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T cells from patients with systemic lupus erythematosus (SLE) show a decreased activation threshold and
increased apoptosis. These processes seem to be regulated by glycosylated molecules on the T cell
surface. Here, we determined through flow cytometry the expression of mucin-type O-glycans on T helper
cells in peripheral blood mononuclear cells (PBMC) from 23 SLE patients and its relation with disease
activity. We used lectins specific for the disaccharide Gal-GalNAc, such as Amaranthus leucocarpus lectin
(ALL), Artocarpus integrifolia lectin (jacalin) and Arachis hypogaea lectin (peanut agglutinin, PNA), as well
as lectins for sialic acid such as Sambucus nigra agglutinin (SNA) and Maakia amurensis agglutinin (MAA).
The results showed that ALL, but not jacalin or PNA, identified significant differences in O-glycan
expression on T helper cells from active SLE patients (n = 10). Moreover, an inverse correlation was found
between the frequency of T helper cells recognized by ALL and SLE Disease Activity Index (SLEDAI) score
in SLE patients. In contrast, SNA and MAA lectins did not identify any differences between CD4" T cells
from SLE patients. There was no difference in the recognition by ALL on activated T helper cells and T
regulatory (Treg) cells. Our findings point out that activation of SLE disease diminishes the expression of

O-glycans in T helper cells; ALL could be considered as a marker to determine activity of the disease.

Keywords: Lectin; O-glycosylation; SLEDALI; systemic lupus erythematosus; T cells

Tohoku J. Exp. Med., 2016 September, 240 (1), 79-89.

Introduction

Systemic lupus erythematosus (SLE) is an autoim-
mune rheumatic disease that presents a wide spectrum of
clinical manifestations affecting multiple organs and sys-
tems (Gatto et al. 2013). The disease activity is assessed by
a Systemic Lupus Erythematosus Disease Activity Index
(SLEDAI) score (Bombardier et al. 1992). Although the
etiology is unknown, development of SLE is associated
with genetic, hormonal, environmental, and immunological
factors, mainly those related to the regulation of immuno-
logical tolerance (Liu and Davidson 2012). The serum of
SLE patients is characterized by the presence of antibodies,
mainly IgG, directed against self-antigens, including ribo-
nucleic acid (RNA), double-stranded deoxyribonucleic acid
(dsDNA), single-stranded DNA, ribonucleoproteins like
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Ro, La, Sm and cytoskeletal antigens (Blanco et al. 1991,
1992; Cozzani et al. 2014). T cells from SLE patients have
shown a reduced activation threshold since T cell receptor
(TCR)-triggered downstream signaling rapidly increases
tyrosine phosphorylation of proteins and intracellular cal-
cium influx (Vassilopoulos et al. 1995; Liossis et al. 1998).
These cells have also shown an increased susceptibility to
apoptosis (Dhir et al. 2009; Shah et al. 2011), indicating
that T cells from SLE patients are activated and regulated
abnormally. The regulation of apoptosis seems to depend
on the glycosylation pattern of cell surface glycoproteins
since distinctive glycosylated structures encourage cell
death induced by galectin 1, a glycan-binding protein, in
Th1 cells but not in Th2 cells (Toscano et al. 2007).
O-glycosylation is a post-translational modification
that begins with the addition of an N-acetyl-galactosamine
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(GalNAc) moiety to the hydroxyl group of specific serine
or threonine residues in an acceptor protein. This biochem-
ical reaction is catalyzed by the polypeptide N-acetyl-
galactosyltransferase (ppGalNAcT) and the subsequent
addition of other carbohydrates leads to the formation of
different structures known as cores (Brockhausen et al.
2009). Interestingly, interaction of galectin-glycoprotein
lattice with TCR modifies the T-cell activation threshold by
reducing the recruitment motility of surface glycoproteins
to the TCR signaling area (Grigorian et al. 2009;
Antonopoulos et al. 2012).

Because SLE-patients T cells exhibit functional altera-
tions and increased susceptibility to apoptosis, the objective
of the present study was to assess if differences in the CD4"
T cell surface O-glycans could be associated with disease
activity using lectins specific for Gal31,3GalNAc-1,0-Ser/
Thr such as peanut agglutinin (PNA), jacalin, and
Amaranthus leucocarpus lectin (ALL) (Lotan et al. 1975;
Mahanta et al. 1990; Zenteno et al. 1992; Hernandez et al.
2004). Results show that when compared to healthy con-
trols, peripheral blood T cells from active SLE patients
have a reduced percentage of CD4'T cells recognized by
ALL (termed ALL'CD4" T cells) in addition to a lower
expression of O-glycans recognized only by ALL.

