonlm-
muno) diluted 1:10,000 in PBS 1% BSA for 30 minutes.
Plates were again washed extensively followed by incubation
with SureBlue® (KPL®). The reaction was stopped after 4
minutes and the absorbance was read at 450 nm and 690 nm
for reference. O.D. values were transformed into Arbitrary
units (A.U.), based on a standard curve established using
0.Ds. from serial dilutions of a high-titer positive sclero-
derma serum (FW-555) after logarithmic transformation.
Sera that resulted in an O.D. above the highest standard curve
value were diluted further until the O.D. was in the linear
range of the assay. ELISAs using other glycans, including the
glycans provided herein as well as other glycans, can be
performed in a similar manner.

Glycan Microarray

[0086] The glycan microarrays from the CFG (www.func-
tionalglycomics.org/static/consortium/resources/re-

sourcecoreh11.shtml) are prepared from amine functional-
ized glycan structures covalently coupled in microarrays to
N-hydroxysuccinimide-derivatized microscope slides as pre-
viously described (Blixt, et al., Printed covalent glycan array
for ligand profiling of diverse glycan binding proteins. Proc
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Natl Acad Sci US4, 2004. 101(49): p. 17033-8.). Pooled and
individual sera from patients with disease and healthy con-
trols were analyzed for binding to version 3.0 or 3.1 of the
printed array (320 and 377 glycans, respectively) measured
by net fluorescence units. The antibody-binding ratio (ABR)
for individual glycans was calculated by division of net fluo-
rescence units of samples from disease patients by fluores-
cence units from samples of healthy controls.

Statistical Analysis

[0087] Statistical significance for the results of the ELISA
studies was calculated by Mann-Whitney test. Association of
disease, sociodemographic characteristics and odds ratios
were calculated by student’s test and logistic regression.

Example 2

Presence of distinct anti-carbohydrate antibodies in
SLE

[0088] Based on the concept that anti-carbohydrate anti-
bodies may serve as biomarkers for human diseases, experi-
ments were performed to identify antibodies in the serum of
patients with lupus that uniquely recognize a distinct pattern
of naturally occurring glycans. Using a pool of sera generated
from 40 SLE patients, an extensive panel (approximately
200) of carbohydrate-based structures (“glycans”) was
screened for antibody binding through participation in the
Consortium for Functional Glycomics. The library of bioti-
nylated, synthetic and natural ligands is attached by a spacer
onto a steptavidin-coated surface. Each unique glycan occu-
pies a set of defined addresses on the array in replicate wells.
Information on the structures included in the array can be
found on the world wide web at www.functionalglycomics.
org/static/consortium/resources/resourcecorehl1.shtml. The
binding of pooled sera from lupus patients to the glycan array
was performed using their standard high throughput screen-
ing protocol. Inthis screen, lupus sera, unlike IVIG, distinctly
bound the following glycan structures: [40SO3][60SO3]
Galf1-4GlcNAc;  [40S03]Galf1-4GIcNAc;  [30SO3]
Galf1-4[60S0O3]GlcNAc; and [60SO3]Galf1-4GIlcNAc.
[0089] These data demonstrate that lupus patients, but not
normal donors, make antibodies to non-sialylated, sulfated
galactosylated glycans residues. Therefore, detection of these
anti-glycan antibodies can be used in identifying, monitoring,
or categorizing patients with autoimmune diseases such as
lupus.

