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Abstract

Objectives: Follicular helper T (Tfh) cells exert an important role in autoimmune diseases. Whether it might be involved in
type 1 diabetes (T1D) is unknown. Our aim was to investigate the role of Tfh cells in patients with T1D and the effect of anti-
CD20 monoclonal antibody (rituximab) on Tfh cells from T1D patients.

Patients and Methods: Fifty-four patients with T1D and 37 healthy controls were enrolled in the current study. 20 of those
patients were treated with rituximab. The frequencies of circulating CD4*CXCR5*ICOS'T cells were analyzed by flow
cytometry. The serum autoantibodies were detected by radioligand assay. The levels of IL-21, IL-6 and BCL-6 were assessed
using ELISA and/or real-time PCR.

Results: Increased frequencies of circulating Tfh cells together with enhanced expression of IL-21 were detected in patients.
The correlation between the frequencies of circulating Tfh cells and the serum autoantibodies or C-peptide level was
comfirmed. After rituximab therapy, follow-up analysis demonstrated that the frequencies of circulating Tfh cell and serum
IA2A were decreased. The levels of IL-21, IL-6 and Bcl-6 mRNA were decreased after treatment. Furthermore, beta cell
function in 10 of 20 patients was improved.

Conclusions: These data indicate Tfh cells may participate in the T1D-relatede immune responses and B cells might play a
role in the development of Tfh responses in the disease progression.

Citation: Xu X, Shi Y, Cai Y, Zhang Q, Yang F, et al. (2013) Inhibition of Increased Circulating Tfh Cell by Anti-CD20 Monoclonal Antibody in Patients with Type 1

Diabetes. PLoS ONE 8(11): €79858. doi:10.1371/journal.pone.0079858
Editor: Aimin Xu, University of Hong Kong, China

to publish, or preparation of the manuscript.

* E-mail: yangt@njmu.edu.cn

Received June 28, 2013; Accepted September 26, 2013; Published November 20, 2013

Copyright: © 2013 Xu et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: The study was supported by grants from the National Natural Science Foundation of China (humber 30971405, 81270897) and a Project Funded by the
Priority Academic Program Development of Jiangsu Higher Education Institutions. The funders had no role in study design, data collection and analysis, decision

Competing Interests: The authors have declared that no competing interests exist.

Introduction

Type 1 diabetes (T'1D) is a disease resulting from the specific
destruction of beta cells within pancreatic islets by autoreactive
CD4" and CD8" T cells. Although T cells are dominant
determinants of beta-cell destruction in NOD mice and humans,
B cells and humoral immunity may also play a role in T1D
development or disease progression [1]. B cells infiltrate the
pancreatic islets of NOD mice during the autoimmune response
that precedes the onset of type 1 diabetes [2]. They may contribute
to diabetes in NOD mice by supporting development of tertiary
lymphoid structures in the vicinity of pancreatic islets where
pathogenic T cells might be activated [3]. NOD mice rendered
deficient in B cells, either by treatment with B cell-depleting
antibodies or through the introduction of an immunoglobulin (Ig)
W chain gene knockout (NOD.Igunull mice), were found to be
highly resistant to T1D [4,5]. Recently, the importance of B cells
in Type 1 diabetes has been resurrected based on the clinical
efficacy of B cell depletion with anti-CD20 (rituximab) in T1D
patients [6].
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Circulating autoantibodies to islet antigens are also strongly
associated with development of the disease [7]. Once helper T
cells are activated, they will induce B cells to secrete
autoantibodies to autoantigens expressed in the pancreatic
beta cells. Autoantibodies to insulin(IAA), the tyrosine-
phosphatase-like protein IA-2, the 65-KD form of glutamate
decarboxylase (GADG65) and zinc transporter 8 (ZnT8) auto-
antibodies are routinely used in the evaluation of the
autoimmune response, risk assessment of individuals and
progression to type 1 diabetes [8]. However, indirect evidence
against a pathogenic role for autoantibodies came from the
decreased incidence of type 1 diabetes in offspring of diabetic
mothers compared with diabetic fathers, despite transmission of
maternal anti-islet autoantibodies [9]. Recently, Silva et al [10]
had investigated that the autoantibodies were potent cofactors
in type 1 diabetes progression. This observation could indicate
that the effects of anti-islet antibodies are influenced by
underlying heterogeneity in the efficiency of CD4" T cell
tolerance mechanisms, which are affected by variability in
MHC II antigen presentation.
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In recent years, T follicular helper (Tth) cells have emerged as
the subpopulation of CD4" T cells required for the formation of
germinal centers (GCs) and provision of help to B cells [11-13].
Expression of CXCRSJ, together with loss of the T cell zone-homing
chemokine receptor GCR7, allows Tth cells to relocate from the T
cell zone to the B cell follicles, where they are positioned to directly
support B cell expansion and differentiation [14,15]. Tth differen-
tiation is driven by expression of the transcriptional repressor B-cell
lymphoma-6(Bcl-6), which turns on a program that guides T cells
close to B-cell areas [16]. Sustained Bcl-6 expression promotes the
entry of Tth cells into follicles and modulates their cytokine
expression profile so they can support and select germinal center B
cells that have acquired affinity-enhancing mutations in their
immunoglobulin genes [12]. Tth cells express a unique combination
of effector molecules that are critical for their development and
function, including high levels of the surface receptors ICOS, CD40
ligand (CD40L), PD-1, BTLA and CD84 [13,17]. The cytokine IL-
21 is critical for the formation of germinal centers and the
development of Tth cells [18].