Moreover, recognition of O-glycans in CD4" T cells from
SLE patients correlated inversely with disease activity
determined by SLEDAI score. On the other hand, this
O-glycosylation was not limited to a specific CD4" T cell
subset or correlated with apoptosis.

Materials and Methods

Patients and controls

The study group included 23 female SLE patients from Centro
Médico Nacional “La Raza”, a division of the Instituto Mexicano del
Seguro Social in Mexico City, Mexico. SLE diagnosis was based on
clinical history, physical examination, and positivity to least four of
the criteria from the American College of Rheumatology (Tan et al.
1982). All 23 patients were evaluated and stratified according to dis-
ease activity by means of the SLEDALI score; ten patients were con-
sidered as active since they presented a score higher than one, the
remaining 13 presented a score of zero and were thus considered as
inactive. Active SLE patients were generally treated with a combina-
tion of prednisone, azathioprine or chloroquine at high doses, while
inactive SLE patients were treated with low dose of prednisone or
chloroquine. The healthy control group included 11 healthy blood
donors from the Blood Bank, who fulfilled the established criteria for
blood donation and accepted to participate in the study; they were
matched by sex and age. General data from SLE patients and healthy
controls are shown in Table 1. Blood samples (10 ml) were collected

Table 1. Clinical characteristics of the studied population.

Characteristics

SLE Healthy

Number of individuals

Age (years, median)

Gender (percentage of female patients)

Diagnosis (percentage of patients)
Malar rash

Discoid rash
Photosensitivity

Oral ulcers

Arthritis

Serositis

Renal disorder
Neurologic disorder
Hematologic disorder
Immunologic disorder
Antinuclear antibody

Disease duration (years, median)

Treatment (percentage of patients)”

Prednisone

Chloroquine
Azathioprine
Mycophenolate mofetyl
Cyclophosphamide pulse

23 11
30+ 10.6
100 100

29+7.7

57
13
22
22
61
22
70

35
26
31
4.7+49

65
53
13
13
9

SLEDAI (number of patients inactive-active) 13-10

aData correspond to the time of sampling.
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from each participant and routine hematological tests were carried
out. The Institutional Medical Ethics Committee approved the study
protocol (approval number 2009-785-028), and a written informed
consent was obtained from all participants.

Reagents and antibodies

Fluorochrome-labeled mouse monoclonal antibodies (mAbs) to
human CD4 (clone VIT4), CD8 (clone BW135/80), CD25 (clone
3G10), CD127 (clone TM), and phycoerythrin (PE)-labeled annexin
V were acquired from Miltenyi Biotec (Bergisch Gladbach,
Germany). Fluorochrome-labeled mAb to human CD3 (clone HIT3a)
and 4’,6-diamidino-2-phenylindole, dihydrochloride (DAPI) solution
were acquired from BD Biosciences Pharmingen (San Diego, CA,
USA). Fluorochrome-labeled mAb to human HLA-DR (clone 1.243)
was from BioLegend (San Diego, CA, USA). Allophycocyanin
(APC)-labeled streptavidin was purchased from Vector Laboratories
Inc. (Burlingame, CA, USA). Lymphoprep (Ficoll 1.077 density)
was from Axis-Shield PoC As (Oslo, Norway). Bovine serum albu-
min fraction V (BSA), reference carbohydrates, salts and chemical
reagents were acquired from Sigma-Aldrich Co. (St. Louis, MO,
USA).

Lectins

Amarathus leucocarpus seeds were collected in Tulyehualco,
Mexico City, and the lectin (ALL) was purified by affinity chroma-
tography as described previously (Zenteno and Ochoa 1988). ALL
purity was confirmed through observation of a single 35 kDa fraction
by sodium dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE) (Hernandez et al. 2001) and it was then labeled with
fluorescein isothiocyanate (FITC), at a label to protein ratio of 2:1
(The and Feltkamp 1970). Biotin-labeled lectins from Arachis hypo-
gaea (peanut agglutinin, PNA), Artocarpus integrifolia (jacalin),
Maackia amurensis (MAA) and Sambucus nigra (SNA) were
obtained from Vector Laboratories Inc. (Burlingame, CA, USA).

