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We have isolated cDNA clones complementary to a truncated immunoglobulin heavy-chain Ca RNA
transcript previously found to be induced in B lymphoid cells by treatment with lipopolysaccharide (LPS)
combined with interleukin-4 (IL-4). We demonstrate that this transcript initiates from a promoter upstream of
the germ line £ class-switch recombination region (Sa region). The major germ line Ca transcript contains a

small 5' exon contributed by sequences upstream of the SE region spliced to the normal CE exons. Treatment
of splenic B lymphoid cells with LPS plus IL-4 induces the expression of transcripts from the germ line
transcription unit followed by expression of normal immunoglobulin heavy-chain mRNA. Furthermore, we

demonstrate that similar treatment of transformed precursor B cell lines induces the expression of germ line
transcripts followed by class switching to expression in these lines. This is the first demonstration of

switching to in cells of the pre-B stage. The general structure of the germ line transcript and transcription
unit is similar to that previously characterized for germ line -y2b transcripts. However, expression of these two
germ line transcription units in B-lineage cells is inversely regulated by IL-4 (plus LPS) treatment, correlating
with the effects of these treatments on switching to these loci.

Immunoglobulin molecules consist of a pair of identical
heavy (H) polypeptide chains and a pair of identical light (L)
polypeptide chains. H and L immunoglobulin chains have
N-terminal variable and C-terminal constant regions of
amino acid sequence. Variable regions of H and L chains
interact to contribute the antigen-binding domain of the
molecule. Variable regions are encoded by separate germ
line gene segments that are assembled into complete variable
region genes during precursor B lymphocyte differentiation.
The immunoglobulin H-chain variable region is encoded by
three DNA segments termed the VH, D, and JH segments
(38). The constant region of the immunoglobulin H chain (the
CH region) determines effector functions of the immunoglob-
ulin molecule. Murine CH genes are located downstream of
the variable-region locus. The eight murine CH genes are
found within a 200-kilobase region and are ordered (from 5'
to 3') I,u , -y3, y1, y2b, y2a, E, (X (31). The type of CH gene
expressed in an antibody molecule determines its class (or
isotype); for example, an immunoglobulin molecule contain-
ing E H-chain constant region is termed IgE. The variable-
region gene is attached to the immediate downstream con-
stant-region gene via RNA processing mechanisms.

Differentiating B lymphocytes first produce p. chains and,
as a result, express an IgM surface receptor. Upon stimula-
tion with polyclonal activators, B cells can be induced to
secrete large amounts of immunoglobulin and may change
the CH region of the antibody produced. The latter process,
termed H-chain class switching, allows a clonal lineage of B
cells to produce an antibody that retains variable-region
specificity in association with a different CH effector func-
tion. The common mechanism of class switching in termi-
nally differentiated B lineage cells is through a recombina-
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tion event that juxtaposes a downstream CH gene to the
expressed VHDJH gene (reviewed in references 13 and 20).
This recombination process usually involves areas of repet-
itive sequences, termed switch (S) regions, that lie upstream
of the various CH genes. In animals, particular antigen-
driven responses can lead to production of antibodies with
distinct CH subsets. For example, high levels of IgG2a occur
during murine viral infections (10). In contrast, murine
parasitic infections lead to high-level IgE production (16).
Recent work has indicated that lymphokines secreted by T
lymphocytes influence which CH genes are produced by B
cells (reviewed in references 8 and 24), perhaps as a result of
a direct influence on the class-switch process (21).
The role of external agents in regulating immunoglobulin

