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Stages for Bla Cell Generation
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The Lin28K°Let7 axis in fetal/neonatal development plays a role in promotinCD5¢

Bla cell generation as a B-1 B cell developmental outcome. He we identify the Let7
target, Arid3a, as a crucial molecular effector of the B-1 ck developmental program.
Arid3a expression is increased at pro-B cell stage and marldly increased at pre-B
and immature B cell stages in the fetal/neonatal liver B-1 deslopment relative to that in
the Lin28b Let7C adult bone marrow (BM) B-2 cell development. Analysis of BAeage
restricted Lin28b transgenic (Tg) mice, Arid3a knockout ashArid3a Tg mice, con rmed
that increased Arid3a allows B cell generation without reqting surrogate light chain
(SLC) associated pre-BCR stage, and prevents MHC class |l dleexpression at the
pre-B and newly generated immature B cell stages, distinctrébm pre-BCR dependent
B development with MHC class Il in adult BM. Moreover, Arid3alays a crucial role in
supporting Bla cell generation. The increased Arid3a leadkigher Myc and Bhlhe41,
and lower Siglec-G and CD72 at the pre-B and immature B cell stges than normal adult
BM, to allow BCR signaling induced Bla cell generation. ArRh-de ciency selectively
blocks the development of Bla cells, while having no detectale effect on CD5 B1b,

MZ B, and FO B cell generation resembling B-2 development ogbme. Conversely,
enforced expression of Arid3a by transgene is suf cient to ppmote the development
of Bla cells from adult BM. Under the environment change beteen birth to adult,
altered BCR repertoire in increased Bla cells occurred gemated from adult BM.
However, crossed with Bla-restricted \,/D/J IgH knock-in mice allowed to con rm

that SLC-unassociated Bla cell increase and CLL/lymphoma gneration can occur in
aged from Arid3a increased adult BM. These results con rmedhat in fetal/neonatal
normal mice, increased Arid3a at the pre-B cell and immatur® cell stages is crucial for
generating Bla cells together with the environment for selfgand reactive BCR selection,
B1la cell maintenance, and potential for development of CLILymphoma in aged mice.

Keywords: Bla, Arid3a, Lin28b, B-1 development, CLL/lymphoma

INTRODUCTION

The RNA-binding protein Lin28 is highly expressed during endggnesis and disappears by
adulthood in human and mousel). Lin28b expressing fetal hematopoietic stem cells (HSC) are
capable of supporting the B-1 B cell development in mice, butdhjzacity is lost in adult bone
marrow (BM) HSC. Speci cally, Lin28H_et7 cells progressed to the B cell progenitor stage
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(pro-B) in fetal/neonatal liver, in contrast to Lin28het”  Arid3a shuttles between the nucleus and cytoplasm, where
pro-B cell in adult bone marrow (BM) 4 3). In mice, Arid3a localizes with the BCR in lipid rafts within the plasma
this early Lin286Let7 fetal/neonatal B cell development, asmembrane, where it interacts with Btk in the BCR signaling
B-1, allows increased generation of CD®B cells, termed complex @O, 21). Importantly, the presence of high levels of
Bla, with autoreactive/polyreactive BCRs, in contrast toltaduArid3a in lipid rafts raises the threshold of Btk-dependent®C
Lin28 Let7 B-2 development, 4). A portion of fetal/neonatal signaling, by decreasing Btk activatiohl). Since Arid3a plays
generated mouse Bla cells self-renew throughout life ang plaole in both increasing autoreactive BCRs such as T15 Bla cells
predominantly positive roles in innate immunity(6). However, and regulating their signaling capacity, we considered that t
in aged mice, Bla cells with restricted BCRs can spontaneouslppropriately increased Arid3a expression observed in Lin28b
become chronic lymphocytic leukemia (CLL)/lymphoma cellsexpressing fetal/neonatal precursors is required for théaii
or accelerate CLL/lymphoma generation by expressing the B-1 development with Bla cell generation in normal mice.
cell leukemia 1 (TLC1) oncogené, (8). While Lin28b plays a Whether Arid3a is the key gene in B-1 development with Bla
critical role in supporting B-1 development through its repiiges  cell generation was unclear. The elimination of severalegen
e ects on Let7 family micro-RNAs (mir), the downstream target involved in BCR signaling has resulted in the loss of Bla cell
through the Lin285Let7 axis remain to be elucidated. We generation 22). It was also found that loss of I-type Siglec-G
strongly considered the possibility that the DNA-binding peon  lectin (sialic acid-binding immunoglobulin-like lectin Y3r C-
Arid3a might play a role §). Arid3a mRNA bears consensus type CD72 lectin, both negative regulators of BCR signaling,
Let7 and mir-125b binding sites and both of these miRNAs areesulted in increased Bla cell generati@g @4). In contrast, loss
absent in Lin286 fetal/neonatal liver progenitors. Thus, Arid3a of the HLH (helix-loop-helix) transcription factors Myc (cMyc)
expression is induced in fetal pro-B cells relative to thatdala  or Bhlhe4l (Dec2/Sharpl) downregulated Bla cell generation
pro-B cells. Transduction of Arid3a shRNA in fetal pro-B cells(25, 26). Furthermore, MHC class Il expression is di erent
resulted in loss of Bla cell generation. In contrast, traicsion of  between B-1 and B-2 development. MHC class Il is negative at
adult BM pro-B cells with Arid3a-expressing retrovirus geated  the pre-B and immature B cell stages on dO-d5 after birth irrjive
Bla cells). Thus, Arid3a may be both necessary and su cientbut positive in adult BM 27, 28). Arid3a is the highest at the pre-
for Bla cell development. B and immature B cell stages in neonatal mice. Based on these
Arid3a, also known as Bright in mouse and Drill in human, isobservations, it is important to know that di erences in Arid3
a member of the AT-rich interaction domain superfamily of DNA levels at the pre-B and immature B cell stages between B-1 and
binding protein ©, 10). Arid3a is the prototypical Arid3 member B-2 development contribute to alterations in expressionlkwé
and is involved in large chromatin modulating complexes. Rrid these genes, resulting in distinct B cell development outcomes
members play roles in embryogenesis and Arid3a is ubiquiyous Further, another di erence between B-1 and B-2 development is
expressed by various tissues in the embiylh {2). In embryonic  at the pre-BCR stage, since expression of IgH without sureogat
stem cells (ES), Arid3a plays an important role in regulatindight chain (SLC) association can generate Bla cells from B-1
whether the ES cell will renew or di erentiate. Arid3a expiess development, but not from B-2 developmeitdj. Thus, a critical
is low in self-renewing ES cells, and then is dramatically uprole for Arid3a in the generation of BCR without SLC has also
regulated upon ES cell dierentiation, where it serves as & be conrmed. Here, to explore this pathway, we analyzed
key regulator of cell-fate decisions by suppressing ES lneaB-lineage restricted Lin28b Tg mice (Rag2-Lin28i-CR Tg),
plasticity and maintaining the di erentiated state ], 13-15.  Arid3a knockout mice (Arid3a KO-CD2Cre), and Arid3a Tg
After birth, Arid3a expression becomes restricted to B cafid  mice (Rag2-Arid3a-PolyA Tg). To assess the susceptibifity o
myeloid cells, including erythrocyte$@ 16). In the B-lineage in  these mice to CLL/lymphoma generation upon aging, these
fetal/neonatal liver, Arid3a is expressed at the pro-B cafisl), mouse lines were also crossed wittiBTCL1 Tg mice. Since
and as shown here, further strongly increased at the pre-B arldn28b Tg mice appropriately increased Arid3a in adult BM, we
immature B cell stages, compared to in adult BM, then decreasddrther crossed Lin28b Tg mice with Bla-restricted/®/J IgH
in mature B cells. knock-in mice 411t (Vy11KI) and ON25 (\yQ52KI) (8, 30),
Arid3a was originally named B cell regulator of sincethese W11 (V11-2)/D/d1 and Q52 (V2-9)/D/§44 IgHs
immunoglobulin  heavy chain transcription, Bright 9  do not associate with SLC3,(31). Our data con rmed that
Arid3a/Bright binds to nuclear matrix association regionsincreased Arid3a at the pre-B and immature B cell stages is key
in certain IgH Vy promoter proximal sites, together with for Bla cell generation in B-1 development, including withou
Bruton's tyrosine kinase Btk and Btk-mediated phosphorylatedhe requirement of SLC.
TFII-1, promotes immunoglobulin transcription, and incress
B lymphocytes 17). Speci cally, Bright was originally found
to promote the IgH \(;S107, which encodes the T15 anti-RESUl_TS
phosphorylcholine (aPC) BCR and the use of this aPC T15 BC
is restricted to Bla cellsl. Arid3a‘s ability to promote the mcreased Bla Cells in Lin28b Transgenic
generation of particular IgHs requires its interaction wilik, Mice
and mutated Btk with a loss of Btk role in Xid mice abrogatesTo generate a tractable experimental system in which to asses
the generation of Bla celld9). Notably, in addition to IgH- the molecular basis by which the LinZ8bet7 axis regulates B-
increasing role for Arid3a with Btk and TFII-1 in the nucleus 1 development, we engineered transgenic (Tg) mice expressing
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Lin28b in B lymphoid progenitors under the control of the spleen, including in peripheral blood (PBL), from adult Lin28b
Rag2 promoter and thé5 surrogate light chain locus control Tg mice was independent of CD40 signaling, but was dependent
region (LCR) Figure 1A). Introduction of this Tg enforced on Btk (Figure 2P, as expected for normal B-1 derived Bla cell
Lin28b protein expression in adult mice from B cell-committedgeneration {, 19). Thus, ectopic expression of Lin28b in adult B-
CD19 Pro-B through the immature B cell stage in the BM lineage precursor cells remodeled the gene expression paitern
and in transitional (T1/T2) B cells in the spleen, as con rmedpre-B and newly generated immature B cells to resemble that of
by cytoplasmic stainingHigure 1B). In adult Lin28b Tg mice, normal B-1 development in neonatal mice with the high capacity
B22d°PCD5C Bla cells (with IgNiigD™e%0) were increased in to generate Bla cells (summarizedigure 2G).
spleen, and dominant in peritoneal cavity (Per€)dure 10. In
normal wild type (WT) mice, CD5 expression in newly generated
Bla cells in spleen of neonatal mice was higher than in Bls cel} .. .
in adult mice. CD5 expression was also higher in adult Lin28b TA”d‘?’a D_e ciency Attenuates Bla Cell
mice, similar to the neonatal Bla celRidure 1D). Generation and Leads to Adult-Type B Cell
Development

