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Abstract

Objective—NLRP3 inflammasome regulates T cell responses. This study examined the roles
of NLRP3 inflammasome activation in the regulation of Tfh cells during humoral response to T
dependent antigens and in systemic lupus erythematosus (SLE).

Methods—NLRP3 inflammasome activation of Tth cells was studied in B6, MRL/Ipr and
NZM2328 mice and in SLE patients and healthy controls using a fluorescence-labeled caspase-1
inhibitor probe. MCC950, a selective inhibitor of NLRP3, was used to investigate the relation
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between NLRP3 inflammasome activation and germinal center (GC) reaction, Ab responses to
immunization, and autoantibody production.

Results—NLRP3 inflammasome activation in Tfh cells after immunization was identified in B6
mice. MCC950 inhibited humoral responses to SRBC and NP-CGG with reduction of the GC
reaction. B6 mice with lymphoid cell-specific deletion of NLRP3 or Caspl mounted sub-optimal
humoral responses with impaired GC formation and defective affinity maturation. In MRL//prand
NZM2328 mice, inhibition of NLRP3 activation suppressed NLRP3 activated Tth cell expansion
as well as attenuated lupus-like phenotypes. Tth cells with activated NLRP3 inflammasome
exhibited increased expression of molecules for Tfh cell function and differentiation, and had
greater ability to activate B cells. In SLE patients, disease activity was positively correlated with
an increase in the activated NLRP3* Tfh population and this population was markedly reduced in
response to therapy.

Conclusions—The activation of NLRP3 inflammasome in Tth cells is an integral part of
responses to immunization. The activated NLRP3* Tfh population is essential for optimal humoral
responses, GC formation and autoimmunity.

Keywords

Autoantibodies; Autoimmunity; Systemic Lupus Erythematosus; T-Lymphocyte subsets;
Inflammation

INTRODUCTION

T follicular helper (Tfh) cells, a subset of T helper cells that localize to B cell follicles, are
essential for Germinal Center (GC) formation and the generation of high affinity B cells,

(1, 2). Tth cells provide help signals to GC B cells via a combination of secreted cytokines
and expressed cell surface receptors, (1, 2). Although IL-1p has recently been shown to be
made by T cells as a result of inflammasome activation, (3-5), the role of Tfh inflammasome
activation in antibody responses and in GC formation remains largely undetermined.

The assembly of NLRP3 inflammasome leads to activation of caspase-1, which is required
for the cleavage of the interleukins IL-1p and IL-18, (6) to their active secretory forms. The
effects of NLRP3 inflammasome on adaptive immune response have been described mainly
through the active IL-1p secreted by non-B and non-T cells, (7, 8). In the case of adaptive
humoral responses, little information is available regarding the Tfh cell inflammasome
expression and the effects of Tth cell inflammasome activation on Ab formation. In view

of recent studies showing that CD4* T cells can also secrete 1L-1f though inflammasome
activations, (3-5), the role of Tfh NLRP3 inflammasome activation in humoral response is a
timely area to be investigated.

We have been interested in the role of NLRP3 inflammasome activation in the pathogenesis
of lupus nephritis, (9, 10) with emphasis on the small molecule inhibitor MCC950 specific
for NLRP3. MCC950 was effective in modulating lupus nephritis with prolonged survival
time. Further studies to be presented here show that anti-dsDNA Ab titers in both MCC950-
treated MRL//prand NZM2328 mice were markedly diminished suggesting that MCC950
has inhibitory effects on autoantibodies formation in autoimmune prone strains of mice.
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It provides the rationale and impetus to determine whether NLRP3 activation is inherent
in Tfh cells and whether this activation is essential in normal humoral responses and in
autoimmunity. The experimental results further support the conclusion that Tth cells are
required for systemic autoimmunity, (11) with the important added information that Tfh
cells with activated NLRP3 are essential for systemic autoimmunity.