isotype production has been studied by using cell culture
systems in which B lymphocytes are polyclonally activated
with compounds such as bacterial lipopolysaccharide (LPS)
along with purified lymphokines. Splenic lymphocytes cul-
tured with LPS produce, in addition to >i, large amounts of
-y2b and y3 (45); when the T cell lymphokine interleukin-4
(IL-4) is added to LPS cultures, levels of -y2b and y3
decrease, while production of E and -yl increases (reviewed
in references 24 and 25). These responses occur, at least in
large part, due to outgrowth of B-lineage cells that have
undergone recombination-deletion class-switch events (26,
40). The propensity of normal and transformed B-lineage
cells to switch to certain H-chain isotypes may be correlated
with expression of the corresponding germ line CH gene
(reviewed in reference 27). For example, treatment of Abel-
son murine leukemia virus (A-MuLV)-transformed pre-B
cells or normal splenic lymphocytes with LPS induces
transcription through the germ line S and C-y2b region prior
to actual recombination to S-y2b. Furthermore, treatment of
normal spleen cells with IL-4 in combination with LPS
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inhibits both production of germ line y2b transcripts and
switching to y2b (21). Germ line y2b transcripts initiate
upstream of the Sy2b region and terminate at normal sites
downstream of Cy2b (19); thus, these transcripts traverse
the region targeted for switch recombination. Such findings
suggest that IL-4 and LPS direct class-switching in B cells.
possibly by modulating the accessibility of different CH
regions to a common recombination system (21, 33). In the
context of this model, transcription of the germ line CH gene

may be either a direct or indirect manifestation of accessi-
bility.

IgE antibodies are important in defense against parasitic
infections and are also potent stimulators of histamine re-

lease in allergies and anaphylaxis (reviewed in reference 3).
IL-4 treatment can stimulate production of IgE by B cells
both in vitro and in vivo (7. 12). Treatment of normal and/or
transformed B-lineage cells with LPS plus IL-4 induces the
expression of truncated CE-hybridizing transcripts (28, 33).
If IL-4 induces switching to E in the context of the mecha-
nism proposed for its inhibitory effects on switching to y2b.
one would predict that the truncated transcripts should
represent germ line transcripts that traverse the Se region. A
different, but not mutually exclusive, model to explain a

correlation between germ line CH transcription and class
switching would involve an active role for the transcript in

the process. Such a model might predict structural or se-

quence homology among different germ line C1 transcripts.
To further elucidate the role of mitogens and lymphokines in

regulating class switching to r, we have defined the IL-4-
plus LPS-inducible E transcription unit and analyzed the
relationship between germ line E transcription and switching
to E in both normal B cells and a pre-B cell line.

MATERIALS AND METHODS

Cell culture. The 18-81A20 (A20) A-MuLV-transformed
cell line has been described previously (1). Splenocyte
isolation and culture conditions were as previously de-
scribed (28).

Preparation of RNA, cDNA cloning, Southern blotting, and
preparation of labeled probe. Total RNA was prepared from
cells by the guanidinium thiocyanate extraction procedure
(6). Poly(A)+ RNA was prepared by oligo(dT)-cellulose
chromatography (2). For cloning purposes, cDNA was syn-
thesized by using a cDNA synthesis kit (Pharmacia, Inc.)
and cloned into lambda gtll. Library screening, plaque
purification, and the isolation and subcloning of inserts were

performed as previously described (2). The CH probe was

described previously (28). DNA blotting and preparation of
32P-labeled probes by nick translation was as described
previously (2).

Nucleotide sequencing and DNA cloning. The upstream
genomic fragment was subcloned from a lambda bacterio-
phage clone, e-12 (31), provided by Phil Tucker. A 1.1-
kilobase PstI fragment that hybridized to an EcoRI-PPM1
probe from the 5' exon of the CE6 cDNA was subcloned into
pUC18. Nucleotide sequences were determined by the dide-
oxy method (30), with protocols and a modified T7 DNA
polmeryase (Sequenase) obtained from U.S. Biochemical
Corp.

S1 nuclease protection analyses. An EcoRI-BstII restriction
fragment derived from the CE6 cDNA and a PstI-HitcII
restriction fragment derived from the e-12 genomic phage
clone were subcloned into an M13 phage vector, and uni-
formly labeled single-stranded probes were prepared. Hy-
bridization to RNA, SI digestion, and analyses on 5%

polyacrylamide-7 M urea gels were performed as described
previously (17).
Primer extensions. A 24-base-pair (bp) oligonucleotide (5'-

CTGAGGTCCTCTGATAAGTGAGTG-3') complementary
to the sequence of the CE6 cDNA that spanned the splice
between the 5' exon and Cr was end labeled with 32P by
using T4 polynucleotide kinase (2) and employed as a
primer. Hybridization to RNA. extension with reverse tran-
scriptase, and polyacrylamide gel analysis were performed
as described by Yokota et al. (44).