The contribution of Tth cells to autoimmune disease has
recently received invigorated interest because of the demonstration
that this lymphocyte population is important not only for
generating from naive T cells during an immune response but
also for helping B cell to secrete autoantibodies. In addition, The
pairing of Tth cells and GC B cells occurs at the transcriptional
level as the Bcl-6-1RF4-Blimp-1 axis, which is crucial for B cell
differentiation, is also essential for the Tth cell identity [19].The
sanroque mouse have been instructive in highlighting the role of Tth
cells in promotion of systemic autoimmunity [17]. Recent studies
have shown that circulating Tth cells increased in some patients
with infection [20] and autoimmune diseases [21-23]. However,
little is known on the frequencies of Tth cells in T1D patients.
Moreover, it is not yet known whether the interaction between Tth
cells and B cells influences the process of T1D or not. Therefore,
we sought to explore the role of circulating Tth cells in patients
with T1D.

Materials and Methods

Study design and patients

54 patients (<2 year from disease onset) with T1D (24 female
and 30 males; mean® SEM age 23.13£13.16 years) were enrolled
in the study. The diagnosis was based on the criteria of World
Health Organization and American Diabetes Association. Fasting
serum C-Peptide was measured by chemiluminescence (Roche
Diagnostics, Basel, Switzerland). Rituximab therapy was admin-
istered intravenously at a dose of 125 mg/m” surface area at wecks
0, 1, 2, 3. Peripheral blood samples were obtained from all patients
and healthy controls. Blood was isolated for analyses just before
infusions on weeks 0, and 16 from 20 patients with rituximab
therapy. 31 age- and sex-matched healthy volunteers were
recruited as controls-namely, 14 females and 17 males, ranging
from 26.61%£7.35 years. All of the control subjects were free of a
history of T1D or autoimmune diseases. All participants provided
their written consent to participate in all stages of the study. We
obtained written informed consent from the guardians on the
behalf of the minors/children participants. Ethical approval for
the research (including the consent procedure) was granted by
Human Ethics Committee of the First Affiliated Hospital of
Nanjing Medical University, Jiangsu, China.

Islet autoantibody determination

Serum autoantibodies were measured by radio-binding
assays, using S labeled glutamic acid decarboxylase-65
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(GADG6)), protein-tyrosine-phosphatase-2 (IA-2) and zinc trans-
porter 8 (Zn'l'8). As previously described [24], antibody levels
were expressed as a relative immunoprecipitation index, which
is defined as (sample — negative control)/(positive control -
negative control). The cut-off for positivity for GADA, TA2A
and ZnT8A was defined as a value above 0.015, 0.048, and
0.018 respectively, based on the 99th percentile of 102, 315
and 218 healthy control subjects (non-diabetic individuals
without known autoimmune disease and no family history of
diabetes).

