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A number of moderately reiterated murine genetic elements have been shown to have structures like those
of retroviral proviruses. These elements are thought to be transposons, although little evidence of their
transposability exists. Two members of one of these families of reiterated elements, the ETn family, have
inserted into separate immunoglobulin heavy-chain switch regions in the plasmacytoma P3.26Bu4. Switch
regions are those DNA segments associated with each immunoglobulin heavy-chain gene in which the somatic
recombinations that accompany the heavy-chain switch occur. This role in somatic recombination may be
relevant to the ETn insertions into the switch regions in P3.26Bu4 DNA. P3.26Bu4 and a number of other
B-lineage cells contain ETn transcripts.

Transposable elements were first identified because of
their ability to participate in genetic rearrangements. One
class of eucaryotic transposable elements is known to be
structurally analogous to proviral forms of retroviruses.
These elements are moderately reiterated in their host
genomes, and transcripts of many of them are associated
with viruslike particles in the cytoplasm of host cells (for
reviews, see references 14 and 39). Reverse transcriptase
activity is also often associated with these particles (15, 41,
48), and one such element, yeast Ty, is known to transpose
through an RNA intermediate (4). Murine reiterated ele-
ments having retroviral structures include IAP (9), GLN
(22), VL30 (24), MuRRs (37), Mys (46), and ETn (23). Of
these, only IAP (for intracisternal A particle) has been
shown to be a mobile element, having interrupted known
genes in several cell lines (6, 8, 16, 18, 49); the other mouse
elements are termed transposons on the basis of their
structure and of polymorphisms between mouse strains or
species that suggest movement in evolutionary time.
ETn was first discovered as a teratocarcinoma-specific

mRNA by Brulet and co-workers (5). The element is present
in approximately 1,000 copies in the mouse genome.
Genomic ETn clones have structural features highly remi-
niscent of retroviruses, as do their transcripts found in
teratocarcinoma cells (23). Brulet et al. have shown that
transcription of ETn takes place in teratocarcinomas but not
in a number of more differentiated cell lines, including
retinoic acid-induced derivatives of teratocarcinomas (5).
Immunoglobulin genes undergo two types of somatic

rearrangement. The first, which occurs in developing B cells,
is the assembly of both heavy- and light-chain variable-
region gene segments (reviewed in reference 45). The second
occurs when a B cell which expresses surface immunoglob-
ulin M (IgM) differentiates into a plasma cell that secretes
immunoglobulin of a different class. This heavy-chain switch
rearrangement is a deletion of the ,. constant-region gene
and its replacement with a -y, e, or a constant-region gene
from downstream (10, 11, 20, 35). The deletion is accom-
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plished by recombination between switch regions, 2 to
10-kilobase (kb) stretches of tandemly repeated DNA se-
quence that lie upstream of each constant-region gene; the
resulting recombinant switch region is located in the intron
between the assembled variable-region gene and the first
constant-region exon.
Using the Southern hybridization technique and cloned

switch region probes, we have discovered unexpected rear-
rangements of switch regions in the plasmacytoma
P3.26Bu4. Two of these rearrangements are insertions of
members of the ETn family; one of the insertions is into the
joining segment-constant-region (J-C) intron of the ex-
pressed -yl gene. Transcription of ETn occurs in
plasmacytomas and in mouse spleen and may be a common
feature of B-lineage cells.

MATERIALS AND METHODS
P3 is a derivative of the murine plasmacytoma MOPC21

isolated by Potter (34) and was adapted to culture by
Horibata and Harris (21). The subclone being carried in our
laboratory, P3.26Bu4 (27), was given to us by M. Scharff.
The hybridoma 606, which secretes antibody directed
against herpes simplex virus glycoprotein, was made by
using P3X63Ag8.653 as the fusion partner and was a gift of J.
Glorioso (19). High-molecular-weight DNAs from cell lines
were made as described (43). DNA from kidneys and livers
of BALB/c mice was used to represent germ line DNA and
prepared in the same manner.
Recombinant DNA molecules used in Southern analysis

