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Mouse plasmacytomas generally express higher levels of RNA transcripts from endogenous intracisternal
A-particle (IAP) proviral elements than do lipopolysaccharide-stimulated normal lymphocytes. Lymphocytes
express a limited and highly characteristic set of IAP elements (lymphocyte-specific [LS] elements). In this
study, we examined whether LS elements are expressed at higher levels after transformation of the cells and/or
whether new IAP elements are activated. The IAP elements expressed in plasmacytoma MPC11 were
characterized by sequence analysis of 22 cDNA clones. The long terminal repeats (LTRs) of the tumor cDNAs
proved to be highly related in sequence. None of the clones was of the LS cDNA type. The MPC11 LTRs were
five- to sixfold more active than an LS ¢cDNA LTR when tested for promoter activity by transfection into
plasmacytoma cells. The LTRs of the tumor-derived cDNAs contained a canonical ATF core sequence
(ATF-PC), while the LS cDNAs contained an altered sequence (ATF-LS). An ATF-PC oligonucleotide probe
detected multiple IAP transcripts on Northern (RNA) blots of RNA from several plasmacytomas but gave no
reaction with RNA from stimulated B lymphocytes. In contrast, an ATF-LS probe detected higher levels of
RNA in lymphocyte than in tumor RNAs. Thus, expression of IAP elements in transformed B cells is selective
for a different set of regulatory sequence variants than those expressed in normal B cells. Other oligonucleotide
probes representing LS- and PC-specific sequence variants detected multiple common hypomethylated IAP
proviral loci in three independently derived plasmacytomas. Overall, the results show that established
plasmacytomas exhibit a characteristic pattern of IAP proviral hypomethylation and regulatory sequence

selection.

Intracisternal A-particle (IAP) proviral elements are 2,000-
fold reiterated and widely dispersed in the mouse genome
(20). They consist of full-length 7-kb elements as well as
elements with deletions of various sizes (20, 26). The 7-kb
provirus and deleted variants encode transcripts of charac-
teristic sizes. Expression of IAP elements in normal cells
appears to be under genetic control, since strain-related
differences both in total IAP RNA levels and the proportion
of different-size transcripts have been seen in thymus, pan-
creatic beta cells, and early embryos (19, 22, 42). IAP
elements are flanked by long terminal repeats (LTRs) in
which sequences regulating transcription are located (24).
The U3 region of the IAP LTR has been shown to contain at
least five binding sites for nuclear factors (7).

Individual LTRs of IAP elements isolated from different
cell types as cDNA clones, transposed elements, and ran-
domly cloned genomic elements have shown variations in
sequence and promoter activity (4, 5, 9, 35, 39). Specificity
of IAP proviral expression was first indicated by the isola-
tion of three nearly identical cDNA clones from thymuses of
two inbred mouse strains (14). Subsequent sequence analy-
sis of multiple cDNA clones identified a discrete subpopu-
lation as the predominant source of IAP transcripts in
normal BALB/c mouse thymocytes and B lymphocytes (31).
These elements (designated IAP lymphocyte-specific [LS]
elements) shared a unique identical 218-bp U3 regulatory
region in their LTRs. Hybridization of genomic DNA with
LS element-specific oligonucleotide probes showed that the
LS family of IAP elements was present in a restricted
number of dispersed copies in mouse genomic DNA (25, 34).
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IAP expression in normal lymphocytes is thus highly selec-
tive.

IAPs are constitutively expressed in many mouse tumors
(reviewed in reference 20) and characteristically at high
levels in plasmacytomas induced in BALB/c mice. IAP
elements in the DNA of transplanted plasmactyomas are
extensively hypomethylated in their 5’ LTRs compared with
their counterparts in the DNA of normal lipopolysaccharide
(LPS)-stimulated B cells (30, 33). Previous studies have
shown that full IAP expression requires hypomethylation of
the 5’ LTR regulatory regions as well as cellular transcrip-
tion factors capable of interacting with the particular cis
element sequence variants in the LTR (9-11, 17, 36).