Seventy-one patients from the First Affiliated Hospital, Sun Yat-sen University fulfilling
ACR criteria for SLE, (12) were screened with the SLEDAI scoring system, (13).
Demographic and clinical characteristics of these SLE patients are shown in online
supplementary material table S1. Twenty-five age and sex matched healthy donors were
enrolled. This study was approved by the Ethics Committee for Clinical Research, the First
Affiliated Hospital, Sun Yat-sen University. Written informed consent was obtained from all
subjects.

Eleven SLE patients were followed longitudinally. They experienced a relapse and were
treated again as inpatients. Blood samples were obtained before the initiation of treatment
and at 4 weeks after treatment. The clinical characteristics of these patients are shown in
online supplementary material table S2.

Human peripheral blood mononuclear cells purification, flow-cytometric analysis and
immunofluorescence studies

Detailed methods are described in the online supplemental methods section.

Mice and treatments

Only female mice were used in this investigation. B6.NVLRP3"" mice were obtained from
Taconic and B6. Casp1™1 mice were kindly provided by Dr. John Luckens at the University
of Virginia. B6 and B6.Crel¢f with distal Lck promotor were obtained from Jackson Lab.
(B6.Crelk x B6.NLRPIMF2 were screened for B6. NLRP3IfCrelck and suitable mating
pairs were set up for the generation of cohorts of B6.NVLRP3Crel-ck Similarly cohorts of
B6. Casp1™fCrel-ck were generated for experiments described in the online supplementary
figure S1 legend. Specific deletion in lymphoid cells was shown with isolated lymphocytes
and macrophages by PCR with primers flanking the flox sites.

All MCC950 or vehicle treatments of MRL//or have been described, (9, 10). MRL//pr mice
were purchased from SLAC Laboratory Animal Company (Shanghai, China). NZM2328
mice, (14) were obtained from the University of Virginia. B6 mice were from the
Experimental Animal Center at Sun Yat-sen University.

Animal studies were approved by the Institutional Animal Care and Use Committee
(IACUC), Sun Yat-sen University (SYSU-IACUC-2018-000181) and by the University of
Virginia Animal Care and Use Committee Protocol #1849.
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NZM2328 mice (12 week-old) were injected with 1x107 particles of adenovirus-expressing
interferon-a. (adlFN-a) according to Dai et a/, (15). One day after adIFNa., the mice were
treated intraperitoneally with either MCC950 or vehicle. The mice were sacrificed 6 weeks
after adIFNa injection.

Isolation of mouse spleen and lymph nodes lymphocytes, flow cytometry analysis and GC
studies by splenic PNA staining.

Please see the online supplemental methods section.

Immunization and assays for specific Ab production

For sheep RBC (sRBC) immunization, 108 cells were injected ip without adjuvant. The
same dose was given 14 days later. Sera were assayed by ELISA for anti-sRBC Abs 3
and 6 weeks later with SRBC lysate as the substrate. For NP33-CGG immunization, 100ug
was given in the footpads without adjuvant. Sera at day 7 and day 14 were collected for
assaying by ELISA with NP,-BSA and NP14-BSA as substrates for high affinity and low/
moderate-affinity anti-NP Ab respectively, (16).

In vitro induction of B-cell activation by Tfh cells and IgG production by Tfh cells

Please see the online supplemental methods section.

Measurement of anti-dsDNA antibodies and cytokine levels, and evaluation of renal history
and immune complex deposition.

These procedures have been described previously, (10).

Statistical analysis

RESULTS

Data are presented as the mean + SD or as median + interquartile range. Statistical analysis
was performed using GraphPad Prism 5.0. Statistical differences were assessed by Student’s
t-test, one-way analysis of variance (ANOVA) or non-parametric Mann-Whitney U-test.
Spearman’s rank correlation test was used to determine correlation. Chi-square analysis was
performed to compare the incidence of severe proteinuria between groups. A p-value < 0.05
was considered statistically significant.

Identification of act. NLRP3* Tfh cells in normal B6 mice.