and library screening were all pBR322 or pBR325 derivatives
and included the following. The S-yl probe was p-yl/EH10.0,
which includes the -yl switch region (S) and some 5'-flanking
sequences (28). The Sy2a probe was pS-y2a-1, the EcoRI
fragment containing S-y2a, and was a gift of K. Marcu, as
was the Sa probe p64-101, the EcoRI-HindIII fragment
containing most of the a switch region (44). The derivation of
the pS-y2a-1 subclones used as probes is described in the
legend to Fig. 1.
For hybridization analysis, high-molecular-weight or

cloned DNAs were digested with commercially obtained
restriction enzymes and, after fractionation on 0.8% agarose
gels, transferred to nitrocellulose filters by the method of
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Southern (41). Filters were prehybridized in lx Denhardt
solution (0.2% each Ficoll, polyvinylpyrrolidone, and bovine
serum albumin, 0.1% sodium dodecyl sulfate) at 6x SSC (1 x
SSC is 0.15 M sodium chloride and 0.015 M sodium citrate),
hybridized in the same solution plus radiolabeled probe, and
washed sequentially with the prehybridization solution, 6x
SSC-0.1% sodium dodecyl sulfate, and 2x SSC-0.1% so-
dium dodecyl sulfate. All steps were carried out at 68°C.
Probes were radiolabeled by nick translation (36).

In preparation for genomic cloning, P3.26Bu4 DNA was
digested to completion with EcoRI and fractionated on 10 to
40% sucrose gradients; 6- to 10-kb fractions were ligated into
Charon 4a arms (3), and recombinant libraries were screened
by the method of Benton and Davis (2) with S-yl
(pyl/EH10.0) and S-y2a (pS-y2a-1) probes. S-yl clone -yM8.5
and Sy2a clone lyM72 were grown in liquid culture and
restriction mapped by best-fit analysis of single- and double-
digestion products. The 1.8- and 1.0-kb HindIII fragments
and the 2.8-kb HindIII-EcoRI fragment of -yM8.5 were
subcloned into pBR325 and used as hybridization probes in
Southern analysis of -yM72.

Restriction or random sonicated fragments of cloned
DNAs were subcloned into M13mp8, M13mpl8, or
M13mpl9 and sequenced by the dideoxy chain termination
method (44). Homology between unknown sequences and
ETn was revealed by a search of the GENBANK DNA
sequence library, using the BIONET system of programs.
RNA was prepared from whole P3.26Bu4 and 606 cells by

the guanidinium-cesium chloride method (7). Cytoplasmic
3T3 RNA was a gift of M. Imperiale and was prepared by
lysing cells with Nonidet P-40 and removing nuclei by
centrifugation, followed by phenol extraction (31).
Polyadenylated species were selected from these RNAs on
an oligo(dt) column. Samples for hybridization analysis were
heated to 68°C and spotted onto nitrocellulose filters (previ-
ously wetted in 2x SSC) that were henceforth treated as
described above for Southern hybridization filters. The
Northern blot filter was a gift of J. F. Mushinski and was
prepared as described (29). This filter was handled in the
same manner as the Southern hybridization filters.

RESULTS

IgGl-producing plasmacytoma P3.26Bu4 has unexpected
rearrangements of switch region-containing DNA fragments.
According to the commonly accepted deletion model,
switches to -yl heavy-chain production are accomplished by
recombination between the ,u and yl switch regions of a
single chromosome. Sequences lying between these switch
regions, including C,u and C-y3, are deleted, while down-
stream sequences (including y2b, -y2a, E, and a) are left
intact. Southern analysis with probes for downstream switch
regions should therefore reveal germ line hybridization pat-
terns. This was not the case in the IgGl plasmacytoma
P3.26Bu4, however (Fig. 1A). A probe containing Sy2a
(probe A in Fig. 1A) hybridized the germ line-sized (4.8 kb)
S-y2a-containing EcoRI fragment (and cross-hybridized with
the germ line S-y2b-containing fragment) in both germ line
and P3.26Bu4 DNAs (lanes 1 and 2). In addition, P3.26Bu4
contained 8.4- and 2.4-kb EcoRI fragments that hybridized
with this probe (lane 2). The simplest explanation for these
results is an insertion of 6 kb, including an EcoRI site, into
one of the germ line S-y2a alleles of P3.26Bu4. This was
confirmed in Southern hybridization experiments with
subcloned probes B (lanes 3 to 5) and C (lanes 6 to 9), which
represent the 3' and 5' portions, respectively, of the original

