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Fig. S1. Venn diagram of genes potentially related to rheumatoid arthritis (RA), multiple

sclerosis (MS), and type 1 diabetes (T1D). The diagram was produced based on data

registered in the GWAS Catalog. The numbers in the figure indicate the numbers of genes

in the different regions. The names of genes that are registered in association with at least

two diseases and are highly expressed in lymphocytes but have unknown functions in the

immune system are shown in the figure.
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Fig. S2. (a) Schematic diagram of the mouse Aff3 gene locus and the CRISPR—Cas9
strategy used to create the Aff3-null and floxed-Aff3 alleles. The knock-in of the LoxP
fragment and the deletion of exons were confirmed by PCR cloning and sequencing of
this region. The deletion from exons 2 to 4 induces a frameshift and results in the
production of a small protein consisting of 17 amino acids of the AFF3 N-terminus and
14 amino acids resulting from the frameshift. The positions of the gRNAs and the primers
used for QRT-PCR in (c) are shown at the top. (b) The efficiency of Cre-mediated deletion
was assessed by using Rosa26-loxP-flanked stop cassette-tdTomato (R265SL4Tomatoy mice
as reporters. Spleen TCRB" T cells (for Cd4-cre) or spleen CD19" cells (for Cd19-cre)
were gated and examined for the expression of tdTomato. (c) Efficiency of Aff3 gene
deletion. B or T cells were purified from the spleens of mice of each genotype by magnet
sorting. The purity of the cells was verified by flow cytometry (upper panels). Total RNA
was extracted from the purified cells and used for gRT-PCR. 4ff3 mRNA expression was
normalized to Thp mRNA expression (lower panels). Aff3"", Aff3"" Cd4-cre®, and
Aff3f1/fl Cd19-cre” indicate floxed Aff3, floxed Aff3 crossed with Cd4-cre, and floxed Aff3
crossed with Cdl9-cre mice, respectively. The primers used in the experiments are

indicated in (a) and listed in Table S4.
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Fig. S3. Effects of Aff3 deficiency on T-cell populations. (a) Analysis of thymocytes and
T-cell subpopulations (n=3 in each group). (b-f) Analysis of splenocytes. (b) Number of
splenocytes (n=3 in each group). (c¢) Flow cytometry analysis of T cells in the splenocyte
population (n=3 in each group). (d) CD4 and CD8a profiles of TCRB"-gated cells (n=3
in each group). (¢) CD62L and CD44 profiles of TCRB'- and CD4"- or CD8"-gated T
cells (n=3 in each group). (f) CD25 expression in TCRb"CD4" T cells (n=3 in each group).
The data are shown as the mean = SEM. The P values were calculated using an unpaired
t test with Welch’s correction, but no significant differences (p < 0.05) were observed.

The data shown in this figure are representative of two experiments.
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Fig. S4. Effects of Aff3 deficiency on (a) Thl and (b) CTL cells. Splenocytes were

cultured with anti-CD3 and soluble anti-CD28 antibodies at the indicated concentrations.

After 3 days of culture, the cells were restimulated with PMA, ionomycin, and brefeldin

A for 5 hours. Intracellular IFNy expression was assessed by flow cytometry. The data

shown in this figure are representative of three experiments. In all panels, the data are

shown as the mean + SEM.
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Fig. S5. Effects of 4ff3 deficiency on somatic hypermutation. Mice were immunized with
NP-conjugated chicken gamma-globulin and complete Freund’s adjuvant. Four weeks
after immunization, the B-cell population and anti-NP antibodies were analyzed. (a) Anti-
NP antibodies in serum (4ff3" n=4 [purple] and Aff3”" n=5 [red]). NP=2 or NP=25
polymerized antigens were coated on the plate. The antibody titers were assessed by
ELISA. (b) Statistical analysis of the ratios of anti-NP=25 to NP=2 antibody titers for
IgG2b and IgA. The OD450 nm values of x2560 (IgG2b) or x640 (IgA) in Panel a were
used for the analysis (n=4 or 5 in each group). In all panels, the data are shown as the
mean £ SEM. *, ** *** and **** indicate significant differences at p<0.05, 0.01, 0.005,
and 0.001, respectively. The P values were calculated using multiple Welch’s t tests with