CD4*CXCR5* Tth cells that have act. caspase-1 can be readily identified in the B cell
follicle and at the T-B border in the GC of the draining lymph nodes of the B6 mouse 5
days after immunization with NP33-CGG with alum in the high footpad (figure 1A). Act.
caspase-1* Tth cells interacting with IgD* B cells are shown in the insert of figure 1A.
With an ImageStreamX MKII instrument (figure 1B), 7 cells that were act. caspase-1*CD4*
CXCR5* expressed various amounts of 1L-1B. It is apparent that the markers of interest
expressed by these cells are very heterogeneous inferring that this population is changing
continuously. To seek further support that Tfh cells make IL-1p with NLRP3 activation in
response to immunizations, CD3*CXCR5* cells with act. caspase-1" making IL-1p were
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identified (figure 1C and 1D). This population was estimated to be 10% of Tfh cells. SRBC
immunization increased splenic act. caspase-1* Tfh from 2-3% to 7.5-10% (figure 2A).
From the CD4*CXCR5*Foxp3~ Tfh population, act. caspase-1* and act. caspase-1~ sub-
populations were isolated. They were characterized by the ImageStreamX MKII imaging
flow cytometer (figure 2B). The expression of mRNA for Rijp3, Casp1, NLRP3, IL-18,
Bcl-6, IFNy and CD40were significantly increased in the act. caspase-1* cells (figure 2C).
However /L-10was increased in the act. caspase-1~ Tfh fraction. It is of note that /L-18
mRNA was not detected.

To demonstrate a role of NLRP3 activation in the humoral response MCC950, a small
molecular NLRP3 inhibitor was given every other day for six weeks, five days after the
second immunization. This treatment reduced act. caspase-1* cells from ~8% to ~3% (figure
2D). MCC950 also reduced lymph node sizes (figure 2E).

In a five day /n vitro experiment, act. caspase-1* Tth cells isolated 5 days after the

second immunization induced significantly more 1gG secretion by B cells with p<0.05 in
comparison with act. caspase-1~ Tth cells (figure 2F). Sera were obtained three and six
weeks after the second immunization. Affinity maturation indices as measured according to
MacDonald et al. (17) were significantly reduced with p<0.01 (figure 2G). It is of note that
affinity maturation indices were lower six weeks after treatment (data not shown). However,
the differences were not statistically significant. MCC950 treatment significantly reduced
anti-sRBC Ab when assayed at 1/100 dilution with p< 0.05 at three weeks and p<0.001 at
six weeks (figures 2H and 2I).

MCC950 inhibits GC formation by the marked decrease in B cell division within the B cell
zone of the GC.

B6 were immunized with NP33-CGG ip with alum as an adjuvant. Ki67 was used as a
marker for proliferating cells. MCC950 inhibited B cell proliferation in the dark zone of the
GC in the spleen (figure 3A). MCC950 significantly decreased Ki67 levels with p<0.001 as
measured by the ImageJ software in comparison to GC of mice treated with vehicle (figure
3B). With NP,—BSA as the substrate, MCC950 inhibited the formation of high affinity 1gG
anti-NP Ab (figure 3C).

Lymphocyte-specific deletion of NLRP3 impeded Ab production to T dependent Ag with
inhibition of GC formation.

With B6. NLRP3f from Taconic and B6.Cre-k with distal promotor from Jackson Lab,
B6.NLRP3Crelck were generated. B6. NLRP3Crel-ck and B6. NLRPI mice were
immunized with NP33-CGG without adjuvant. As shown in figure 4A, the only impaired
IgM response was day 7 in B6.NLRPI Crel ¢k mice with NLRP3 deletion in T cells in
comparison with the response by B6. NLRP3" (p<0.05). Seven days after immunization,
IgM responses of B6.NLRPICrel-ck mice were impaired in comparison with those from
B6. NLRP3" (p<0.05). 1gG anti-NP, and anti-NP;4 Ab responses were impaired in mice
with deletion of NLRP3 in their T cells with p<0.001 and p<0.01 respectively. At day 14,
both 1gG anti-NP, and 1gG anti-NP14 Ab responses were impaired in mice with deletion of
NLRP3 in their T cells with p<0.05. We harvested the spleens of these two groups of mice.
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In mice with NLRP3 deletion in their T cells, GC formation was impaired with marked
decrease in proliferation of centroblasts that stained for Ki67 in the dark zone (Fig. 4Be-4Bh
vs 4Ba—4Bd), suggesting that activated NLRP3 is essential for high affinity Ab response and
for GC formation.

