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The Role of Igf3 in Precursor B Cell Transition
and Allelic Exclusion
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Lymphocytes express multicomponent receptor complexes that mediate diverse antigen-
dependent and antigen-independent responses. Despite the central role of antigen-inde-
pendent events in B cell development, little is known about the mechanisms by which they
are initiated. The association between the membrane immunoglobulin (Ig) M heavy chain
(mp) and the Iga-IgB heterodimer is now shown to be essential in inducing both the transition
from progenitor to precursor B cells and subsequent allelic exclusion in transgenic mice. The
cytoplasmic domain of Igg is sufficient to induce these early antigen-independent events by
a mechanism that requires conserved tyrosine residues in this protein.

Membrane-bound Ig mediates several
physiological responses in both developing
and mature B lymphocytes (1). These re-
sponses can be divided into two categories:
One set of events is triggered by antigen,
whereas a second group is antigen-indepen-
dent. The antigen-independent responses
occur early in the B cell developmental
pathway and can be induced by mp even in
the absence of light chain synthesis. The
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first of these events is a discreet develop-
mental transition from progenitor B cell
(pro—B cell) to precursor B cell (pre-B cell).
Disruption of either the transmembrane do-
main—encoding region of the mp gene or
the recombinase activating genes (RAGs)
that are required for Ig gene assembly results
in lymphocytes that fail to develop beyond
the pro-B cell stage (2, 3). This develop-
mental deficiency can be specifically com-
plemented by the transgenic addition of a
rearranged mp gene (4, 5). B cells that
develop to the pre-B cell stage then under-
go heavy-chain allelic exclusion, a second
antigen-independent, mp-mediated re-
sponse (6). Expression of mp. in pre-B cells



Fig. 1. Immunoglobulin transgene expression in
RAG-1~/~ mice. (A) The mouse-human hybrid mp.
transgene (79). VDJ, variable region coding exon;
e, mouse heavy chain enhancer; CH1 to CH4,
human constant region coding exons; M1 and M2,
transmembrane domain coding exons. (B) Human
mp and glyceraldehyde-3-phosphate dehydroge-
nase (GAPDH) mRNA abundance in bone marrow
samples from RAG-1~/~ transgenic mice and their
RAG-1~/~ littermate controls. Two independently
derived strains of mp. transgenic mice are indicat-
ed as mu(1) and mu(2). The mu(1) transgenic
strain was used throughout. Bone marrow RNA
samples were also tested by ribonuclease protec-
tion and all strains were shown to produce only the
membrane form of w mMRNA. WT, wild-type
mouse; RAG, RAG-1~/~ mouse; YS:VV mu, mu
transgene with Tyr587 and Ser®88 in the transmem-
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brane domain replaced by Val;,YS:VV mp.-Ig Y:F, Tyr'®5 and Tyr2%6 in the cytoplasmic tail of the YS:VV
mp.-IgB chimera were replaced with Phe; ., position of the human mp mRNA; and GAPDH, position of

the control GAPDH mRNA.

inhibits V to DJ recombination resulting in
the activation of only one of two antibody
alleles in a given cell (7, 8). Analogous
events have also been described in develop-
ing T cells (9)-

Although much is known about how B
and T cell receptors activate antigen-driven
responses, the molecular mechanisms by
which earlier antigen-independent events
occur have not been determined. In mature
B cells, exposure to antigen produces two
categories of responses: activation and an-
tigen presentation. The signals that prodyce
these responses require receptor cross-link-
ing and are mediated by two closely related
Ig-associated proteins—Iga (10) and IgB
(11)—that form a disulfide-linked het-
erodimer (Iga-IgB). Both Iga and IgB be-
long to a larger family of antigen receptor—
associated signal transducers that share a
tyrosine-containing cytoplasmic sequence
motif, termed ARH1, TAM, or ARAM
(12). B cell activation by Iga-IgB involves
triggering the Src and Syk family kinases
and requires receptor tyrosine phosphoryla-
tion (13). A second pathway that may be
activated by Iga-IgB results in internaliza-
tion and antigen processing and does not
require phosphorylation of the conserved

ARH1 tyrosine residues (14). Additional -

levels of regulation, as well as independent
signaling roles for Iga and IgB, have been
suggested by the observations that Iga and
IgB bind to different sets of tyrosine kinases
(15) and that the two proteins stimulate
different biochemical activities in trans-
fected lymphoid cell lines (16, 17).

Iga and IgP are produced early by devel-
oping B cells (10, 11, 18), and, by analogy
to more mature B cells, it has been proposed
that either one or both molecules mediate
mp-induced antigen-independent events.
To test this hypothesis and to examine the
mechanism by which Ig influences the an-
tigen-independent phase of B cell develop-

ment, we created strains of transgenic mice
that carried specifically altered human mp.
genes (Fig. 1). Nineteen independent trans-
genic strains that carry a human-mouse hy-
brid mp gene were created (19), and all
strains tested showed high concentrations
of membrane IgM mRNA (Fig. 1B); normal
variation between strains is illustrated by
mp(1) and mpu(2).

