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Multiple tolerance checkpoints restrain affinity maturation of B cells expressing the
A | germline precursor of a lupus patient-derived anti-dsDNA antibody in knock-in mice

Title (BERBEET = v 7 KA 2 ML B0 7 ZEE B HHdsDNATL A germlineHiT5E {4
A b/ a7 ) BB HE O fl{)
AN E DI

(B A4(Purpose)]

Anti-dsDNA antibodies are a hallmark of systemic lupus erythematosus and are highly associated with its

exacerbation. Cumulative evidence has suggested thalt somatic hypermutation contributes to the high-affinity
reactivity of anti—dsDNA antibodies. Our previous study demonstrated that these antibodies are generated from
germline precursors with low-affinity ssDNA reactivity through affinity maturation and clonal expansion in
patients with acute lupus. This raised the question of whether such precursors could be subject to immune

tolerance.

(J7ihrz & U A (Methods/Results))

To address this, we generated a site-directed knock-in (KI) mouse line, G9gl., which carries germline-reverted
sequences of the Vy-Dy—Jy and Vi—J¢ regions of patient—derived, high—affinity anti-dsDNA antibodies. G9gl
heterozygous mice had a reduced number of peripheral B cells, only 27% of which expressed G9¢l B cell receptor
(BCR}. The remaining B cells harbored non—KI allele-derived immunoglobulin heavy (Igl) chains or fusion
products of upstream mouse Vy and the KI gene, suggesting that receptor editing through ¥y replacement occeurred
in a large proportion of B cells in the KI mice. G9gl BCR-expressing B cells responded to ssDNA but not to
dsDNA, and exhibited several anergic phenotypes, including reduced surface BCR and shortened life span.
Furthermere, G9gl B cells were excluded from germinal centers (GC) induced by several conditions. In particular,
following immunization with methylated bovine serum albumin-conjugated bacterial DNA, G9gl B cells occurred

at a high frequency in memory B cells but not GC B cells or plasmablasts.

(&  HGS(Conclusion))

Collectively, multiple tolerance checkpoints prevented low-affinity precursors of pathogenic anti-dsDNA B

cells from undergoing clonal expansion and affinity maturation in GCs,
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YT b—F R (SLE} 3. BCOMMSHRICHE &I 5WEEE TR OELE /R E T 5 A%
BWHRTH S, Fizhidouble-stranded (dsDNA) FIRISSLESBIRTHEE & PSR W BTk E STV D, BEHS
D\EOYFE T, SLETH, single-stranded DNA (ssDNAY 1T L TR 2 &5 D il MBI AN 2 S & #4T
dsDNARZ A 9 B Bl 20T 5 2 &7 0 — L LN THI s Rz a T,

AFFFE T, 05 R T sDNAST AR RE A= 5N OO R BB AT AEAR N T Ze H i & 2T TW 5 O 25 ELAY
T, BOR/ v o1 2o AGgl 2 FHL ., T OBAIEDEEERTET o7z, (gl / w7 A 20 ATHL. Fifizsn
T BHEOKERL 7Y —HLEZTTWH I &MY, F&ALORMBHINIENCIg] BIREFRE L Thieh
oie MAT, TNZEM L AZGSe] DIRFEEBMIRIL, RMICHIE T SBROFEBRE T L& B iTHilEd 2/ &,
WiEARE (FHY—) 2k, 921w 21, ssDMMEANNA—THIRZE b—7ELTOLMETINT I 2 &
Lz 08T 5 &, FldsDNAFUR OB LR S N7, IO BHENE - T R S iz 30T, 69gl BCR
EREHLTWAAIREBIEEALEBYSNGN 72, —HT, V5AAA v FLAATY —BHIBRSETE, —ZE0D
#lE Tl BRI E Nl &N s, FRETHIRANL 7O 6 &THL (9] BHEIE AT Y -BHliE~MMETE
HTEMRENLZ, B LEOMERNS. HEA CHUR AR OTEEMALL, i, R4S, IEPORIET ORI
JOAESE L 2 O— AR E, BRATSRERAF o v ZRA0 2 MITRHENTE Y, SEEESUREE SIS
Wk IfHENTHS Z EMRENE,
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