. . We speculated that increased Arid3a in Lin28bCTgnice
Lin28b Tg © Pre-B and Immature B Cells in plays a key role in a ecting expression of genes required for
Adult BM Resemble Normal Mouse Bla cell generation. To assess this, we next analyzed Arid3a
Neonatal Liver knockout mice (Arid3a KO). Arid3a KO mice were crossed with
Lin28b represses the processing of let-7 microRNAs [n  CD2-Cre mice, both in the C57BL/6 backgrounBigure SJ.
Lin28b Tg mice, adult B-lineage cells showed elevatedsleveéh CD2-Cre°Arid3a WT mice, Arid3a mRNA was elevated
of Lin28b mRNA and reduced Let7b miRNA, as expectedn neonatal Pre-B and immature B cells than in the same
(Figure 2A), together with increased Arid3a mRNAigure 2B).  stages from adult BM as in normal C.B17 midegure 3A).
In WT mice, Arid3a expression is elevated in neonatal livein contrast, in CD2-Cr€Arid3a KO mice, RT-PCR analysis
B-lineage cells relative to that in adult BM, with expressiorrevealed that Arid3a KO e ectively eliminated Arid3a expiess
increasing during di erentiation from pro-B cell stage thrgh  from adult BM B-lineage Kigure 3B). Arid3a expression is
the pre-B and immature B cell stageBidure 2B, right side low in splenic FO B cells in WT, as reported previously
in red). Likewise, the expression of Myc and Bhlhe41l mRNA§16) (Figure 3B). Arid3a-de ciency caused a marked increase
is also higher in neonatal pre-B and immature B cells in WTin MHC class Il protein expression in neonatal pre-B and
mice, whereas expression of Siglec-G and CD72 mRNAs is lowienmature B cells, as is observed in adult B-2 BM, suggesting
than adult BM igure 2B, right side in red). In mature Bla that Arid3a loss was perturbing the neonatal gene expression
cells present in WT mice, Myc and Bhlhe41 mRNAs are furthepattern Figure 3C). On neonatal day5, splenic B cells in Arid3a
increased, and Siglec-G and CD72 mRNAs are further decreask® mice were predominantly IgfligD", including a more
than in pre-B and immature B cell stagegidure 2B, left side). prominent IgM°IgD" population likely to become FO B cells
These B-1 development associated changes in gene expresgieigure 3D, left). Moreover, Arid3a-de ciency also prevented the
in WT mice appear to be regulated by Lin28b, as they werapregulation of CD5 on splenic B celli§ure 3D, left). These
replicated in adult BM and B cell outcome from Lin28b Tg micee ects were more pronounced in the PerC on neonatal day10
(Figure 2B left side). For CD72, the Lin28b Tg actually further (Figure 3D, right). In adult mice, the absolute number of B
reduced protein expression even than observed in normal Bleells in spleen and PerC was unchanged by Arid3a-de ciency
cells in the PerCRigure 20). MHC-class Il (I-A/I-E) expression (Figures 3E,F, and there was no change in the representation of
also di ers between B-1 and B-2 B-linage development. In WTthe FO B and MZ B cell populations in the spledfigure 3B.
mice, on dayO (to day5) after birth, surface MHC class Il protei In contrast, CD% Bla cells were completely absent from the
is negative in early B-lineage, including at the fgMnmature  PerC of adult Arid3a KO miceRigures 3E, [ as previously found
B cell stage in liver, and MHC class Il transactivator CIITA(34), including those expressing the Bla restrictggl{® anti-
(32 is low (Figure 2D, red). In contrast, in adult BM, MHC PtC (phosphatidylcholine) BCR normally found in WT mice
class Il expression starts to occur at pre-B cell stage togeth@Figure 3E right). Distinct from CD$ CD11t Bla cell loss,
with increased CIITA Eigure 2D). This neonatal pattern for CD5 CD11i B1lb cells were present in the PerC by Arid3a-
MHC-class Il in WT mice was mimicked in adult Lin28b Tg de ciency (Figure 3B, consistent with the Btk-independence of
mouse BM pre-B and immature B cells associated with reduceBllb cell development3f). Thus, Arid3a-de ciency selectively
expression of the MHC class Il and ClITARigure 2D, black). abrogated the Bla potential of fetal/neonatal B cell progesito
Consistent with the Lin28b Tg orchestrating changes in genwhile fully preserving their potential to support B-2 B cell
expression linked to the B-1 development program, the Lin28llevelopment, indicating that Arid3a-de ciency switchetB-1
Tg also increased the generation Bla cells in adult mice, @gsvelopmental potential of fetal/neonatal liver to that reféing
evidenced by the greater proportion of AA4/CD93mmature  adult B-2 BM development (summarized Figure 3G. When
Bla cells present in spleen in adult Lin28b Tg mice, while mostrossed with TCL1 Tg mice, Arid3a KO mice still showed no
Bla cells in the PerC were mature AA® cells Figure 2B, as increased Bla cells in PBL during aging, and B CLL/lymphoma
observed for normal Bla cells found in d0-10 neonatal WT micéncidence did not occur, in contrast to Arid3a WT littermate
(33). Importantly, the increase in CB5B1a cells observed in (Figure 3H). Thus, the attenuation of Bla development by
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FIGURE 1 | Increased Bla cells in Lin28b Tg mice(A) Rag2-Lin28b-l 5 LCR construct for B lymphoid restricted Lin28b Tg expressin. (B) Cytoplasmic staining of 2
mo Lin28b Tg (and WT) BM B-lineage and spleen transitional T2, FO B, and Bla cells. Rabbit anti-Lin28kC anti-rabbit Ab staining (high black), vs. anti-rabbit
alone () as a control. WT mouse B-lineage and B cells were &lin28b negative.(C) 2 mo adult Lin28b Tg and WT mouse spleen and PerC. B220CD5C Bia cells
are marked. Bla/B; percentage of Bla cells in total B cells. B4 cell increase was also observed in Lin28b Tg.B6 (C57BL/6) we. (D) CD5 level comparison in spleen
B cells (CDlé:, marked) between WT (d10 and 2 mo) and Lin28b Tg (2 mo) mice.