Similar results were obtained in a cohort of B6 mice with specific deletion of Casp-1 in their
T cells (online supplementary figure 1).

Reduced GC formation and attenuated anti-dsDNA Ab in MRL/Ipr and NZM2328 mice
treated with MCC950.

In our work investigating the role of NLRP3 activation in MRL//pr, it was noted that with
MCC950 treatment that targets NLRP3 specifically (18), the spleen and lymph nodes were
significantly smaller in the treated mice. The possibility that act. caspase-1* Tfh may play a
role in the pathogenesis of lymphoproliferation in MRL//prwas explored.

By 2 months of ages MRL//pr mice spontaneously had significantly more act. caspase-1*
Tth in their spleen (~7% in figure 5A). Its congenic MRL/Mp/had ~2.5% such cells,
which was similar to that in B6. With further aging, this Tfh population increased further
(figure 5B). By week 16, approximately 20% of the Tth cells were positive for act.
caspase-1. MCC950 treatment given every other day from week 12 to week 16 diminished
this population from ~20% to less than 10%. Circulating IL-1f was increased in 12 and
16 week old MRL//prmice (figure 5C). This increase was not seen in MCC950 treated
mice. Treatment of MRL//orwith MCC950 diminished splenic and lymph node weights
(figures 5D and 5E). This treatment also diminished the titers of anti-dsdNA Ab (figure 5F).
PNA staining revealed that MCC950 inhibited the proliferation of centroblasts resulting in
defective GC formation (figure 5G).

Act. caspase-17 Tfh cells in MRL//prexpressed significantly more 1L-21, CD40L, pSTAT3
and Bcl-6 in comparison with act. caspase-1* cells isolated from MCC950-treated MRL//pr
mice (figure 6). This suggests that MCC950 affects negatively the differentiations of Tth
cells with less B cell help capability. These cells co-cultured with act. NLRP3* Tfh cells
showed higher expression of the B cell activation marker GL-7 in comparison with those
co-cultured with act. caspase-1~ Tfh cells (data not shown). MRL//pr mice had significant
numbers of plasma cells (~3.8% in the spleen and ~2.20% in the lymph nodes (online
supplementary figure 2A-2C). The plasma cells were reduced to ~1.9 % in the spleen and
~0.8% in the lymph nodes by the MCC950 treatment.

Similar results were obtained in NZM2328. Significant numbers of CD138*B220 low
plasma cells were detected in their spleen (online supplementary figure 2D and 2E). Act.
caspase-1* Tth cells were increased in the spleen. This population in comparison to the

act. Caspase™ Tth expressed more I1L-21, CD40L, pSTAT3 and Bcl-6 (online supplementary
figure 3). MCC950 treatment targeted these parameters resulting in decreases in splenic
weight, inhibition of expression of IL-21, CD40L, pSTAT3 and Bcl-6 in Tth cells, reduction
in activated B cell and plasma cell numbers, anti-dsSDNA antibodies and renal pathology
(online supplementary figures 3-5).
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SLE patients had elevated circulating active NLRP3 * Tth cells and this population of Tfh
cells was responsive to pulse steroid plus immunosuppressive drugs.

Characteristics of blood donors from 71 SLE patients from the rheumatology clinic at

the First Affiliated Hospital of Sun Yat-sen University are listed in online supplementary
table S1 and online supplementary figure 6. Twenty-five age- and sex- matched blood
donors were recruited as controls. The percentage of act. caspase-1* Tfh (defined as
CD4*CXCR5*Foxp3™ act. caspase-1*) was significantly higher in SLE patients than that

in healthy controls (figures 7B and 7C), and showed a positive correlation with SLE disease
activity as measured by SLEDAI (figure 7D). We also found increased IL-1p expression
both in circulating Tfh cells (figures 7E and 7F) and the sera (figures 7G) of SLE patients.

