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BALB/c

Fig. S1. Reactivity to glomeruli of purified serum IgA from gddY mice

Serum IgA was purified from 20- week-old (wo) BALB/c or gddY mice. Kidney sections from
AlID-knockout mice were stained with the purified IgA (10 pg/ml) from BALB/c (left) or gddY
(right) mice, and secondarily with PE-anti-IgA Ab (red) with DAPI (blue). Dashed circles indicate

areas of glomeruli.
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Fig. S2. Reactivity to all-spectrin by the serum IgA of gddY mice

A representative WB of HEK293T cells transfected with a mock (-) or FLAG-tagged Sptan1C (+)
vectors and probed with pooled sera from four 16-wo BALB/c mice or sera from gddY mice (n=4)
followed by anti-IgA Ab (left). The red arrow indicates a band of Sptan1C, as confirmed with an
anti-FLAG Ab (right). Shown is a representative of four independent experiments with different

samples.
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Fig. S3. Serum anti-SPTBN1 IgG levels in HC and IgAN patients
ELISA determination of anti-SPTBNI1 IgG Abs in the same serum samples as in Fig. 2E were
determined by ELISA. Small horizontal lines indicate the mean (black) = s.d. (colored) of each

group. n. s: not significant.
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Fig. S4. Comparison of clinical and pathological parameters between anti-SPTBN1 IgA low
and high groups of IgAN patients

(A to C) The levels of proteinuria (uPCR: urinary protein-to-creatinine ratio; A), MEST
pathological scores (B) or serum Gd-IgA1l levels (C) were compared between the anti-SPTBN1
IgA ‘low’ (low) and ‘high’ (high) groups of IgAN patients. Small horizontal lines indicate the

mean (black) = s.d. (colored) of each group. n. s: not significant.
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Fig. S5. IgA* plasmablast accumulation in the kidney of gddY mice

(A) Gating strategy of IgA" CD138" plasmablasts (PBs) in the kidney of gddY mice.

(B) Flow cytometric analysis of Ki67 expression in the cells in the indicated gates. Shown here
are histograms of IgA* CD138" cells in the kidney (blue) or the small intestine (red) of gddY mice,
or B220" GL7" GC B cells (green) and B220" GL7 naive B cells (gray) from the spleen of
C57BL/6 mice immunized with NP-CGG in alum six days previously.

(C) Immunofluorescence microscopy of kidney sections of BALB/c or gddY mice stained for [gA
(green) and CD138 (red), and with DAPI (blue). The arrow indicates one of the IgA* CD138" cells.
(D) Flow cytometric analysis of leukocytes from the kidneys of NZB/W F1 (top) and gddY
(bottom) mice. CD138" B220Y cells (left) were further analyzed for intracellular staining with
anti-IgA and anti-IgG antibodies (right).

(E) The frequency of I1gG" (blue) or IgA* (red) cells among the CD138" B220"" cells in the
kidneys of gddY mice as determined in (D) (n=8). Small horizontal lines indicate the mean (black)
+ s.d. (colored) of each group. ****P < 0.0001 (Student’s #-test). The numbers in the panels
indicate the percentage of cells within the adjacent gates among live cells (A, B and D) or within

the quadrants (D).
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Fig. S6. Correlation between the frequency of IgA* ASCs in the kidneys and disease

severity in IgAN patients
(A and B) Serum creatinine levels (s-Cr; A) and the levels of proteinuria (uPCR; B) of the patients
are plotted against the average number of CD138" cells per glomeruli (CD138" cells /glo) in biopsy

samples of the same patients.
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Fig. S7. Reactivity to glomerulus of IgA secreted by IgA™ PBs of the kidney in gddY mice
(A) Schematic representation of the culture system to produce Ab from PBs. IgA" PBs sorted from
the kidneys of gddY mice were cultured with IL-6 on 40LB/APRIL feeder cells for six days.