Arid3a-de ciency blocked the ability to promote developmerfit cells were increased within reduced B cells in spleen relative

B CLL/lymphoma. to non-Arid3a Tg (WT) control mice. Bla cells in PerC of
Arid3a Tg was dominant, being comparable to that in WT
Enforced Expression of Arid3a Promotes mice Figures4B,g. The B cell content of peripheral blood
the Development of MHC Class Il Negative (PBL) was also reduced in Arid3a Tg mice. However, circogati
Pre-B and Immature B Cells in Adult BM Bla cells were increased with adgég(re 4D). The capacity

. of ectopically expressed Arid3a Tg in Bla cells by adult BM
and Con,tm,ued Bla Cell Presenc,e was dependent upon Btk, as their generation was abrogated
To determine if enforced expression of Arid3a could confeaBlupon crossing the Arid3a Tg mice to Xid mice, in which
cel! potentigl on adult BM, we generated Arid3a Tg mice ingy g inactivated, including in spleerfFigure 4B. Enforced
which an Arid3a was expresged under thg controls of the Ra pression of Arid3a also augmented the capacity of the TCL1
promoter a}nd SV40 PolyA S,'te (RagZ-AndSa—PonA). In a,du“Tg to promote B CLL/lymphoma, including those expressing
BM, the Arid3a Tg markedly increased the expression of Arid3g;, Vi1 aPtC BCR as previously found among the Bla cell-
with the highest level occurring in the CD$%ro-B cell stage, derived B CLL/lymphoma in TCL1 Tgmice (7) (Figure 4P.

also high at prg-BCR stage, and Arid3a remained to be higher us, strongly enforced expression of Arid3a at the pro-B and
the prg-B and immature B cell stage; as Compargd to WT ad e-BCR stages in adult BM caused a general reduction in B
BM (Figure 4A). Strongly ele_va_ted Arid3a Expression alte_red thegell development. However, it con rmed that overexpressién o
B cell developmegtal potential in adult E_’M mt_hat total B-_Iage __Arid3a in adult BM directed MHC class Il negative pre-B and
cells (CD1§AA4C) were decreased, including reductions Mimmature cell generation similar to early neonatal liverddtk

generation_ O_f pre-B F(igur_e 4A, mid_dle) a_nd also immature dependent Bla cells were continuously present, increaseéd) ag
B cells. Distinct from Arid3a de cient mice, the pre-B and and capable of becoming CLL/lymphoma

immature B cells present in this Arid3a Tg BM exhibited striyng
reduced MHC class Il expressiofigure 4A, right), similar to . . .
what is observed in early neonatal liver in WT mice. As expiecteD!ﬁe_renceS in Arid3a Levels Lead to

from the reductions of B-lineage in the BM of Arid3a Tg mice, sDistinct Pre-B and Immature B Cell

cells in the spleen were also reduc&ig(re 4B left), including Outcomes

decreased FO B cells (COPECD23F AA4 ) (Figures4B,§. The capacity of Arid3a loss or overexpression to modulate
Notably, both MZ B cells (CDZACD23° AA4 ) and Bla Bla cell development was not caused by altered expression of
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mouse B lineage in BM, B cells in spleen, and Bla cells in splee(sB1a) and in PerC (pBla), in comparison to WT micéB) Addition of qRT-PCR of WT mouse
neonatal (d0-1) liver vs. adult BM B-lineage. The results skwn represent the mean of three independent determinationsSamples under the same mouse background
showed similar mRNA levels (and mirRNAsJC) CD72 staining of WT and Lin28b Tg mouse Bla cells in spleen anBlerC, and WT B2 cells (FO B cells in spleen{D)
Left; MHC class Il staining of pro-B, pre-B, and immature B cé& in 2 mo WT and Lin28b Tg BM, and WT dO liver. Right; CIITA gRT-FC n D 3 each; mean
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Tg in adult BM led to the indicated gene expression changes ipre-B and immature B cells, resembling that of fetal/neonatenice, and increasing the ability to
generate Bla cells.

