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Supplementary Figure 1

E1020K/+

Basal characterization of Pik3cd mouse model.

a, Schematic representation of Pik3cd™"*"""* generation. After crossing to ZP3-Cre mice to remove the neoR cassette, the point

mutation and one LoxP site in the upstream intron remain. (b, d-h) Wild-type and Pik3cd=°** mice were analyzed at steady state
between 2 and 4 months of age. b, Cellularity of resting lymph node (n=5 per group). c, Representative contour plots of CD44 and
CD62L on CD4" T cells in the spleen of 1-year-old mice. d, Numbers of CD93°CD138™ transitional B cells in the spleen (percent of
B220°CD19"); representative flow staining and histograms of percentages and numbers of T1, T2, T3 and IgM— CD23™ B cells (gated
on B220"CD19"CD93"'CD138™) (wild-type n=3, Pik3cd™*?®/* n=4). e, Representative FACS plots of surface IgM and IgD (gated on
B220°CD19" B cells in the spleen) and relative histograms (wild-type n=8 Pik3cd*?*** n=7). f, Illustrative contour plots for CD21 and
CD23 to identify MZ, FO, and CD21~CD23™ B cells in the spleen (percent of B220°CD19"). Bar graph on the right (wild-type n=6,
Pik3cd™%?°*"* n=5). (g-h) Analysis of peritoneal cavity (n=3 per group). g, Cellularity of peritoneal lavage; representative flow staining
and cell counts of CD3" T and CD19" B cells. h, Representative contour plots and cell counts of B1 (CD237) and B2 (CD23") B cells
gated on CD19" cells as in (g); on the right, representative histograms and numbers of Bla (CD5") and B1b (CD57) gated on B1 B
cells. Data in (b-f) are representative of three, and data in (g,h) of two, independent experiments. Data are represented as mean +
SEM with each dot indicating one mouse. Significance analyzed by Mann-Whitney U test. *P < 0.05; **P < 0.01; ***P < 0.001.
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Supplementary Figure 2

E1020K/+
d

Baseline immune response of wild-type and Pik3c mice in lymph node and spleen.

a, Representative flow plots and histogram of BCL-6 and CXCRS5 staining for GC-Tgu, pre-Ten and non-Tey cells (gated on CD4'B220~
T cells in the spleen) (n=6 per group). b, Frequency of PD-1"CXCR5 'Foxp3~ Tgy cells (percent of CD4"'B220 T cells) in the popliteal
lymph node of 2 and 4-month-old mice at steady state. ¢, Representative flow plots and cell counts of CD4" follicular T cells:
CXCR5'PD-1" (left panel) and CXCR5'ICOS” (right panel) in 1-year-old mice in the spleen. d, Frequency of GL-7'FAS" GC B cells
(percent of B220°CD19" B cells) in the poEIiteaI lymph node of 2 and 4-month-old mice at steady state (b,d, 2 month-old, n=5 per
group; 4 month-old, wild-type n=8, Pik3cd 1020KF+ n=7). e, Representative flow plots and cell counts of GL-7°"FAS" GC B cells (percent of
B220°CD19" B cells, left panel), IgD" B cells (percent of B220°CD19" B cells, ri htganel), and CD138'B220™"° plasma cells (of live
cells, lower panel) in 1-year-old mice in the spleen (c, e, wild-type n=3, Pik3cd™=°2°* nh=5). Data are representative of two independent
experiments. Data are represented as mean + SEM. Significance analyzed by Mann-Whitney U test. *P < 0.05; **P < 0.01; ***P <
0.001.
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Supplementary Figure 3

E1020K/+

Immune response to NP-OVA in wild-type and Pik3cd mice.