Polymerase chain reactions. A 26-bp oligonucleotide (5'-
ATTGGATCCTTTACAGGGCTTTAAGG-3') complemen-
tary to a sequence in the CH1 exon of the CE gene, with a
BamHI restriction site added to the 5' end, was used as a
primer, and cDNA was synthesized by the primer extension
method referred to above. The cDNA was amplified with the
same CE oligonucleotide and an 18-bp oligonucleotide cor-
responding to the sequence 5'-GTACTACCTGCAGTTG
AA-3' of the VH3660 nucleotide sequence by the polymerase
chain reaction (29). Reaction products were Southern blot-
ted and probed with an end-labeled 17-bp oligonucleotide
probe that corresponded to the sequence 5'-GGAACCCTCA
GCTCTAC-3'. found in CHi of the germ line CE gene; this
latter sequence is 5' to that represented by the oligonucleo-
tide used in the PCR. The PCR product was subcloned into
the pUC18 vector, and its nucleotide sequence was deter-
mined as indicated above.

RESULTS

Isolationi of a cDNA complementary to a germ line £
transcript. We have previously demonstrated that truncated
CE-hybridizing transcripts are produced by the A20 A-
MuLV-transformed pre-B cell line after culture with LPS
plus IL-4. To define the truncated transcripts, we prepared a
cDNA library from the poly(A)+ RNA isolated from A20
cultured in the presence of these agents for 4 days. Seven
independent cDNA clones containing inserts that hybridized
to a CE probe were isolated. The longest cDNA insert. CE6,
was 1,450 bp long. The nucleotide sequence of this cDNA
clone demonstrated that it was composed of a 76-bp novel 5'
sequence attached directly to the CH1 region of the Cr gene
(Fig. 1; only 32 bp of the novel sequence is shown). The
novel 5' sequence had no homology to any known VH. D. or
J11 region. A lambda phage genomic clone that contained the
germ line region upstream of the CE gene was assayed for
hybridization to a probe specific for the 5' sequence of the
CE6 cDNA clone; this analysis permitted the isolation of a
genomic sequence that was upstream of the CE gene and
shared 100% homology with the 5' sequence of the CE6
cDNA clone (Fig. 1 and 2). The 5' 76 bp of the CE6 clone
were contained within an 1,130-bp PstI fragment that lies
upstream of the Se region (Fig. 1). The shorter cDNA clones
were identical in structure to the CE6 cDNA sequence in
that all contained sequences from the same 5' exon (termed
IE) spliced at identical 3' splice junctions to the first exon of
CE; the only difference among them was the amount of Ir
sequence that they contained (data not shown).

Initiation of germ line E transcripts. Potential transcription
initiation sites for the E germ line transcripts were initially
defined by S1 nuclease protection assays. For these analy-
ses, a 501-bp probe from a HincII-PstI subclone of a
genomic region upstream of the Se region (Fig. 1) was
uniformly labeled with 32P, hybridized to total RNA isolated
from the A20 cell line cultured under different conditions,
and digested with S1 nuclease and the protected fragments
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FIG. 1. Characterization of the germ line r transcript. The upper portion of this figure shows a map of the germ line e region, with the
genomic probe used in the studies shown in Fig. 3 indicated (-). The locations of the Sr and CE sequences are shown. Abbreviations of
restriction endonucleases: B, BamHI: P, PstI: H, HincII. Below the map, the nucleotide sequence of the CE6 cDNA in the region surrounding
the IE/CE splice junction is compared with the sequence of the 5' end of the r CH gene and the area of upstream germ line region with sequence
homology. The probable splice junction of I to Cr is noted. This junction was chosen on the basis of the presence of consensus splice donor
and acceptor sequences.

were analyzed by electrophoresis through acrylamide gels
(Fig. 3). This probe was not protected at detectable levels by
transcripts produced by A20 cultured in the absence of
exogenous agents; however, A20 cells cultured with LPS
plus IL-4 produced transcripts that protected a series of
fragments of the genomic probe (Fig. 3). In multiple sets of
experiments, the two strongest sets of protected fragments
were 77 to 87 and 92 to 100 bp in length; these represent the
major transcription initiation sites for the germ line r tran-
scripts (see below). Larger protected fragments (350 to 400
bp) were also detected at various levels of intensity in
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FIG. 2. Nucleotide sequence of the genomic region encoding the
5' exon of the r germ line transcript. The nucleotide sequence of the
1,130-bp PstI fragment that hybridized to the 5' exon of the CE6
cDNA was determined. The upstream r sequences found in the CE6
cDNA are boxed. The predicted regions of major transcriptional
initiation as determined from the analyses of Fig. 3 are underlined.