yyve

s.e. (E)

Lin28b, since Lin28b mRNA levels in Arid3a-de cient and Tgdi erentially expressed in neonatal vs. adult pre-B and imnmatu
mice were similar to WT mice, including at the pre-B andB cells. Arid3a-de ciency resulted in premature upregulatio
immature B cell stage&igure 5A). To assess the extent to which of MHC-II in neonatal liver, as is typically observed in adult

Arid3a-de ciency or overexpression directly in uenced tgene

BM, and its ectopic expression by Arid3a Tg in adult BM

expression program in fetal/neonatal B-1 and adult B-2 B cellepressed MHC- class I, replicating a fetal/neonatal expsassi
development, we examined e ects on the expression of gengattern, more than Lin28b Tg micé-{gure 5B). Arid3a loss and
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FIGURE 3 | Arid3a KO mice exhibit adult-type B cell development withouB1a cell generation.(A) Arid3a gRT-PCR of B-lineage in CD2-Cr€ Arid3a WT mice in d0-1
liver and 2 mo BM.n D 2 each; mean. (B) Arid3a PCR of 2 mo BM B-lineage and spleen FO B cells in CD2-CfeArid3a WT and KO littermates(C) MHC class Il
staining of pre-B and immature B cells in dO Arid3a KO and WTtiermates. Represent of 3 mice each. All showed similar ineases in Arid3a KO compared to WT(D)
Neonatal spleen (day 5) and PerC (day 10) analysis of Arid3@kand WT littermates, and CD5 level comparison in B cells (Cf). Three mice each showed similar
results. (E,F) Adult (2 mo) Arid3a KO and WT spleen and PerC analysis. Bla tein PerC are marked. Percentage of total B cells in spl and P€ in lymphoid area
D 4 each; mean s.e.) and Bla cells in total B cells in PerC(G) Arid3a de cient mouse generates B1b, MZ B, and FO B cells, anddss of Bla cell generation.(H)
PBL crossed with TCL1 Tg-CDZ-Cr& mice. CLL/lymphoma incidence difference in TCL1 Tg expressg Arid3a KO vs WT littermates.

overexpression similarly altered the expression patternst@ro  (Figure 50, which function in modulating Bla cell development.
genes comprising a signature typifying Bla development. Thegeid3a KO mice in neonatal d1 liver showed decreased Myc
include Myc, Bhlhe41, Bhlhe40, Siglec-G, CD72, and ClITAnd Bhihe41l mRNAs, while Bhlhe40, Siglec-G, CD72, and CIITA
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FIGURE 4 | Arid3a Tg mice show reduction of adult BM B cell generation ashBla cell CLL/lymphoma generation in aged mice(A) Adult Arid3a Tg
(RagZ—AridSa—PonA‘f and Arid3a Tg (WT) mouse BM. Left: gRT-PCR of 2 mo adult B-lineage (includj pre-BCR, Fr.C').n D 2 each; mean. Middle: relative total
CD19°AA4C B-lineage (without large myeloid cells) and pre-B cell peentages in 2-4 mo BM.n D 4 each; mean s.e. Right: MHC class Il staining of pre-B and
immature B cells. Representative of 2—4 mo 4 mice each (Ari@3Tg mice were all negative). 2 mo Arid3a Tg.B6 mice also showdedecreased total B-lineage and
MHC class Il in BM.(B) Left: Spleen B cell (CD1§) percentage in adult (2-4 mo) Arid3a Tg and WT micex D 4 each; mean s.e. Right: 2 mo Arid3a Tg mouse
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Xid mice. 2 mo Arid3a T& littermates.n D 3 each; mean s.e. Xid D homozygous BtkXid (F) Arid3a Tg mice crossed with TCL1 Tg mice, and PBL analysis. g
CLL/lymphoma incidence in TCL1 Tfj (including aPtC \,/_|12C BCR lymphoma) vs. TCL1 Tg Arid3a Tg mice.

mRNAs were increasedFigure 50). In contrast, Arid3a Tg expression of Arid3a in adult BMHigure 5C bottom right) may
mice in adult BM showed increased Myc and Bhlhe41 mRNAgje responsible for the reduction in adult B-2 cell development
and decreased Bhlhe40, Siglec-G, CD72, and CIITA mRNAdistinct from WT BM. The changes in gene expression induced
(Figure 50). Myc and Bhlhe41 de ciency was known to decreaséy enforced expression of Arid3a in adult BM partly involved
Bla development, Siglec-G and CD72 de ciency increases BB&k dependence, since the increase in Bhlhe41 and the decreas
development, and CIITA regulates the expression of MHC class Siglec-G mRNA levels caused by Arid3a overexpression were
11 (23 24, 32). Bhihe41l negatively regulates Bhlhe40 expressiomgversed by the loss of Btk function in Xid mice, as also found
providing an explanation for their reciprocal expression patter for Lin28b induced changes in gene expressifigyre 5E).

(36). The modulation of these genes during neonatal and adulSimilar e ects were observed on Myc expressidig(re SJ.
development and their regulation by Arid3a is summarized inHowever, this was not the case for CDRdgure S3, suggesting
Figure 5D. In normal mouse adult BM, interferon regulator that its regulation is Btk independent. Thus, the alteraidn
factor Irf4 plays a major role in generating pre-B cells fromexpression of most Arid3a target genes were dependent upon
the pre-BCR stage3{, 39), but is dispensable for fetal/neonatal Arid3a—Btk association and also independent on Btk at the pre-B
B cell development39). The repression of Irf4 by enforced and immature B cell stages before Btk dependent ligand-iaduc
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FIGURE 5 | Altered Arid3a level impacts levels of various mRNAs at the@-B and immature B cell stages in neonatal liver and adult BMA) Lin28b qRT-PCR of
pre-B and immature B cells in d1 liver Arid3a KO and Arid3a WT ive, and 2 mo BM Arid3a Td® and Ty WT mice. Two to three mice each. Lin28b expression in d1
liver and lack in adult BM were all simila(B) MHC class Il staining of dO liver and 2 mo BM pre-B and immature Bells in WT, Arid3a KO, Arid3a Tg, and Lin28b Tg
mice. (C) gRT-PCR of pre-B and immature B cells. d1 liver; Arid3a KO m&( D 3, mean s.e.) and Arid3a WT micerf D 2, mean s.e.) and addition of 2 mo
normal mouse (WT C57BL/6) BMif D 2, mean) for comparison. 2 mo BM; Arid3a Tgr{ D 4, mean s.e.) and Arid3a Tg (WT) (D 3, mean s.e.), and addition of
d1 normal mouse liver § D 2, mean).(D) Summary of alteration of Arid3a KO d1 liver mRNAs and Arid3agl2 mo BM mRNAs. (E) Lin28b Tg and Arid3a Tg mice
were crossed with Xid mice. Bhlhe41 and Siglec-G mRNA compason in immature B cells (Fr. E) with or without Xid, and nornh8T immature B cells as a control, in
2 mo BM mice.n D 3 each; mean s.e.