\Wild-type and Pik3cd™""""" mice were immunized subcutaneously, at different age (2-months, 4-months, 1-year-old), with NP-OVA in
alum in the hock and sacrificed on day+10. Analyses performed on draining (dLN) and resting (rLN) popliteal lymph nodes. a, Analyses
of 2-month-old mice: frequency of PD-1"CXCR5 Foxp3~ Tew cells (percent of CD4'B2207 T cells, left panel) and GL-7'FAS® GC B
cells (of B220°CD19" B cells, right panel) in rLN and dLN (n=5 per group). (b-c) Analyses of 4-month-old mice. b, cellularity of rLN and
dLN (n=6 per group). ¢, Numbers of NP~ and NP* GC B cells in dLN (wild-type n=6, Pik3cd®*%?*""* n=5). d, Analyses of 1-year-old
mice: percentage and numbers of NP* GC B cells in dLN (wild-type n=7, Pik3cd=%*** n=9). e, Analyses of 2-month-old mice:
percentage of NP* GC B cells and ratios between numbers of NP™ and NP~ GC B cells in dLN (n=5 per group). f, Analyses of 4-month-
old mice: ELISA for serum IgG1 (wild-type n=8, Pik3cd?*"* n=6). (g-m) Analyses based on Figure 3g. g, Proportion of FDC networks
with a GC having greater than 10 BCL-6" cells (wild-type rLN, n=3; wild-type dLN, n=2; Pik3cd®****""* (LN and dLN n=3). Each symbol
represents an entire LN section corresponding to 5-8 FDC networks. h, Area of BCL-6" GCs per FDC region. Each symbol corresponds
to a GC (wild-type rLN, n=3; wild-type dLN, n=5; Pik3cd™"?®* rLN, n=13; Pik3cd'**®** dLN n=6). i, Histo-cytometric representation of
GCs from wild-type dLN depicted in Figure 3g, II. The distribution of PD-1"CD4" T cells within the LZ and DZ of the GC was determined
using the density of CD35 and BCL-6 to mark the LZ and DZ, respectively. j, Percentage of Tgy cells (PD-1°CD4" surfaces) in the DZ
as determined by histo-cytometry. k, Normalized numbers of Tgy cells (identified as in j) per DZ GC area (BCL-6"'CD35 ). Each symbol
corresponds to a GC (j,k, wild-type dLN, n=4; Pik3cd™**?°*"* rLN, n=12; Pik3cd=*?®* dLN n=6). IF analyses are representative of 2-3
independent lymph nodes analyzed. |, Representative FACS plots and histograms of DZ (CXCR4"CD86'°) and LZ (CXCR4°CD86™)
gated on NP* GC B cells (wild-type n=8, Pik3cd™%?** n=7). m, Percentage (of live cells) and numbers of CD4"B220"CXCR5 PD1~
Foxp3" Treq cells, and CD4"B220 PD-1°CXCR5 "Foxp3” Ter cells in rLN and dLN (wild-type n=8, Pik3cd™***"* n=7). Data in (a-f, I, m)
are representative of two independent experiments. Shown is the mean + SEM. Significance analyzed by Mann-Whitney U test. *P <
0.05; **P < 0.01; **P < 0.001.
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Supplementary Figure 4

T cell intrinsic roles of hyperactivated PI3KS8.

(a-b, c, j) Experimental setting described in Figure 4a. a, Representative CD44 histogram on wild-type and Pik3cd™"-""" OT-II cells




and endogenous CD4" T cells. b, Representative flow plots and histograms of GC-Tgy, pre-Ten and non-Tgy cells (gated on transferred
OT-II cells in the spleen) (wild-type n=7, Pik3cd™*?*"* n=6). c, Intracellular staining for IL-21 after in vitro re-stimulation with
PMA/lonomycin on FACS sorted wild-type or Pik3cd™*%?°" OT-II non-Tg cells (PD1"CXCR5 CD4'B2207) and Ty cells (PD1*
CXCR5'CD4'B2207), isolated on day +7 post immunization, as described in Fig. 4a (pool of wild-type OT-Il (n=7) and Pik3cd=**2°K"*
OT-II cells (n=6)). d, Analysis of IgG supernatant on in vitro culture between wild-type B cells and wild-type or Pik3cd™*?*/* polyclonal
Ten cells stimulated with anti-lgM and anti-CD3 for 7 days (pool of 4-5 mice per grou 2 e, Frequency of endogenous PD-1"CXCR5" of
CD4" B220 T cells in wild-type mice adoptively transferred with wild-type or Pik3cd 020K T-1| cells and treated with isotype control
(wild-type OT-II n=5, Pik3cd"*?®"* OT-II n=4), or anti-ICOS-L (wild-type OT-II n=4, Pik3cd® %" OT-II n=5) (experiment described in
Fig. 4d). f, Experiment outline of (g, h). Naive wild-type and Pik3cd=*?*"* mice received isotype control (wild-type n=5, Pik3cd=*"2°/*
n=5), or anti-ICOS-L (wild-type n=6, Pik3cd™*****"* n=5) on day 0 (i.v.), +2, +4, +6 (i.p.) and were sacrificed on day+7 post treatment. g,
Representative contour plots and histogram of endogenous PD-1"CXCR5" T cells (of CD4'B2207). h, Histogram of FAS'GL-7" GC B
cells (of B220"CD19" B cells). i, Analysis of CD69 and CD25 on wild-type and Pik3cd™%?°'* naive OT-II cells activated in vitro with
CD11c" DC and OVAsz3.339 for 20 h (pool of 2-3 mice per group). j, Frequency of FAS'GL-7" GC B cells (of B220'CD19" B cells)
related to Fig. 4a (wild-type n=7, Pik3cdF1020K n=6). Data are representative of two independent experiments. Data are expressed as
mean + SEM with each dot indicating one mouse. Significance analyzed by Mann-Whitney U test. *P < 0.05; **P < 0.01.
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Supplementary Figure 5

B cell intrinsic roles of hyperactivated PI3Ka.

