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Summary

Follicular T helper (Tfh) cells have a crucial role in regulating immune
Medicine, University of Debrecen, Debrecen, responses within secondary lymphoid follicles by directing B cell
Hungary differentiation towards memory B cells and plasma cells. Because abnormal
humoral responses are key features in both primary Sjogren’s syndrome
(pSS) and systemic lupus erythematosus (SLE), the aim of this study was to
profile the pathological connection between peripheral Tfh cells and B cells
in the two diseases. Twenty-five pSS patients, 25 SLE patients and 21
healthy controls were enrolled into the study. We determined the ratio of
circulating Tth-like cells, their interleukin (IL)-21 production and different
B cell subsets by flow cytometry. We observed higher percentages of naive B
cells in both diseases, while non-switched and switched memory B cells
showed decreased frequencies. The proportions of double-negative B cells
and plasmablasts were elevated in SLE and decreased in pSS. The
percentages of transitional B cells and mature-naive B cells were higher in
SLE. Patients with more severe disease course had an elevated ratio of Tgy-
like cells and increased IL-21 production. Moreover, expansion of Tth-like
cells correlated positively with parameters related to antibody secretion,
including serum immunoglobulin (Ig)G, immune complexes (ICs) and
autoantibodies. Correlation analysis between Tth-like cells and certain B cell
subsets revealed possible defects during B cell selection. In conclusion, our
observations on the profound expansion of circulating Tfh-like cells and
Accepted for publication 9 September 2015 their IL-21 production, along with the characteristic aberrant peripheral B
cell distribution in both pSS and SLE, indicate the prominent role of Tth
cell in the regulation of B cell selection.
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Introduction and secretion of numerous proinflammatory factors. How-

Autoimmune diseases are characterized by the breakdown
of immune tolerance leading to autoreactive immune
mechanisms and consequential tissue and organ damages.
In the pathogenesis of autoimmune diseases, various cellu-
lar and humoral immune processes have been described,
including disproportional T and B cell responses, altered
cytokine milieu and disturbed apoptotic processes, which
result in exaggerated immune responses. In the last deca-
des, a large amount of studies confirmed that B cell activa-
tion plays a crucial role in the inflammatory processes
through antigen presentation, autoantibody production

ever, besides the established disease-promoting role of B
cells, certain B cell subsets, so-called regulatory B (Byeg)
cells have a negative regulatory effect by producing regula-
tory cytokines such as interleukin (IL)-10, and interacting
directly with activated T cells via cell-to-cell contact [1].
The proliferation and differentiation of B cells depend
highly upon their collaboration with a special subset of
CD4" T cells in the germinal centres (GCs) of secondary
lymphoid organs. These recently described T cells, so-
called follicular T helper (Tth) cells, are generated
from peripheral naive CD4" T cells in the T cell zone of
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lymphoid organs. The proper interplay of activated B cells
and Tth cells is essential for the development of extrafollicular
short-lived, low-affinity plasma cells and also for GC
responses. Within GCs, Tth cells facilitate the generation of
high-affinity memory B cells and long-lived plasma cells.
IL-21 is the hallmark cytokine of Tth cells and has been shown
to function as a potent inducer of plasma cell formation;
moreover, it is also involved in GC B cell selection [2].

Considering the critical role of Tth cells and their IL-21
cytokine secretion in B cell activation and antibody pro-
duction, their failure to maintain self-tolerance and poten-
tial contribution to autoimmunity drew intensive
attention. Recent investigations shed light on altered Tth
profiles in various autoimmune conditions. In systemic
lupus erythematosus (SLE), which is a prototypical sys-
temic autoimmune disease characterized by immune
complex-mediated systemic tissue damage, it is well estab-
lished that the imbalance of different subsets of B cells is
crucial for the initiation and perpetuation of the disease.
Recently, elevated percentages of peripheral CD4"
inducible T cell co-stimulator (ICOS)"®" and CD4"
CXCR5"ICOS™" Tth cells were reported in SLE patients.
Notably, these cell proportions showed associations with
autoantibody titres and the presence of glomerulonephritis
[3]. Moreover, corticosteroid pulse therapy down-regulated
the number of circulating Tth cells, indicating that Tth cells
may be good therapeutic targets in the disease [4].

In primary Sjogren’s syndrome (pSS), which is a com-
mon systemic autoimmune disease characterized by
chronic inflammation and consequential destruction of
exocrine glands, humoral autoimmune responses, B cell
activation and autoantibody production are also key
immune abnormalities. Immunohistological analysis of
biopsies from minor salivary glands commonly demon-
strates the presence of ectopic GCs in pSS. The number of
GCs in salivary glands correlates with the severity of
inflammation, and anti-Sjogren’s-syndrome-related antigen
A (SSA)/Ro and anti-SSB/La autoantibody production.
Moreover, the formation of ectopic GCs carries a higher
risk of developing B cell lymphoma [5]. Recently, we dem-
onstrated elevated circulating CD4"CXCR5ICOS™ pro-
grammed death 1 (PD-1)" Tth cell percentages in pSS.
Based on our data, we found a strong association between
the Tfh cell proportions and the presence of systemic
extraglandular manifestations (EGMs) and anti-SSA/SSB
autoantibody positivity. Patients with higher Tth cell propor-
tions also had elevated serum levels of IL-12 and IL-21
[6]. Maehara ef al. have described that the expression of
Th2 and certain Tth-related molecules was associated with
robust lymphocytic accumulation and ectopic GC forma-
tion [7]. We also investigated the localization of Tfh cells
in the lymphocyte infiltration in labial salivary gland
(LSG) biopsies gained from pSS patients at the time of
disease onset, and found that Tfh cell markers [CD84,
PD-1 and B cell lymphoma 6 protein (Bcl-6)] occurred
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predominantly in more organized lymphoid structures
with higher focus scores [8], which indicates that Tth cells
may also be good therapeutic targets in pSS.

However, the complex interplay between Tth cells and
the special subsets of B cells has not yet been elucidated
fully. Because identification of the pathogenic pathways
and the corresponding biomarkers linking abnormal cellu-
lar activity to disease activity and outcome is essential for
defining proper therapeutic targets, the aim of the present
study was to profile the pathological connection between
the peripheral Tth cells and B cell subsets and the clinical
features of pSS and SLE.