To determine whether the induction of
the pro-B cell to pre-B cell transition re-
quires interaction between mp and Iga-IgB,
we produced a strain of transgenic mice that
carried a mp transgene in which codons
encoding Tyr’®” and Ser’® in the trans-
membrane domain were replaced by Val
(YS:VV mp) (20). We chose this mutation

because transfection experiments have

s 13 5 7005 k)

shown that it results in a normally anchored
my. protein (21) that fails to associate with
endogenous Iga-IgB (17, 22), is unable to
trigger either antigen presentation or B cell
activation (20) and does not require Iga or
IgB for transport to the cell surface (17, 22).
The YS:VV mp. and control mp transgenes
were transferred into a RAG-I-deficient
background (RAG-17/~) in which B cell
development is blocked at the pro-B cell
stage (2). Complementation was assessed by
staining of bone marrow cells with anti-
B220 and either anti-CD43 or anti-CD2
antibodies (5, 23) (Fig. 2). Pro-B cells are
B220*, CD43*, and CD2~, whereas pre-B
cells are B220*, CD43~, and CD2%; the
latter are missing in the bone marrow of
RAG-1"""mice (2). Expression of the con-
trol mp. transgene in the RAG-1"/~ back-

~ ground restored the B220*CD43~ and

B220*CD2* pre-B cell pools (Fig. 2) (4,
5), but transgenic mp. was not expressed on
the cell surface and did not allow B cells to
develop beyond the pre-B cell stage (4, 5).
The extent of complementation achieved
with the mouse-human hybrid transgene
was similar to that described for other mp.
transgenes, despite a two- to fivefold differ-
ence in the amount of mp. expressed in the
different strains (4, 5) (Fig. 1); both wild-
type m. strains showed similar biological
activities in a RAG-1~/~ pre-B cell recon-
stitution assay. In contrast, the mutant YS:
VYV mp transgene had no effect on devel-
oping B cells in three independently de-
rived transgenic strains (Fig. 2). Lack of
complementation was not due to insuffi-
cient YS:VV mp tranisgene expression be-
cause the mRNA abundance was greater
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Fig. 2. B cell development in the bone marrow of RAG-7~/~ mp. transgenic mice. Bone marrow cells from
6- to 8-week-old transgenic mice were analyzed on a Becton Dickinson FACScan fluorescence-activated
cell sorter with CELLQuest software. Cells were stained with phycoerythrin-labeled anti-B220 (Pharmin-
gen) and either fluorescein isothiocyanate—labeled anti-CD43 (S7 hybridoma; American Type Culture
Collection) or anti-CD2 (Pharmingen) antibodies. The lymphocyte population was gated according to
standard forward- and side-scatter values. The numbers in each quadrant represent the percentages of
gated lymphocytes. The absolute numbers of bone marrow cells recovered were 2 X 107 for wild type
(WT) and between 1 X 107 and 1.5 X 107 for all transgenic strains. The number of cells in the
CD2-B220* pool was not consistently increased in the RAG-7-/~ and RAG-71~/~ mu. mice.
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than or equal to that of mp transgenic
strains that did reconstitute the pre-B cell
pool (Fig. 1); moreover, similar amounts of
intracellular staining with fluorescent anti-
bodies to human mp. protein were detected
in bone marrow samples of all strains. In-
teraction between mpu and Iga-IgB thus
appears essential for mp to induce the
pro-B cell to pre-B cell transition.

To explore the mechanism by which Ig
induces the transition to pre-B cells, we
produced a chimeric mp transgene that en-
codes the external and transmembrane do-
mains of the inactive YS:VV mu and the
cytoplasmic domain of IgB (YS:VV mpu.-
IgB) (17). In tissue culture experiments,
YS:VV mp-IgB mediates Ca2* and phos-
phorylation responses, although it does not
associate with endogenous Iga-IgB (17).
Two independently derived strains that car-
ried the YS:VV mp-IgB transgene in a
RAG-17/~ background differed from mice
that carried the parent YS:VV mp trans-
gene in that B220*CD2*CD43~ pre-B
cells developed in the bone marrow (Fig. 2).
Thus, the addition of the cytoplasmic tail of
IgB to the inactive YS:VV mu was suffi-
cient to complement the RAG-1 deficiency
and restore the pro-B cell to pre-B cell
transition.