S-y2a probe A. Of the rearranged EcoRI fragments, probe B
hybridized only with the 2.4-kb and probe C hybridized only
with the 8.4-kb fragment (Fig. 1A, compare P3.26Bu4 DNA
in lanes 3 and 9 to germ line DNA in lanes 4 and 8).
However, both probes hybridized to a 12.5-kb BamHI
fragment in P3.26Bu4 (lanes 5 and 6) in addition to the germ
line 6.5-kb fragment (compare lane 7). The restriction en-
zyme cleavage site maps at the bottom of Fig. 1A show the
relationship between the germ line Sy2a allele and the allele
which has undergone this insertion.
A probe specific for S-yl hybridized to three rearranged

fragments of 11.1, 8.5, and 2.7 kb in EcoRI-digested
P3.26Bu4 DNA (Fig. 1B, lane 2). At least one and perhaps
two S-yl rearrangements are expected in an IgGl producer;
the appearance of a third band was unexpected since neither
Syl nor S,u contains an EcoRI site. The relationship between
these P3.26Bu4 fragments will be discussed further below. In
addition, we suggest that some of these insertions occurred
after the derivation of P3 (21, 34), in that some subclones of
P3 do not include the Syl insertion.

Molecular clones of rearranged Sy2a and S-yl fragments
from P3.26Bu4 contain closely related DNA segments. S-y2a-
and S-yl-hybridizing clones were isolated from a recombi-
nant DNA library made by ligating EcoRI-digested and
size-fractionated P3.26Bu4 DNA into Charon 4a. The mo-
lecular clone designated -yM72 has S-y2a sequences in its 5'
half (Fig. 2A). The 5' portion of the molecular clone called
yM8.5 contained recombined S,u and Syl sequences in the
expected switched configuration. The 3' portions of the two
clones included fragments that cross-hybridized (indicated
by stars and filled circles). The two clones, when used as
hybridization probes against EcoRI-digested BALB/c DNA,
hybridized to similar, complex patterns of bands (Fig. 2B),
as did subclones from the 3' portions of the parent clones
(data not shown). No portion of the Igh locus has a restric-
tion map and reiteration frequency similar to that of the 3'
portion of either of these clones (40). Together, these results
suggest that in P3.26Bu4 one allele each of S-y2a and S-yl
have been interrupted by members of the same reiterated
sequence family.
Sequences interrupting Sy2a and S-yl in P3.26Bu4 homol-

ogous to sequences from the retroviruslike element ETn. All of
the S-yl-hybridizing sequences of lyM8.5 were contained
within a single 1.8-kb HindlIl fragment. This fragment
corresponded exactly in size to an S-yl-hybridizing fragment
present in an HindIII-BamHI digest of P3.26Bu4 genomic
DNA and therefore suffered no detectable deletion during
clonal propagation (Fig. 3A). We determined, by dideoxy
DNA sequencing, that this fragment contained an SxSISyl
recombination site, 840 base pairs (bp) of tandemly repeated
S-yl sequences, and, at the 3' end, nonimmunoglobulin
sequences (Fig. 2A, inset). Shown in Fig. 3B are 375 bp of
DNA sequence from this fragment; the first 60 bp were
tandemly repeated S-yl sequences and the remaining 315 bp
were from the unknown portion of -yM8.5. These sequences
are compared with the long terminal repeat (LTR) sequence
of a member of the ETn family described by Brulet et al. (5,
23). The Syl sequences ended and ETn sequences began
precisely at the 5' limit of the LTR. Comparison of S-yl
sequences from yM8.5 with germ line S-yl sequences (28)
demonstrated that ETn interrupted the expressed gene 1.5
kb from the EcoRI site at the end of S-yl.