BCR signaling activation occurred to become €DB1a cells. increased Arid3a in adult BM allows generation of Bla cells
Arid3a level plays a crucial role in distinct fetal/neondal and  with SLC-unassociated BCR. Anti-PtG¥1/V,9-128(br9) and

adult B-2 B cell developmental outcomes. Vy12/V4-91(kf4) BCRs are commonly found among Bla cells
in WT adult mice Figure 6A) originally generated from B-1
Generation of Bla Cells With development. Notably, whiley12 IgH does associate with SLC,

. VH11 IgH fails to do so%9, 31) (Figure S3, thus, 411€ Bla
SLC-unassociated BCR and Bla Celll cells are the SLC-unassociated outcome as previously known
Tumor Development From Adult BM in (37). In contrast to this \11- and {;12- increased Bla cells in
Lin28b Tg Mice WT mice, the (412 BCR was highly represented but thg M

The B-2 development in adult BM requires pre-BCR stag®CR was depleted in Arid3a Tg Bla cells, and botlY and
associated with surrogate light chain (SLC) to generateptee  Vn12 BCRs were not well represented among Bla B cells from
B cell staged7, 40). In contrast, fetal/neonatal B-1 developmentLin28b Tg mice Eigure 6A). Thus, BCR repertoire alteration in
includes B cell generation without the SLC-associated pré3la cells occurred in Arid 3a increased adult mice, with SLC-
BCR stage 29, 31). We wished to determine whether an unassociated V11¢ BCR decrease. BCR repertoire alteration
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FIGURE 6 | SLC unassociated BCR Bla cell generation from adult Lin28b@BM and Bla lymphoma generation in aged mice(A) Single cell sequence data of Bla
cells in spleen and PerC in 2 mo WT (C.B17), Arid3a Tg, Lin28kgTand Lin28b Tg with TdT KO mice, and percentage of }411C and Vy 12€ B cells. (B) Percentage
of erythroid cell (Ter11§) together with matured erythrocytes (Terll§ cp71lo= ) in WT and Lin28b T(j: mice. WT mice; livem D 2 each, 2 mo BMn D 5, mean.
Lin28b TgC mice; liver and 2 mo BMn D 3 each, mean. (C) Lin28b Tg mice crossed with \{(411 KI mice. Bla cell frequency in d1 and 2 mo spleen (marked),ral
VHllC aPtC cell dominance in Bla cells(D) Left; 2 mo BM VHllmC cell percentage in immature B cells in {11 KI mice with or without Lin28b Tg.n D 3 each;
mean s.e.*P < 0.05. Right; AA4 staining of aPtC Bla cells in PBL (2 mo}E) Vy 11€ aPtC Bia cell percentage in PBL B cells with or without Lin28d'g. Mean of
Lin28b Tg® mice (D 37) and Lin28b Tg mice (1 D 30) origin. (F) Vi 11 KI.B6 mice crossed with mice to generate Arid3a KO and WT. y11€ aPtC Bla cells in PBL
B cells in 2 mo Arid3a KO i D 4) and WT (1 D 5) littermates; mean s.e. (G) Lin28b Tg mice crossed with \(;Q52 KI mice. Left; 2 mo BM \4.|Q52mc cell percentage
in immature B cells in Q52 Kl mice with or without Lin28b Tg.n D 3 each; mean s.e. *P < 0.006. Right; 2 mo PBL. Bla cell percentage (marked) with
(Continued)
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FIGURE 6 | aMylIA and AA4 staining(H) Up; aMylIA Bla cell frequency in PBL in yQ52 KI mice with Lin28b T¢*(n D 23) and Tg mice (W D 21) origin. Bottom;
aMyllA Bla cell CLL/lymphoma incidence(l) Spleen in 14 mo \{Q52 KIC Lin28b TgC mouse with splenomegaly. Bottom; Siglec-G qRT-PCR of splee Bla cells. 2
mo WT and Lin28b Tg. o D 3 each) and> 10 mo non-lymphoma D 1), and lymphoma @ D 3) aMyllA Bla. mean s.e.*P < 0.016. (J) Arid3a involvement in adult
Lin28b Tg BM to increase SLC unassociated aPtC and aMylIA auteactive Bla cell generation.

in Bla cells including with negative M1 was also found in develop spontaneous tumors with SLGgH BCRs, we next
increased B1la cells in Siglec-G de cient mié¢#&)( crossed Y;Q52/D/J knock-in mice ON25 (MQ52 KIl) with
However, when Lin28b Tg mice were crossed to mice de cientin28b Tg mice. The MQ52 (V2-9) IgH does not associate with
for TdT (terminal deoxynucleotidyl transferase), the wence SLC, lacks N-additions at the V-D-J junctions, and generates
of Vy11 IgH was increased under TdT(Figure 6A). TdT isan Bla cells expressing they\@52/V,9-96(ce9) BCR. This BCR
enzyme that adds non-templated nucleotides to recombimatiois reactive with non-muscle myosin IIA (aMyllA) and exhibits
junctions, generating N-addition at V-D and/or D-C, allomg  strong reactivity to MylIA platelets §). The Lin28b Tg resulted
increased various BCR repertoire. In normal mice, TdT ign an increase in MQ52nC immature B cells in adult BM
negative/low in fetal/neonate liver and high in adult B¥(43). and in circulating immature aMyllA Bla cellsFigure 6G).
As previously found in Lin28b-GFPmouse BM @), Lin28b Tg  The prevalence of these cells increased further in aged mice,
mice down-regulated TdTntt) in adult BM B-lineage than resulting in splenomegaly in the majority of aging Lin285Tg
adult WT mice, but still expressed TdT, being higher TdT thanVnQ52KI mice as compared to Lin28b TdFigure 6H). These
fetal/neonatal B-lineage. SLC-unassociateglV IgH in Bla aMyllA Bla cells ultimately transformed into malignant cells
cells is without N-addition 44), being TdT-independent, and with the characteristic of mature cells, with decreased &igle
VH11€ BCR increased in TdT de cient Lin28bfgmice. Thus, G expressionKigure 6l). The reduced Siglec-G expression may
we considered that it is possible that increased BCR repertoicontribute to pathogenesis, since Siglec-G de ciency ases
occurred from adult Arid3a-increased BM due to TdTtogether ~ B-cell lymphoproliferative disordersi€). Thus, the increased
with di erences in environmental ligand availability to irhe ~ Arid3ain Lin28°Let7 outcome at the pre-B cell stage allowed
fetal/neonatal liver vs. the adult BM. 21° and Vy1X  the generation of SLC-unassociated autoreactive BCR Blsa ce
aPtC BCRs are both reactive with erythrocytes with digesteiom adult BM, and ultimately support the ability to develop Bla
membrane phosphatidylcholing4, 45). Ter11$ erythroid cells ~ cell tumors (summarized ifrigure 6J.
including mature CD7'P= erythrocytes are less prevalent in
adult BM than in fetal/neonatal liver in both WT and B-lineag
restricted Lin28b Tg miceHigure 6B), also in Rag2-dependent DISCUSSION