Materials and methods

Patients and healthy individuals

A total of 25 patients with pSS (24 female and one male;
mean age: 57-88 = 9-19 years) and 25 patients with SLE (24
female and one male; mean age: 41-17 = 13-20 years) were
enrolled into the study. All patients were recruited from the
out-patient clinic for systemic autoimmune diseases at the
Division of Clinical Immunology, University of Debrecen,
where they received regular follow-up treatment. The aver-
age disease duration in case of pSS was 13-40 £ 7-94 years,
while 11-44 = 9-14 years in SLE. The diagnosis of pSS was
based on the European—American consensus criteria [9].
Among pSS patients, 15 suffered from EGMs, while 10 had
only glandular symptoms. The distribution of EGMs of
pSS patients were as follows: polyarthralgia n= 11, Ray-
naud’s phenomenon #n = 7, polyarthritis n = 6 and vasculi-
tis n=2. The exclusion criteria included therapy with
immunosuppressive/immunomodulant agents. Vasculitis
or other EGMs needing immunosuppressive treatment
were newly recognized. All patients with SLE fulfilled the
corresponding diagnostic criteria for lupus [10,11], and
their disease activity was assessed by the SLE Disease Activ-
ity Index (SLEDAI). SLE patients were classified according
to having inactive or active disease status: the SLEDAI < 6
group comprised subjects with inactive disease (n=17),
while SLEDAI > 6 group consisted of subjects with active
disease (1 = 8). All the SLE patients received methylpredni-
solone therapy per os with an average dose of 4 mg daily;
the dose of the treatment did not exceed 8 mg methylpred-
nisolone per day in any case of SLE patients. The blood
samples were collected from SLE patients 24 h after taking
the regular methylprednisolone medication. The active
disease status in the corresponding SLE patients was
newly recognized, and these patients had undergone the
blood sampling before any changes in their therapy. In
addition, patients were also categorized according to their
serological markers with a special emphasis on the presence
of autoantibodies. Among pSS patients, we found nine
anti-Ro/SSA positive (SSA > 10 U/ml) individuals, four of
whom were anti-Ro/SSA—anti-La/SSB  double-positive.
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Regarding SLE patients, 15 of them were anti-dsDNA-
positive (dsDNA > 20 IU/ml). The control group consisted
of 21 age- and sex-matched (20 female and one male; mean
age: 39-10 * 12-43 years) healthy volunteers. No patients or
controls enrolled into this study had ongoing infections,
either viral or bacterial. Informed written consent was
obtained from all subjects, and the study was approved by
the Ethics Committee of the University of Debrecen. All
experiments carried out were in compliance with the Dec-
laration of Helsinki.

Cell surface staining and flow cytometric analysis

Peripheral blood mononuclear cells (PBMCs) were isolated
from heparinized venous blood sample by Ficoll-Histopaque
(Sigma-Aldrich, St Louis, MO, USA) density-gradient cen-
trifugation. Cells were then harvested and washed twice and
stained for 20 min at 4°C using specific antibodies. For iden-
tification of naive and memory B cell subsets, we used IgD-
fluorescein isothiocyanate (FITC) (clone: IADB6)/CD27-
phycoerythrin (PE) (clone: 1A4CD27)/CD19-phycoerythrin-
cyanin dye 5 (PE-Cy5) (clone: J3-119) (all from Beckman
Coulter Inc., Fullerton, CA, USA and Immunotech, Mar-
seille, France). To identify naive, mature-naive, primarily
memory and transitional B cell subpopulations, cells were
stained with the following combination of monoclonal anti-
bodies: CD38-FITC (clone: HIT2)/CD27-PE/CD19-PE-Cy5/
CD24-allophycocyanin (APC) (ML5) (BD Biosciences, San
Diego, CA, USA and Beckman Coulter and BioLegend, San
Diego, CA, USA). At least 20 000 CD19" events of each sam-
ple were analysed within the whole lymphocyte population.
For the assessment of circulating Tth cells we used CXCR5-
Alexa Fluor 488 (clone: RF8B2)/ICOS-PE (clone: DX29)/PD-
1-peridinin-chlorophyll protein-cyanin dye 5-5 (PerCP-
Cy5-5) (clone: EH12-1)/CD4-APC (clone: RPA-T4) (all from
BD Biosciences) monoclonal antibodies. For the determina-
tion of naive and activated or memory CD4" T cell subsets
we used CD45RA-PE (clone: HI100) and CD45RA-PerCP-
Cy5-5 (clone: HI100) monoclonal antibodies (both from
BioLegend). Fluorescence Minus One controls were used in
all procedures. The stained cells were measured by fluores-
cence activated cell sorter (FACS)Calibur flow cytometer
(Becton Dickinson, Franklin Lakes, NJ, USA) and data were
analysed using FlowJo Software (Treestar, Ashland, OR,
USA). In case of Tth cells at least 75 000 CD4™" events per
sample were analysed within the whole lymphocyte
population.

Intracellular cytokine analysis by flow cytometry

The cytoplasmic IL-21 content of circulating Tth cells was
also determined by flow cytometry. Briefly, isolated PBMCs
were cultured in modified RPMI-1640 medium with
Glutamax™-1 (Life Technologies Corporation, Carlsbad,
CA, USA) supplemented with 100 U/ml penicillin, 100 ng/
ml streptomycin and 10% heat-inactivated fetal calf serum

(Life Technologies) at a concentration of 2 X 10%/ml in 24-
well tissue culture plates for analysing single-cell cytokine
production. Total PBMCs were incubated with phorbol-
12-myristate 13-acetate (PMA) (25 ng/ml), ionomycin
(1 pg/ml) and Golgi Stop brefeldin A (10 pg/ml) (all from
Sigma Aldrich) for 5 h at 37°C in 5% CO, milieu. Cell sur-
face staining was performed with a cocktail of CXCR5-
AF488, PD-1-PerCP-Cy5-5 and CD4-APC monoclonal
antibodies for 20 min at 4°C. The cells were then fixed and
permeabilized with Intraprep™ permeabilization reagent
(Beckman Coulter Inc, Miami, FL, USA), according to the
manufacturer’s instructions, and intracellular cytokines
were stained with anti-IL-21-PE (clone: 3A3-N2-1) (BD
Biosciences).

For intracellular IL-10 induction of B cells, PBMCs were
stimulated with cytosine-phosphate—guanosine (CpG)
(Toll-like receptor 9 ligand, ODN 2006 type B; 0-5 pM/ml;
Hycult Biotech Inc., Uden, the Netherlands) for 48 h at
37°C in 5% CO, milieu. For the last 5 h, PMA (25 ng/ml),
ionomycin (1 pg/ml) and Golgi Stop brefeldin A (10 pg/
ml) were added to the culture. Cells were then harvested,
washed in staining buffer and incubated for 20 min at 4°C
with CD19-PE-Cy5. Intracellular staining method was per-
formed with IL-10-PE (clone: JES3-9D7), as described
above. Measurements were performed and data were
collected by FACSCalibur flow cytometer and data were
analysed using FlowJo software. At least 75 000 CD4™"
events or 15 000 CD19™ events of each sample were ana-
lysed within the entire lymphocyte population. The
viability of the CpG exposed cells were determined by
7-aminoactinomycin-D (7-AAD; BioLegend) staining with
flow cytometric analysis. The identification of B cells was
performed with CD19-FITC (clone J3-119) monoclonal
antibody. The percentages of dead cells among the
CD19" B cells were increased in the phorbol
PMA + ionomycin + brefeldin A (PIB) and CpG + PIB
group; however, the average percentages of dead cells
remained < 2-5%. Regarding the whole lymphocyte group,
the proportions of dead cells did not exceed 5% on aver-
age (Fig. S1).