It has not been known whether the lymphocyte-specific
pattern of IAP proviral expression was maintained in the
transformed plasma cells or whether additional elements are
activated. In this study, we have found that the increased
level of IAP expression in plasmacytomas results from
activation of a new and characteristic set of IAP elements.
By examining individual IAP proviruses, we have shown
that multiple, common IAP loci are hypomethylated in at
least three established plasmacytomas, leading to the con-
clusion that such events do not occur entirely randomly. The
IAP LTRs which are expressed in plasmacytomas provide a
set of reporter genes that can be used to detect hypomethy-
lated chromosomal regions that are characteristic of these
transformed cells.

MATERIALS AND METHODS

Probes and oligonucleotides. The 5.2-kb internal EcoRI-
HindIII fragment from IAP element pMIAL (26) was used as
a total IAP probe. A 700-bp fragment that included the 3’
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FIG. 1. Partial restriction map of the IAP element ends. Internal
sequences are shown as an interrupted heavy line, LTRs are shown
as open boxes, and flanking sequences are shown as wavy lines.
Restriction sites: H, HindIIl; Hae, Haell. Numbers below the
diagram refer to positions on the JAP MIA14 map. Black boxes
show the locations of the R-region IAP subclass oligonucleotide
probes. The position of the 3’ IAP probe used to scan the cDNA
library is also indicated.

LTR from IAP element MIA14 (26) was used as the 3’ IAP
probe (Fig. 1). Custom-synthesized oligonucleotides were
provided by Juanita Eldridge, Laboratory of Biochemistry,
National Cancer Institute. Sequences for the gtl0 primers
were identical to those of NEB#1231 and NEB#1232 (New
England Biolabs). Additional oligonucleotides for sequenc-
ing were based on sequences in IAP element MIA14 (32).
Sequences of other oligonucleotides were as follows: LS1,
CTTACATCTTTTTGGGGCCAGAG; LS2, CTTACATCT
TTATCGGGCCAGAG; LS3, CTTACATCTTTATGGGGC
CAGAG; T1, ACATCTTCAGGAAAAGAGAGCAA; ATF-
PC (+), TGCTCTGCCTTCCCCGTGACGTCAACTCGG
CCGA; and ATF-LS (+), TACTCTGTTTTTCCCGTGAAC
GTCAGCTCGGCCA.

cDNA isolation, amplification, and sequencing. An oli-
go(dT)-primed cDNA library from the plasmacytoma MPC11
4N2.1 cell line made as described by Bergsagel et al. (1) was
provided by W. Michael Kuehl, National Cancer Institute.
The library was screened with the 3' IAP probe labeled by
nick translation with [a-3?P]dCTP by using a kit from
Promega, Madison, Wis. Positive phage plaques were picked
as agarose plugs, suspended in 500 pl of storage buffer (0.1
M NaCl, 0.5 M Tris-HCI [pH 7.9], 0.1 M MgCl,, 0.01%
gelatin) saturated with chloroform, and stored at 5°C over-
night before use. The cDNA inserts were amplified by using
gt10 primers and 10 pl of the phage suspensions in 100-pl
polymerase chain reaction mixtures. In addition, the reac-
tion mixtures contained 2 U of Taqg polymerase (Promega),
reaction buffer supplied by Promega, 0.1 mM deoxynucleo-
side triphosphates, and 400 ng of each primer. The amplifi-
cation conditions were as follows: (i) 94°C, 10 min; (ii) 55°C,
1 min; (iii) 72°C, 2 min; (iv) 94°C, 1 min; (V) repeat steps ii to
iv 30 times; (vi) 55°C, 1 min; (vii) 72°C, 10 min; (viii) cool to
5°C. A PTC-100 programmable thermal cycler (MJ Re-
search, Watertown, Mass.) was used. Five-microliter ali-
quots of the reaction products gave a strong stain with
ethidium bromide when analyzed on an agarose minigel. The
products were precipitated with equal volumes of 4 M
ammonium acetate plus 2 volumes of isopropanol (15). After
being washed in 75% ethanol, the precipitated DNAs were
dissolved in 10 pl of TE (10 mM Tris-HCI [pH 7.5}, 1 mM
EDTA), and 2 pl was used for sequencing. The Sequenase
kit (U.S. Biochemical) was used. The DNAs were mixed
with at least 50 ng of sequencing primer in labeling buffer in
a volume of 10 pl, heated in a boiling water bath for 10 min,
and immediately frozen in a dry ice-alcohol bath (15). The
labeling reaction was for 3 min at room temperature, and the
termination reaction was for 10 min at 42°C. After the
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reaction, the samples were heated at 80°C and analyzed on
denaturing 8% acrylamide gels. The gels were dried without
further treatment and exposed to film 24 to 72 h. The
sequence data were compiled on an IBM PC, using Microg-
enie software (Beckman, Palo Alto, Calif.).