Isolation of Mononuclear cells

Peripheral blood mononuclear cells (PBMCs) were isolated
from 10 ml heparinized whole blood by Lymphoprep (Axis-Shield,
Dundee, Scotland) density gradient, centrifuging for 30 min at 800 g
and 18°C. Afterwards, the interface cells were collected and washed
twice in phosphate buffered saline (PBS; 10 mM sodium phosphate,
150 mM sodium chloride, pH 7.2). Cells suspended in PBS were
counted in a Neubauer chamber, cell viability was determined by
Tripan blue staining and was routinely > 90%.

Immunofluorescence

PBMCs freshly obtained were stained by direct and indirect
immunofluorescence, incubating with FITC-lectin or biotin-lectin fol-
lowed by a second incubation with APC-streptavidin. Then, a final
staining was performed with fluorescent mAbs against T helper cell
phenotype molecules. Briefly, 1 x 10° cells were suspended in PBS
containing 1% BSA and 0.1% sodium azide (PBS-BSA buffer), and
incubated with either 0.04 ug/ml FITC-labeled ALL or one of the bio-
tinylated lectins (1.4 ug/ml PNA, 0.05 ug/ml jacalin, 0.6 ug/ml
MAA, 1.2 pug/ml SNA) for 30 min at 4°C. After this, cells were
washed with PBS-BSA buffer and incubated for second time with
APC-streptavidin at dilution 1:400 during 30 min at 4°C. Cells were
then washed and suspended with PBS-BSA buffer and incubated with
fluorescent mAbs to human CD3, CD4 and CD8. After 20 min of

incubation, the cells were washed and analyzed by flow cytometry.
In other experiments, the phenotype of ALL'CD4" T cells was also
analyzed using fluorescent mAbs to CD25, CD127 and HLA-DR.
Moreover, the carbohydrate-specificity of ALL was assessed through
incubation of PBMCs with FITC-ALL in the absence or presence of
0.2 M galactose (Gal), glucose (Glc), lactose (Gal-Glc) or N-Acetyl-
D-galactosamine (GalNAc) for 30 min at 4°C. For the other lectins,
specificity in the cell-lectin interaction was evaluated by inhibition
assays, using 0.2 M Gal for PNA and jacalin, and 0.04 mM fetuin for
SNA and MAA. In each case, cells were analyzed by flow cytometry.

Apoptosis detection

PBMC:s freshly obtained were washed twice in 10 mM HEPES,
140 mM NaCl and 2.5 mM CaCl,, pH 7.4 (AB, Annexin binding buf-
fer) and incubated PE-labeled annexin V for 30 min at 4°C in the
dark. Then, cells were washed twice in AB buffer and incubated with
FITC-labeled ALL and mAbs to human CD3 and CD4 for 30 min at
4°C. After incubation, cells were washed and suspended in 100 ul
AB buffer, and a last incubation was performed adding DAPI solution
at a final concentration of 1 ug/ml 15 min before acquisition in the
flow cytometer.

Flow cytometry analysis

Flow cytometry analysis was performed using a MACSQuant
analyzer (Miltenyi Biotec). Singlets were selected on the basis of
FSC-A and FSC-H characteristics. Then, lymphocytes were first
identified by their Forward Scatter (FSC) and Side Scatter (SSC)
characteristics, then the CD3°CD4" population was subgated and
30,000 events of the later were acquired. All analyses for cell-lectin
interaction were performed in the CD3'CD4" cells gate. The ALL"
CD4" T helper cells were also analyzed for positivity to HLA-DR,
CD25, and CD127 expression. Data are showed as two-dimensional
dot-plots, contour maps or histograms. Intensity of fluorescence
staining is presented as mean fluorescence intensity (MFI).
Fluorochrome-labeled isotype-matched control mAbs or fluorescent-
second reagents were used to evaluate background staining. Data
were analyzed using the FlowJo version 10 software (Tree Star, Inc,
Ashland Oregon, USA). The percentage of ALL™ T helper cells was
calculated using the “super-enhanced Dmax (SED) normalized sub-
traction” algorithm, which allows calculating the proportion of posi-
tive cells where the distribution histograms overlap (Bagwell 1996;
Panoskaltsis et al. 2003).