Flow cytometry

PBMCs at 10°/tube were stained in duplicate with APC-anti-
CXCR5 (R&D Systems) and FITC-anti-CD4, PE-anti-
CD278(eBioscience, San Diego, USA), or isotype-matched
control IgG (eBioscience, San Diego, USA) at room tempera-
ture for 30 minutes, respectively. After being washed with PBS,
the cells were subjected to flow cytometry analysis using a
FACSCalibur (Beckton Dickinson) and analyzed by FlowJo
software (v7.6.4). The cells were gated on the forward scatter of
living cells and then centered on CD4" T cells. Subsequently,
theCD4"CXCR5ICOS" Tth cells were determined by flow
cytometric analysis, and at least 50,000 events per sample were
analyzed.

Enzyme-linked ImmunoSorbent assay (ELISA)

The concentrations of serum IL-21 and IL-6 from individual
patients and healthy controls were determined using ELISA kits,
according to the manufacturers’ instruction (Biolegend, San
Diego, CA).

Cell Isolation

Human peripheral blood mononuclear cells (PBMC) were
isolated by LymphoprepTM (Nycomed, Pharma AS, Oslo,
Norway) gradients according to the manufacturer’s protocol.
CD4" T cells were purified from PBMC: by microbead-conjugated
antthuman CD4 monoclonal Ab (mAb) (Miltenyi Biotec GmbH,
Bergisch Gladbach, Germany) according to the manufacturer’s
instructions.

RNA isolation and Real-time PCR

TRIzol reagent (Invitrogen, Carlsbad, CA) was added to CD4+
T cells. Total RNA was extracted with TRIzol reagent and cDNA
synthesized according to manufacurer’s instructions (Takara,
Japan). Real-time PCR was performed in duplicate using SYBR
Premix Ex TaqTM (Takara, Japan). Primer sequences were as
follows: IL-21, sense, 5'-CACAGACTAACATGCCCTTCAT-3';
antisense, 5'-GAATCTTCACTTCCGTGTGTTCT-3', IL-6,
sense, 5'-CACACAGACAGCCACTCACC-3'; antisense, 5'-
TTTTCTGCCAGTGCCTCTTT-3', Bcl-6, sense, 5'-AAGGC-
CAGTGAAGCAGAGA-3'; antisense, 5'-CCGATAGGCCAT-
GATGTCT-3". Each gene was normalized to GAPDH with the
following primers: sense 5'-AAGGTGAAGGTCGGAGTCAA-
3’; antisense, 5'-TGGACTCCACGACGTACTCA-3".

Statistical analysis

GraphPad PRISM 5.0 Software was used for statistical analysis
(GraphPad Software, Inc., San Diego, CA). Values were expressed
as means =SD according to their distribution. Student’s unpaired
or paired ¢ test was performed over all statistically significant
changes between two groups. p<0.05 were considered to be
statistically  significant. Clorrelations between variables were
determined by Spearman’s correlation coefficient.
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Results

Increased frequencies of circulating Tfh cells in T1D

patients

To investigate the potential role of peripheral Tth cells in T1D
patients, the frequencies of peripheral blood CD4*CXCR5'T-
COS™ T cells were analyzed by flow cytometry (Fig. 1A). The
frequencies of CD4"CXCR5'ICOS" T cells in PBMCs was
significantly increased in T1D patients compared with healthy
controls (p<<0.0001) (Fig. 1B).

High Levels of Autoantibodies with Increased

Frequencies of the Circulating Tfh Cells in T1D Patients

Ab responses against most antigens require interactions between
B cells and CD4+ T helper cells, and Tth specialize in providing
cognate help to B cells. GADA, ZnT8A and IA2A are all critical
autoantibodies which have been used for the diagnosis of T1D. In
order to analyze the association between autoantibodies and the
circulating Tfh cells, we compared the levels of serum autoanti-
bodies and frequencies of the circulating CD4*CXCR5 TCOS™ T
cells in T1D patients. According to the titer of autoantibodies,
T1D patients were divided into two groups: autoantibody-positive
group and autoantibody-negative group. In Fig. 2A, the percent-
ages of circulating Tth cells increased in autoantibody-positive
subjects versus the autoantibody-negative subjects in ZnT8A
(p=0.026) and IA2A (»p=0.0308). In contrast, there was no
significant difference in the percentages of circulating Tth cells
between T1D patients with positive GADA and negative GADA.
We further evaluated whether the magnitude of the Tth cells
responsiveness is associated with the number of autoantibodies.
However, we found the percentages of Tth cells did not increase in
seropositive versus seronegative subjects or in individuals with
more than one autoantibody versus subjects with only one
autoantibody (Fig. 2B).