In -yM72 the recombination point between S-y2a and in-
serted sequences lay in a 2.4-kb HindlIl fragment, which
was about 0.3 kb smaller than, and therefore deleted relative
to, the corresponding P3.26Bu4 genomic fragment (Fig. 3C).

VOL. 7, 1987



1366 SHELL ET AL.

1 2 3 4 5 6 7 8 9

*N w'- 2t

2
-

S-,1 - , -

-_ - 11.1
-4 85

- 2.7

- 2 4

a

Probobe
1.0kb

B E

-,

E B
Germline S-.*2a

FIG. 1. Genomic Southern blots with switch region probes. (A) bALIi/c kidney and liver DNAs (lanes 1, 4, 7, and 8) and plasmacytoma
P3.26Bu4 DNA (lanes 2, 3, 5, 6, and 9) were digested with EcoRI (lanes 1 to 4, 8, and 9) orBamHl (lanes 5 to 7). Lanes 1 and 2 were hybridized
with pS-y2a-1, indicated on the map as probe A. Lanes 3 to 5 were hybridized with probe B, a pBR325 subclone of the 3' BglII-EcoRI
subfragment of pS-y2a-1. Lanes 6 to 9 were hybridized with probe C, a pBR325 subclone of the 5' EcoRI-HindIII fragment of pSy2a-1. The
12.5-kb BamHI fragment in P3.26Bu4 DNA hybridizing to both probes B and C is noted by a dot to the left of lane 5. The restriction map
shows the relationship of the probes to each other and to the BamHI fragment carrying S-y2a in the BALB/c germ line. The proposed structure
of the rearranged S-y2a fragment is also shown, with the inserted segment indicated by an open bar. E, EcoRI; B, BamHI. (B) BALB/c kidney
and liver (lane 1) and P3.26Bu4 (lane 2) DNAs digested with EcoRI. The probe was p-yl/EH10.0, which includes all of S-yl.

The recombination site was between S-y2a sequences and
sequences normally found about 200 bp downstream from
the 5' LTR of ETn (data not shown). It is likely that an
artifactual deletion suffered during the propagation of -yM72
removed the original recombination site and 0.3 kb of the
Sy2a and ETn sequences (including the LTR) flanking it.
Nevertheless, the presence in yM72 of sequences homolo-
gous to sequences found within an ETn element confirms
that yM72 represents an ETn insertion into the S-y2a region.
yM8.5 represents the expressed yl gene in P3.26Bu4, into

which ETn has been inserted. IF2 is a variant subline of P3
that expresses a lyl heavy chain with the same variable
region as that expressed by P3 cells (1). However, the IF2
heavy chain lacks the first constant-region domain (1). The
gene from which this protein is expressed has suffered a
deletion that begins in S-yl sequences and extends down-
stream, removing much of the J-C intron, all of the first C-yl
exon, and some of the C-yl-hinge intron (12). Thus, the
expressed -yl gene of IF2 is rearranged relative to the
expressed gene of P3. Of the three S-yl-hybridizing EcoRI
fragments of P3.26Bu4, only the 11.1-kb fragment remained
unrearranged in IF2 (Fig. 4). Therefore, the 8.5- and 2.7-kb

EcoRI fragments must exist together as part of the expressed
-yl gene in P3.26Bu4 DNA.
The arrangement of the 8.5- and 2.7-kb EcoRI fragments in

the expressed yl gene of P3.26Bu4 is illustrated in Fig. 5.
This arrangement is consistent with the restriction map of
-yM8.5, the site of insertion described above, and the fact
that most ETn elements are 6.0 kb in length. The sequences
at the Six/S-yl recombination site of -yM8.5 (not shown) were
identical to those in the IF2 expressed gene (13) and to those
in pB.12, a BamHI clone we describe elsewhere (Petrini et
al., J. Immunol., in press) that overlaps the 11.1-kb EcoRI
fragment. In Fig. 5 we show and describe the relationships
between the S-yl-hybridizing fragments of P3.26Bu4 and IF2
implied by this sequence identity and by comparisons of
-yM8.5 and germ line sequences.
ETn is transcribed in a number of B-lymphoid cell lines.