Statistical analysis

Data were analyzed using Graphpad Prism v 5.0 software (La
Jolla, CA, USA). Normality of the data was assessed with the
Kolmogorov-Smirnov test followed by an analysis using the appro-
priate parametric or nonparametric test. For asymmetrically distrib-
uted variables, a Wilcoxon rank-sum (Mann-Whitney) test was car-
ried out for comparisons. One-way ANOVA followed by Bonferroni
multiple comparison tests were used to determine differences among
groups. When appropriate, the non-parametric Kruskal-Wallis test
was used. Correlations were performed using the Spearman’s rank
correlation coefficient. Values are shown as mean + standard devia-
tion and differences among groups were considered statistically sig-
nificant at P < 0.05.
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Results

T helper cells from active SLE patients show decreased
expression of O-glycans recognized specifically by A. leuco-
carpus lectin

In order to confirm the specific binding of ALL on T
helper cells, competitive inhibition assays were performed
using the specific inhibitor carbohydrate GaINAc and the
nonspecific carbohydrates Gal, Glc and lactose. GalNAc,
but not Gal, Glc or lactose, inhibited ALL binding to
PBMCs, indicating that this binding required a specific car-
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compare the recognition of ALL or jacalin on CD4" T cells
from inactive-, active-SLE patients, and healthy controls,
cells were incubated either with ALL or jacalin, and mAbs
against CD3 and CD4. As shown in Fig. 1A, the frequency
of ALL'CD4" T cells in PBMCs from active SLE patients
was lower than the one from inactive SLE patients or
healthy controls (80 + 3.4% vs. 91 + 0.81% or 91 + 1.1%,
respectively, P < 0.001). Likewise, a significant decrease in
ALL-recognized O-glycans expression density was
observed in T helper cells from active SLE patients only
when compared to healthy controls (MFI 514 + 57.5 vs.

bohydrate-dependent recognition (data not shown). To MFI 674 + 33.9, respectively, P < 0.05). In contrast, there
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Fig. 1. CD4" T cells show decreased expression of O-glycans and low cellular percentage recognized by Amaranthus leuco-

carpus lectin (ALL) in active SLE patients.

PBMCs from SLE patients and healthy controls were labeled either ALL-FITC or jacalin lectin/Strp-APC, and mAbs
against CD3 and CD4 to be analyzed by flow cytometry. A) Percentage of ALL" CD4" T cells and expression density of
ALL ligands. Data was obtained from 10 active SLE patients, 13 inactive SLE patients and 11 healthy individuals.
B) Percentage of jacalin® CD4" T cells and expression density of jacalin ligands. Data was obtained from 7 active SLE
patients, 13 inactive SLE patients and 11 healthy individuals. C and D) Representative expression density histograms of
ALL and jacalin ligands within CD4" T cells comparing unstained cells (shadowed area), healthy individuals (grey line),
inactive SLE patients (black line) and active patients (dashed line). E) Histograms of CD4" T cells recognized by ALL
or jacalin. The shadowed area indicates unstained cells; the grey line denotes cells marked only with ALL or jacalin; the
black line, cells first labeled with ALL and then with jacalin; and the dashed line, cells first labeled with jacalin and then
with ALL; representative images of three independent experiments. The percentage of positive cells for each lectin was
obtained using the SED algorithm. *P < 0.05, **P < 0.001.
MFI, mean fluorescence intensity; Strp-APC, streptavidin-Allophycocyanin.
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was no difference in the proportion of jacalin-positive CD4"
T cells among study groups, active SLE patients, inactive
SLE patients and healthy controls (94 & 3.2% vs. 96 £ 2.3%
or 97 + 1.7%, respectively). Similarly, there was no differ-
ence in jacalin-recognized O-glycans expression density on
CD4'T cells from any study group (Fig. 1B, D).