Example 3

Presence of Distinct Anti-Carbohydrate Antibodies
in Scleroderma

[0090] Glycosylation represents an important posttransla-
tional modification that is involved in the regulation of many
physiological processes. As a consequence, binding of anti-
bodies to glycosylated structures in vivo may interfere with
their function. In initial experiments we investigated whether
sera from patients with systemic sclerosis target distinct car-
bohydrate structures. Pooled sera from 40 randomly selected
patients with scleroderma and healthy controls were evalu-
ated by glycan array for specific binding to 320 distinct gly-
cans available through the Consortium for Functional Gly-
comics, at the National Institute of General Medical Sciences
(NIGMS). As demonstrated shown in FIG. 1A, there was no
significant difference in the antibody binding ratio (ABR)
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between scleroderma and healthy control serum for the
majority of glycans (mean ABR 1.54, SD 1.58). The antibody
binding ratio was calculated by taking the average of all
individual ABRs, calculating the ratio of the fluorescence
average of controls and disease gives a slightly different ratio,
but numbers are: 1473.8 (control), 2101.8 (Scleroderma),
2273.3 (SLE). However, 10 distinct glycans were highly tar-
geted by scleroderma sera with binding ratios>2 standard
deviations (SD) above the mean ABR and an ABR as high as
15-fold (see FIG. 1B).

[0091] Among those, 2 glycans demonstrated a high degree
of structural similarity, 4-sulfated N-Acetyl-Lactosamine
(LacNAc) and 4-6-di-sulfated LacNAc. We confirmed the
high ABR to both antigens using IVIG as a second control
group (data not shown). Furthermore, the ABR of sclero-
derma serum was compared to pooled serum from 40 patients
with SLE (FIG. 1C). Interestingly, this revealed that sclero-
derma patients recognize a distinct set of glycans compared to
SLE patients (see FIG. 1C). For 4-sulfated LacNAc, the ABR
calculated from pooled SLE serum was several fold lower
than in scleroderma (3.7 versus 13.7 fold).

Example 4

Antibodies to 4-Sulfated LacNAc are Frequent and
of High-Titer in Patients with Scleroderma

[0092] Subsequent studies focused on 4-sulfated LacNAc,
since it was associated with a higher ABR compared to 4-6
di-sulfated LacNAc. However, similar studies can be per-
formed to further characterize antibody binding to any of the
glycans identified in the screen to be useful for the diagnosis
of SLE, scleroderma, or both. An ELISA was developed using
biotinylated 4-sulfated LacNAc as a capture antigen to deter-
mine the frequency and titer of antibodies in a large number of
individual patients with scleroderma, as well as disease and
healthy controls. As shown in FIG. 2, anti-4 sulfated LacNAc
antibodies are frequent and of high-titer in scleroderma.
Twenty seven of 181 (14.9%) of randomly selected sclero-
derma patients were positive for these antibodies, compared
to 1/40 (2.5%) of healthy controls. The antibodies were less
frequent in SLE (4/40; 10.0%). Importantly, anti-4-sulfated
LacNAc antibody positive SLE disease controls exhibited
relatively low titer antibodies compared to patients with scle-
roderma (mean A.U. 0.55; 0.84 and 1.25, respectively).
Therefore, although the presence of the antibodies can be
used for the diagnosis of either disease, the titer of the anti-
bodies can further suggest the specific autoimmune disease of
the patient.

[0093] These results were in agreement with our initial
glycan array data using pooled sera from patients with scle-
roderma and SLE, which showed a relative specificity for
scleroderma with an ABR of 13.7 compared to 3.7 (FIGS. 1B
and C). Individual scleroderma patient sera (9 anti-4-sulfated
LacNAc positive and 8 antibody negative) were selected for
glycan array in order to obtain individual glycan profiles.
There was a good correlation between the fluorescence data
obtained by glycan array and the A.U. established by ELISA
with an r* of 0.89 (see FIG. 2B).

Example 5

Sulfation at Position 4 of Galactose Plays a Domi-
nant Role for Inmunoreactivity Towards LacNAc