LTR-chloramphenicol acetyltransferase (CAT) plasmid
constructs. HindIII fragments (from positions 6292 to 7029
on the IAP MIA14 sequence) that included the 3' LTR were
isolated from IAP cDNAs and cloned into the HindIII site of
plasmid pSVOCAT as previously described (24). Constructs
were cut with PszI (at 6908 on the IAP sequence) to
determine orientation of the insert.

Transfection and CAT activity measurement. S194 cells
provided by L. Staudt, National Institutes of Health, were
cultured in RPMI medium supplemented with 10% fetal
bovine serum and 50 uM B-mercaptoethanol. Transfection
was by a DEAE-dextran procedure using 107 cells and 10 g
of plasmid DNA per transfection. Cells were washed once
with medium without serum and once with TB (0.8% NaCl,
25 mM Tris-HCI [pH 7.4], 5 mM KCl, 375 mM NaH,PO,).
The DNA to be transfected was added to 0.95 ml of freshly
prepared TMC (TB containing 100 pg each of MgCl, and
CaCl, per ml) mixed with 0.05 ml of dextran sulfate (10
mg/ml). The pelleted cells were resuspended in this mixture
and incubated at room temperature for 15 min. After addi-
tion of 10 ml of complete medium, the cells were incubated
for 30 min at 37°C. The cells were then centrifuged, washed
once with complete medium, resuspended, and cultured for
48 h. Cell extracts were prepared by freezing and thawing
the cells three times and then subjecting them to a low-speed
centrifugation to remove debris. CAT activity was assayed
as previously described (24).

Northern (RNA) blots. The Northern blots were prepared
as described by Mietz et al. (31). RNAs for the Northern blot
in Fig. 6 were provided by Frederic Mushinski, National
Cancer Institute, except for MPC11 RNA, which was pre-
pared as previously described (31). The oligonucleotide
probes were labeled by tailing with [«-*’P]dCTP (3,000
Ci/mmol; NEN) and hybridized as described previously (25).
The blot in Fig. 4 was washed in 2.4 M tetramethylammo-
nium chloride at 43°C (29), and the blot in Fig. 6 was washed
in 3.2 M tetramethylammonium chloride at 61°C (25).

Hybridization to immobilized DNA in agarose gels. BALB/c
mouse liver and plasmacytoma DNAs were digested with
HindIIl as previously described (25). One half of each
sample was then digested with Haell. The DNAs were
electrophoresed on 0.9% agarose gels, which were subse-
quently dried and hybridized with oligonucleotide probes as
described previously (25).

RESULTS

Isolation of IAP cDNAs from a plasmacytoma library. An
oligo(dT)-primed cDNA library from MPCI11 in lambda
phage gt10 was screened with a 700-bp IAP 3’ probe that
included the LTR (3’ IAP probe; Fig. 1). The inserts were
amplified from 50 positive plaques by polymerase chain
reaction with gt10 primers and ranged in size from 0.7 to 1.9
kb. Samples with multiple inserts were plaque purified until
each plaque yielded a single polymerase chain reaction
product that reacted with the 3’ IAP probe.