particular RNA preparations (usually at significantly lower
relative levels than those detectable in the experiment
shown). The latter fragments are larger than the 220-bp
region of the probe that is 5' to the splice site defined by the
seven isolated Cr-hybridizing cDNA clones (see above);
therefore, they must have been protected by RNA se-
quences derived from the genomic region 3' to the splice
donor site of the 5' Cr exon. Thus, the most likely explana-
tion for their origin is that they represent precursor RNA
transcripts present within the total RNA preparations used
for these studies. Finally, Si protection assays, with addi-
tional genomic probes representing sequences 5' to those of
the probe described above, demonstrated that there were no
detectable transcripts containing sequences derived from the
700-bp genomic region 5' to the putative germ line r tran-
scription start sites indicated above (data not shown).
To confirm that the protected bands observed in the Si

analyses represented true transcription initiation sites,
poly(A)+ RNA from the IL-4- plus LPS-treated A20 cells
was reverse transcribed from an oligonucleotide primer that
spanned the splice junction between Cr and the 5' exon of
the CE6 cDNA. In multiple experiments, the primer-ex-
tended products consisted of heterogeneous sets of reverse
transcripts, with the longest species ranging from approxi-
mately 70 to 100 bp; on the basis of their size, the 5' termini
of the primer extension products roughly corresponded to
the 5' borders of the 70- to 100-bp sets of Si nuclease-
protected genomic fragments described above (data not
shown). Thus, based on a combined analysis of multiple
cDNA clones, Si nuclease analyses, and primer extension
analyses, the transcription of the major steady-state species
of germ line r transcripts initiates from a series of sites
spread over an approximately 30-bp region upstream of the
Se region (underlined in Fig. 2) and proceeds through the Sr
and Cr loci. From this primary (unprocessed) transcript, a
60- to 100-bp exon, termed Ie, is spliced to CE exons to
encode a processed transcript approximately 300 bp smaller
than mature IgE mRNA. This predicted size corresponds to
the size of the truncated Ce-hybridizing transcript previously
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FIG. 3. Transcriptional initiation sites of germ line E RNA. An
S1 nuclease protection analysis was performed by using a uniformly
labeled genomic probe from the HincII-PstI genomic fragment (Fig.
1) and total RNA from the A20 cell line cultured under various
conditions. Lanes: 1, markers (pBR322/MspI); 2, probe alone; 3,
tRNA; 4, A20 RNA; 5, RNA from A20 cells grown with LPS plus
IL-4 for 4 days.

identified by Northern (RNA) blotting (28, 34). These studies
do not eliminate the possibility of lower-abundance tran-
scripts that originate downstream of the Ic exon; however
such transcription units, if they exist, do not contribute
significantly to the steady-state levels of germ line E RNA
sequence.
The nucleotide sequence of the IE exon defined by these

studies, along with the surrounding germ line sequence, is
shown in Fig. 2. The Is exon (shown in the box) has a stop
codon in the CE reading frame 44 bp from the splice junction
with Ce. No significant homology was found between the IE
exon and that previously defined for germ line y2b tran-
scripts (20). With respect to the potential promoter region
upstream of the germ line E transcription initiation site, there
were no striking homologies to the regions surrounding other
IL-4-inducible genes such as major histocompatibility com-

plex class II genes (5, 11).
Expression of germ line transcripts and switching in

splenic lymphocytes. To elucidate potential relationships
between germ line transcription and switching to Se, we

1 2 3 4 5 6 7 8 9

FIG. 4. Expression of E transcripts in mouse splenocytes. (A)
Diagram depicting the sizes of S1 nuclease-protected fragments of
256-bp uniformly labeled probe derived from the 5' end of the CE6
cDNA following hybridization to germ line ERNA or EmRNA. (B)
S1 protection analyses as outlined in panel A with RNA from
splenocytes cultured under various conditions as indicated below.
Lanes: 1, markers (pBR322/MspI); 2, probe alone; 3, day 0 cells; 4
to 6, cells cultured with LPS alone for 1, 3, and 5 days, respectively;
7 to 9, cells cultured with LPS plus IL-4 for 1, 3, and 5 days,
respectively.