[0094] Modification of LacNAc by sulfation adds a nega-
tive charge to the glycan structure and may thereby lead to a
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non-specific increase in antibody binding. Therefore, differ-
ential binding of pooled scleroderma sera to various sulfate-
containing glycans was analyzed. Glycan array CFG 3.0 con-
tained 41 sulfated structures as shown in FIG. 3A.
Interestingly, the mean ABR between sera from scleroderma
and healthy controls was quite similar in this subgroup (mean
1.77,SD 2.24) compared to the overall ABR. 4-sulfated Lac-
NAc as well as 4-6-di-sulfated LacNAc were the only sulfated
glycans that showed an ABR higher than 2 SD above the
mean. In particular, sulfation at position 3 or 6 of LacNAc led
to a marked decrease in ABR (3.1 and 0.9, respectively) and
LacNAc by itself was not recognized as an scleroderma anti-
gen (ABR 1.8). Surprisingly, disulfation at position 3 and 4 of
LacNAc completely abolished antibody binding (ABR 1.3),
whereas disulfation at position 4 and 6 contributed to antige-
nicity (ABR 7.8). We confirmed these findings in a second
glycan array using 17 preselected sera from scleroderma
patients according to their anti-4 sulfated LacNAc status
determined by ELISA (9 positive and 8 negative sera). As
shown in FIG. 3B, ABRs were highest for 4-sulfated and
4-6-di-sulfated LacNAC (up to 119 fold) and extended in
some patients to other sulfated glycans, although to a lesser
degree. For 3- and 6-sulfated LacNAc these findings were
also confirmed by ELISA (FIG. 3C). In summary, this data
strongly suggests that differential sulfation of LacNAc plays
an important role for immunogenicity of the glycan.

Example 6

Increased Prevalence of Pulmonary Vascular Dis-
ease, Sicca, and Raynaud’s Disease in Anti-4 Sul-
fated LacNAc Positive Scleroderma Patients

[0095] The prevalence of antibodies to 4-sulfated LacNAc
among 181 scleroderma patients was 14.9 percent using 3 SD
above the mean of healthy controls as a cut-off. A detailed
analysis of the clinical, serological and sociodemographic
phenotype of these patients is shown in Table 2. There was no
difference in disease type (diffuse versus limited), disease
duration, age, gender, race, skin score, gastrointestinal and
kidney involvement or mortality between anti-4 sulfated Lac-
NAc positive and negative patients. Interestingly, sclero-
derma patients with serum antibodies against 4-sulfated Lac-
NAc had a higher prevalence of pulmonary vascular disease
(14/27 or 56% compared to 49/154 or 32%, p=0.02). Simi-
larly, the lung severity score was higher in antibody positive
patients (1.9 versus 1.4, p=0.037). There was no significant
difference between the two groups for % predicted FVC and
DLCO.

[0096] The prevalence of sicca symptoms was increased
significantly in the antibody-positive group (74% versus
44%, p=0.006). Interestingly, the Raynaud’s severity score
was significantly lower in antibody positive patients (1.5 ver-
sus 2.0, p=0.016). There was no association between anti-4
sulfated LacNAc positivity and antibodies to topoisomerase
or centromere protein, respectively. In multivariate analysis
corrected for age, gender, race and disease type, all associa-
tions remained significant. For patients with anti-4 sulfated
LacNAc antibodies, the odds ratio for pulmonary vascular
disease was 2.6 (CI 1.1-6.3), while for sicca it was 3.0 (CI
1.2-8.2). Manifestation of Raynaud’s syndrome remained
less severe with an odds ratio of 0.5 (CI1 0.3-0.9).

[0097] Studies were performed to determine whether anti-4
sulfated LacNAc antibodies are associated with sicca symp-
toms or pulmonary vascular disease in patient groups other
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than scleroderma; e.g. in 40 patients with primary Sjogren’s,

20 SLE patients with secondary Sjogren’s syndrome as well

as 25 patients with primary pulmonary hypertension. Patients

with either primary Sjogren’s syndrome or secondary

Sjogren’s syndrome associated with SLE did not demonstrate

an increased frequency in anti-4 sulfated LacNAc positivity

compared to patients with systemic sclerosis (FIG. 4). There
was no increased frequency in anti-4 sulfated LacNAc anti-
body positivity among patients with primary pulmonary

hypertension (1/25; 4.0%).

[0098] All references, patents, patent applications, and

GenBank numbers as of the date of filing of the instant appli-

cation are hereby incorporated by reference as if they were
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12. A method for diagnosing an autoimmune disease in a

subject comprising:
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contacting a subject sample with a glycan; and

detecting binding of an antibody in the subject sample to
the glycan, wherein binding ofthe antibody to the glycan
is diagnostic for an autoimmune disease.