a, Related to Figure 5a. Frequency of wild-type OT-Il and wild-type OT-Il Tgy cells (PD-1"CXCR5°CD4"B2207) in wild-type hosts
together with wild-type (n=8) or mutant (n=7) MD4 B cells immunized i.p. with HEL-OVA 323.339 in alum. b, Schematic experimental
layout for panels (c-f). Wild-type OT-Il (CD45.1") and wild-type (n=6) or Pik3cd™%*** (n=8) polyclonal B cells (CD45.2") were
adoptively transferred into MD4 hosts (CD45.1/2") and immunized i.p. with NP-OVA in alum. Analysis in the spleen on day+8. c}
Frequency of transferred polyclonal CD45.2"B220°CD19" B cells (of live cells). d, Numbers of transferred CD45.2"B220°CD19"GL- T
"FAS" GC B cells. e, Frequency of polyclonal CD138"B220"" plasma cells/blasts (of transferred CD45.2" cells). f, Representative
contour plots of frequency of NP™ GC B cells within transferred B cells, histogram of NP* GC B cells, and ratio between numbers of NP|
and NP~ GC B cells. g, Analysis of CD86 and CD69 on wild-type and Pik3cd™**?®* follicular (FO) MD4 B cells activated in vitro witl
HEL for 20 h (pool of 2-3 mice per group). h, Analysis of in vitro differentiated plasma cells (BLIMP-1-YFP*CD138") generated from F(
B cells stimulated with LPS and IL-4 or IL-21 for 3 days (gated on live B cells) (pool of 2-3 mice per group). i, Experimental outline of
mixed BM chimeras between different ratios (20:80 n=6, 80:20 n=10, 50:50 n=2) of wild-type (CD45.1") and Pik3cd=****"* (CD45.2*
bone marrow cells, transferred into irradiated wild-type hosts (CD45.1/2"). j, Frequency of B220°CD19°GL-7"FAS’ GC B cells withi
wild-type and Pik3cd™%?*“* cells, and live GC B cells (Annexin— viability dye™). k, FO B cells were kept in vitro without stimulation and
analyzed for viability at different time points (wild-type open circles, mutant closed circles). |, m, FO B cells were activated in vitro for 3
days with the indicated stimuli and assessed for CTV dilution and viability. n, FO B cells were stimulated in vitro with LPS+IL-4, treated
with or without CAL-101 (PI3K3 inhibitor) and analyzed for CTV dilution and viability on day+3 (k-n, pool of 2-3 mice per group). Data
are representative of 2 (a, b-g, i-k, n), and 3 (h, |, m) independent experiments. Data are expressed as mean + SEM with each dot
indicating one mouse. Significance analyzed by Mann-Whitney U test. **P < 0.01.
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Supplementary Figure 6

Pik3cd™?°* mice develop IgM autoantibodies.

(a-b) Wild-type and Pik3cd™"?°"* sera were analyzed at 14-16 weeks of age. a, ELISA for serum ANA-IgM (n=5 per group). b, Serum
IgM autoantibody array chip is shown; a colorimetric representation of relative autoantibody reactivity in each sample and for each self-
antigen is shown based on the scale (0-3) depicted on top of the heat map. The sera of 3 wild-type and 11 Pik3cd= %" were)
analyzed, and sera from 2 lupus-prone MRL/NZM mice were used as a positive control. Data in (a) are representative of 2 independent
experiments. Data in (b) have been obtained from one experiment examining sera from multiple litters. Data are expressed as mean *
SEM with each dot indicating one mouse. Significance analyzed by Mann-Whitney U test. *P < 0.05.
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Supplementary Figure 7
: : H : E1020K, : : e . : E1020K :
Disorganized GCs in Pik3cd™%*** mLN, and microbiome composition of wild-type and Pik3cd®***** mice.

a, Confocal immunofluorescence images from the mLNs of naive wild-type and Pik3cd

ET020K/+

mice (scale bar 200 um left panel; 30 um




enlargements). White dotted line denotes the boundary between the B cell follicle and T cell zone and is based on B220 staining (not
shown). CD35 staining intensity was used to mark the light zones (LZ) and dark zones (DZ) of the GC (BCL-6"). Images are
representative of mLNs from 2 mice per group from 2 separate experiments. b, Numbers of GCs per mLN (n=1 per group). c, Histo-
cytometry was used to quantity the distribution of Ty cells in DZ as described in Supplementary Figure 3f. The percentage of cells
within the DZ gate is shown. Each symbol refers to a GC. d, Normalized numbers of Ty cells (identified as in ¢) per DZ GC area (BCL-
6" CD357) (c, d, wild-type n=9, Pik3cd™*"?°""* n=19) e, Bar plots of baseline microbiota profile by 16s rRNA sequencing in wild-type
(n=8) and Pik3cd™'%°*"* (n=6). Relative family-level abundances of fecal samples prior to sorting based on IgA are shown. f, Principal
Coordinates Analysis (PCoA) plot shown using the Canberra beta diversity metric, performed on baseline microbiota profiles (wild-type
n=8; Pik3cd™*"?*" n=6). Significance of clustering based on genotype (wild-type vs. Pik3cd™*?*"" mice) was assessed using
PERMANOVA (P=0.46). Data in (e, f) have been obtained from 3 independent experiments. Shown is the mean + SEM. Differences
between groups were compared with Mann-Whitney U test. *P < 0.05.