assayed for germ line E transcripts and normal E mRNA
expression in mouse splenic B cells. For this analysis, a

portion of the CE6 cDNA that contained the 76-bp Ic-
derived sequence and 180 bp of the CE exon was uniformly
labeled with 32P and used as a probe in Si nuclease protec-
tion assays. Hybridization of this probe to the full-length
germ line transcript should yield a protected band of 256 bp,
whereas hybridization to a VDJ-Ce mRNA transcript should
protect only the CE portion of the probe and yield a band of
180 bp (Fig. 4A). Spleen cells cultured with LPS alone
produced no detectable £ transcripts, either germ line or

mRNA (Fig. 4B, lanes 4 to 6). However, exposure of spleen
cells to LPS plus IL-4 induced the production of a significant
level of germ line E transcripts within the first 24 h of culture
(Fig. 4B, lane 7); this level of germ line £ transcripts was

maintained through day 3 of culture and declined signifi-
cantly by day 5 (Fig. 4B, lanes 7 to 9). Transcripts corre-

sponding in size to mature E mRNA were barely detectable
at day 1 of the cultures with LPS plus IL-4, but their level
increased dramatically by day 3 and continued to increase by
day 5 (Fig. 4B, lanes 7 to 9). Therefore, induction of germ
line E transcripts precedes the accumulation of E mRNA in
LPS- plus IL-4-treated splenic lymphocytes.
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FIG. 5. Expression of E transcripts switching to E in a pre-B cell line. (A) Si nuclease protection assays were performed as outlined in the
legend to Fig. 4. RNA was from the A20 cell line cultured under various conditions as follows: LPS alone, day 2 (lane 1); LPS alone, day 4
(lane 2); IL-4 alone, day 2 (lane 3); IL-4 alone, day 4 (lane 4); LPS plus IL-4, day 2 (lane 5); LPS plus IL-4, day 4 (lane 6). (B) This map
indicates positions of oligonucleotides used in the PCR experiment. Probes derived from the germ line sequence of VH3660 and the CH'
domain of Cr were used for PCR of cDNA. The location of the internal oligonucleotide probe used for the extension is indicated. (C) The
products of the PCR analysis as outlined in panel B and performed on poly(A) RNA of the A20 cell line cultured without additional agents
(lane 1) or in the presence of LPS plus IL-4 for 4 days (lane 2) were assayed by Southern blotting methods for hybridization to the internal
CE oligonucleotide probe (see panel B). (D) The nucleotide sequence of the VDJ junctional region of the PCR product shown in panel C, lane
2, is shown on the top line and is compared with that of a corresponding sequence of the VDJ-C,u transcript (21) of this cell line.

Induced switching to E in a pre-B cell line. It is not known
when the competence to switch to £ occurs during B cell
ontogeny. We have previously demonstrated that certain ,.
H-chain-producing A-MuLV-transformed cell lines constitu-
tively produce germ line -y2b transcripts and correspondingly
switch spontaneously to -y2b production as a result of
S-region-mediated class-switch recombination (1, 19, 43);
treatment of these lines with LPS augments germ line y2b
expression and increases the frequency of switching in these
pre-B lines (21). Pre-B cells or cell lines have never been
observed to make germ line E transcripts or to switch to £
expression. To elucidate whether such cells are capable of
undergoing switching to £ upon appropriate stimulation, we
assayed the populations of the A20 cell line treated with
either LPS alone or LPS plus IL-4 for production of germ
line £ transcripts and mature £ mRNA. A20 cells cultured
with LPS alone (Fig. 5A, lanes 1 and 2) or IL-4 alone (lanes
3 and 4) produced no detectable transcripts of any type.
However, when this line was cultured in the presence of
both LPS and IL-4, expression of germ line a transcripts was
readily detectable by day 2 of culture and further increased
by day 4 of culture (lanes 5 and 6). Significantly, after 4 days
of culture in the presence of LPS plus IL-4, transcripts
corresponding in structure (protected size) to those of ma-
ture E mRNA were detectable, suggesting that cells in the
A20 population may have actually switched to a production
(lane 6). We have obtained similar results from analyses of
several other independently derived A-MuLV-transformed
pre-B cell lines (data not shown).
To confirm that cells in the A20 population had actually