More importantly, Spearman’s correlation analysis revealed
that the frequencies of CD4+CXCR5+ ICOS+ T cells was
significantly correlated with the concentrations of fasting serum
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C-peptide in 20 TID patients. (r=—0.4566, p=0.043,

Fig. 2C).

Gene expression and cytokine concentrations in T1D
patients

IL-21 and IL-6 have critical roles in the Tth population. There
were increased IL-21 and decreased IL-6 concentrations in sera of
T1D patients compared with healthy controls (p=0.0104,
p=0.0047)(Fig. 3A and B). The IL-21 and IL-6 mRNA expression
was significantly increased in T'1D patients (p<<0.0001, P=0.0472)
(Fig. 3C and D). The Previous studies demonstrated that the Bcl-6
was a key transcription factor for Tth cell differentiation [25]. We
assessed the expression of transcription factor Bcl-6 in T1D
patients and healthy controls. However, there were no significant
differences for Bcl-6 mRNA between T1D and control groups
(Fig. 3E).

Treatment with rituximab reduced the circulating Tfh
cells in T1D patients

Rituximab is an anti-CD20 mAb that is potent B cell depletion.
To further demonstrate the interaction of Tth cells and B cells in
T1D patients, twenty of 54 patients evaluated in our study
received rituximab intravenously. T1D patients who received
rituximab treatment had efficiently depleted the CD20-positive B
cells in the course of treatment (data not shown). Their frequencies
of Tth cells were characterized before and after drug treatment,
respectively (Fig. 4A). Notably, following treatment with ritux-
imab, the frequencies of Tth cells were reduced significantly, as
compared with that of before treatment (p =0.0003, Fig. 4B).

Rituximab reduces islet-related humoral responses and
significantly modulated serum cytokines and mRNA
expression in drug response patients

To further understand the effect of treatment with rituximab,
we detected the levels of serum autoantibodies before and after
drug treatment. In most individuals, IA2A titers typically declined
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Figure 1. The percentages of CD4'CXCR51COS5" T cells in peripheral blood of patients with T1D. Peripheral blood mononuclear cells
(PMBCs) from T1D patients (n=54) and healthy controls (n =31) were stained with labelled antibodies as described in Methods. A. Representative dot
plots of CD4"CXCR571COS5* T cells in different groups of samples. Values in the upper right quadrant correspond to the percentages of
CD4"CXCR5'1COS5™ T cells. At least about 50,000 events were analyzed for each sample. B. CD4"CXCR571ICOS5* T cells were compared between T1D
patients and healthy controls. Each data point represents an individual subject. The bars indicate the mean values. Student’s unpaired t test was

performed. ***, P<<0.001.
doi:10.1371/journal.pone.0079858.g001
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Figure 2. The correlation of CD4"CXCR51COS5" T cells expression levels with autoantibody number (n=44) and fasting serum C-
peptide in T1D patients (n=20). A. Frequencies are shown of CD4"CXCR5*ICOS5* subsets from seronegative vs. seropositive subjects. B. The
percentages of CD4"CXCR5*ICOS5" were stratified into two groups based on the expression of one and more than one anti-islet autoantibodies. C.
The correlation between the percentages of CD4"CXCR5'1COS5* T cells in PBMCs and fasting C-peptide in 20 T1D patients. The bars indicate the

mean values. Student’s unpaired t test was performed. *, P<<0.05, ns, No significant differences.

doi:10.1371/journal.pone.0079858.g002

over the course of the 4 months follow-up (p=0.0309) (Fig. 5A).
There was no significantly decrease with GADA and Zn'T8A. Beta
cell function did not show significant improvement during the
therapy (Fig. 5B). However, 10 of 20 patients increased their levels
of fasting serum C-peptide after 4 months therapy.