Characterization of U3 regions of the cloned LTRs. Ampli-
fied DNAs from 22 of the MPC11 IAP cDNAs were se-
quenced and found to represent two very closely related IAP
classes on the basis of their U3 regions (Fig. 2). The
plasmacytoma cDNAs within each class shared 98 to 100%
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FIG. 2. Nucleotide sequence comparisons of the U3 regions of 22 MPC11 cDNA clone LTRs and other expressed or recently transposed
IAP element LTRs. MPC11 clones are designated by M number and are grouped into classes PCI (first nine lines) and PCII (following six lines)
distinguished by differences in the Enh2 sequences. cDNAs with identical sequence are listed on the same line. Dots above the sequence mark
10-base intervals. The putative regulatory signals for transcription are indicated above the sequence. Sequence identities are shown by dots,
gaps are shown by dashes, and substitutions are indicated. The origins of the 11 previously reported LTR sequences are as follows: hybridoma
23B6 cDNAs DNAXS.3 (28), DNAX10.2 (40), DNAX3.1 (23), and DNAX9.5 (30); plasmacytoma MOPC315 cDNA M106 (23); transposed

elements rcmos5'-1AP (3), IL6-IAP (2), IL6R-IAP (38), igkl-IAP (16), and myc-IAP (13); and B-lymphocyte LS cDNAs (31).

homology, most of the differences consisting of single base
changes. The two plasmacytoma cDNA classes (designated
PCI and PCII) were distinguished primarily by sequences in
the Enh2 domain (Fig. 2). IAP LTRs contain two domains,
designated Enhl and Enh2, both of which have sequence
homology with the simian virus 40 enhancer core motif in
many LTRs. However, in some elements, the Enh2 domain
has a variant sequence that has been shown to confer higher
promoter activity both in vitro and when the LTRs were
transfected into human 293 cells (9). Eleven of the MPC11
cDNAs had an Enh2 domain with homology to the simian
virus 40 enhancer core (PCII), while the other 11 cDNAs had
the variant sequence (PCI). Examples of both classes have
been seen among IAP elements expressed in other plasma-
cytomas and hybridomas. Sequences for the U3 regions of
these elements are shown in Fig. 2. The PCI MPC11 cDNA
class closely resembles an IAP element (IL6-IAP) that had
transposed into the interleukin-6 growth factor gene in this
plasmacytoma (2).

The LTRs of IAP elements expressed in MPCl11 (and
other plasmacytomas) differed markedly from the LS-type
LTRs expressed in normal B cells (Fig. 2). Differences were
found in recognized nuclear factor binding sites such as
Enhl, Enh2, ATF/CRE, and TATA sites. While a canonical
ATF/CRE core sequence, TGACGTCA, was present in all
of the plasmacytoma IAP clones, the sequence TGAA
CGTCA was found in every LS LTR. In addition, six other
single nucleotide differences were present in sequences

flanking the core ATF site. Very few IAP elements have a
classical TATA box motif; GATAA or GAGAA are most
common in the plasmacytoma cDNAs, while the LS IAP
class has GGTTG in this domain. Sequences flanking the
TATA box also varied considerably.

Comparative promoter activities of PC and LS LTRs in
plasmacytoma cells. LTRs representing the two plasmacy-
toma IAP classes (PCI type cDNA 45 and PCII type cDNA
17, distinguished by different Enh2 sequences) were cloned
upstream of the CAT gene and tested for the ability to
promote expression after transfection into S194 plasmacy-
toma cells (Fig. 3). The two types of PC LTR promoted CAT
activity to similar extents, suggesting that sequence differ-
ences in the Enh2 domain did not have a major determining
effect on the IAP promoter activity in these cells. The
LS-type LTR (clone 117) was five- to sixfold less effective
than the tumor LTRs in promoting CAT activity in the
plasmacytoma cells, even though the Enh2 domain in the LS
LTR was similar to that in the PCI LTR.