Some authors have reported in independent experi-
ments that both jacalin lectin and ALL recognize core | in
the mucin-type glycans (Mahanta et al. 1990; Hernandez et
al. 2004). Hence, competence assays were performed to
confirm that ALL and jacalin recognize the same saccharide
structure. For this, PBMCs from healthy individuals or
SLE patients were first stained with ALL and then jacalin
lectin or inversely and then compared to those cells stained
only by one lectin. No difference was found in the
O-glycans expression density recognized by ALL or jacalin
lectin when cells were treated with the lectins together or
separated. This suggests that these lectins do not compete
to bind the same epitope (Fig. 1E).

T helper cells from SLE patients do not show differences in
sialic acid expression

To assess the expression of sialic acid at the a2-3 or
02-6 linkage on CD4" T cell surface, MAA and SNA were
used, respectively. No significant differences were observed
among cells from study groups concerning the proportion
of MAA- and SNA-positive cells or sialic acid expression
density (Fig. 2A, B). The results also showed a low per-
centage of PNA-positive CD4" T cells in both SLE patients
and healthy controls, but no difference in frequency and
expression density among groups was observed (Fig. 2C).

The frequency and expression density of ALL-recognized
O-glycans on T helper cells from SLE patients correlate
inversely with disease activity

Because low expression of ALL-recognized O-glycans
on CD4" T cells from active SLE patients was found, a cor-
relation between recognition of CD4" T cells from patients
by ALL and the disease activity (SLEDAI) score was evalu-
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Fig. 2. CD4" T cells from SLE patients do not show differences in expression of sialic acid.
PBMC:s from SLE patients were labeled with Maackia amurensis agglutinin (MAA), Sambucus nigra agglutinin (SNA)
or peanut agglutinin (PNA) lectins and mAbs against CD3 and CD4; cells were then analyzed by flow cytometry. The
CD3"CD4" population was subgated and the percentage of positive cells and expression density for MAA (A), SNA (B)
and PNA (C) was calculated. Data for MAA and SNA analyses correspond to 10 inactive SLE patients, 4 active SLE
patients, and 8 healthy individuals. Data for PNA analysis correspond to 5 inactive SLE patients, 4 active SLE patients
and 8 healthy individuals. Representative histograms of ligands for MAA, SNA and PNA within CD4" T cells compar-
ing unstained cells (shadowed area), healthy individuals (grey line), inactive SLE patients (black line) and active
patients (dashed line). The percentage of positive cells for each lectin was obtained using the SED algorithm. Strp-

APC = streptavidin-Allophycocyanin.
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Fig. 3. The percentage of ALL'CD4" T cells from SLE patients correlates inversely with the SLEDALI score.
Correlation analyses between percentage of ALL' CD4" T cells and SLEDAI score (A) and between expression density
of ALL ligands and SLEDAI (B) from 23 SLE patients. Spearman correlation coefficient was used.

ated. A significant inversely proportional correlation
between the percentage of ALL" CD4" T cells from SLE
patients and the SLEDAI (r = —0.495, P = 0.0165) was
observed (Fig. 3A). Similarly, ALL-recognized O-glycans
expression density on CD4" T cell surface correlated with
the SLEDALI score (r = —0.450, P = 0.031), as exhibited in
Fig. 3B. In contrast, no correlation was found between per-
centage of ALL'CD4" T cells from SLE patients and renal
failure or the disease chronic progression (data not shown).

The O-glycosylation detected by ALL is present in both acti-
vated and regulatory T helper cells from SLE patients

Glycosylation has been shown as an essential process
involved in T cell activation (Daniels et al. 2002), and given
that a decrease of ALL ligands on cells from active SLE
patients was observed, an analysis of the activated-status on
T helper cell subpopulations was carried out. For this, T
helper cells were analyzed according to the expression of
activation markers such as CD25 and CD127. The results
showed that the percentage of ALL-recognized
CD4'CD25'CD127°T cells from inactive SLE patients was
significantly higher (92 + 6.3%) than those cells from active
SLE patients (77 + 10.2%) or healthy controls (88 £ 4.1%).
Similar results were observed in ALL-recognized O-glycan
expression, which was higher in cells from inactive SLE
patients (MFI 792 + 126.0) than in cells from active SLE
patients (MFI 549 + 126.7) or healthy controls (MFI 525 +
65.3). In both cases there was a statistical difference of P <
0.001 (Fig. 4A).