Assessment of anti-dsDNA, anti-ro/SSA
and anti-la/SSB autoantibodies

As part of the routine diagnostic evaluation, autoantibodies
were determined by enzyme-linked immunosorbent assay
(ELISA) technique with AUTOSTAT II kits (Hycor Bio-
medical, Indianapolis, IN, USA), according to the manu-
facturer’s instructions.

Statistical analysis

Data were represented and statistical analysed with Graph-
Pad Prism version 5 software (Graphpad Software,
San Diego, USA). Data are presented as mean = standard
deviation (s.d.). To assess the distribution of the data, the
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Shapiro—Wilk normality test was used. In cases of normal
distribution, if the F probe was granted we used the unpaired
t-test; if it was not granted we used the unpaired #-test with
Welch’s correction for statistical comparison of the experi-
mental data. In cases where distributions of the data set was
different from normal, the Mann—Whitney U-test was used.
The correlations between two variables were evaluated with
Pearson’s correlation coefficient, while in cases of non-
normal distribution, Spearman’s test was used. Differences
were considered statistically significant at P < 0-05.

Results

The distribution of peripheral B cell subpopulations

According to the expression of IgD, CD27, CD38 and CD24
cell surface markers, the following B cell subsets were identi-
fied: CD19%1gD"CD27™ naive B cells, CD19 IgD"CD27™"
non-switched memory B cells, CD19 " IgD~CD27 " switched
memory B cells, CD19"IgD~CD27~ double-negative (DN)
B cells, CD19"CD38~ CD24™CD27" primarily memory B
cells, CD19"CD38"CD24™CD27" transitional B cells,
CD19°CD38"CD24" mature-naive B cells and CD19"
CD38"CD27" plasmablasts. Cells were quantified as their
percentage in the CD19™ lymphocyte population.

Regarding CD19"IgD~ CD27" B cells, percentages were
decreased in the overall pSS patient population compared to
values in healthy individuals (15-07 £ 7-65% versus
23-23 *+ 6-78%, respectively, P=0-0005) (Fig. 1a). Corre-
spondingly, both subgroups of pSS patients had significantly
lower percentages compared to controls (pSS without EGMs
versus control: 17-30 = 5-06% versus 23-23 £ 6-78%, respec-
tively, P= 0-0207; pSS with EGMs versus control: 13-58 =
8:83% versus 23-23 = 6-78%, respectively, P= 0-0007) (Fig.
la). On the contrary, CD19 IgD~CD27" B cell percentages
in the total SLE patient population and controls were similar.
However, SLE patients with SLEDAI < 6, unlike patients with
SLEDAI > 6, had significantly decreased CD19™" IgD~CD27 "
B cell percentages compared to controls (17-53 * 13-89%
versus 23-23 * 6-78%, respectively, P = 0-0321).

The ratio of CD19"IgD*CD27" B cells was significantly
lower in the whole SLE group than in healthy individuals
(10-98 £10-60%  versus 21-64 £ 11-52%, respectively,
P=0-0019) (Fig. 1b). This observation was also valid for
SLEDAI < 6 and SLEDAI > 6 patient subgroups separately
(1321 =11-88%  versus 21-64 *11-52%, respectively,
P=0-0333 and 6:25*5:03% versus 21-64 +11-52%,
respectively, P < 0-0001) (Fig. 1b).

Peripheral CD19"IgD~CD27 DN B cell proportions
were reduced significantly in the overall pSS patient group
set against control values (3-214 *2-463%  versus
3-796 £ 1-681%, respectively, P = 0-0290). However, intra-
group differences could be found only in pSS patients with
EGMs when compared to controls (3:306 = 3-030% versus
3-796 *£ 1-681%, respectively, P=0-0291) (Fig. 1c). Inter-
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estingly, in contrast to measurements in pSS, the percen-
tages of CD19"IgD CD27~ DN B cells were heightened
significantly in the whole SLE group than in healthy indi-
viduals (6-906 * 4-525% versus 3.796 £ 1.681%, respec-
tively, P=0.0119). Nevertheless, this significant change
could be detected only in SLEDAI < 6 patient subgroup
compared to controls (7-017 = 4-998% versus 3-796 *
1-681%, respectively, P = 0-0204) (Fig. 1c).

The percentages of CD19"IgD"CD27 B cells were
increased significantly in the whole pSS patient group com-
pared to controls (63-87 * 20-76% versus 51-32 = 15-14%,
respectively, P = 0-0261); however, this significant elevation
could be observed only in pSS patients without EGMs
(63-70 £ 14-14%  versus 51-32 £15-14%, respectively,
P=0-0382) (Fig. 1d). Frequency of CD19 IgD"CD27" B
cells was also elevated significantly in the total SLE patient
group (62-88 =21-87% versus 51-32 + 15-14%, respec-
tively, P=0.0471) (Fig. 1d). This tendency was also found
in the remaining patient subgroups; however, the differen-
ces were not significant.

The percentages of CD19"CD38 CD24"CD27" B cell
ratio were decreased significantly in pSS patients without
EGMs when compared to healthy subjects (23-29 + 9-827%
versus 34-58 = 13-91%, respectively, P = 0-0289) (Fig. le); of
note, this difference was observed between pSS with EGMs
and healthy subjects. The frequency of CDI19"CD38~
CD24MCD27" B cells was reduced significantly in the whole
SLE patient group and SLEDAI > 6 group, compared to con-
trol values (22-77 = 14-45% versus 34-5* 13-91%, respec-
tively, P=0-0074 and 17-10£12:11% versus 34-58 £
13-91%, respectively, P = 0-0042) (Fig. le).

There was no difference in the pSS groups regarding the
distribution of both CD19"CD38"CD24"CD27~ and
CD197CD38"CD24" B cell subsets. However, this could
be due to the low number of patients in the subdivided
groups. Conversely, we found that the ratio of CDI19"
CD38"CD24"CD27~ B cells was elevated significantly in
PSS patients with the presence of anti-Ro/SSA antibody com-
pared to subjects in whom autoantibody levels were under
the threshold value (9-842 * 7-766% versus 3-722 % 2-320%,
respectively, P=0-0499) (data not shown). In the overall
SLE group and in patients with SLEDAI > 6, the frequency
of CD19"CD38"CD24"CD27~ B cells was significantly
higher than control values (10-35 % 7-78% versus 5-30 *
2-42%, respectively, P=0-0045 and 12-71 = 7-73% versus
5-30 = 2-42%, respectively, P=0-0323) (Fig. 1f). Further-
more, the ratio of CD197CD38"CD24" B cells was also ele-
vated significantly not only in the total SLE group, but in the
SLEDAI > 6 group compared to those measured in healthy
subjects (35-86 * 14-86% versus 27-74 * 9-33%, respectively,
P=0-0297 and 39:32*+11:61% wversus 27-74 % 9-33%,
respectively, P = 0-0094) (Fig. 1f).