To determine whether this transition is
activated through a tyrosine-dependent or
tyrosine-independent signaling pathway,
we replaced Tyr'®> and Tyr’® in the
ARH1 domain of the cytoplasmic tail of
the YS:VV mp-IgB chimera with Phe (YS:
VV mp-IgB Y:F) (17). High-level expres-
sion of the YS:VV mpu.-IgB Y:F transgene
failed to complement the pre-B cell defi-
ciency in the bone marrow of RAG-17/~
mice in two independently derived strains
(Fig. 2). Thus, the cytoplasmic domain of
IgB appears sufficient to induce the anti-
gen-independent pro-B cell to pre-B cell
transition and the mechanism that medi-
ates this response is similar to B cell acti-
vation in that it requires receptor tyrosine
phosphorylation.

Inhibition of V to DJ recombination,
resulting in heavy chain allelic exclusion, is
another antigen-independent event trig-
gered by expression of mp (6). To examine
the role of Iga-IgB in the inhibition of V to
DJ rearrangements, we introduced the var-
ious mp. transgenes into a genetic back-
ground that supported normal VD] recom-
bination. Polymerase chain reaction (PCR)
assays with DNA from bone marrow cells
were used to measure both V to DJ, and DJ
rearrangements (Fig. 3). The controls in-
cluded wild-type and RAG-1"/~ mouse
bone marrow samples, as well as nonrecom-
bining intervening sequence primers. In the
bone marrow samples from wild-type mice,
both V to DJ and D to ] recombination was
detected, whereas neither of these events
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Fig. 3. Immunoglobulin gene rearrangements in
transgenic mice assayed by PCR. Recombina-
tion of VJ558L family, V7183 family, or D region
segments with J segments was assayed by PCR
amplification (24). Bone marrow DNA samples
were obtained from two independent mice for
each of the strains indicated. The genetic back-
grounds were identical for all the strains, and all
were wild type for recombination except the in-
dicated control samples from RAG-1~/~ (RAG)
mice. Amplified DNA was visualized by Southern
hybridization with an Eco RI DNA fragment that
covers the mouse J region. Control primers were
from the J-CH1 intervening sequence (24). The
germline and rearranged . variable region and
the primers (indicated by arrows) used in the
PCR experiments are shown below. Primer se-
quences and PCR conditions were as previously
described (24).

was observed in RAG-17/~ bone marrow
samples. Introduction of the control mp
transgene into the wild-type background
inhibited V to DJ but not D to ] recombi-
nation, consistent with results obtained
with other mp. transgenes (24). In contrast,
the YS:VV mp transgene had no effect on
either V to DJ or DJ recombination. Thus,
inhibition of V to DJ recombination by
transgenic m. requires contact between
transgenic mp. and Iga-IgB. The YS:VV
mp mutant can be restored to wild-type
competence by addition of the cytoplasmic
domain of IgB, and replacement of ARH1
tyrosines in the IgB tail with phenylalanine
abrogates this activity. Thus, the cytoplas-
mic tail of IgB contains sufficient informa-
tion to mediate both the pro-B cell to
pre-B cell transition and the inhibition of
V to DJ recombination. Furthermore, both
of these antigen-independent events re-
quire receptor tyrosine phosphorylation.
Our experiments demonstrate that mp
induces antigen-independent responses and
B cell activation by similar mechanisms. As
in B cell activation, both allelic exclusion
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and the induction of the pro-B cell to
pre-B cell transition require contact be-
tween my and the Iga-IgB heterodimer.
The observation that the cytoplasmic do-
main of IgB, and specifically the ARH1
tyrosine residues, was required for antigen-
independent responses indicates that these
events are more closely related to B cell
activation than to antigen presentation, be-
cause the latter does not require receptor
tyrosine phosphorylation (14).

In all instances in which signaling by
antigen receptor-associated proteins has
been analyzed, receptor aggregation has
been shown to be essential for cellular acti-
vation (25). The observation that conserved
ARHI1 tyrosine residues are important in
antigen-independent processes in B cells in-
dicates either that aggregation is an intrinsic
property of nascent Ig or, more likely, that a
specific receptor cross-links mp to trigger
early developmental transitions.

In developing B cells, the B cell receptor
(BCR) consists of a complex of proteins
that include mp., the surrogate light chains
(26), and Iga-IgB (27, 28). Our chimeric
antibody experiments show that the exter-
nal domains of Iga and IgP are dispensable
for triggering allelic exclusion and the tran-
sition to pre-B cells. In addition, the V
region of mp may be dispensable for pre-
BCR signaling, because membrane-bound
Dp proteins are sufficient to regulate VD]
recombination and B cell development
(29). Transgenic my. interacts with the sur-
rogate light chains (28) and these mole-
cules are important in directing early B cell
development (30). Thus, the surrogate
chains may interact with the putative cross-
linking receptor or, alternatively, they may
be required for delivery of the pre-BCR to
the appropriate cellular compartment for
activation.