To further confirm the diminution in ALL-ligands
expression on activated CD4" T cells from patients with
active SLE, an anti-HLA-DR mAb was used to define acti-
vated T helper cells. Similarly, the proportion of ALL-
recognized CD4 HLA-DR' T cells from active SLE patients
was lower than those cells from inactive SLE patients (85 +
9.8% vs. 93 + 3.4%, respectively, P < 0.01) or healthy con-
trols (85 + 9.8% vs. 93 + 3.2%, respectively, P < 0.01). In
contrast, there were no differences in ALL-recognized
O-glycan expression density on HLA-DR'CD4" T cells
from healthy controls or patients, independently of their
SLE status (Fig. 4B). Regarding CD4"CD25"¢"CD127""

regulatory T cells (Treg), a reduction in the frequency of
ALL" Treg cells from active SLE patients was again found
in comparison with cells from inactive SLE patients (67 +
10.8% vs. 82 £ 9.0%, respectively, P < 0.01). In the same
way, CD4'CD25"¢"CD127"" T cells from active SLE
patients and healthy controls showed a lower expression of
ALL-ligands than cells from inactive SLE patients (MFI
476 + 101.2 and MFI 443 + 61.2 vs. MFI 599 + 92.0,
respectively); these differences were statistically significant
(Fig. 4C).

The expression of ALL-ligands on peripheral blood T helper
cells from SLE patients correlates inversely with the pro-
portion of double-negative T cells

An increase in peripheral blood double-negative
CD3"CD4CDS" cell subpopulation (DN T cells) has been
reported to be related to the pathogenesis of the disease
(Shivakumar et al. 1989). Thus, the percentage of periph-
eral blood CD4CD8 T cells between healthy controls and
SLE patients was compared. As shown in Fig. 5A, SLE
patients had a frequency of 13.7 + 5.1% DN T cells,
whereas in healthy controls the percentage was 3.4 + 0.9%
(P =0.009). Likewise, an inversely proportional correla-
tion was found between ALL-recognized O-glycan expres-
sion density and DN T cells in SLE patients (r = —0.594, P
= 0.04). On the other hand, there was no correlation
between the percentage of ALL'CD4" T cells and DN T
cells in patients with SLE (Fig. 5C).

Percentage of ALL-recognized T helper cells does not cor-
relate with the percentage of apoptotic T helper cells in SLE
patients

Glycosylation has been reported as an event involved
in T cell apoptosis regulation (Toscano et al. 2007); there-
fore, viability was assessed in cells from SLE patients. The
results showed a higher proportion of necrotic cells (DAPI)
from active SLE patients than from inactive SLE patients.
However, no difference was found when comparing phos-
phatidylserine expression — an early apoptosis marker rec-
ognized by annexin V — on PBMCs from active and inac-
tive SLE patients (Fig. 6A). In contrast, when peripheral
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Fig. 4. Activated and regulatory CD4" T cells show a decreased expression of O-glycans and a lower cell percentage is rec-
ognized by Amaranthus leucocarpus lectin (ALL) in active SLE patients.
PBMCs from SLE patients and healthy controls were stained with ALL-FITC and mAbs against CD3, CD4, CD25,
CD127 (10 inactive SLE patients, 6 active SLE, and 8 healthy individuals) or with ALL-FITC, anti-CD3, anti-CD4 and
anti-HLADR (13 inactive SLE patients, 10 active SLE, and 11 healthy individuals); cells were then analyzed by flow
cytometry. A) Percentage of ALL-recognized CD4'CD25'CD127" T cells. B) Percentage of CD4'HLADR' T cells rec-
ognized by ALL. C) Percentage of CD4'CD25"#"CD127"" T cells recognized by ALL. Representative histograms of
expression density for ALL ligands within CD4" T cells comparing unstained cells (shadowed area), healthy individuals
(grey line), inactive SLE patients (black line) and active patients (dashed line). The cell percentage was obtained using
the SED algorithm. Results were compared using ANOVA and the Bonferroni multiple comparison test. *P < 0.05,

**P<0.01, #**P<0.001.
MEF, mean fluorescence intensity.

blood CD4" T cells were analyzed, a significantly higher
frequency of apoptotic CD4" T (Annexin V') cells was
observed in SLE patients regardless of their disease activity
(Fig. 6B). On the other hand, there was no correlation
between the percentage of ALL'CD4" T cells and apoptotic
CD4" T cells in SLE patients. There was also no correla-
tion between ALL-recognized O-glycan expression density
on CD4" T cells and the percentage of apoptotic CD4" T
cells (Fig. 6C). Likewise, no correlation was found
between the percentage of apoptotic CD4" T cells and the
SLEDAI score (data not shown).