(B) Immunofluorescence microscopy of kidney sections of an AID-knockout mouse stained with
serum IgA from 12-week-old BALB/c mice (control) or the supernatant of the culture described
in (A), followed by PE-anti-IgA Ab (red) and DAPI (blue). White lines represent areas of the

glomeruli.
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Fig. S8. Absence of GC B cells in the kidneys of 8-week-old gddY mice

(A) Flow cytometric analysis for the expression of GL7 and CD38 (right panels) on B220" CD138"
cells (left panels) in the same samples as in fig. S5D.

(B) The frequency of GL7* CD38 (GC) B cells among B220* CD138" cells as determined in (A)
(n=6 for NZB/W F1, n=8 for gddY). Small horizontal lines indicate the mean (black) + s.d.
(colored) of each group. *P < 0.05 (Student’s 7 test). Data are representative of three independent

experiments.
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Fig. S9. MC binding of rIgAs generated from kidney IgA* PBs of gddY mice

(A) Gating strategy for the flow cytometric analysis (Fig. 5B and fig. S9B) of primary-cultured

mouse MCs.

(B) The MCs were intracellularly stained with the indicated rIgA Abs derived from IgA™ PBs in

gddY mouse kidneys or anti-NP rIgA (#NP) (red line), or without the primary Ab (shaded),

followed by anti-IgA Ab. Data are from the same experiment as shown in Fig. 5B.



A anti-IgA anti-IgA c

serum S kidney rlgA (monomer)
: - <Da 0.7 9 — p-rigA #9
kDa m {250
polymer —
250 4 8 . G j| - [~ 150 0.6 4 m-rigA #9
‘ [— 100 — p-rigA #7
150 -{ =0 monomer
- ] 0.5 1 p-rigA #NP
. - 3
B anti-lgA anti-His A
_ _— O 04 1
HEK J-HEK HEK J-HEK
S 0.3 1
s -— :| polymer kpa i| polymer /
. 250 -
250 0.2 - /
150 :| monomer "0 :l monomer
—_— 0.1
1 3.75 15 pg/ml

Fig. S10. Generation of polymeric rIgA derived from kidney IgA* PBs of gddY mice

(A) Pooled sera from three gddY mice (serum) or supernatants of IgA* ASCs from the small
intestine (SI) or the kidney (kidney) of the same mice cultured for one day without any cytokines
(left panel) and rIgA #9 (right panel) were subjected to SDS-PAGE under non-reducing conditions
and probed with anti-IgA.

(B) Recombinant IgAs secreted from HEK293T cells (HEK) or those expressing His-tagged J
chain (J-HEK) were analyzed as in (A) (left panel) and re-probed with anti-His-tag Ab (right panel).
(C) Reactivity of the indicated monomeric (m-) or polymeric (p-) rlgAs with FL-Sptbnl was

evaluated by ELISA. ODaso values of each rIgA at the indicated concentrations are shown.
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Fig. S11. Flow cytometric analysis of purified glomerular cells

(A to C) Flow cytometric analysis of combined glomerular cells collected from the kidneys of
eight BALB/c mice.

(A) Gating strategy of non-leukocytes (CD45") for (B and C) and Fig. 6A-C. The numbers indicate
the percentage of gated cells (outlined) among the total cells plotted.

(B and C) Histograms showing CD105 (B) and PDGFRp (C) expression on the same ETs (blue),
PDs (brown) or MCs (red) as shown in Fig. 6A-C. Average MFIs of CD105 or PDGFRp are shown
as bar graphs (n=2). *P <0.05, **P < 0.01 (one-way ANOVA with multiple comparison test).
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Fig. S12. Cell surface expression of BII-spectrin and its recognition by IgA auto-Abs of
gddY mice

(A) Gating strategy for live cells analyzed by flow cytometry in (B to K) and Fig. 6D and E. The
numbers indicate the percentage of the cells within the adjacent gates (outlined) among the total
cells plotted.