switched from ,. to E mRNA production, an oligonucleotide
complementary to a sequence in the Cr CH1 domain was

used to prime cDNA synthesis from RNA of A20 cells
cultured either in medium alone or in medium supplemented
with LPS and IL-4. Subsequently, polymerase chain reac-
tions (PCRs) were performed on the resulting cDNA prepa-
rations, with an oligonucleotide sequence derived from the
Ca1 domain and an oligonucleotide specific for the produc-
tive VH region expressed in the p. mRNA of this cell line as
primers (Fig. 5B). The PCR products were then assayed for
the presence of RNA corresponding in structure to a mRNA
by Southern blotting procedures for hybridization to a
diagnostic oligonucleotide probe corresponding to a Cr
sequence 5' to that used in the probe used for the PCRs (Fig.
5B). Under these conditions, only RNA from the LPS-
plus-IL-4-cultured A20 cells produced a PCR product that
hybridized to the diagnostic Ca probe (Fig. SC shows typical
results; the experiment was performed several times). Com-
parison of the nucleotide sequence of this product with that
of the p. mRNA produced by the parent A20 cells clearly
demonstrated that the PCR product derived from an mRNA
encoding the productively rearranged VHDJH gene of this
cell line correctly spliced to the CH' of CE (Fig. SD).

DISCUSSION

LPS- plus IL-4-directed switching to £ in splenic lympho-
cytes is preceded by transcription of the germ line £ gene. LPS
treatment of normal spleen cells induces the appearance of
cells that have switched to y2b (and y3) production, whereas
treatment of these normal cells with IL-4 plus LPS abrogates
the appearance of y2b-producing cells, but now stimulates
the appearance of cells that produce a (and yl) (7, 14, 39).
We previously have demonstrated that the effects of these
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agents on class switching to y2b directly correlates with their
effects on production of germ line -y2b transcripts. Thus,
culture of splenic B cells with LPS induces the expression of
germ line y2b transcripts followed by the accumulation of
cells that have switched to y2b, while simultaneous addition
of IL-4 to the LPS-cultured cells abrogates the induction of
germ line y2b transcripts and switching to y2b (21). In
striking contrast, we demonstrate that treatment of splenic
lymphocytes with LPS alone has absolutely no effect on the
expression of the germ line E transcription unit (and switch-
ing to e), whereas treatment with IL-4 plus LPS dramatically
induces germ line E transcripts in these cells followed by
switching to e. There is substantial evidence that switch
region rearrangement is a major pathway in the production
of IgE in such systems (15, 23, 32, 37). Therefore, our
findings provide strong support for the notion that expres-
sion of germ line transcripts by B lineage cell lines is directly
related to factors involved with directing the class-switch
process. Our findings also are consistent with models which
predict that class switch recombination is regulated by
exogenous agents via modulation of the accessibility of S
regions to a common recombination system (28, 33, 34, 43).

Role of germ line transcription in switching. The precise
role of germ line transcription with respect to directed class
switching remains to be elucidated. Similar to the previously
defined germ line ,. and y2b transcripts (18, 19, 22), the
major germ line E transcripts initiate 5' of the switch region.
Thus, the IL-4-induced £ transcripts derive from a transcrip-
tion unit that proceeds through the Sr region prior to class
switching to £ This finding is consistent with the possibility
that transcription through a targeted region is involved
directly in promoting accessibility. In this regard, several
recent studies have shown that increased transcription of
certain regions of DNA in yeast can be correlated with
increased rates of recombination (36). Likewise, transcrip-
tion of germ line immunoglobulin or T-cell receptor variable-
region loci has been shown to correlate with their ability to
be rearranged by a common VDJ recombinase system (4, 41,
42). With respect to the latter system, a direct role for
transcriptional control elements in regulating VDJ recombi-
nation has been implied from experiments which demon-
strate that a DNA fragment containing the immunoglobulin
H-chain transcriptional enhancer element targets associated
transgenic T-cell receptor variable-region gene segments for
rearrangement by the VDJ recombinase (P. Ferrier, B.
Krippl, T. K. Blackwell, A. J. Furley, H. Suh, A. Winoto,
W. Cook, L. Hood, F. Constantini, and F. W. Alt, EMBO
J., in press).