Discussion
Alterations in T cell activation and apoptosis have

been described in SLE patients (Vassilopoulos et al. 1995;
Liossis et al. 1998; Dhir et al. 2009; Shah et al. 2011), both
of which seem to be partially regulated by O-glycosylation
(Toscano et al. 2007; Grigorian et al. 2009; Antonopoulos
et al. 2012). Synthesis of O-glycans starts with the covalent
addition of GalNAc to serine or threonine residues, which
is catalyzed by a ppGalNACcT, forming the structure known
as Tn antigen (Brockhausen et al. 2009). Afterwards, the
core 1 f1-3 galactosyltransferase (C1GalT1) adds Gal to Tn
antigen and forms the Gal f1-3GalNAc structure known as
core 1. Cl1GalT1 requires a specific molecular chaperone
called Cosmc to perform its transferase activity. Core 1 can
be a substrate of sialyltransferases, which binds sialic acid
or can also be a substrate for core 2 f1-6 N-acetyl-
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Fig. 5. Percentage of double negative (DN) T cells is high in SLE patients.

PBMCs from 12 SLE patients and 9 healthy individuals were labeled with ALL-FITC and mAbs against CD3, CD4, and
CDS8. Then cells were analyzed by flow cytometry. Percentage determination of DN cells (CD4 CDS8") was performed
in the subgated CD3" cells. A) Representative contour graphs showing the percentage of DN T cells. B) Percentage of
DN cells from SLE patients and healthy controls. Correlation analyses between the percentage of CD4"'ALL" T cells
and the percentage of DN cells (C) and between the mean fluorescence intensity (MFI) for ALL ligand and the percent-
age of DN T cells (D) from the 12 SLE patients. Data was analyzed using the Mann Whitney test and the correlation
analyses were performed with the Spearman correlation coefficient.
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Fig. 6. Percentage of ALL-recognized CD4" T cells from SLE patients does not correlate with apoptotic CD4" T cells.
PBMCs from SLE patients and healthy controls were incubated with DAPI, annexin V, anti- CD3, anti- CD4 and ALL-
FITC. Then cells were analyzed by flow cytometry. A) Representative contour graphs showing the DAPI and annexin
V stain within the CD3'CD4" population. B) Percentage of apoptotic CD3'CD4" T cells (annexin V' DAPI') from 11
inactive SLE patients, 5 active SLE patients, and 9 healthy controls. (C) Correlation analysis between the percentage of
ALL" T helper cells and the percentage of apoptotic T helper cells and between MFI for ALL ligands and percentage of
apoptotic T helper cells from 16 SLE patients. Results were analyzed with ANOVA, and compared to healthy controls
using the Bonferroni test. *P < 0.05. Correlation analyses were performed with the Spearman correlation coefficient.
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glucosaminyl-transferase that transfers N-acetyl-glucos-
amine through the link $1-6 to GalNAc, giving rise to core
2 (Brockhausen et al. 2009).

We assessed the expression of core | structures on
CD4" T cells from SLE patients using ALL, PNA and jaca-
lin lectins. We found alterations in the expression of
O-glycans recognized by ALL but not by jacalin or PNA, in
CD4" T cells from SLE patients. Through competence
assays, we showed that ALL and jacalin do not compete for
the same recognition site, suggesting that both lectins iden-
tify different O-glycans. PNA lectin also binds core 1, but
unlike ALL and jacalin, a low percentage of CD4" T cells
from SLE patients was recognized by PNA. The difference
in recognition can be explained because these lectins,
although having affinity for similar oligosaccharide, recog-
nize different glycans.

Jacalin lectin recognizes in the core 1 the OH groups
of C-2, C-3, C-4, and C-6 in the D-Gal and the acetamido
group at C-2 of GalNAc (Sastry et al. 1986) while ALL
specificity is directed towards the acetamido group in C-2
of GalNAc in the inner core 1-O-glycosidically linked gly-
cans. Substitution in C-3 or C-6 of Gal/GalNAc by sialic
acid did not decrease the affinity of these lectins toward
Core-1 (Zenteno et al. 1992). Moreover, ALL recognizes
GalNAc residues when they are spaced out in glycan struc-
tures (Hernandez et al. 2004), whereas PNA shows speci-
ficity for the OH—from C-4 of Gal in Core 1. However,
substitution by sialic acid inhibits the PNA binding site
(Lotan et al. 1975; Pereira et al. 1976; Swamy et al. 1991).