(B to K) Flow cytometric analysis of the indicated cells transfected, or not, with the indicated
expression vectors. The numbers indicate percentages of the cells within the gates among live cells.
(B) HEK293T cells transfected with mock, FLAG-tagged FL-Sptbnl or SptbnlA, 1B, or 1C
vectors were stained with anti-FLAG Ab on the surface (top) or intracellularly (bottom).

(C) HEK293T cells transfected with mock or T7-tagged FL-Sptbnl vectors were surface stained
with anti-T7 Ab.

(D) HEK293T cells transfected as in (C) were treated with (right) or without (left) accutase for 10
min and then surface stained with anti-T7 Ab.

(E to G) BALB/c 3T3 cells transfected with mock or FLAG-tagged FL-Sptbnl vectors (E), and
Hep2G cells (F) or HeLa cells (G) transfected with mock or FLAG-tagged FL-SPTBN1 vectors,
were analyzed as in (B).

(H) HEK293T cells transfected with mock or FLAG-Sptbn1C vectors were stained with anti-
FLAG Ab and with or without the indicated p-rIgA Ab followed by the secondary anti-mouse IgA
Ab. Surface binding of the secondary Ab on FLAG" (upper gate) or FLAG™ (lower gate) live cells
is shown as histograms with MFIs.

(I) HEK293T cells transfected with a mock vector were surface stained with p-rlgA #7 or #9,
followed by anti-mouse IgA Ab.

(J) Untransfected HEK293T cells were surface stained with rabbit anti-BII-Spectrin Ab (right) or
isotype-matched control Ab (left) followed by BV421-labelled anti-rabbit IgG Ab.

(K) HEK293T cells transfected with mock, FLAG-tagged Sptbn1C or FL-Sptbnl vectors were
surface stained with anti-FLAG and anti-BII-Spectrin Abs. All data are representative of two or

three independent experiments.
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Fig. S13. Tissue specificity of in vivo binding by p-rIgA #9

(A) Immunofluorescence microscopy of sections of an AID-knockout mouse kidney, first stained
with the indicated m-rIgA or p-rIgA Abs followed by PE-anti-IgA Ab (red) and DAPI (blue). The
dashed circles represent areas of glomeruli.

(B) Sections of the indicated tissues from the same mice used in Fig. 6F and G (the mice injected
with p-rIgA #7 or #9 as indicated) were stained with PE-anti-IgA Ab (red) and DAPI (blue). Data

is one of two independent experiments with similar results.