IL-21 and IL-6 are produced by Tth cells and act directly on B
cells to maximize Bcl-6 expression and promote GC B cell growth
[26-28]. We compared the serum cytokine levels of IL-21 and IL-
6 from those patients who took rituximab and those who did not.
We found that the concentrations of serum IL-21 and IL-6 were
significantly lower after treatment in those patients (=0.0016,
»=0.0006) (Fig. 6A and B). At same time, real-time PCR also
showed that IL-21, IL-6 and Bcl-6 expression was reduced after
treatment with rituximab (p=0.0019, p=0.0056 and 0.0203)
(Fig. 6C, D and E).

Discussion

Tth cells are key regulators of humoral immunity. Tth cells have
a crucial role in helping B cell maturation and the production of
antibodies in response to foreign antigens [29]. The present studies
also characterized the frequency of peripheral Tth cells in several
autoimmune diseases [21,23,30]. In the present study, we
demonstrated that circulating CD4"CXCR5*ICOS™Tth cells
significantly increased in T1D patients. In addition, B-cell
depletion therapy for 16 weeks could significantly reduce these
T cell subsets. The findings clearly indicated that interaction
between Tth cells and B cells participated in T1D-related immune
responses.

PLOS ONE | www.plosone.org

B cells have multiple roles in the development and organization
of the immune system and play key, albeit ill-defined, roles in
driving cell autoimmunity. Several studies indicate that B cells can
serve as APCs or prime cell-specific T cells. Consequently,
targeting B cells offers a potential approach to modulate beta
cell-specific autoimmunity. Tth cells are the class of effector T
helper cells that regulates the step-wise development of antigen-
specific B cell immunity in vivo [31]. The function of Tth cells is
an antigen-bridge for T-B co-operation helped to establish the
basic tenets of ‘cognate’ help for antigen-specific B cell immunity.
B-cell depletion therapy further suggested the interaction of Tfh
cells and B cells in T1D patients. We did not observe significant
correlations between autoantibody levels and frequencies of
circulating Tth. However, we found that Tth cells had significant
differences between the autoantibody-positive group and negative
group in Zn'T8A and IA2A. Our results also showed that variation
of Tth cells in diabetic patients correlated with C-peptide.
Interestingly, only the titers of IA2A declined following B cell
depletion, suggesting that some autoantibody responses are
continuously initiated by cohorts of CD20-expressing B cells
whereas others are probably maintained by long-lived CD20-
negative plasma cells [32]. Regardless of this, many studies found
that B cell depletion was clinically effective even in patients that
did not show decreased autoantibody titers [33,34]. It was
indicated that B cells must also contribute to pathology by
mechanisms other than autoantibody production. There was no
significant difference in C-peptide during the treatment. It may be
due to the short observation period or not large enough samples
with rituximab therapy. However, ten of 20 patients increased

November 2013 | Volume 8 | Issue 11 | e79858
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their levels of fasting serum C-peptide after 4 months therapy. It
was suggested that B and Tth cell collaboration could participate
in the pathogenesis of TID. B cells seemed to enhance
autoreactive Tth cell responses in T1D patients.

Tth cells, critical helpers of B cells and drivers of autoimmune
disease via GCs are major producers of IL- 21 [18]. Tth and NK'Tth
cells produce IL-21 to enhance B cell differentiation toward both
extrafollicular and GC pathways [35]. Within GCs, IL-21 signals
directly to GC B cells to maximize Bcl-6 expression and sustain the
GCis [27]. Our data was consistent with other evidence that the level
of serum IL-21 was increased in T'1D. Furthermore, analysis of the
IL-2ImRNA expression in circulating CD4+ T cells yielded a
higher expression. Whereas, this population is clearly reduced after
B-cell depletion, which indicated that B cells may reflect the level of
cytokine IL-21. Conflicting data regarding IL-6 serum levels in
autoimmune forms of diabetes have been reported. Some groups
reported lower levels of serum IL-6 in type 1 diabetes [36-38] while
others have found normal or even increased levels of IL-6.
However, in our study IL-6 levels in T1D patients did not reach
the levels observed in healthy children. It is possible that IL-6 rise
from their lowest values in newly diagnosed cases to posttreatment
values, and increase further in T1D patients monitored over a long
term [38]. Bcl-6 is required for a T and B cell antigen-specific
extrafollicular antibody response. However, analysis of the Bcl-6
mRNA expression in circulating CD4+ T cells yielded no
differences in patients with T'1D, which is consistent with previous
studies [23,30]