Transcription may not be directly responsible for targeting
germ line CH (and other) genes for rearrangement; several
other, not necessarily mutually exclusive, possibilities may
be considered. For example, transcription may be a by-
product of other events (perhaps binding of specific factors)
involved in promoting recombinational accessibility. Other
possible explanations for the correlation between switching
and expression of germ line transcripts include a potential
role in the process for the germ line transcripts themselves.
The structures of the germ line CH gene transcripts we have
elucidated, including y2b (19), y3 (P. Rothman et al., manu-
script submitted, and E (this study), are all very similar to
each other and to that of germ line p. transcripts (18). Each
consists of a 5' exon (I exon) derived from germ line
sequences upstream of the corresponding S region that is
spliced correctly to the CH' of the immediate downstream
CH gene. The 5' exon of the germ line E transcript initiates
from several sites within a small region 5' to the E switch

region. This pattern of heterogeneous initiation sites was
also found for both the germ line y2b and p. transcripts. The
similarities in the structures of the spliced germ line tran-
scripts may indicate that they perform some analogous
function, although they contain no significant sequence
homologies. The upstream germ line exons of all of these
transcripts have stop codons in the open reading frame of the
CH region to which they are spliced; therefore, they do not
appear capable of encoding large proteins. It has been
suggested that germ line RNA transcripts themselves may
promote specific recombination events through the stabili-
zation of triplex structures that can be formed within S-
region DNA (9). Another conceivable role for the germ line
transcripts would be their use in putative trans RNA splicing
mechanisms for H-chain class switching (20). Transplicing,
which has been observed in trypanosomes (35), would allow
a cell to utilize the same V region and different CH regions
without deletional recombination and would provide a con-
venient mechanism by which some B cells could express a
downstream immunoglobulin isotype without S-region re-
combination while targeting the S region of that isotype for a
future S-region recombination.

Interaction with lymphokines may alter a precommitment to
switch to particular CH genes. A-MuLV transformed pre-B
cell lines often spontaneously undergo recombination-dele-
tion class switching to the y2b gene; treatment of these cells
with LPS can increase the spontaneous rate of switching to
y2b and also induce switching to y3 (21; Rothman et al.,
submitted). We now demonstrate that A-MuLV-transformed
pre-B cells can be induced to switch to E expression when
cultured with IL-4 in addition to LPS. This finding demon-
strates for the first time that transformed cells of the pre-B
lymphocyte stage can functionally respond to IL-4 and
suggests the possibility that normal pre-B cells will respond
similarly. In addition, because the pre-B lines tested do not
put immunoglobulin on their surface, it is highly unlikely that
IL-4 selects cells that have switched to E on the basis of
surface IgE expression. Therefore, our findings support
prior evidence (reviewed in reference 8) that IL-4 can
actually direct class-switch recombination and also provides
the first evidence that a precommitment to switch to a
particular isotype in a clonal pre-B cell line can be altered by
treatment with exogenous agents.
Our findings suggest the possibility that differentiating B

lineage cells inherit a precommitment to switch to -y2b and -y3
(20); a manifestation of this commitment is the LPS induc-
tion of y2b and -y3 transcripts in these cells. Interaction of B
lineage cells with lymphokines such as IL-4 may change this
commitment, as manifested by the observation that treat-
ment of splenic B cells with LPS combined with IL-4, in
direct correspondence to the effect on switching patterns,
abrogates germ line y2b expression and induces the accumu-
lation of germline E transcripts. Our current findings also
suggest that this change in commitment to switch can occur
even in pre-B cells. In contrast to the A20 pre-B line, the 1.29
B-cell lymphoma line can switch to E when induced with
LPS alone (32). The difference between the requirements for
E switching in these two cell lines may be due to their stage
in B-cell ontogeny or, more probably, may be related to an
event prior to transformation of the 1.29 line that might have
included interaction with T cells and/or their products. The
molecular basis of the precommitment of a cell to switch to
certain isotypes has not been defined. The further character-
ization of the regions and events involved in controlling the
expression of germ line CH transcripts should allow more
precise elucidation of the mechanisms by which exogenous
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agents direct class-switch recombination and help define the
molecular elements involved in the commitment of B lineage
cells to differentiate into various types of effector cells.
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