ETn was originally discovered as a poly(A)-containing tran-
script in embryonal carcinoma F9 cells. ETn mRNA was not
present in F9-derived differentiated cell lines or in other
differentiated cell lines (5). Polyadenylated RNA hybridizing
to yM8.5 subclone pH.A (Fig. 2A) was found in P3.26Bu4
and not in NIH 3T3 cells; it was also found in hybridomas in
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FIG. 2. Charon 4A clones -yM72 and -yM8.5 contain related
sequences. (A) Restriction maps of the two clones. pBR325
subclones of -yM8.5, p8.5/H.A, and p8.5/H.D, containing the frag-
ments indicated by solid circles and stars, respectively, were used to
probe Southern blots of restricted -yM72 DNA. The fragment in
-yM8.5 hybridizing to p8.5/H.A is indicated by solid circles, and the
fragment hybridizing to p8.5/H.D is indicated by stars. The fragment
shown enlarged was subcloned and named p8.5/H.B. Random
sonication was used to generate M13 subclones that were sequenced
to locate SpL, S-yl, and nonimmunoglobulin (Non-Ig) segments
within this fragment. Abbreviations: E, EcoRI; S, SacI; K, KpnI; H,
HindIII; Bg, BglII; X, XbaI; (E), presumed EcoRI site joining the
insert to vector sequences (this site is not present in -yM72, perhaps
because of a deletion suffered during clonal propagation). (B)
Identical Southern blots ofEcoRI-digested BALB/c kidney and liver
DNA were blotted and probed with yM72 and -yM8.5 as indicated.

A 2

B
GGCAGAGCACCTCCAGSGGAGCCAAGACAGGTGGAASTGTGGTGACCCA

syl U3

T-TAGTCTCCC-CCCCCTAGCCT-.AAACCTGGCTTGCTGGzCAGAGCAGC---------C-------*-------

YM8.5

ETn
18. 5

FIG. 4. yl switch region content of P3 and IF2 DNA. P3.26Bu4
and IF2 DNAs were digested with EcoRI, Southern blotted, and
probed with p-yl/EH10.0, the Syl probe. The intensity of a given
band reflects the amount of repetitive S-yl sequences on the corre-
sponding fragment. For example, the 11.1-kb fragment includes
about 3 kb of tandemly repeated S-yl sequences, whereas the 8.5-kb
fragment includes 840 bp of the same sequences.

which the fusion partner was P3X63Ag8.653 (Fig. 6, inset;
unpublished data). As shown in Fig. 6, the same probe
hybridized to a 6 kb species in polyadenylated RNA from
plasmacytomas and lymphosarcomas. The ETn mRNA was
present, in varying amounts, in all such lines examined. We
have not evaluated the significance of the small quantitative
differences in mRNA hybridization among different lym-
phoid tumors. However, the lack of signal in the thymic
RNA sample probably indicates a dramatically lower level of
ETn mRNA in this tissue.

DISCUSSION

To date, the rearrangements of heavy-chain switch regions
that have been characterized have been in two types, S-S
recombination (reviewed in reference 26) and c-myc
translocation (reviewed in reference 25). The data presented
here indicate that two unexpected rearrangements of immu-
noglobulin heavy-chain switch regions in the IgGlproducing
plasmacytoma P3 result from insertions of 6 kb of non-IgH
sequences. The insert in each case is a member of the ETn
family of transposonlike elements. At least one of these