Tth cells select mutated B cells in GCs and targets immuno-
globulin (Ig) variable region genes of rapidly dividing germinal
centre B cells [39]. This can lead to an increase in the affinity of
the B-cell receptor for the immunizing antigen, but there is
abundant evidence that this stochastic process can also generate
self-reactive spectficities [39]. Furthermore, once self-reactive B
cells have been vaguely selected in GCs, their differentiated
offspring can live and produce antibodies unchecked, subject to
virtually no further control. Consequently, autoimmune disease
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rituximab treatment. However, the detailed characterization of the
Tth cells and its pathogenic process in T1D will be a challenge for
the future.

Acknowledgments

We thank Prof. John C. Hutton (Barbara Davis Center for Childhood
Diabetes, University of Colorado at Denver and Health Sciences Center,
USA) for providing Autoantibodies to GAD, IA-2 and ICA.

Author Contributions

Conceived and designed the experiments: TY XYX. Performed the
experiments: XYX YS YC QQZ FY HC YG MZ. Analyzed the data:
XYX TY. Contributed reagents/materials/analysis tools: TY LPY. Wrote
the paper: XYX TY.

13. Ma CS, Deenick EK, Batten M, Tangye SG (2012) The origins, function, and
regulation of T follicular helper cells. J Exp Med 209: 1241-1253.

14. Haynes NM, Allen CD, Lesley R, Ansel KM, Killeen N, et al. (2007) Role of
CXCR5 and CCR7 in follicular Th cell positioning and appearance of a
programmed cell death gene-lhigh germinal center-associated subpopulation.
J Immunol 179: 5099-5108.

15. Hardtke S, Ohl L, Forster R (2005) Balanced expression of CXCR5 and
CCR?7 on follicular T helper cells determines their transient positioning to
lymph node follicles and is essential for efficient B-cell help. Blood 106: 1924—
1931.

16. Okada T, Moriyama S, Kitano M (2012) Differentiation of germinal center B
cells and follicular helper T cells as viewed by tracking Bcl6 expression dynamics.
Immunol Rev 247: 120-132.

17. Vinuesa CG, Cook MC, Angelucci C, Athanasopoulos V, Rui L, et al. (2005) A
RING-type ubiquitin ligase family member required to repress follicular helper
T cells and autoimmunity. Nature 435: 452-458.

18. Luthje K, Kallies A, Shimohakamada Y, Belz GT, Light A, et al. (2012) The
development and fate of follicular helper T cells defined by an IL-21 reporter
mouse. Nat Immunol 13: 491-498.

19. Nutt SL, Tarlinton DM (2011) Germinal center B and follicular helper T cells:
siblings, cousins or just good friends? Nat Immunol 12: 472-477.

20. Feng J, Lu L, Hua C, Qin L, Zhao P, et al. (2011) High frequency of CD4+
CXCR5+ TFH cells in patients with immune-active chronic hepatitis B. PLoS
One 6: ¢21698.

21. Ma J, Zhu C, Ma B, Tian J, Baidoo SE, et al. (2012) Increased frequency of
circulating follicular helper T cells in patients with rheumatoid arthritis. Clin
Dev Immunol 2012: 827480.

22. Szabo K, Papp G, Barath S, Gyimesi E, Szanto A, et al. (2013) Follicular helper
T cells may play an important role in the severity of primary Sjogren’s
syndrome. Clin Immunol 147: 95-104.

23. Zhu C, Ma J, Liu Y, Tong J, Tian J, et al. (2012) Increased frequency of
follicular helper T cells in patients with autoimmune thyroid disease. J Clin
Endocrinol Metab 97: 943-950.

November 2013 | Volume 8 | Issue 11 | e79858



24.

26.

27.