Eleven SLE patients were in renal relapse during this investigation. They were studied
when diagnosed to have renal relapse and again 4 weeks after initiation of treatments.
After 4 weeks of treatment, the patients showed improved clinical symptoms with
decreases in proteinuria, hematuria and anti-dsDNA Ab (online supplementary table S2)
and decreased circulating act. caspase-1* Tfh cells (figure 7H). All patients were treated
with hydroxychloroquine and prednisone. In two patients, immunosuppressants were added
(see footnote of online supplementary table S2).

DISCUSSION

IL-1B has been shown to be involved in Ab responses during normal immunization and

in autoimmunity, (7). More importantly, IL-1p has been shown to act directly on CD4* T
cells to enhance their antigen-driven expansion and differentiation, (19). Despite playing a
significant role in humoral responses, it remains unsettled whether IL-14 is produced by
CD4* T cells in normal humoral responses to immunization. The data from Arbore et a/,

(3) suggests that Th1 responses require complement driven NVLRP3 activity in CD4™ T cells.
In the present investigation, we have provided data showing that NMLRP3 activation in CD4*
Tth cells is an integral part of the humoral response to T dependent antigens. We have shown
that NLRP3 activation as detected by act. caspase-1 provides evidence for an increase in the
percentage of Tth cells that have act. caspase-1 activity. This subpopulation of Tfh cells can
be detected readily at the border between T and B cells within the GC. This population can
provide superior helper activity. Thus it is concluded that CD4* Tfh cells do make IL-1f

in response to immunization. This IL-1f serves in an autocrine fashion to provide good
humoral responses.

MCC950 has been considered to specifically block NLRP3 activity, (18). It inhibits humoral
responses by inhibiting IL-1p activation from pro-IL-1. Since it is a small molecule
without cell specificity, the data from MCC950 treatment do not permit us to conclude that
at least part of the action of MCC950 is exerted on Tth cells. However, the experiments
involving lymphoid specific deletion of NLRP3and Casp-1 provides support for the
conclusion that T cell activation of NLRP3 is required for optimal humoral responses. It

is of note that our experiments do not rule out the contribution of IL-1p from CD8" T cells
although these cells may play a minor role in humoral response and from other cells such as
dendritic cells, (20).
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It remains to be determined what initiates the activation of NLRP3 as a response to
immunization. In addition to the complement-driven activation of NLRP3, the possibility
that TNFa. may play a major role in this process should be considered. TNFa interacts

with receptor interacting kinase 3 (Rip3), (21). This interaction activates both the necrosis
pathway and the NLRP3 pathway, (22). It has been shown that TNFa is expressed during

T and B cell activation, (23, 24,). The TNFa made by activated T cells may act in an
autocrine manner while that made by activated B cells may act in a paracrine fashion. Our
preliminary data supports this hypothesis. GSK872, a Rip3 specific inhibitor that was shown
to be effective in treating nephritis in NZM2328, (9) was able to inhibit activation of NLRP3
in Tth cells. It is also effective in reducing high affinity Ab and inhibiting GC formation.
More definitive genetic experiments involving 7NFa deletion in T cells are needed.

Anakinia is an IL-1 receptor antagonist and has been approved for the treatment of
rheumatoid arthritis. From the results of our study, it is surprising that Anakinia is not
effective in lupus trials. The reason for this failure is complex including trial design,
heterogeneity of lupus patients and strength of Anakinia as a IL-1 antagonist. Perhaps these
reagents could best be used as one of the agents in a multi-targeted drug trial.