The ratio of peripheral CD19*CD38™CD27" plasma-
blasts showed a different tendency in the two diseases. The
percentages of these cells were significantly lower in the

© 2015 British Society for Immunology, Clinical and Experimental Immunology, 183: 76-89 79



K. Szabd et al.

< I_Tm_.,o 1 o
Y Ty
o | @ L @
§ ofusteagie B lu B e Sy,
o o O n L .
8 o Pl el O ° [, O
H - - - X & ¥
i AR <, T %
% % >
] o -
- Ll I|l|_|l4 % @ * o
Q
(] [ . | L
* s e 4 L ] O\Ww\ \4\0\
o oo fopelifieigo o o,
T T T T T T G "G
289 88 8% ° %
(%) sarhaoydw Al 61aD ut (%) se1kooydw A 6Lao ul
=y s1192 8 ,/za2,abl m.. sl1e2 g.2,2a9,abi
S S
a4 _|A|TLaﬂm :.&W naTALIALL_A |6_V.P
o o le@P—RiEe % |u oo ifp—deffdPale D,
(n] N
\h.o,v 9_ o \bmv%
0 000 dt—o— s 84 ) oo oo oloigsore Sy
4 - e
| < %.-@ee ST ¢ 5
¥ 4
p Lt LRI P 2 * " _.&E. o
X . e = b -
* - L
; Aotk %, | s %,
i B 258
) e ® Fo
I 2 8 @ 2 & o — 1 %,
@ 0 < P B [v] m ﬁ W wn o o..v
(%) se1kooydwA] 610D Ul (%) seykooydwA] 6100 W
— s|i#2 g ,22a0.abi — sl1#2 g.,zao.abi
© iLCh
S
- [
«
&
[&]
E
4
=
I
L
%
© o
o~ o o
T T TTr s = o

3d-2ZAD H-IT4

42ad

SLE

pSS

SLE

pSS

Oo

*k
-

T T
w (=]
o~ o~

(%) seyhooydwi| ,6La0 ul
S92 9.2209,,¥202,,8£0D

30+

(f)

%k

(%) seykooydwf] 6100 ul
s|1#2 9 ,£209,,¥2a2.8£AD

(€)

SLE

pSs

SLE

pSs

*%

T T T T
v o W ©
o~ o~ - -

0-54

1
o
o

3-0

r
o
(2]

(%) se1hooydwA| , L@ i
syse|jqewsed , /zao,,8¢a0

o
oo 2
% ;%

00 poO
6l T
3 ‘,3"6

(%) se1hooydwf] ,6Lao ul
s|i#2 9,¥202,8£00

FL1-H: CD38-FITC

CD38

0d¥-+Z0a0 ‘H-11d

¥ead

©

B

9¢ Wmmmo L, @

e P oo © \,.m..o
-« -« “‘ Al*eﬂ

%

' Sl e I

o BB el

)

E'd

@ L

@0.% \0_,.\\0

oo o oo oc oo ©
© ~ ©® b ¥ O N v [+

SLE

pSS

SLE

pSs

© 2015 British Society for Immunology, Clinical and Experimental Immunology, 183: 76-89

80



Peripheral Tfh cells and B cells in pSS and SLE

Fig. 1. Comparative analysis of peripheral B cell subsets from primary Sjogren’s syndrome (pSS) patients, systemic lupus erythematosus (SLE)

patients and healthy individuals. Peripheral blood mononuclear cells (PBMCs) were isolated from 25 pSS patients, 25 SLE patients and 21

healthy controls then stained with labelled antibodies as described previously. Peripheral blood B cell subsets were quantified as their percentage
in CD19" lymphocyte population. Representative immunoglobulin (Ig)D-CD27 and CD38-CD24 dot-plots indicating the distribution and
percentages of different B cell subsets. (a) Percentages of CD19"IgD~CD27" switched-memory B cells in the overall pSS patient population

(n = 25), pSS with only glandular symptoms (n = 10), pSS with: extraglandular manifestations (EGMs) (n = 15), total SLE patient group

(n = 25), SLE with SLE Disease Activity Index (SLEDAI) < 6 (n = 17), SLE with SLEDAI > 6 (n = 8) and control subjects (n = 21). (b)
Frequency of CD19"IgD*CD27" non-switched memory B cells. (c) Proportions of CD19"IgD~CD27 double negative (DN) B cells. (d) Ratio
of CD19"IgD*CD27 ™ naive B cells. (e) Distribution of CD19"CD38~ CD24™CD27" primarily memory B cells. (f) Percentages of
CD19*CD38"CD24"CD27 ™ transitional B cells. (g) Proportion of CD19"CD384"CD24" mature-naive B cells. (h) Frequency of
CD19"CD38MCD27" plasmablasts. Each data point represents an individual subject, horizontal lines show the mean values with standard
deviation (s.d.). Statistically significant differences are indicated by *P < 0-05; **P < 0-01; *** P < 0-001; ****P < 0-0001.

4

overall group of pSS patients, as well as in the patients
with EGMs groups than control values (0-134 % 0-154%
versus 0-267 £0-293%, respectively, P =0-0050 and
0-127 £0-183%  versus 0-267 = 0-293%, respectively,
P=0-0014) (Fig. 1h). However, in patients with SLE, we
found a significantly higher frequency of CD19"
CD38MCD27" plasmablasts only in the SLEDAI > 6 group
compared to healthy subjects (1-150 *£1-181% versus
0-2671 £ 0-2932%, respectively, P = 0-0403) (Fig. 1h).