13. The method of claim 12, wherein the autoimmune
disease comprises scleroderma or systemic lupus erythema-
tosus (SLE).

14. The method of claim 12, wherein the autoimmune
disease comprises scleroderma and the glycan is selected
from the group consisting of: a 4-sulfated LacNAc, a 4-6-
disulfated LacNAc, [40S03][60S03]Galf1-4GlcNAc;
[40S03]GalB1-4GIcNAc; [30S03]Galp1-4[60S03]
GleNAc;  [60S0O3]Galf1-4GlcNAc;  Galf1-4GlcNAcp1-
3Galf1-4Gle;  GalB1-3GleNAcf1-3Galf1-4Gle;  Galal-
4Galf1-4Gle;  Galp1-3GalNAcf1-3Galal-4Galf1-4Glc;
Manal-2Manal-3(Manal-2Mana1-6)Man; Manaol-
2Mana1-2Mana.1-3(Manal-2Mana.1-6(Mana 1 -3)Manao1 -
6)Man; Manal-2Manal-3Man; NeuSAca2-3Galf1-4Glc;
NeuSAca2-8NeuSAca2-8NeuSAca2-3(GalNAcp1-4)
Galp1-4GlcNeuSAca2-3Gal1-4GleNAcp1-3Galp1-
4GlceNAc; NeuSAca2-3(GalNAcp1-4)Galp1-4GlcNAc;
NeuSAca2-8NeuSAca2-3(GalNAcp1-4)Galp1-4Glc;
NeuSAco2-6Galf1-4GlcNAc; NeuSAca2-8NeuSAc; and
NeuSAca2-3(GalNAcp1-4)GalB1-4Glc; or any combination
thereof.

15. The method of claim 12, wherein the autoimmune
disease comprises scleroderma and the glycan is selected
from the group consisting of 4-sulfated LacNAc, a 4-6-disul-
fated LacNAc, [40S03][60S03]Galf1-4GIcNAc; and
[40S03]Galf1-4GlcNAc; or any combination thereof.

16. The method of claim 15, wherein the wherein binding
of the antibody to the glycan is diagnostic for one or more
conditions selected from the group consisting of: pulmonary
hypertension and sicca; or a combination thereof.

17. The method of claim 15, wherein the binding of the
antibody to the glycan is diagnostic for a less severe
Raynaud’s phenotype.

18. The method of claim 12, wherein the autoimmune
disease comprises SLE and the glycan is selected from the
group consisting of [40S03][60S03]Galf1-4GlcNAc;
[40S03]GalB1-4GIcNAc; [30S03]Galp1-4[60S03]
GleNAc;  [60S03]Galp1-4GleNAc;  Manal-2Manal -
3Man; NeuSAca2-3(GalNAcp1-4)Galp1-4GlcNAc;
NeuSAca2-8NeuSAca2-3(GalNAcp1-4)Galf1-4Glc;
NeuSAca2-6Galf1-4GlcNAc; NeuSAca2-8NeuSAc; and
NeuSAca2-3(GalNAcp1-4)Galp1-4Gle.

19. The method of claim 12, wherein the autoimmune
disease comprises SLE or scleroderma and the glycan is
selected from the group consisting of [40SO3][60S03]
Galp1-4GleNAc;  [40S03]Galpl-4GleNAc; Manal-
2Mana1-3Man; NeuSAco2-6Galf1-4GleNAc; NeuSAco2-
8NeuSAc; and NeuSAca2-3(GalNAcp1-4)Galp1-4Glc.

20. The method of claim 12, wherein the sample is selected
from the group consisting of blood, serum, and plasma.

21. The method of claim 12, wherein the binding is com-
pared to a binding of a control sample.

22. The method of claim 21, wherein the control sample is
selected from the group consisting of normal blood, normal
serum, normal plasma, and IVIG; or a combination thereof.

23. The method of claim 12, further comprising obtaining
a subject sample.

24. A kit for practicing the method claim 12.
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