We did not find differences in sialylation of cell sur-
face proteins when cells were labeled by use of MAA and
SNA lectins specific for a2-3 and 02-6 linkage, respec-
tively. We did not observe changes in PNA recognition,
because naive T helper cells express core 1 with sialic acid
and lose their expression only when they are activated
(Clark and Baum 2012).

Similar to our findings, O-glycosylation changes have
been reported in T cells from MLR-/pr mice, which develop
a SLE-like disease; these lymphocytes show a low recogni-
tion by the GalNAc-specific lectin from Maclura pomifera
as compared to MLR"" mice (Sarkar et al. 1981; Dumont
and Habbersett 1982). MLR-/pr mice develop a more
aggressive disease and exhibit a diminution in core 1
expression, similar to those lymphocytes from active SLE
patients.

An increased expression of the Tn (GalNAcal,O-Ser/
Thr) antigen has been reported in T cells from SLE patients
using the Vicia villosa lectin (Fortune and Lehner 1988;
Fortune et al. 1994). An increase of Tn antigen on the T
cell surface could be related to a reduced expression of the
enzyme C1GalT1 or its molecular chaperone Cosmc, which
has been reported to be altered by the presence of cytokines
such as IL-6 and IL-4 (Suzuki et al. 2014; Yamada et al.
2010). Consistent with these reports, patients with active
SLE show high levels of IL-6 (Linker-Israeli et al. 1991;
Ripley et al. 2005; Umare et al. 2014) and IL-4 (Mi and

Zeng 2008). Moreover, some authors have shown that IL-4
decreases the expression of C1GalTl mRNA transcripts
(Yamada et al. 2010), which could explain the alterations of
core | expression on CD4" T cells from active SLE patients
that we described herein.

The increased percentage of DN cells in SLE patients
(Anand et al. 2002; Crispin et al. 2008) has been related to
the pathogenesis of disease since these cells produce
inflammatory cytokines, which help B cells to produce anti-
bodies against DNA molecules (Shivakumar et al. 1989;
Rajagopalan et al. 1990; Crispin and Tsokos 2009). In
agreement with these reports, we found that patients with
active SLE had a higher percentage of DN T cells than
healthy individuals.

Active SLE patients have shown an increased percent-
age of CD4" T cells undergoing apoptosis (Dhir et al. 2009;
Shah et al. 2011). Consistent with this report, we also
observed an increase in the frequency of apoptotic T helper
cells from SLE patients. The equilibrium in core 1 and 2
expression plays an important role in apoptosis regulation,
since expression of core 2 in molecules like CD45 and
CD43 favors T cell apoptosis via galectin 1 (Nguyen et al.
2001; Hernandez et al. 2006). Moreover, the increased
expression of Core-1 glycans recognized by ALL seems to
promote CD4" T cell survival (Urrea et al. 2011). However,
no correlation was found between ALL recognition and the
presence of apoptotic CD4" T cells from SLE patients. It
remains to be determined whether ALL actually binds to
viable cells, therefore a possible participation of the
O-glycosidically receptors recognized by ALL to protect
cells against apoptosis should not be ruled out. Our results
suggest that the O-glycans recognized by ALL in CD4" T
cells could be considered as markers of disease activity in
light of the correlation found between the percentage of
ALL™ CD4" T cells and MFI with SLEDAI score. Besides,
these glycosylation changes do not occur in a specific CD4"
T cell subset, since they were observed in both Treg cells
and activated T cells. It would be interesting to evaluate in
further studies the recognition of ALL in a greater number
of patients with high activity index (greater than 5), since in
this study the number of patients collected with such char-
acteristics was limited. Our results suggest that changes in
O-glycosylation are related to activity of the immune sys-
tem in SLE patients. However, it remains to be determined
a possible correlation between ALL-ligands and other
markers of the disease and whether ALL recognizes the
same glycosylated proteins in SLE patients and healthy
individuals.
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