CAGGGGTGGAGCTTCCTGCTCATTCGTTCTGSCACGCCCACTG.'
C. 1 2

TGCGGThCCACACACG.GCACCTTTCTACTGGACCAr,AGATTATTCG

GCGGGMTCGG'TrCCCTCCCCC"TCCTTCATAAC,AG'T*STCGCMCA
------------*--T-----

U3< r 3 RE- U5
ATA ATTTSAGCCTTGA7 TASTG7*O*: Zr.S-Cv.lSaC-CAC.7CT7I,
- C----T----- --A---A -S- C

TCTCTCGCCACCC C rC .7W C7-Cr G TCAr.e- CaC 4*7
-T-TG-C--GT -----A**--C ----- A---C-CGGCG"***C---C

U 5 <'
TCACGCT AG'JACC...C 7- CIAC CC r.ACCCAACS
----T-**-----GTT--C----C-A -------- G-C-G-----

FIG. 3. Comparison of nonimmunoglobulin sequences from
ETn yM8.5 with ETn LTR sequences. (A) BamHI- and HindlIl-digested
M8.5 P3.26Bu4 (lane 1) and -yM8.5 (lane 2) DNAs were electrophoresed

on the same agarose gel. The resulting Southern blot was hybridized
ETn with p-yl/EH10.0, the Syl probe. (B) Sequences near the
9-8.5 S-yl/nonimmunoglobulin recombination point of -yM8.5 are com-

pared with the sequence ofan LTR ofETn reported by Kaghad et al.
ETn (23). The U3, R, and U5 designations are those reported by Kaghad
9M8.5 et al. ETn sequences are directly above sequences from -yM8.5;

dashes in the -yM8.5 sequence indicate identity with the ETn bases
above. Bases that differ are shown as letters, and asterisks indicate

ET8n5 spaces placed in one or the other sequence to maximize homology.
Tandemly repeated S-yl sequences are underlined. The boxes in
rows 3 and 6 indicate approximate homologies to the heat shock

ETr transcriptional control element CTNGAANNTICNAG (33) and
"1M.5 immunoglobulin gene promoter octamer ATGCAAAT (32), respec-

tively (where N is A, T, G, or C). (C) HindIII-digested P3.26BU4
ETn (lane 1) and yM72 (lane 2) DNAs, electrophoresed on the same gel,
HM8.5 were blotted and probed with pS-y2a-1, the S-y2a probe.
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FIG. 5. Restriction map of the germ line Igh locus and deduced maps of S-y1-hybridizing fragment in P3.26Bu4 and IF2 and their
progenitors. Only the relevant portions of the germ line map are shown. Deletions or insertions that relate the fragments to one another,
deduced by comparing -yM8.5 sequences to Syl germline sequences (28), are indicated by Roman numerals. I. The original Sp/S-yl
recombination took place 5.3 kb upstream from the EcoRI site at the 3' end of Syl, yielding a single 8.2-kb Syl-hybridizing EcoRI fragment.
This fragment represents one of the two IgH alleles in the progenitor of P3, the other being the c-myc translocation described elsewhere (13,
30). This expressed gene was duplicated, perhaps by chromosomal nondisjunction, and the resulting copies underwent further rearrangements
as follows. II. One copy suffered deletions of 2.8 kb of Syl and 0.6 kb of S,u, yielding a 4.8-kb expressed gene (present in some P3 subclones;
unpublished results). III. The other copy of the 8.2-kb fragment underwent an uncharacterized rearrangement to yield the 11.1-kb fragment.
IV. During culture of the sublone P3.26Bu4, the gene represented by the 4.8-kb fragment suffered an insertion of ETn to give the 8.5- and
2.7-kb fragments. V. In another subline the same gene suffered a large deletion (12) to yield the IF2 expressed gene. VI. All P3-related lines
examined to date have the ETn insertion into one of the two S-y2a aileles. See Fig. 2 legend for abbreviations.

insertions begins exactly at the 5' boundary of previously
described ETn LTR sequences; the insertions may represent
transpositions of the element. A hallmark of transpositions is
the presence of a short direct repeat (6 bp in the case of ETn)
of target sequences flanking the inserted element. Cloning
and sequencing of both ends of each insertion will be
necessary to demonstrate ETn transposition. One of these
insertions of ETn is in the major intron of the expressed -yl
heavy-chain gene of P3.26Bu4. These cells continued to
produce IgGl, indicating that a significant portion of the
transcripts originating from the variable-region promoter of
this gene avoid polyadenylation at the ETn polyadenylation
sites.