Holm-Sidak correction (a) or unpaired t tests with Welch’s correction (b).
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Fig. S6. Effects of Aff3 deficiency on influenza infection in mice. (a) Body weights of
mice after influenza virus infection (4f/3" (purple) and Aff3”" (red), n=5 in each group).
(b) Anti-influenza virus antibodies in serum were measured by ELISA at 14 days after
infection (4ff3" n=5 [purple], Aff3”" n=5 [red], and no-infection control n=2 [black]). In
all panels, the data are shown as the mean = SEM. * ** *** and **** indicate significant
differences at p<0.05, 0.01, 0.005, and 0.001 between Aff3"" and Aff3”" mice, respectively.
The P values were calculated using unpaired t tests with Welch’s correction (a) or multiple

Welch’s t tests with Holm—Sidak correction (b).
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Fig. S7. ChIP—qPCR analysis of RNA polymerase II. CD43" B cells were harvested from
Aff3™" or Aff3”" mice and cultured in the presence of 10 pg/mL LPS and 10 ng/mL IL-4.
After 2 days of culture, ChIP—-qPCR was performed with an anti-RNA polymerase 11
antibody and the primers indicated in the diagram and Table S4. Acta and Actb were used
as the negative and positive controls, respectively. Duplicate data for each sample are

shown.
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Fig. S8. Strategy of Aff3 KO in CH12 cells. (a) Position of gRNA-1/2 and the predicted

KO allele. The cyclin T1 binding site, which is thought to be important for AFF3 function,

is shown in green. (b) Primers used for genotyping the 4ff3-KO allele. The numbers in

the gray boxes signify the exon numbers (a, b). (c) Agarose gel electrophoresis for

genotyping. Clones 4, 15 and 16 were chosen for further analysis, as shown in Fig. 6.

They were renamed clones 1, 2 and 3, respectively. The primers used in the experiments

are listed in Table S4.



-
1
Aff3

*k%

EV

* u

I 1 |
) 0 5 0
1 1

sI192 pajeb- _d49,61aD ul ,1O6] 0 %



Fig. S9. Overexpression of the AFF3 protein increases class switching to IgG1. CD43" B
cells were harvested from 4ff3" mice and cultured with LPS and IL-4. The cDNA of 4ff3
was transduced into the cells with a retroviral vector carrying the GFP marker. After 4
days of culture, the cells were analyzed by flow cytometry. GFP'CD19" cells were gated,
and the percentage of IgG1" cells was measured (n=3 in each group). EV indicates the
empty vector. Aff3 indicates the Aff3 cDNA-containing vector. The data are shown as the
mean £ SEM. *, ** *** and **** indicate significant differences at p<0.05, 0.01, 0.005,
and 0.001, respectively. The P values were calculated using unpaired t tests with Welch’s

correction. The data shown in this figure are representative of two experiments.



Extended Data Table 1. The rates of the swich regions in Aff3 " and A3 B cells)

Mutations in IgM switch region

Aff3*"

Aff3 ™"
mutated sequenced sequceded mutated sequenced sequceded
nucleotides nucleotides  clone number nucleotides nucleotides  clone number
#1 8 5656 15 #1 9 4995 13
#2 3 2665 11 #2 6 3205 11
#3 3 4364 12 #3 5 4443 14
sum 14 12685 38 sum 20 12643 38
total mutation rate| 0.0011037 total mutation rate| 0.0015819
Mutations in 1gG1 switch region
Aff3*" Aff3 ™"
mutated sequenced sequceded mutated sequenced sequceded
nucleotides  nucleotides  clone number nucleotides nucleotides  clone number
#1 6 4536 11 #1 2 9237 15
#2 5 3822 #2 0 2696 4
#3 3 2399 #3 0 4055 10
sum 14 10757 29 sum 2 15988 29
total mutation rate| 0.0013015 total mutation rate| 0.0001251




Extended Data Table 2. antibodies used in flow cytometry

Antibody SOURCE IDNETIFIER
PB anti-CD4 , clone RM4.5 Biolegend 100531
FITC anti-CD4, clone GK1.5 BD Biosciences 553729
V500 anti-CD8a., clone 53-6.7 Biolegend 100752
PE anti-TCRJ, clone H57-597 Biolegend 109208
PB anti-CD62L, clone MEL-14  |Biolegend 104424
PECy7 anti-CD44, clone IM7 Biolegend 103030
APC anti-CD25, clone PC61.5 Invitrogen 47-0251-82
APC anti-IFNy, clone XMG1.2  |Biolegend 505810
PECy7 anti-CD19, clone 6D5 Biolegend 11520
APC anti-CD19, clone 6D5 Biolegend 115512
PECy7 anti-CD23, clone B3B4  |Biolegend 101614
PE anti-CD21, clone eBio879 eBioscience 12-0211-083
PE anti-CD138, clone 281-2 BD Biosciences |553714
PB anti-CD73, clone TY/11.8 Biolegend 127217
APC anti-IgGl, clone RMG1-1  |Biolegend 406609
BV421 anti-IgG3, clone R40-82 |BD Biosciences [565808
biotin anti-IgG2c, clone 5.7 BD Biosciences |553504
APC streptavidin Biolegend 405207
APC anti-CD86, clone PO3 Biolegend 105114