Quantification of circulating Tth-like cells

Circulating Tth-like cells were quantified as their percen-
tages within the CD4" lymphocytes of peripheral blood.
Within CD4"CXCR5" lymphocytes, we also determined
the fraction of ICOS™PD-1" T cells. According to our
results, the percentages of CD4"CXCR5ICOS*PD-1"
Tth-like cells were increased significantly in pSS patients
with EGMs when compared to pSS patients with glandular
symptoms and healthy controls (0-4121 * 0-2753%
versus 0-2253 = 0-1238%, respectively, P=0-0322 and
0-4121 * 0-2753% versus 0-2235 % 0-0979%, respectively,
P=0-0218) (Fig. 2a). The frequency of Tth-like cells was
also elevated in SLE; however, this difference was sig-
nificant only when the overall SLE patients were
compared with the controls (0-3369 = 0-2029% versus
0-2235 £ 0-0979%, respectively, P=0-0184) (Fig. 2a).
Additionally, we analysed the distribution of Tth cell per-
centages in the patient groups according to the absence or
presence of specific autoantibodies. The ratio of Tth cells
showed a significant twofold increase in the anti-Ro/SSA
antibody-positive group compared to healthy controls and
the anti-Ro/SSA  antibody-negative group (0-4806 *
0-2699% versus 0-2235 = 0-0979%, respectively, P = 0-0050
and 0-4806 = 0-2699% versus 0-2568 = 0-1893%, respec-
tively, P=0-0138) (Fig. 2b). Regarding the anti-dsDNA anti-
body-positive group, we found a significant 1-6-fold increase
compared to control values (0-3717 *0-2153% versus
0-2235 = 0-0979%, respectively, P = 0-0192) (Fig. 2b).

We also determined CD45RA™ naive CD4" T cells and
CD45RA ™ activated or memory CD4™ T cells in a smaller
groups of patients and controls (pSS n=19, SLE n= 8 and

control n=6). We then measured the ratio of
CXCR5"ICOS™ or CXCR5"PD-1" cells in both CD4"
CD45RA™ and CD4"CD45RA™ subsets. Naive CD45RA "
T cells showed mainly reduced ICOS and PD-1 expression
compared to activated or memory CD45RA™ T cells. The
ratios of CXCR5ICOS™ cells were increased in patients
with pSS and SLE in the CD4"CD45RA™ subset, although
the values were generally under 0-25%. The percentages of
CXCR5'ICOS™ cells were especially elevated in SLE, and
the values varied between 0-120 and 1-310%. The ratios of
CXCR5"PD-1" cells were also increased in both diseases
and showed a similar tendency: the values were generally
less than 0-68% in the CD4"CD45RA ™ subset, while those
in the CD4"CD45RA™ T cells were between 1-280 and
12-10%. Moreover, we investigated the association between
the ratios of CXCR5"ICOS™ cells and CXCR5 PD-17 cells
in the CD4"CD45RA ™ subsets, and we found a significant
positive correlation in the whole measured group
(R =0-6393, respectively, P = 0-0010) (Fig. S2).

Measurement of individual cytokine production
of circulating Tth cells

To establish the cytokine profile of circulating Tth-like cells,
we determined intracellular IL-21 cytokine production.
The frequency of IL-21-producing CD4*"CXCR5"PD-1"
cells did not differ significantly between the whole group of
pSS patients and healthy controls. However, we found that
the percentages of CD4"CXCR5"PD-171L-21" T cells
were significantly higher in pSS patients with EGMs
than control values (0-2449 = 0-1657% versus 0-1469 *+

0-0649%, respectively, P=0-0442) (Fig. 2c). The ratio of
IL-21-producing Tth-like cells was elevated significantly in
the overall SLE group, and in both SLE subgroups (SLEDAI
< 6 and SLEDAI > 6 groups) compared to those measured
in controls (0-3125 %+ 0-1886% versus 0-1469 * 0-0649%,
respectively, ~ P=0-0003, 0-2786 = 0-1805%  versus
0-1469 * 0-0649%, respectively, P=0-0100 and 0-3846 =
0-1968% versus 0-1469 * 0-0649%, respectively, P=

0-0123) (Fig. 2c). When we measured the percentages of
Tth cells in patients with pSS with an emphasis on the pres-
ence of autoantibodies, the percentages of Tth cells showed

© 2015 British Society for Immunology, Clinical and Experimental Immunology, 183: 76-89 81



K. Szabd et al.

—_
[0
~

(b)

A 1,99 21 w 1-0+ - 0 — =
Tz . ? =
3. +u < 0-8- °® o o :" £ 084 . u]
10 T e . o A - n o
w o8 a g
& o > o>
3 w & 06 - i 8 06 p
Q o< o5
I o E‘ O O o E‘
2 > 04g, L W S 04, o
8% o % %
X0 o] 3 oy © X0 .| &
@ iy~ 9 E 29 ° ot
o 2 £ ® o O aa 2 £ LY} . X oo
o ; 2 : o 0-0 e\l — A o S 00 @\I . \ o .
10 10’ 10? 10° 0&_‘0 &5 © é,\x‘ «0@0 V"“g’o '?s;o ; & \’-"\Q S0 \9{39 ‘\v?@
FL3-H: PD1-PerCP-Cy5.5 p» o
¢ »¥ ¥ © 7 & L
pss SLE pSs SLE
c d
( ) ( ) dekk
— %
[} 142 2,66 » 08 _—— wkx " 0-8- L
= * o O = o
o X S8 o
. - % o
88 S P 06
b D]
g = > = > o
= i 9 Sl 1) o
" - 9 - 2 u
;‘ o ﬁ a8 04-
& i E a E_' & .
et |
& @ = @ B
8% 3 02 g2 1 o do
- Lo Lo 3 o [=
o T E ¥ £ ege = o
2 83,94 - 11,98 5] =] %
- 10 =S ey S © © 0-0 T T T T T
10° 10! 10% 10° (&o ?.‘_\Q ‘g@ L_,."Q v?,‘g.
FL3-H: PD1-PerCP-Cys.5 & &b &
PD-1 » . & o
PSS AE pSs SLE

Fig. 2. Enumeration of circulating follicular T helper cells (Tth)-like cells in primary Sjogren’s syndrome (pSS) patients, systemic lupus

erythematosus (SLE) patients and healthy subjects. Peripheral blood mononuclear cells (PBMCs) were isolated from 25 pSS patients; 25 SLE
patients and 21 healthy controls were then stained with labelled antibodies as described previously. Circulating Tth-like cells were assessed as
their percentage in the CD4" lymphocyte population. Representative dot-plots are shown the frequency of ICOS " programmed death 1 (PD-1)"
and PD-1"interleukin (IL)-217 cells within the CD4*CXCR5" cell population. (a) Percentages of CD4"CXCR5'ICOS*PD-1" Tth-like cells in
the overall pSS patient population (n = 25), pSS with only glandular symptoms (n = 10), pSS with extraglandular manifestations (EGMs)

(n = 15), total SLE patient group (n = 25), SLE with SLE Disease Activity Index (SLEDAI) < 6 (n = 17), SLE with SLEDAI > 6 (n = 8) and
control subjects (1 = 21). (b) Ratio of CD4"CXCR5ICOS"PD-1" Tth-like cells according to the presence of autoantibodies; in anti-Ro/SSA
antibody-negative group (n = 16), anti-Ro/SSA antibody-positive group (n = 9), anti-dsDNA negative group (n = 10), anti-dsDNA-positive
group (n = 15) and control subjects (n = 21). (c) Distribution of IL-21-producing CD4"CXCR5" PD-1" Tth-like cells. (d) Percentages of IL-
21-producing CD4"CXCR5"PD-1" Tth-like cells according to the presence of autoantibodies in patient groups. Each data point represents an
individual subject; horizontal lines show the mean values with standard deviation (s.d.). Statistically significant differences are indicated by *P
< 0-05; **P < 0-01; ***P < 0-001.