28.

30.

31.

Yu L, Herold K, Krause-Steinrauf H, McGee PL, Bundy B, et al. (2011)
Rituximab selectively suppresses specific islet antibodies. Diabetes 60: 2560
2565.

. YuD, Rao S, Tsai LM, Lee SK, He Y, et al. (2009) The transcriptional repressor

Bel-6 directs T follicular helper cell lineage commitment. Immunity 31: 457—
468.

Linterman MA, Beaton L, Yu D, Ramiscal RR, Srivastava M, et al. (2010) IL-21
acts directly on B cells to regulate Bcl-6 expression and germinal center
responses. J Exp Med 207: 353-363.

Zotos D, Coquet JM, Zhang Y, Light A, D’Costa K, et al. (2010) IL-21 regulates
germinal center B cell differentiation and proliferation through a B cell-intrinsic
mechanism. J Exp Med 207: 365-378.

Karnowski A, Chevrier S, Belz GT, Mount A, Emslie D, et al. (2012) B and T
cells collaborate in antiviral responses via IL-6, IL-21, and transcriptional

activator and coactivator, Oct2 and OBF-1. J Exp Med 209: 2049-2064.

. Moon JJ, Suh H, Li AV, Ockenhouse CF, Yadava A, et al. (2012) Enhancing

humoral responses to a malaria antigen with nanoparticle vaccines that expand
Tth cells and promote germinal center induction. Proc Natl Acad Sci U S A 109:
1080-1085.

Simpson N, Gatenby PA, Wilson A, Malik S, Fulcher DA, et al. (2010)
Expansion of circulating T cells resembling follicular helper T cells is a fixed
phenotype that identifies a subset of severe systemic lupus erythematosus.
Arthritis Rheum 62: 234-244.

Fazilleau N, Mark L, McHeyzer-Williams L], McHeyzer-Williams MG (2009)
Follicular helper T cells: lineage and location. Immunity 30: 324-335.

PLOS ONE | www.plosone.org

36.

37.

38.

39.

40.

41.

Tfh and Rituximab in Type 1 Diabetes

. Lund FE, Randall TD (2010) Effector and regulatory B cells: modulators of

CD4(+) T cell immunity. Nat Rev Immunol 10: 236-247.

. Levesque MC, St Clair EW (2008) B cell-directed therapies for autoimmune

disease and correlates of disease response and relapse. J Allergy Clin Immunol
121: 13-21; quiz 22-13.

. Liossis SN, Sfikakis PP (2008) Rituximab-induced B cell depletion in

autoimmune diseases: potential effects on T cells. Clin Immunol 127: 280-285.

. King IL, Fortier A, Tighe M, Dibble J, Watts GF, et al. (2011) Invariant natural

killer T cells direct B cell responses to cognate lipid antigen in an IL-21-
dependent manner. Nat Immunol 13: 44-50.

Geerlings SE, Brouwer EC, Van Kessel KC, Gaastra W, Stolk RP, et al. (2000)
Cytokine secretion is impaired in women with diabetes mellitus. Eur J Clin
Invest 30: 995-1001.

Neurath MF, Finotto S (2011) IL-6 signaling in autoimmunity, chronic
inflammation and inflammation-associated cancer. Cytokine Growth Factor
Rev 22: 83-89.

Dogan Y, Akarsu S, Ustundag B, Yilmaz E, Gurgoze MK (2006) Serum IL-
Ibeta, IL.-2, and I1.-6 in insulin-dependent diabetic children. Mediators Inflamm
2006: 59206.

Vinuesa CG, Sanz I, Cook MC (2009) Dysregulation of germinal centres in
autoimmune disease. Nat Rev Immunol 9: 845-857.

Tangye SG, Ma CS, Brink R, Deenick EK (2013) The good, the bad and the
ugly - TFH cells in human health and disease. Nat Rev Immunol 13: 412-426.
Lindqvist M, van Lunzen J, Soghoian DZ, Kuhl BD, Ranasinghe S, et al. (2012)
Expansion of HIV-specific T follicular helper cells in chronic HIV infection.
J Clin Invest 122: 3271-3280.

November 2013 | Volume 8 | Issue 11 | e79858