rAbID | Vregion(H) | Dregion(H) | Jregion (H) psrf;':rﬁ(‘;t’gﬁ) ;'i’;z'r"a";:f) Vregion (L) | J region (L) ;?;ZIrﬁ(cLPg:) ;’i’"ﬁf;’:g"f) i amino @ aeinlo. amino -
1 IGHV119°01 | IGHD5.2 IGHIT"01 mVH8 Fw Xhol mJHI Rv Notl | IGKVE30°01 | IGKJ501 mVKI1 FwXhol | mJK04 Rv Notl 6 2
2 IGHVI-18'01 | 1GHD21 IGHI2°01 mVHB Fw Xhol mIHZRY Notl | IGKV6-13'01 | IGKJ501 mVKT1 FwXhol | mJK04 Rv Not 9 6
3 IGHV5A7'01 | IGHD24 IGHI4"01 TMVHB Fw Xhol mIHA RV Notl | IGKVAB101 | IGKI501 VK3 Fw Xnol mJK04 Rv Notl 3 10
3 1GHVE-1201 | IGHD2-14 1GHIF01 | mVH19 Fw Xhol mIH3RVNoll | IGKV6-15°01 | IGKJZ'01 mVKT1 FwXhol | mJK02 Rv Nol ] 1
5 IGHVI12°01 | IGHDA1 IGHI2'01 | mVH23 Fw Xhol mIHZRY Notl | 1GKVA-110°02 | IGKJT'01 mVKI5 Fu Xnol mJK01 Rv Notl [ 4
6 1GHV6-301 | IGHDI-1 1GHIZ01 mVHS Fw Xnol mJH3RVNol | IGKVA-54'01 | IGKJ2'01 VK3 Fw Xnol mJK02 Rv Notl 3 3
7 IGHV182°01 | IGHDIA 1GHIZ01 TMVH2 Fw Xnol mIHZRVNoll | IGKVA-G&01 | IGKJZ'01 VK3 Fw Xnol mJK02 Rv Notl 5 5
8 IGHVIA&01 | IGHD22 IGHIZ°01 mVHB Fw Xhol mIHZ RV Notl | 1GKV12-38°01 | IGKJT°01 VK10 Fu Xnol mJK01 Rv Notl 8 10
9 IGHV5.6'01 | IGHDI-1 IGHIZ'01 mVHS Fw Xhol mJHZRY Notl | IGKV10-9602 | IGKJT°01 mVK14 Fw Xnol mJK01 Rv Notl 3 2
10| 1GHVI-19°01 | 1GHD2401 | IGHI01 TVHB Fw Xhol mJHA Ry Notl | IGKVA-110°02 | IGKJT'01 mVKI5 Fw Xnol mJK01 Rv Notl 0 2
1 1GHV5-9'01 | IGHD2-14°01 | IGHI4"01 MVHTS Fw Xnol mIJHARVNo | IGKV6.20'01 | IGKJ2'01 mVK22 FwXhol | mJK0Z Rv Notl 5 3
12| 1GHVI8'01 | IGHD2-14°01 | IGHJ301 mVH8 Fw Xhol mJH3 RY Notl | IGKV14-126°01 | IGKJZ'01 VKB Fw Xnol mJK02 Rv Nol 3 0
13| 1GHVI7201 | IGHD2301 | IGHI01 mVH1 Fw Xhol mHA Rv Notl | 1GKV10-9602 | IGKJT'01 mVK14 Fu Xnol mJK01 Rv Notl 3 1
14| 1GHVAT01 | 1GHD23'01 | IGH2'02 | mVHI5 Fw Xnol mJHZRVNol | IGKVA-68'01 | 1GKJ501 VK3 Fw Xnol mJK04 Rv Notl 5 5
15 | IGHVEAT01 | IGHD2401 | IGHI01 TVHB Fuw Xnol mIHARVNol | IGKVAG8'01 | 1GKIZ01 VK Fw Xnol mJK04 Rv Nol 3 T
16 | 1GHVI5201 | IGHD214'01 | IGHI401 mVHG Fw Xhol mIHA RV Notl | IGKVE-13'01 | IGKJ501 mVKIT FwXhol | mJK04 Rv Notl 6 7
17| 1GHVI58'01 | IGHD21301 | IGHIZ'01 mVH8 Fw Xhol mJHZRY Notl | IGKVI4-100°01 | IGKJT01 mVK19 Fu Xnol mJKO1 Rv Notl 3 3
18| 1GAVIAB01 | 1GHDZ101 | IGHJ201 mVHB Fw Xhol mIHZRY Notl | IGKV6-13'01 | IGKJZ01 mVKIT FwXhol | mJK02 Rv Notl 0 3
19 | IGHVSAT01 | IGHDI-T01 | IGHJT01 mVHB Fu Xnol mJHIRVNoll | 1GKVI-117°02 | IGKJ4°01 mVK23 FwXhol | mJK03 Rv Notl 0 5
20 | IGHVI-19°01 | I1GHD24'01 | IGHI&01 TMVHB Fuw Xnol mIHARVNol | IGKV6-1301 | IGKJ401 mVKTT FwXhol | mJK03 Rv Nol 5 2

Table S1. Characteristics of rIgA Abs generated from the kidneys of gddY mice

Identities of the germline V, (D) and J segments constituting the variable regions of heavy (H) and
light (L) chains. Specific primers used for PCR amplification of the variable regions and the
number of amino-acid mutations in the translated variable regions of the H and L chains, are

outlined for each rIgA (rAb ID).