a significant 1-8-fold increase in the anti-Ro/SSA antibody-
positive pSS group compared to controls (0-2742 *+
0-1418% versus 0-1469 * 0-0649%, respectively, P =
0-0297) (Fig. 2d). In SLE patients, we found significant 2.5-
fold higher percentages of Tth cells in the anti-dsDNA anti-
body-positive SLE group compared to healthy controls
(0-3638 = 0-1982% versus 0-1469 £ 0-0649%, respectively,
P=0-0009) and 1-5-fold higher ratios of Tth cells com-
pared to the anti-dsDNA antibody-negative SLE group
(0-3638 = 0-1982% wversus 0-2356 = 0-1509%, respectively,
P=0-0489) (Fig. 2d). Additionally, we investigated the
possible associations between the ratio of CD4"
CXCR5"ICOS"PD-1" Tth-like cells and IL-21-producing

CD4"CXCR5"PD-17" T cells. A significant positive correla-
tion was found in the pSS patient group (R= 0-5915,
respectively, P=0-0018) and a positive but not significant
association observed in the SLE patient group (R = 0-3862,
respectively, P = 0-0566) (Fig. 3).

Assessment of IL-10-producing B cells

As a next step, we cultured PBMCs for 5 or 48 h, stimu-
lated them with PIB alone or in combination with CpG,
and then determined the ratios of IL-10-producing CD19™
B (B10) cells. After 5 h incubation with PIB+CpG, we found
no significant differences in the ratio of IL-107CD19" B cells
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Fig. 3. Circulating follicular T helper cells (Tth)-like cells are
associated with the expansion of interleukin (IL)-21-producing Tth-
like cells. Correlation between the percentages of
CD4+CXCR5+ICOS+pr0grammed death (PD)-1" Tfh-like cells and
CD4"CXCR5"PD-171L-21" Tfh-like cells in patients with primary
Sjogren’s syndrome (pSS) (black dots with solid line) and systemic
lupus erythematosus (SLE) (clear dots with dashed line).

between patient groups and healthy controls (Fig. 4a). How-
ever, after a 48-h incubation period and stimulation with PIB
alone for the last 5 h, we found that the percentages of IL-
10°CD19™ B cells in the pSS patient group were decreased
significantly compared to those measured in the controls and
SLE patient groups (0-9688 = 0-4284% versus 1-592 *+
0-8799%, respectively, P=0-0076 and 0-9688 * 0-4284%
versus 1-645 = 1-198%, respectively, P=0-0127) (Fig. 4b).
Furthermore, IL-10"CD19" B cell percentages were deter-
mined after in-vitro B10 progenitor (B10pro) cell maturation
by stimulation with CpG for 48 h with PIB added to the cul-
ture for the final 5 h. The total frequency of IL-10-producing
CD197 B cells, including B10 and matured B10pgro cells, was
elevated significantly compared with PIB alone-treated cells
in each equivalent group (control: 5-543 * 2-372% versus
1:592+  0-8799%,  respectively, P<0-0001;  pSS:
5712 £ 0-3-310% versus 0-9688 * 0-4284%, respectively,
P <0-0001 and SLE: 6-342 * 4-023% versus 1-645 % 1-198%,
respectively, P< 0-0001) (Fig. 4b). However, there were no
significant differences between the patient groups and healthy
controls regarding the distribution of IL-10"CD19™ B cells
after 48 h of CpG stimulation.

Correlation analysis between peripheral Tth-like cells
and certain B cell subpopulations in pSS

We measured the relationship between the percentages of
CD19"CD38MCD24MCD27~ transitional B cells and the
proportions of both CD4"CXCR5"ICOS™PD-1" Tth-like
cells and CD4"CXCR5"PD-1"1L-21" Tfh cells in pSS. We
revealed a positive but not significant correlation between
the ratio of transitional and Tfh-like cells (R = 0-3389,

Peripheral Tfh cells and B cells in pSS and SLE

respectively, P=0-0975; moreover, a significant positive
correlation between transitional B cells and IL-21-
producing Tth cells in the overall pSS group (R = 0-4455,
respectively, P=0-0256) (data not shown). When we
focused only on pSS patients with EGMs, we revealed
strong significant positive correlations between the afore-
mentioned cell subsets (transitional B versus Tth-like cells:
R=0-5964, respectively, P=0-0189 and transitional
B wversus IL-217 Tth-like cells R=0-5857, respectively,
P=0-0218) (Fig. 5a,b). Similar observations were found
between the ratios of CD19"CD387CD24" mature-naive
B and CD4"CXCR5"PD-1"1L-21" Tth cells in pSS. A sig-
nificant positive correlation was found in the whole pSS
group (R=0-5058, respectively, P=0-0095; data not
shown) and in patients with EGMs; nevertheless, the asso-
ciation was more powerful in the latter case (R= 0-5536,
respectively, P = 0-0323) (Fig. 5¢).

Correlation analysis between peripheral Tth-like cells
and certain B cell subsets in SLE

We measured the association between CD4 CXCR5"
ICOSPD-1" Tth-like cells and both CD19"IgD~CD27 "~
DN B cells and CD19"CD38 CD24"CD27" primarily
memory B cells in SLE. A significant negative correlation
was observed between the percentages of DN B cells and
Tth-like cells in SLE patients with SLEDAI < 6
(R= —0-5758, respectively, P=0-0156) (Fig. 5d). Further-
more, a significant negative correlation was also found
between the ratios of primarily memory B cells and Tth-
like cells in the same subgroup (R= —0-6317, respectively,
P=0-0065) (Fig. 5e). Of note, these differences were also
observed tendentiously in the whole SLE group; however,
the correlations were not significant (data not shown).
Conversely, a significant positive correlation was revealed
between the proportions of CD4"CXC5IL-21" T cells
and CD197CD38MCD27" plasmablasts in the whole
SLE patient group (R=0-4110, respectively, P=0-0412)
(Fig. 5f).

Association of peripheral Tth-like cells, B cell subsets
with serological parameters

We examined the possible relationship between circulating
Tth-like cells or IL-21-producing Tth-like cells and serolog-
ical markers (Table 1) and between certain B cell subsets
and serological markers (Table 2).