Extended Data Table 3. Catalog numbers of antibodies for ELISA

All antibodies in this table were purchaced from Bethyl laboratories

capture antibody

dection antibody (HRP-cojugated)

IgM goat polyclonal (Cat. No. A90-101A) |goat polyclonal (Cat. No. A90-101P)
IgG1 goat polyclonal (Cat. No. A90-105A) |goat polyclonal (Cat. No. A90-105P)
IgG2b goat polyclonal (Cat. No. A90-109A)  |goat polyclonal (Cat. No. A90-109P)
IgG2c goat polyclonal (Cat. No. A90-136A) |goat polyclonal (Cat. No. A90-136P)
IgG3 goat polyclonal (Cat. No. A90-111A)  |goat polyclonal (Cat. No. A90-111P)
IgA goat polyclonal (Cat. No. A90-103A) |goat polyclonal (Cat. No. A90-103P)




Extended Data Table 4. oligonucleotides used in this paper

Oligonucleotide Sequence Reference
Aff3 fwd for cloning (Fig3d) CCCACCATGGACAGCTTC
Aff3 rev for cloning (Fig3d) CAGTCTGGCTCAAAGGCTTG
Aff1 fwd for cloning (Fig3d) CACTTAATGGAAACGAGGATTCTC
Aff1 rev for cloning (Fig3d) CTTCCAATGGTGCAGAGACA
Aff4 fwd for cloning (Fig3d) AACATGAACCGTGAAGACCGG
Aff4 rev for cloning (Fig3d) TGGCAGTTTTCCTTTGTGATG
Aicda fwd (Fig4c) ATCGGGATCATGACCTTCAA
Aicda rev (Fig4c) GCCGAAGTTGTCTGGTTAGC
Acta fwd (Fig4d, FigS7) CTTCTCCATGTCGTCCCAGT
Acta rev (Fig4d, FigS7) GGACTCCTACGTGGGTGATG
Sp SR fwd (Fig4d) TGGCCAGAACCAGAATCAATT XuJ etal (70)
Sp SR rev (Fig4d) GCCTCACATAATCCATGTCAGCTA Xu J etal. (70)
Tbp fwd (Fig4c, 5a, S2¢) CTCAGTTACAGGTGGCAGCA
Tbp rev (Fig4c, 5a, S2c¢) CAGCACAGAGCAAGCAACTC
Sy1-c fwd (Fig4d, FigS7) CCTCAGCTCTTTTGCAGGTG
Sy1-c rev (Fig4d, FigS7) AAGTAGAGGGAAGCCCAAGC
Sy1-d fwd (Fig4d, FigS7) CTTGCTCCTAAGGCACTGCT
Sy1-d rev (Fig4d, FigS7) CAGCCAGGAGAAATGGAAGA
Sy1 germline fwd (Fig5a) GGATCCAGAGTTCCAGGTCACT
Sy1 germline rev (Fig5a) GGCCTCCTAGACAAGCACAG
Sy1 postswitch fwd (Fig5a) TCTGGACCTCTCCGAAACCA LinL et al. (71)

Sy1 postswitch rev (Fig5a)

GGATCCAGAGTTCCAGGTCACT

Wang NS et al. (72)

Sp-Sy1-SR fwd (Fig5b)

AATGGATACCTCAGTGGTTTTTAATGGTGGGTTTA

Reina-San-Martin B et al. (73)

Sp-Sy1-SR rev (Fig5b)

AACTACTAAACTTGTACCTGTCCTGGCACC

Denkelmann M et al. (74)

Cd19 fwd (Fig5b) AATGTTGTGCTGCCATGCCTC Rickert RC et al. (75)
Cd19 rev (Fig5b) GTCTGAAGCATTCCACCGGAA Rickert RC et al. (75)
Aicda for qRT-PCR (Fig6a) GCCACCTTCGCAACAAGTCT

Aicda for qRT-PCR (Fig6a) CCGGGCACAGTCATAGCAC

Su GLT fwd for qRT-PCR (Fig6a) TAGTAAGCGAGGCTCTAAAAAGCAC

Su GLT rev for qRT-PCR (Fig6a) ACTCAGAGAAGCCCACCCAT

So. GLT fwd for gqRT-PCR(Fig6a)