Ahrid33 ITgA”.‘(;%e- _;_I’ hus, dthLE.) gggrer I;Cl:R relri')ertoire bpresen: Mere we report that Arid3a serves as a critical downstreanetarg
;E N adl.“ rndsa 19 r?n n g bla cel_s m(;ay e.lreSl.J tegf Lin28W°Let7 signaling, which is both necessary and su cient
rom di erences in the enwr_onment eg. 'gand ava aty)i to support the Bla cell generation. Arid3a is highly expressed i
betvxéeen birth to adult, with increased competitive BCRs frombro-B cells and further increasing at the pre-B and immature B
le—'h adult BM'd . heth sLC iated BC cell stages in fetal/neonatal liver as a B-1 development psoce
us, to  determine W et er -unassouate_ 0 generate Bla cells. SLC-dependence di erence is the early B
ggneratlon can occurfrom Ar|d3a|ncrea§ed z_adultBM, Lin2gb T 1 vs. B-2 development distinction before Bla cell generation.
mice were crossed with¥11/D/J knock-in mice W11t (V11 While adult Lin28b Let7 B-2 development requires pre-BCR

Kl) in the con'gext of reduced competitive BCR generation. Onsignaling with SLC association, fetal/neonatal Lir2Bet7
day 1 after birth, although a variety of dierent BCRs were; Jced B-1 development can occur in the absence of pre-

generated in Lin28b Tg Y11 KI mice, the early developmental g~g signaling 9. Autoreactive BCR IgHs, including L1
stages of Bla cell maturation in the spleen were dominated by, q VhQ52 (V2-9), fail to associate with SLC, yet support
usage of\A.llC aPtC BCRs, as previously reported .for non-Tgg_1 development with Bla cell generationy$107 (V7-1)
mice (33 (Figure 60). In adult Lin28b Tg mice, furtherincreased 414 originally found as an Arid3a/Bright target with Bla cell
V111° aPtC BCR Bla cells were observed than in Lin28b Tggeneration, exhibits low binding to SLCFigure S3. Several
mice (Figure 6Q. Initially generated immature B cells in BM c| | /lymphoma BCRs found in mice were also SLC-unassociated
showed increased M.In* expression in Lin28b Tg mice, |gHs (7, 8). These IgHs are restricted to B-1 derived B cells.
and circulating immature and mature pM.1° aPtC Bla cells The SLC independence of BCRs raises the question of how
in PBL were consistently higher as the outcome of continuoughe BCR signals that promote development are generated. Pax5
generation from BM, including in aged micérigures 6D,B. s a critical transcription factor that suppresses the T cel fat
Vu1l KI mice crossed with Arid3a KO mice showed stronglyby repressing Notch1 transcription, and activates expressfon
decreased ¥11 aPtC BCR Bla cell generatioRigure 6F). CD19 and SLP-65 to initiate a B cell gene expression program.
Thus, Arid3a is involved in increasing the prevalence of thigax5 allows \{-DJy recombination and binds to the VpreB and
SLC V{11 BCRin Bla cells in the context of Lin28b Tg mice. | 5 promoters to generate surrogate light chain (SLC}, ¢8),