We have been interested in the pathogenesis of SLE with studies of MRL//prand NZM2328.
Generation of pathogenic autoantibodies is a hallmark of SLE, (11, 25). Autoantibodies are
the products of autoreactive B cells which are derived from GCs, (26). Several studies on
lupus mice revealed that IL-1f is involved in generating autoantibodies, (27-29). Caspase-1
is a key component of NLRP3 inflammasome and gene knockout of caspase-1 resulted in

a reduction of autoantibody production in the pristane-induced lupus mouse model, (30)
suggesting that NLRP3 inflammasome contributes to the generation of autoantibodies. In the
present study, inhibition of NLRP3 inflammasome activation reduced GC formation, B cell
frequency, and autoantibody production in lupus-prone mice. These effects are accompanied
by the reduction of pathological changes and prolong survival. These results are congruent
with the studies cited. Thus targeting NLRP3* Tfh cells may be a promising therapeutic
approach.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Key messages

What is already known about this subject?

. NLRP3 activation in CD4* T cells has been shown in several Thl response
models.

What does this study add?

. A population of Tfh cells with active NLRP3 exhibiting potent helper activity
has been identified.

. Blocking NLRP3 activation with MCC950 inhibits optimal humoral
responses with delayed affinity maturation and impaired germinal center
formation. Specific deletions of NLRP3or Casplin T cells with the impaired
humoral responses provides evidence to support the hypothesis that NLRP3
activations in Tfh is an integral part of the humoral response.

. MCC950 inhibited autoantibody formation and modulated autoimmune
manifestations.

How might this impact on clinical practice?

. The activated NLRP3* Ttfh cell population appears to play an important role
in the pathogenesis of human lupus suggesting that targeting this population
may have therapeutic potentials.
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Figure 1. CXCR5" CD4* or CD3* Ty, cells in the lymph node of a B6 mouse five days after the
immunization with NP33-CGG with alum in the hind footpads express act. caspase-1* and IL-1.

(A) Many of the act. caspase-1* Tfh cells in the interface between T cell B cell zones and

in the dark zone of the GC are identified by arrows. The inset shows interaction between

act. caspase-1* Tth cells with IgD* B cells. (B) CD4*CXCR5* T cells as seen by the
ImageStreamX MKII imaging flow cytometer with act. caspase-1 stained green, I1L-1p red,
CD4 purple and CXCRS5 blue. (C) A CD3*CXCR5* T cell stained for act. caspase-1 and
IL-1B. (D) CD3*CXCR5*Tfh and caspase-1* IL1p* Tfh were counted in each 300 um x 300
pm area.
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Figure 2. Characterization of act. caspase-1* Tth cells.
B6 mice were immunized with sheep Red Blood Cells (sSRBC) as described in Methods.

(A) Gating strategy for Tth cells: Lymphocytes were gated by forward light scattering.
CD4*CXCR5* and FoxP3~ cells were selected as Tfh cells. (B) The Tfh cells were sorted
into act. caspase-1* and act. caspase-1~ cell populations. (C) mRNA expression of genes

of interest in act. caspase-1* Tfh and act. caspase-1~ Tfh cells isolated from the spleens of
immunized mice were interrogated by RT/PCR. (D) Act. caspase-1* Tth cells were elevated
in the spleen of mice immunized with SRBC. This increase was inhibited by MCC950.

(E) Total lymphocyte counts in the lymph nodes of immunized mice were decreased with
MCC950. (F) Act. caspase-1* Tfh cells provided better help to induce IgG secretion by

B cells in comparison with act. caspase-1~ Tth cells. (G) MCC950 or vehicle treatment
commenced five days after the second immunization, reduced affinity maturation to sSRBC.
Reduction of serum 1gG anti-sRBC Ab in mice treated with MCC950 at three weeks (H)
and at six weeks (I) after the secondary immunization. *p<0.05, **p<0.01, ***p<0.001 and
***%0<0.0001.
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Figure 3. Inhibition of GC formation and reduction of NP-specific Ab production by MCC950.
B6 female mice were immunized i.p. with 100 ug NP33-CGG and alum. They were

treated i.p. daily with vehicle, MCC950 (20 mg/Kg). (A) Splenic GC were stained as
labeled indicated by arrows. There is an absence of centroblast division in the spleen of
MCC950 treated mice. (B) The integrated density (IntDen) of Ki67 staining in each GC
was calculated by the ImageJ software. (C) Anti-NP IgM and 1gG levels in serum samples
14 days after immunization were assayed by ELISA using NP,-BSA as coating Ag. Mean
absorbance from 10,000-fold diluted samples of 5 mice per group is shown. *p < 0.05.
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Figure 4.
(A) B6.NLRP3/flcrel-k mice showed reduced Ab response to soluble Ag. Groups of