Brulet et al. described ETn as a family of genetic elements
having a retroviruslike structure, including LTRs and prim-
ing signals like those found in many mammalian retroviruses
and in retrotransposons of lower eucaryotes (23). The struc-
ture of the element and its presence in 1,000 copies in the
mouse genome led them to believe the element was a

transposon (5). Ours is the first reported evidence for ETn
transposition. Five other elements having similar structures
have been found in the mouse (9, 22, 24, 37, 46); of these,
only the IAP genome has been shown to appear in new

locations (i.e., interrupting known genes) within cells from
mice of a given strain. Despite the presence of particles in
transformned lines of many cell types, three of the six new

insertions of IAP genomes that have been described in the
literature are found in P3 derivatives (8, 18), and two more
were seen in other plasmacytomas (6, 16). (The sixth was in
the monomyelocytic leukemia WEHI 3B [49].) The data
presented here suggest that switch regions have been inter-
rupted by ETn transposition at least twice in P3.26Bu4
DNA. Perhaps P3.26Bu4 in particular and plasmacytomas in
general support transposition of ETn and IAP at greater
rates than other cell types.
ETn was originally shown to be transcribed in embryonal

carcinomas and not in their more differentiated derivatives
or in other differentiated cell lines; the embryonal carcinoma
mRNA was 6 kb in length and colinear with cloned members
of the family (5). A non-LTR probe from our transposed ETn
hybridized to a 6-kb mRNA found in plasmacytomas and
spleen cells, but not in thymus cells or 3T3 fibroblasts. ETn
transcription may have a role in the differentiation of both
totipotent embryonic cells and B cells; alternatively, the
element may fortuitously use a mechanism shared by cells of
these types for transcriptional regulation of other genes. It is
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FIG. 6. ETn RNAs in P3 and other B-lineage cells. (Inset) Polydenylated RNA (1 F.g) from NIH 3T3, P3.26Bu4, or hybridoma 606 cells
was spotted and hybridized with probe pH.A (see Fig. 2). In the Northern blot, 5 ,ug of polyadenylated RNA from two lymphosarcomas
(ABLS1 and ABLS106), two hybridomas (SP2/O and HY14), thynuis, spleen, and a number of plasmacytomas (all other lanes) were
hybridized with the same probe. The two hybridomas, SP2/O and HY14, were derived by using a P3 derivative as the myeloma fusion partner.
Probing this same filter with a murine c-myc probe yielded a hybridization signal in all lanes, demonstrating that all RNA samples (including
thymus and J3M2) were of roughly equal quality (F. Mushinski, unpublished results). In addition, the c-myc hybridization suggested that, for
most samples, the apparent differences in the size of hybridizing RNAs were due to artifactual migration differences in some areas of the gel.
MW STDS, size standards (in kilobases).

entirely possible as well that the two types of cells share no
mode of transcriptional regulation and that ETn is tran-
scribed by a different mechanism in each. For example,
sequences related to two types of transcriptional control
elements, the heat shock transcriptional control element (33)
and an immunoglobulin transcriptional control signal (32),
are found in the LTR of the ETn present in yM8.5 (denoted
by boxes in Fig. 3B).
Rearrangements of switch regions by insertion or transpo-

sition have not previously been observed, although in one
mutant plasmacytoma subline an unusual element containing
reiterated sequences interrupts the 3' end of an alpha con-
stant-region gene (17). The finding of transposed ETn ele-
ments in two switch regions in P3.26Bu4 is unexpected ifone
assumes that transposition targets are selected at random; no
P3.26Bu4-specific rearrangements were seen in hybridiza-
tion patterns detected by probes from two other large gene
families, rDNA and amylase (data not shown). The possibil-
ity exists that switch regions are preferred targets for ETn
transposition, perhaps because it is their function to partic-
ipate in somatic recombinations.
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