To further assess whether the increase in Bla cells causedding to expression of the SLC in developing B-1 cells. However
by ectopic activation of the Lin28b/Arid3a in adult BM can since Arid3a can promote the transcription of certain IgHs {no
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all IgHs) and Pax5 promotes Jranscription @8), both IgH  represses cell proliferation, leading to growth arrest, anditeal
and Ig will be generated, resulting in early expression of BCRdi erentiation (56), negative regulation of Bhlhe40 by Bhlhe41
that likely substitute for the pre-BCR and directly promote pre is likely to further contribute to Bla cell persistence. Since
B to immature B cell development in fetal/neonate mice. HLHBhlhe41 can directly repress CD726], Bhlhe4l induction
transcription factor E2A is known to be critically involved i by Arid3a may help to repress CD72 and promote Bla BCR
the initial Dy-J4 rearrangement before B-lineage generationsignaling and continue to maintain BhlheédCD72°" B1a cells
and E2A also rearranges\ to generate Ig (49). We found  present in PerCRigures 2B,Q. In Bhihe41° B-2 development,
that the increased Arid3a expression induced by our Lin28Bhlhe41l is further downregulated from the transitionalgstan
Tg promoted the development of SLC-independentM or spleen to generate Bhlhe4inature B cells, but after activation,
V1 Q52 Kl progenitors into Bla B cells in adult BM. Converselyplasma cells express Arid3a and Bhlhed),(possibly to control
Arid3a de ciency blocked the development of;¥1¢ aPtC Bla these dierentiated B cells. In T cells, Bhlhe41l is mostly not
cells. Thus, in normal mice, increased Arid3a by Lin2Bbt7 expressed, however, GATA3 induces Bhlhe41/Dec2 expression
plays a major role in allowing Pre-BCR- independent Band provides an important role in generating CBA4Ty2
cell development. cells Q). Thus, both Arid3a and Bhlhe4l are continuously
After the initial generation of immature B cells from pre- playing roles throughout life. In neonatal stage, Arid3a play
B cells, the development of CD5 expressing Bla cells resuitsportant roles in B cell development. Increased Arid3a in
from activation of BCR signaling through recognition of thelf-  pre-B and immature B cells decreases the negative regulators
ligands in the environment. This is facilitated by the reddc of BCR signaling, Siglec-G and CD72, and increases Myc
expression of Siglec-G and CD72 by neonatal B-1 developmerind Bhlhe4l, thereby allowing self-ligand reactive BCRasig
Upon BCR interaction with ligand, the Src family tyrosineinduced Bla cell generation and maintenance with selfinathe
kinase Lyn is rapidly phosphorylated and activates BCR siggpali throughout life.
However, Lyn activation is dampened by the actions of Siglec- Lin28 disappears in adult. As this outcome, Lin2&t7
GI/CD72-SHP-1 %4, 50, 51). In this pathway, activated Lyn Arid3d° B-2 development critically involves the pre-BCR with
phosphorylates the immunoreceptor tyrosine-based inhilyitor SLC to pre-B cell transition stage. Pax5 is continuously imgoart
motifs (ITIM) in Siglec-G and CD72, which recruit and actieat to promote adult B cell development as in the fetal/neonatal
SHP-1 phosphatase, leading to inhibition of B cell activatids  stage, which correlates with expression of SLP-65. AfteBtt@
originally discovered, SHP-1 de cient motheaten mice éxieid combined pre-BCR is generated, pre-BCR-induced prolifenatio
a marked increase in Bla cell developmém)(and both Siglec- occurs through phosphoinositide-3 kinase (PI3K) signaling.
G and CD72 de ciency lead to increased €asignaling and FoxO1 and Irf4 directly bind to Pax5 which induces SLP-65,
NFATc1 activity, and more CO5 Bla cells in the spleen and and SLP-65 down-regulates the initial pre-BCR PI3K actitaty
PerC @3 24). Here, we nd that Arid3a reduces Siglec-G andblock proliferation to allow progression to the pre-B cell stage
CD72 expression, which is likely one way that it promoteq37). Irf4 synergizes with the Ets family transcription factor
autoreactive Bla cell development. Moreover, Arid3a shuttlePU.1, as Irf4-PU.1 complex, which enhances lgght chain
between the nucleus and cytoplasm, and can interact with theearrangement, and also activates CIITA, leading to MHC class
BCR complex in lipid rafts, suggesting that it may also play & expression %8 59). Thus, the presence of Irf4 and PU.1 is
more proximal role in regulating BCR signaling1). One key an important transitional switch from the pre-BCR proliferati
signaling molecule of the BCR complex is Btk, which bindstage to generate a pre-B cell with Igearrangement, di erent
both Arid3a and Lyn kinase5Q). The capacity of Arid3a to from fetal/neonatal B-1 development not requiring Irf4 and R
repress Siglec-G is impaired by Btk inactivation. Thus, iaseel (39, 60). In the absence of Arid3a, the generation of MHC class
Arid3a is likely to facilitate B1a B cell generation by rélig the 1€ pre-B and immature B cells occurs in fetal/neonates, and
inhibition of BCR signaling caused by negative regulatdes | adult B-2 development is normal. In converse, increased Jaid
Siglec-G and CD72. in adult BM of Arid3a Tg mice decreased Irf4 expression and
Arid3a also controls the expression of DNA-binding proteins,resulted in lower B-lineage generation with MHC class Il negat
like the HLH transcription factors Myc and Bhlhe41. After pre-B and immature B cells. Thus, Arid3an WT and Arid3a
increased at the immature B cell stage, Myc remains elevated in Arid3a KO leads to the pre-BCR to pre-B-dependent process,
mature Bla cells, and Bhlhe41 becomes the highestin Bla celldistinct from Arid3d".
but not in FO B and MZ B cellsA6). The increased expression  Increased Arid3a in adult by transgene allowed Bla cell
of Myc and Bhlhe41 is important for maintaining autoreactivegeneration. However, BCR repertoire in Bla cells was distinct
Bla cells. Like Arid3a, Bhlhe4l is diversely expressed ghroufrom WT due to environment di erence between neonate and
embryonic development. Bhlhe41(Sharpl/Dec2) regulates tlalult, and increased BCR repertoire ability by TdT in adult
di erentiation of several cell types, and represses transomal  to generate ligand-induced Bla cells. As found by crossed
activation, and promotes cell survival, but not proliferationwith Vylland \(jQ52 knock-in mice, normal mouse Bla cell
(36, 54, 55). In B cells, Bhlhe41 also represses genes encodiBfCR increase in adult Arid8a Bla cells can occur under
cell-cycle machinery, thereby controlling B cell prolifésat the low increase of competitive Bla cell repertoire. In normal
(26). Bhihe41 interacts with Bhlhe40, a transcriptional adtiva mice, Bla cell generation is decreased in adult by Ald3a
and can impair Bhlhe40 promoter induction, thus negativelyoutcome. Thus, continuous self-renewal and maintenance ca
regulating Bhlhe40 expressior8g). Since Bhlhe40 strongly occur by early generated Bla cells from B-1 development. In
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conclusion, Arid3a plays a key role in distinguishing betwee mice, Tg (or KI) mice under the C57BL/6 background were rst
fetal/neonatal B-1 and adult B-2 development. In fetal/netah  crossed with the CD2-Cre mice, then §dor KI€) with Cre®
stages, increased Arid3a at the pre-B cell and immature B cetlice were crossed with tm§i€re® mice to obtain T& (or KI€)
stages as a Lin8&et7 outcome is crucial for generating Bla tm1bCCre®mice, followed by crossing with tm&€re® mice, to
cells together with the environment for initial self-liggineactive  obtain Td* (or KI€) Cre® Arid3a KO mice.

BCR selection, Bla cell maintenance, self-renewal thmuigh

life, and the potential for development of CLL/Ilymphoma in Mice

aged mice. Lin28b Tg (Rag2-Lin28bt5 LCR Tg) and Arid3a Tg (Rag-2-
Arid3a-PolyA Tg) mouse lines were crossed with C.B17 miue, a
MATERIALS AND METHODS also crossed with C57BL/6J miceyAD/Jy knock-in mouse lines,
Vy11t (V411 KI) and ON25 (\4 Q52 KI), were originally C.B17
Generation of Lin28b and Arid3a mice background as previously described, and also backdrosse
Transgenic Mice with C57BL/6 mice. CD40 KO mice were C.B17 background