HC (n=14) IgAN (n=45) A IgAN (n=.35)A
for detecting serum auto-Abs for detecting IgA ASCs in kidney samples
Age 33.3 [27-35] 35.2 [18-65] 36.9 [20-68]
Gender (M/F) 8/6 21/24 16/19
Serum IgA (mg/dl) 151 [41-260] 313.0 [150-533] 319 [174-533]
Gd-IgA1 (ug/ml) 42 [17-83] 6.74 [3.1-18.0] 6.2 [2.9-11.9]
eGFR (ml/min/1.73m?) n.m 86.2 [35.8-117.6] 84.8 [26.8-138.2]
Proteinuria (g/gCr) n.d 0.62 [0.1-3.57] 0.67 [0.3-4.83]

Table S2. Clinical characteristics of the participants
Clinical information of the healthy control individuals (HC) and the patients with [gAN involved
in this study. M/F: male/female; Gd-IgA1: Galactose-deficient IgA1; eGFR: estimated glomerular

filtration rate; n. m: not measured; n. d: not detected.



For generation of rAb

PCR step Name 5'-3" sequence
\gh 15 POR igh 1st PCR Fw GGGAATTCGAGGTGCAGCTGCAGGAGTCTGG
igh 1st PCR Rv (Ca) CCTATATTGGTGGCACTTGAAAG
i 2nd POR Igh 2nd PCR Fw GGGAATTCGAGGTGCAGCTGCAGGAGTCTGG
igh 2nd PCR Rv (Ca) TAAGTGCTAATGAAGGGAAAGCCGT
TGCTGCTGCTCTGGGTTCCAG
ATTWTCAGCTTCCTGCTAATC
TTTTGCTTTICTGGATTYCAG
. TCGTGTTKCTSTGGTTGTCTG
Igk 1st PCR Igr 1st PCR Fw (mix) ATGGAATCACAGRCYCWGGT
TCTTGTTGCTCTGGTTYCCAG
CAGTICCTGGGGCTCTTGTTGTTC
CTCACTAGCTCTTCTCCTC
1K 1St PCR RV (CK) TTGACATAGGTAGAAGGGTGGTAG
igk 2nd PCR Fw GAYATTGTGMTSACMCARWCTMCA
GTGGTTCGACCTTTAGTTCGCCGGCGTAATA
Igk 2nd PCR Igk 2nd PCR Rv CTGGTTCGACCTTTATTTCGCCGGCGTAATA
(1gJK 1.2.4,5) CTGGTTCGACCTCGACTTCGCCGGCGTAATA
CTGTTTCAACCTTTATTTCGCCGGCGTAATA
oy Ca Ca Fw Notl ATAATGCGGCCGCGAGAAATCCCACCATCTACCC
Ca Rv Nhel ATAATGCTAGCTCAGTAGCAGATGCCATCTCCCT
o gk Fw Notl ATAATGCGGCCGCATGCTGCACCAACTGTATCCA
lgk Rv Nhel ATAATGCTAGCCTAACACTCATTCCTGTTGAAGC
mVH1 Fw Xhol ATAATCTCGAGTCAGGTGCAGCTGCAGCAGCCTGG
mVH2 Fw Xhol ATAATCTCGAGTCAGGTGCAGCTGCAGCAGTCTGG
mVH5 Fw Xhol ATAATCTCGAGTGAGGTGAAGCTGGAGGAGTCTGG
mVHG Fw Xhol ATAATCTCGAGTGAGGTGCAGCTGGTGGAGTCTGG
mVH8 Fw Xhol ATAATCTCGAGTGAGGTGCAGCTGCAGCAGTCTGG
mVH15 Fw Xhol ATAATCTCGAGTGATGTACAGCTTCAGGAGTCAGG
mVH19 Fw Xhol ATAATCTCGAGTGAAGTGATGCTGGTGGAGTCTGG
mVH23 Fw Xhol ATAATCTCGAGTGAGTTCCAGCTGCAGCAGTCTGG
mJHT Rv Notl ATAATGCGGCCGCTGAGGAGACGGTGACCGTGG
mJH2 Rv Notl ATAATGCGGCCGCTGAGGAGACTGTGAGAGTGG
mJH3 Rv Notl ATAATGCGGCCGCTGCAGAGACAGTGACCAGAG
mJH4 Rv Notl ATAATGCGGCCGCTGAGGAGACGGTGACTGAGG
Specific PCR mVk3 Fw Xhol ATAATCTCGAGTCAAATTGTTCTCACCCAGTCTCCA
mVk8 Fw Xhol ATAATCTCGAGTGACATCAAGATGACCCAGTCTCCA
mVK10 Fw Xhol ATAATCTCGAGTGACATCCAGATGACTCAGTCTCCA
mVK11 Fw Xhol ATAATCTCGAGTGACATTGTGATGACTCAGTCTC
mVK14 Fw Xhol ATAATCTCGAGTGATATCCAGATGACACAGACTACA
mVK15 Fw Xhol ATAATCTCGAGTGATGTTGTGATGACCCAAACTCCA
mVK19 Fw Xhol ATAATCTCGAGTGACATCCTGATGACCCAATCTCCA
mVK22 Fw Xhol ATAATCTCGAGTAACATTGTAATGACCCAATCTCCC
mVK23 Fw Xhol ATAATCTCGAGTGATGTTTTGATGACCCAAACTCCA
mJk0T Rv Notl ATAATGCGGCCGCTTGATTTCCAGCTTGGTG
mJK02 Rv Notl ATAATGCGGCCGCTTTATTTCCAGCTTGGTC
mJK03 Rv Notl ATAATGCGGCCGCTTTATTTCCAACTTTGTC
mJKk04 Rv Notl ATAATGCGGCCGCTTCAGCTCCAGCTTGGTC