Discussion

Patients with pSS and SLE are characterized by fundamen-
tal disturbances in the proportion of different B cell subpo-
pulations, both in the peripheral blood and at the site of
inflammation. In our study, we found a significant enrich-
ment of CD19"IgD"CD27 ™ naive B cells in the peripheral
blood of both pSS and SLE patients compared to healthy
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between patient and control groups within an experiment. Statistically significant differences are indicated by #P < 0-0001 between PIB alone

and PIB + CpG stimulation within the groups.

individuals. This observation is consistent with previous
reports [12-14] and indicates that early B cell tolerance
checkpoints are impaired significantly in these auto-
immune diseases; moreover, the break of tolerogenic mech-
anism at this stage probably accelerates the mobilization of
autoreactive naive B cells from the bone marrow to the
periphery [15,16].

There is another major tolerance checkpoint during the
maturation stage of immature B cells when transitional B
cells overcome a negative selection. In healthy adults, only
a small portion of peripheral B cells are CD19"
CD38"CD24™CD27 " transitional B cells, and most of
them belong to the mature-naive and memory B cell pool.
The pathological accumulation of these cells may occur
due to their increased exiting from the bone marrow or dis-
turbed entrance into secondary lymphoid organs [17]. In
accordance with previous findings [17-19], we observed
significant elevation in the percentages of transitional B
cells in SLE patients; additionally, this cell population
showed association with the disease activity. In pSS, the fre-
quency of transitional B cells did not correlate with the
presence of EGMs. However, when we divided pSS patients
into subgroups based on the presence of anti-SSA/Ro auto-

antibodies, we observed significantly higher transitional B
cell proportions in pSS patients with autoantibody positiv-
ity, and found a positive association between elevated cell
ratios and serum IgG levels.

When the transitional B cells undergo maturation proc-
esses, mature-naive B cells are generated which circulate
into B cell follicles in secondary lymphoid organs [20]. Of
note, the defect in early self-tolerance may also cause the
expansion of circulating self-reactive and polyreactive type
of mature-naive B cell subset. In our study, we measured
significantly higher percentages of CD19"CD38"CD24™"
mature-naive B cells in SLE. Importantly, large numbers of
autoreactive B cells occur among the mature-naive B cell
compartment in SLE [21].

We also confirmed that peripheral CD19IgD"CD27*
non-switched memory B cells and CD19"IgD CD27"
switched memory B cells are diminished strongly in both
pSS and SLE [17,22-24]. Additionally, we revealed signifi-
cant differences between the distributions of the two mem-
ory B cell compartments in the investigated diseases. In
pSS patients, the proportion of switched memory B cells
significantly, in SLE patients the
non-switched memory B cells reduced significantly.

decreased while
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Fig. 5. Correlation analysis between peripheral follicular T helper cells (Tth)-like cells and transitional B cell subpopulations. (a) Correlation
between the percentages of Tth-like cells and CD19"CD38"CD24"CD27 "~ transitional B cells in primary Sjogren’s syndrome (pSS) patients with
extraglandular manifestations (EGMs). (b) Correlation between the percentages of interleukin (IL)-21-producing Tth-like cells and transitional B
cells in pSS patients with EGMs. (c) Correlation between the proportions of IL-21-producing Tth-like cells and CD19*CD38"CD24" mature-
naive B cells in pSS patients with EGMs. (d) Correlation between the ratios of Tfh-like cells and CD19+IgD7CD277 double negative (DN) B
cells in SLE patients with SLE Disease Activity Index (SLEDAI) < 6. (e) Correlation between the frequencies of Tth-like cells and
CD19*CD38~CD24"CD27" primarily memory B cells in SLE patients with SLEDAI < 6. (f) Correlation between the percentages of IL-21-
producing CD4"CXCR5" T cells and CD19"CD38"CD27" plasmablasts in the whole SLE patient group. Each data point represents an

individual subject.

Furthermore, within both the pSS and SLE patient groups,
a more pronounced reduction was observed in patients
with EGMs or higher SLEDAI values. In addition, among
SLE patients, individuals with active disease status exhib-
ited a significant decrease in the switched memory B cell
subset, which underlines the importance of the changing
distribution of B cell subsets during the disease course. The
lower ratio of circulating memory B cells may be explained
by the over-expression of chemokine molecules CXCR3

and CXCR4 which guide them into the inflamed tissues
[12,13,25]. Recent findings indicate that CD19+IgDJr
CD27" non-switched memory B cells from SLE patients
are in an activated state and exhibit elevated levels of
activation-induced cytidine deaminase (AID), which pro-
motes their differentiation into I1gG-secreting plasma cells
[12]. The lower ratio of CD19+IgD7CD27+ switched
memory B cells in pSS can also be explained by the pro-
nounced differentiation towards plasma cells or by the

Table 1. Association of certain follicular T helper cells (Tfh)-like cell proportions with serological parameters.

Association Disease Variable Correlation coefficient P-value
Positive pSS CD4"CXCR57ICOS™PD-17 Tth-like cells versus levels of serum IgG antibody Spearman’s 0-0018
R = 0-6143
CD4"CXCR57ICOS“PD-17 Tth-like cells versus levels of serum RF Spearman’s 0-0101
R = 0-6219
CD4"CXCR5"PD-1"1L-21+ Tth cells versus levels of serum IC Pearson’s 0-0128
R = 0-5734
SLE CD4"CXCR5"IL-21+ Tth cells versus levels of serum IC Spearman’s 0-0478
R = 04723

IC = immune complex; ICOS = inducible T cell co-stimulator; Ig = immunoglobulin; PD-1 =

programmed death 1; pSS = primary

Sjogren’s syndrome; RF = rheumatoid factor; SLE = systemic lupus erythematosus.
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Table 2. Association of certain B cell proportions with laboratory parameters.

Association Disease Variable Correlation coefficient P-value
Positive pSS CD19"CD38"CD24"CD27 ™ transitional B cells versus levels of serum IgG Spearman’s 0-0181
R = 0-4884
CD19"CD38"CD27™ plasmablasts versus levels of serum IC Spearman’s 0-0387
R = 0-4907
SLE CD19"CD38"CD27™ plasmablasts versus levels of serum anti-dsDNA Spearman’s 0-0090
R = 0-5320
Negative SLE CD19"CD38MCD24MCD27 transitional B cells versus levels of serum C3 Pearson’s 0-0172
R = —0-4914

IC = immune complex; Ig = immunoglobulin; pSS = primary Sjogren’s syndrome; SLE = systemic lupus erythematosus.

shedding of CD27 from the surface of memory B cells [26].
We also identified CD19*CD38~CD24"CD27" primarily
memory B cells which, similarly to non-switched memory
B cells, showed a significant elevation in SLE patients with
active disease status.

We detected significantly increased CD19 " IgD~CD27~
DN B cells in SLE patients, while the ratio of DN B cells
was decreased significantly in pSS patients. However,
regarding the clinical features, these differences were found
only in patients with a more pronounced disease course,
such as high SLEDAI or the presence of EGMs. A previous
report proposed that the presence of these cells could be
the result of an extrafollicular differentiation process in sec-
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differentiation towards plasmablasts is more pronounced
compared to pSS, and could be originated from both
T-dependent and T-independent responses.