GGCTAGAATGGGCTAGAGTGAGTTA

Sa GLT rev for qRT-PCR(Fig6a)

GCCTATTTTGGCCAGTCTACTTAC

Sp-P fwd (Fig6d)

CCACCTGGGTAATTTGCATTTC

Methot et al (52)

Sy-P rev (Fig6d)

GGGAAACTAGAACTACTCAAGCTAA

Methot et al (52)

Sp-a fwd (Fig6d)

TAGTAAGCGAGGCTCTAAAAAGCAC

Cortizas et al (76)

Sp-a rev (Fig6d) ACTCAGAGAAGCCCACCCAT Cortizas et al (76)
Sp-b fwd (Fig6d) GGTTGGGAGACCATGAATTG Cortizas et al (76)
Sp-b rev (Figéd) TTCTTAGCTCAACCCAGTTTATCC Cortizas et al (76)
Sa-a fwd (Fig6d) AAGCAGGCCTGGGGTGGACA Methot et al (52)

Sa-a rev (Figbd)

AGCAAGCTCAGCCCAGCCTAA

Methot et al (52)

Sa-b fwd (Fig6d)

CTTGGCTAGGCTACAATGGATTGAGC

Cortizas et al (76)

Sa-b rev (Figbd)

GTGCAACTCTATCTAGGTCTGCCCGGT

Cortizas et al (76)

gRNA Aff3 target 1 (FigS2a)

CCTCGTGAGGGGGATGACATTCC

gRNA Aff3 target 2 (FigS2a)

CCACTCGATAGGTCGCAGGAAAG

Aff3 fwd for qRT-PCR (FigS2a,S2c) CACCGTCCGATGGCCAACA

Aff3 rev for qRT-PCR (FigS2a, S2c) GGGGGAAAGTTCTGAACACA
Sy1-a fwd (FigS7) CCTGTAGTCCATGCCAAACA
Sy1-arev (FigS7) GGCCTCCTAGACAAGCACAG
Sy1-b fwd (FigS7) TGCAGGTCTTGTGTCCTGAG
Sy1-b rev (FigS7) TCCCAGCATTGGGATTAGAG
Sy1-e fwd (FigS7) TCTGATGTGGGCATCTGTGT
Sy1-e rev (FigS7) GATGTGCCGACTTCAATGTG
Sy1-f fwd (FigS7) GGATCCAGAGTTCCAGGTCA
Sy1-f rev (FigS7) CGACACCCCCATCTGTCTAT
Actb fwd (FigS7) CAGCTTCTTTGCAGCTCCTT

Actb rev (FigS7) GGACCCTGCAGTGAGGTACT
gRNA Aff3 exon 2 target sequence (FigS8) JAGCGAACCCTACAAGGTAGA
gRNA Aff3 exon 4 target sequence (FigS8) JAAGTGTGCAATATGGAGACG

genotyping Aff3 0OJ1668 (FigS8)

TCAGATGTACATGACTTTGGGC

genotyping Aff3 OJ1669 (FigS8)

TTAGGAGATTCGTCAGGAGCTT

genotyping Aff3 OJ1703 (FigS8)

GCCACAATGCAAAACCTGTTCA

genotyping Aff3 0OJ1703 (FigS8)

AGGAGGCATTCCATCGCTAAGT




Extended Data Table 5. abbrevation of cell types in Fig7a

naive CD4 naive CD4 cells

Mem CD4 Memory CD4 cells

Thl T helper 1 cells

Th2 T helper 2 cells

Th17 T hlper 17 cells

Tth T follicular helper cells

Fr. InTreg Fraction I naive regulatory T cells

Fr. Il eTreg Fraction II effector regulatory T cellls
Fr. II'T Fraction III non-regulatory T cells
Naive CDS8 Naive CDS8

CM CDS8 Central memory CDS8 T cells

EM CD8 Effctor memory CDS8 T cells
TEMRA CDS8 |CD8+ effector memory CD45RA+ cells
NK Natural killer cells

Naive B Naive B cells

USM B Unswitched memory B cells

SM B Switched meory B cells

Plasmablast ~ |Plasmablasts

DN B Dobule nagative B cells (IgD-negative, CD27-negative)
CL Mono Clasical monocytes

CD16p Mono |CDI16 positive monocytes

Int Mono Intermediated monocytes

NC Mono Non-classical monocytes

mDC Myeloid dendritic cells

pDC Plasmacytoid dendritic cells

Neu Neutrophils

LDG Low-density granulocytes
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