6 WT (B6) and 10 mutant mice were immunized subcutaneously in the neck and in the
footpad with NP33-CGG (100ug/mouse) without alum. Mice were bled on days 7 and 14
after immunization. Sera were diluted at 1:1000. Anti-NP Ab were quantified with ELISA
using plate-bound NP14-BSA and NP,-BSA for low and high affinity Ab respectively.
Results are expressed as mean £SD. *p<0.05, **p<0.01 and ***p<0.001. (B) Lack of
proliferating cells in the splenic germinal centers. (a-d) Two splenic germinal centers
with Ki67* cells in B6. NLRP3" (a&b 10X and c&d 20X) five days after immunization
with NP33-CGG. (e-h) Absence of Ki67* cells in the spleen of a B6.NLRP3Crelck mouse
in that NLRP3 is specifically deleted from T cells.
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Figure 5. The NLRP3 inflammasome activation and proliferation of Tth cells in the spleens and
lymph nodes were inhibited by MCC950 in MRL/lpr mice.

(A) At two months of age, MRL//orfemale mice had elevated act. caspase-1* Tfh cells in
their spleen in comparison with its congenic strain MRL/Mp/and B6. (B) Marked increases
in act. caspase-1* Tfh cells in the spleen in 12 and 16 weeks old MRL//pr. MCC950 given
every other day from week 10 to week 16 inhibited these increases. (C) Marked increases

in circulating IL-1p in older MRL//pr. The administration of MCC950 inhibited the increase
in IL-1pB. (D) MCC950 inhibited the increase in splenic weights. (E) MCC950 prevented the
increases of lymph node sizes. (F) MCC950 inhibited the increases in anti-dsDNA Ab. (G)
PNA staining revealed that MCC950 dramatically reduced proliferating B cells in the spleen.
*p<0.05, **p<0.01 and ***p<0.001.
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Figure 6. Decreased expression of 1L-21, CD40L, pSTAT3 and Bcl-6 in splenic Tth cells of
MRL/lpr mice treated with MCC950.

(A) Serum IL-21 level was significantly lower in MCC950-treated group than that in vehicle
group. (B) and (C) The expressions of 1L-21 in Tfh cells was also significantly lower in the
MCC950-treated group. (D)—(I) Similar increases of CD40L, pSTAT3 and Bcl-6 expressions
in Tfh cells were detected. These increases were inhibited by MCC950.
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Figure 7. Increased activation of NLRP3 inflammasome in circulating Tfh cells of SLE patients
are correlated with SLEDAI and response to therapy.

(A) Gating strategy to identify circulating Tfh cells (CD4*CXCR5*Foxp3™~) in human blood.
(B) Contour plots of act. caspase-1* Tth cells from a representative healthy control and

a SLE patient. (C) Percentage of act.caspase-1* Tfh cells among total Tfh cells in SLE
patients (n=71) and healthy controls (n=25). (D) Correlation between the SLEDAI with the
percentage of act. caspase-1* Tfh cells in SLE patients. (E) Flow-cytometric histograms of
IL-1p expression in Tth cells of a representative healthy control (Black line) and a SLE
patient. (Red line). (F) MFI of IL-1p on Tfh cells of HCs (n=6) and SLE patients (n=17).
(G) Serum IL-1p levels of HCs (n=25) were compared with those in SLE patients (n=71).
(H) Percentage of act. caspase-1* Tfh cells before and after treatment (n=11). *p<0.05,

**p<0.01 and ***p<0.001.
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