For generation of Sptbn1

FLAG-Sptbn1A

Sptbn1A Fw _EcoRI

ATAATGAATTCAACGACCACGGTAGCCACAGACT

Sptbn1A Rv Xbal ATAATTCTAGATCAATCTTTATGCTTCTTGACCA
FLAG-Sptbn1B Sptbn1B Fw EcoRI ATAATGAATTCAGTAGCAGAAGAGATCACCAACT
Sptbn1B Rv Xbal ATAATTCTAGATCAGAGCCCCCACAGCTGCTTCA
FLAG-Sptbn1C Sptbn1C Fw EcoRI ATAATGAATTCACTCATTGAGGAAACTGAGAAAC
Sptb1C Rv Xbal ATAATTCTAGATCACTTCTTCTTGCCGAAAAGGC
T7-FL-Sptbn1 Sptbn1 FL Fw Notl ATAATGCGGCCGCAACGACCACGGTAGCCACAGA
Sptbn1 FL Rv EcoRl ATAATGAATTCTCACTTCTTCTTGCCGAAAAGGC
FLAG-SptaniC Sptan1C Fw Notl ATAATGCGGCCGCGGCTGAGAAGAGCCAGAAGCT
Sptan1C Rv Xbal ATAATTCTAGATCAATTCACAAAGAGTGAGCGGG
For generation of J-chain
His tagged J chain J chain Fw EcoRI ATAATGAATTCGCCACCATGAAGACCCACCTGCT
J chain Rv Xhol ATAATCTCGAGTCAGTGGTGATGATGGTGGTGGTCAGGGTAGCAAGA




Table S3. Primer information
Primer information for generating rigA Abs, FLAG-tagged Sptbnl1 A-C and FL-Sptbn1, and a His-

tagged mouse J chain.

Supplemental auxiliary files:

Raw data for the figures of this article (an Excel file).