ARHI1 motifs and their tyrosine residues
are present in a variety of immune recogni-
tion receptors, including the T cell receptor
(TCR) (12), and genetic experiments have
shown that ARH-containing proteins and
their associated kinases are important in
regulating early T cell development (31).
However, targeting individual elements of
the CD3 complex is likely to interfere with
the assembly of the entire TCR (32), and
thus the contributions of individual recep-
tor components would be difficult to eval-
uate. Indeed, each of these signal transduc-
ers could have either independent or over-
lapping functions in regulating the many
developmental transitions required to com-
plete lymphocyte development (15-17,
33). The chimeric antigen receptor ap-
proach described here should facilitate the
evaluation of the role of individual TCR
and BCR components in regulating lym-
phocyte development in vivo. Furthermore,
the observation that the cytoplasmic do-



main of IgB is sufficient to trigger two an-
tigen-independent responses by a tyrosine-
mediated mechanism establishes a direct
link between my., IgB, and tyrosine kinases
in developing B cells.
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FAP-1: A Protein Tyrosine Phosphatase
That Associates with Fas

Takaaki Sato, Shinji Irie, Shinichi Kitada, John C. Reed*

Fas is a cell surface receptor that controls a poorly understood signal transduction
pathway that leads to cell death by means of apoptosis. A protein tyrosine phosphatase,
FAP-1, capable of interacting with the cytosolic domain of Fas, was identified. The
carboxyl terminal 15 amino acids of Fas are necessary and sufficient for interaction with
FAP-1. FAP-1 expression is highest in tissues and cell lines that are relatively resistant to
Fas-mediated cytotoxicity. Gene transfer-mediated elevations in FAP-1 partially abol-
ished Fas-induced apoptosis in a T cell line. These findings are consistent with an
inhibitory effect of FAP-1 on Fas signal transduction.

Fas (also known as APO-1 and CD95) is a
cell surface receptor that is expressed on a
variety of normal and neoplastic cells. It
shares significant amino acid sequence ho-
mology with several members of the tumor
necrosis factor receptor (TNFR) family, in-
cluding p55-TNFR, CD40, and the p75-
nerve growth factor receptor (NGFR),
which have been shown to act as either
inhibitors or inducers of cell death (1). The
ligand for Fas is expressed predominantly on
cytolytic T cells (2), suggesting that Fas
plays a role in the effector branch of cellular
immune responses. Mutations in the genes
encoding Fas or its ligand have been asso-
ciated with lymphoproliferative and auto-
immune disorders in mice (3). Furthermore,
alterations in Fas production have been as-
sociated with autoimmune disease in hu-
mans and susceptibility to induction of ap-
optosis of T cells in human immunodefi-
ciency virus—infected persons (4).
Monoclonal antibodies specific against
Fas induce apoptosis in many types of cells
(5). However, in some cases antibodies to
Fas stimulate cell proliferation (6, 7), sug-
gesting that the intracellular signal trans-
duction pathways used by this receptor are
subject to regulation. The cytosolic domain
of Fas contains no similarity to known ki-
nases or other enzymes that might transduce
signals into cells. Deletion mapping analysis
has identified a domain that is required for
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induction of apoptosis, which is called the
“death domain.” This domain shares homol-
ogy with sequences located in the cytosolic
domains of p55-TNFR1, CD40, and p75-
NGEFR (8). For some cells, apoptosis in-
duced by antibodies to Fas is dependent on
protein synthesis inhibitors such as cyclo-
heximide (8). This implies either the exis-
tence of a labile protein that suppresses Fas-
generated signals leading to cell death or the
induction of proteins that inhibit the ability
of Fas to trigger apoptosis. A negative regu-
latory domain has been mapped to the
COQH-terminal 15 amino acids of Fas that
is not homologous to other TNFR-like pro-
teins; deletion of this domain can abrogate
the dependence on protein synthesis inhib-
itors for apoptosis induced by antibody to
Fas (8).

To identify complementary DNAs
(cDNAs) encoding proteins that can po-
tentially modulate the activity of Fas, we
used a yeast two-hybrid system for cDNA
library screening. We used the cytosolic
domain of human Fas fused to a LexA DNA
binding domain (9, 10) and random
cDNAs fused in frame with a VP16 trans-
activation domain. Using a His synthetase
gene (HIS3) under the control of LexA
operators as a reporter, we identified 395
His* colonies from an initial screen of 3 X
108 transformants. Of these, 84 were also
positive when a lacZ gene (B-galactosidase)
under the control of a LexA operator was
used as an alternative reporter. Mating tests
were then performed (11); only 2 of the 84
candidate clones (numbers 31 and 43) re-
acted with the cytosolic domain of Fas (Ta-
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