Tfh cells are crucial immune regulators in secondary
lymphoid follicles by controlling B cell proliferation and
differentiation. As the measurement of human GC Tth cell
from lymphoid follicles could hardly be performed, the
investigation of circulating Tfh-like cells are widely
accepted. In recent years a number of observations have
indicated that circulating Tth cells represent a partial differ-
entiated state; however, they express Tth-related markers at
lower intensity and maintain functional characteristics to
promote B cell differentiation [32,33]. At the periphery,
Tth-like cells may represent a memory CD4" T cell condi-
tion, and according to certain cell surface molecules,
including ICOS, PD-1 and CCR7, they can be subdivided
into distinct subsets [34]. In the present study, we revealed
a significant increase in the proportion of peripheral
CD4"CXCR5"ICOS™PD-1" Tth-like cells in pSS patients
with EGMs compared to control values, while values of
pSS patients without EGMs were similar to healthy individ-
uals. Moreover, we also observed a significant difference
between patients with and without EGMs. With this inde-
pendent set of pSS cases, we reinforced our previous find-
ings [6]. When we divided patients into subgroups based
on the presence of anti-SSA/Ro, we found significantly
higher Tth-like cell percentages in autoantibody-positive
group. The same changes were measured in SLE, and circu-
lating Tth-like cell percentages were elevated significantly
in patients positive for anti-dsDNA; however, there was no
significant difference between the inactive and active status
of the disease.

As a next step, we evaluated the proportion of IL-21-
producing CD4"CXCR5"PD-1" Tth-like cells and found a
significant elevation in pSS patients with EGMs and/or
anti-SSA/Ro positivity. Similarly, a marked expansion was
observed in SLE patients which was independent of the dis-
ease status; however, the tendency was more pronounced
in patients with anti-dsDNA autoantibody. Previous inves-
tigations on Tfh-like cells led to similar results [35-41],
although the identification of these cell types are not yet
characterized fully. For that reason, some differences could
arise with regard to the number of cell surface markers or
the exact percentages of Tth-like cells; nevertheless, there is
broad agreement in that the expansion of Tth-like cells in
peripheral blood could reflect the severity of autoimmune
disorders.

To gain a better view on the significance of Tth-like cell
expansion in pSS and SLE, we analysed the association
between the proportion of Tth-like like cells and other
parameters. Our results revealed a positive correlation
between circulating Tth-like cells and serum levels of IgG
and RE Additionally, IL-21-producing Tth-like cells
showed a positive association with serum levels of circulat-
ing ICs in both pSS and SLE patients. These parameters are

Peripheral Tfh cells and B cells in pSS and SLE

related strongly to the regulation of plasma cell generation
which underlines the role of Tth cells in autoimmune dis-
eases. Regarding B cell subsets, the frequency of transitional
B cells correlated with the increased Tth-like cells and IL-
217" Tth-like cell percentages in pSS; furthermore, the level
of mature-naive B cells also correlated with the increased
ratio of Tth-like cells. These observations suggest that dis-
turbances in early B cell tolerance mechanisms may lead to
the peripheral expansion and further accumulation of these
B cell subsets. The mutual co-operation between B cells
and Tth cells contributes potentially to the development of
characteristic pSS features. Conversely, the expansion of
circulating Tth-like cells correlated negatively with both
primarily memory B cells and DN B cells in SLE patients,
which indicates the role of Tth cells in B cell differentiation
skewing towards plasma cell direction. By demonstrating a
positive association between IL-21-producing
CD4"CXCR5" T cells and plasmablasts, we underlined the
importance of IL-21 in the pathogenesis of SLE.

In the present study, we analysed the whole population
of IL-10-producing B cells. The decreased IL-10-producing
Byeg cell percentages in pSS may elucidate our previous
observations that, despite the increased peripheral IL-10-
producing regulatory T (Trl) cell proportions, a significant
decrease in soluble IL-10 levels can be detected in the dis-
ease. We assume that, along with the decrease in IL-10 pro-
duction of B, cells, the intensification of a counterbalance
mechanism appears; thus, levels of IL-10-producing
Trl cells increase as a feedback process attempting to com-
pensate the progression of disproportional immune
responses [42].

In conclusion, our observations underline the essential
role of the profound expansion of circulating Tth-like cells
and their IL-21 production in combination with the char-
acteristic abnormal distribution of peripheral B cell subsets
disturbances in the pathogenesis of both pSS and SLE
(Fig. 6). We believe that these extensive experiments reveal
the importance of Tth cells in these autoimmune diseases
and provide valuable knowledge to invent novel therapeu-
tic strategies targeting certain B cell subsets and suppress-
ing Tth-mediated responses.
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Fig. S1. Viability of the cytosine—phosphate—guanosine
(CpG)-exposed
aminoactinomycin-D (7-AAD) staining using flow cytomet-
ric analysis. (a) Representative dot-plots show the 7-AAD™
dead cells and 7-AAD ™ viable cells in the peripheral blood
mononuclear cells (PBMCs). Underneath, smaller dot-plots
indicate the differences in the presence of B cells among the
viable or dead cell populations. (b) Representative dot-plots
show the frequency of CD19"7-AAD™ cells within the lym-
phocytes. (c) Percentages of 7-AAD" (left) and CD19%7-
AAD™ cells (right) in the primary Sjogren’s syndrome (pSS)
patient group (n=1>5), systemic lupus erythematosus (SLE)
patient group (n=7) and control group (n = 4) in response
to brefeldin A (BFA), phorbol 12-myristate 13-acetate
(PMA) + ionomycin + brefeldin A (PIB) or CpG + PIB.
Fig. S2. Evaluation of follicular T helper cells (Tth)
markers on naive CD45RA™ T cells and active or memory
CD45RA™ T cells in primary Sjogren’s syndrome (pSS)
patients, systemic lulus erythematosus (SLE) patients and
healthy subjects. Peripheral blood mononuclear cells
(PBMCs) were isolated from nine pSS patients, eight SLE
patients and six healthy controls were then stained as
described previously. Representative dot-plots show the
gating strategy for the determination of CD4"CD45RA ™
and CD4"CD45RA™ subsets. (a) Percentages of CXCR5"
inducible T cell co-stimulator (ICOS)™ in the
CD4"CD45RA™ (left) and in the CD4"CD45RA™ (right)
subsets. (b) Percentages of CXCR5 programmed death 1
(PD)-1*" in the CD4"CD45RA~ (left) and in the
CD4"CD45RA™ (right) subsets. (c) Association between
the ratio of CXCR57ICOS™ cells and CXCR5"PD-1"
cells in the CD4"CD45RA™ subset. Each data point rep-
resents an individual subject; horizontal lines show the
mean values with standard deviation (s.d.).
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