In order to express Lin28b gene in B lymphoid progenitors, wétnd Btk mutant Xid mice and TdT KO mice were BALB/c
used a mouse recombination activating gene 2 (Rag2) promot&ackground. ExhTCL1 Tg mouse line, TCL1 Tg, was originally
element consisting of about 7.5kb fragment upstream of thander C57BL/6 background, and also backcrossed on the C.B17
Rag2 coding region, and a surrogate light chain locus contrdhice as previously described)( The majority of data with
region (1), to generate a Rag2-Lin28BLCR construct. The LiN28b Tg and Arid 3a Tg experiments were from mice on
7.5kb Rag2 regulatory element was ampli ed from BAC clonethe C.B17 background, with con rmation by analysis of mice
RP23-178k1, using the following primer pair and cloned into thednder the C57BL/6 background as described in Figure legend.
TA vector. Rag2-EcoRlI-forward: ACGTGAATCCTCCTCCccTArd3a KO vs WT mice were on the C57BL/6 background, and
TCCTCCGACTAT. Rag2-Notl-reverse:ACGTGCGGCCGCTTTerossed with TCL1 Tg C57BL/6 mice, and also with M Kl
TGATTGTGAATAGGTCTTTTATC. Then the Rag2 fragment C57BL/6 mice.

was released from TA using EcoRI and Notl. The mouse Lin28 . .

full cDNA sequence (830 bp) was digested from Lin28b irF_-IOW Cytometry AnaIyS|s, Sorting, and

pQCXIP vector using Notl and BamHI. The mouse lambdaReagents

5 LCR fragment (5.9kb) was amplied from the BAC cloneMulticolor ow cytometry analysis, sorting, and monoclonal
using primers anked by BamHI and Spel-Kpnl, cloned into TA antibody reagents, including anti-idiotype (id) antibodidor
vector and then released from TA with BamHI and Spel. Ther@nti-Vi11id (3H7), anti-PtC V4 11/V,9id (7H11), anti-\4 Q52id
Rag2, Lin28b, antl5 LCR were ligated into pBluscript Il vector (13F11), and anti-MyllA V;Q52/V,9id (24E1) have been
at EcoRI and Spel sites. The full Rag2-Lin28b-LCR construgtescribed previouslyg( 33). FL-anti-MHC class Il (I-A/I-E),
was released for transgene injection using Kpnl. All corstru PE-anti-CD71, and FL-anti-CD72. Cytoplasmic Lin28b protein
elements were veri ed by sequencing. For Rag2-Arid3a/Rolylevel comparison between adult Lin28b Tg vs. WT mice were
generation, 7.5kb Rag2 regulatory element was amplied agone by rabbit anti-mouse Lin28b together with Alexa647
described above. The mouse Arid3a full cDNA sequence (1,8@®at anti-rabbit.

bp) was ampli ed from mouse cDNA using PCR with Notl and . . .

Spel restriction sites attached at each end. Then Rag2 ad@ari B-lineage Sorting From Liver and BM and

were ligated into pBlusecript Il vector at EcoRI and Spel sitedVIHC Class Il Analysis

SV40 polyA signal sequence was inserted into the 3' end oBarid For the sorting of B-lineage from fetal/neonatal liver and

cDNA at Spel and Sacll sites. adult BM for gRT-PCR analysis, selection markers of early
_ _ ) B-lineage cells (CDf®B226°AA4C, CD11b/MaclGrl |,
Arid3a Knockout Mice With CD2-Cre LybC Ter119 CD3 ) together with CD48IgM CD24"ed

Arid3a  knockout mice  BBN(Cg)-Arid3®LKOMPWSE o0 b0 B (Fr. BIC), CD48IgM CD24" Pre-BCR (Fr. C),
conditional Arid3a allele mice Arid381cKOMPWISI and  cpa3 IgM CD24" pre-B (Fr. D), and IgMfIgD  immature B
CD2-Cre transgenic mice B6.Cg-Tg(CD2-cre), were purchasg@r. E) were used. For sorting of B-lineage from neonatat live
from the Jackson Laboratory. These mice were all homozygowgonatal dO livers were used for pro-B, and d0-1 neonataldive
and C57BL/6 (B6) background. First, we initiated contingou for pre-B and immature B sorting. For MHC class Il expression
breeding of Arid3a tm1b mice with CD2-Cfenice, and Arid3a analysis, I-A/I-E was used together with CD19, AA4, CD43, IgM,
tmlc mice with CD2-Cré mice. To obtain Arid3a KO mice, and IgD staining.

Arid3a tm1° Cre® mice were crossed with Arid3a tmi€re®

mice. Within littermates from crossing, PCR screening weadu Quantitative RT-PCR Assay

to identify tm1d°tm1c®CD2Cré mice lacking the wild type Gene expression was quantitated by real-time PCR, using
Arid3a primer site as the Arid3a KO-CD2Cremouse, and TagMan assays from Applied Biosystems, an ABI 7,500 real-time
the tm1b tm1c€CD2Cré mice with wild type Arid3a primer thermal cycler, and ABI software (Life Technologies). Redat
site as Arid3a WT CD2-Cfe mice, as a controlRigure S).  gene expression levels were normalized usiagtin values for

To generate TCL1 Tg Arid3a KO and W;11KI® Arid3a KO mRNA and sno202 for miRNA as a standard.
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Single Cell Bla Cell V {/D/J 4 Sequence AUTHOR CONTRIBUTIONS

Analysis

The procedure for single cell sequencing was previousl
described §, 7). Vy and V gene nomenclature list in the C.B17
mouse was described previously),(with addition of IMGT
(www.imgt.org) nomenclature.

H designed constructs to generate Lin28 Tg and Arid3a Tg
ice. Y-SL made these Tg mouse lines. SS analyzed originally
generated lines. SB did Lin28b cytoplasmic staining. Afiesé
original analyses, together with Lin28b and Arid3a mRNA

analysis, KH decided to select each Lin28 Tg and Arid3a Tg
B Cell Leukemia/Lymphoma Diagnosis mouse line for further analysis and wrote this manuscript. SS

PBL ana]ysis was performed every 2-3 months for each moug@qntinued to maintain these Tg mouse |ineS, selected Arid3a
The mice showing a predominance of Bla (CEB22¢°CD5°) KO and WT mice, and crossed with various mouse lines.

cells in PBL were followed by tissue analysis. B cell neoplask® also performed B-lineage sorting, gRT-PCR, PCR, and
mostly associated with splenomegaly with Bla cell dominandgimunoglobulin sequence. AF performed IgH-SLC analysis.

was de ned as lymphoma, with or without signi cant increase JB-D contributed to maintain M11KI and Q52 KI mice and

of total PBL cell number, as CLL/lymphoma. PBL analysis.

Erythroid Cell Analysis

For analysis of erythoid cell percentage in embryonic/neéana
liver adult BM, pre-treatment with ammonium chloride was This work was supported by the National Institutes of Health
not involved. Cells were stained with Terll9 and CD7IRO1 Al113320 (RH and KH) and Fox Chase Cancer Center
antibodies together with CD19, AA4, CD5 antibodies. InBlood Cell Development and Cancer Keystone program.

CD19 AA4 CD5 cells, Terl19 cells as total erythroid cells
and Ter11§ CD71°= cells as maturing erythrocytes.
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