A canonical ATF/CRE binding site is characteristic of the
IAP elements newly activated in plasmacytomas. All of the
IAP cDNAs isolated from MPC11 contained a canonical
ATF core motif, while all of the LS clones contained a
variant sequence. RNAs from S194 and MOPC21 plasmacy-
tomas and from LPS-stimulated spleen (normal B lympho-
cytes) were hybridized with 34-nucleotide probes specific for
both the canonical ATF/CRE binding site from the plasma-
cytoma cDNAs (ATF-PC) and the mutated site from the
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FIG. 3. Promoter activity in S194 cells of IAP LTRs expressed in
plasmacytoma and B lymphocytes. The indicated plasmids (10 pg)
were transfected into S194 cells, and extracts were prepared 48 h
later. The conversion of chloramphenicol to acetylated form is
shown for constructs in which the LTR is derived from cDNAs
expressed in plasmacytoma, PC45 and PCl17, or from a cDNA
expressed in B lymphocytes, L117 (31). PC45 represents a member
of the PCI class of clones and PC17 represents a member of the PCII
class of clones, which differ in the Enh2 sequence. The percent
conversions were determined by liquid scintillation counting. Two
such experiments gave essentially identical results.

84% pSV2CAT

B-lymphocyte cDNAs (ATF-LS) (Fig. 4). The ATF-PC
probe detected high levels of 7.2-, 5.4-, and 4.0-kb IAP
transcripts in the plasmacytomas but gave no reaction with
B-lymphocyte RNA. Hybridization with the ATF-LS probe
detected 7.2- and 5.4-kb IAP transcripts from both sources.
Hybridization with a total IAP probe showed higher levels of
IAP RNA in the plasmacytoma than in B lymphocytes, as
expected.

Analysis of R regions of the IAP LTRs in MPC11 cDNA
clones. The R regions of IAP LTRs are highly variable both
in sequence and in length as a result of different numbers of
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FIG. 4. Northern blot hybridized with ATF-PC and ATF-LS
probes. Poly(A) RNAs (5 pg per lane) from LPS-stimulated BALB/c
mouse spleen and from S194 and MOPC21 plasmacytomas were
hybridized with the indicated probes as described in Materials and
Methods.
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CT-rich repeats (4, 31). Fourteen of the MPC11 plasmacy-
toma cDNAs could be sequenced in the R region of the LTR;
the remaining clones were truncated at an EcoRI site at the
end of U3. The MPCI11 clones had variable numbers of
CT-rich repeats (not shown) which differed somewhat in
sequence from those present in the LS IAP elements (31).

The cloned LTRs from normal lymphocytes (LS LTRs)
could be subclassified into three groups, LS1, LS2, and LS3,
on the basis of single nucleotide differences in a character-
istic nine-nucleotide motif upstream of the poly(A) signal
(Fig. 5, shaded) (31). The MPC11 cDNA clones exhibited
eight related variations in sequence in this general region,
none of which corresponded to the LS motifs. Five of the
variants (clones M32, M10, M25, M35, and M31) were found
as single examples, although the clone M32 and M10 variants
have been found in IAP elements from other sources (see
examples in Fig. 5). The remaining nine MPC11 cDNA
clones fell into three closely related groups (designated T4
[four cDNAs], T1 [three cDNAs], and T3 [two cDNAs]
variants). A number of IAP elements that have been isolated
from other tumors also fell into the PCI and PCII classes and
included the same three major T variants as those expressed
in MPC11 plasmacytoma. Among these were 8 IAP elements
isolated from other plasmacytomas and 15 IAP elements
isolated from other types of transformed cells, including
many of the IAP elements that have undergone transposition
into growth factor genes, particularly in monomyelocytic
leukemia cell lines (reviewed in reference 18). Examples of
these are listed in Fig. 5. Variant sequence motifs in the R
region did not correlate with either Enh2 motif in the U3
region of the LTR (see Fig. 8).

IAP element expression in other plasmacytomas. Poly(A)
RNAs from six plasmacytomas in addition to MPC11 were
analyzed on Northern blots by hybridization to the T1 and
LS R-region oligonucleotide probes (Fig. 6). All of the
plasmacytomas except TEPC1194 reacted with the T1
probe. RNA from TEPC1194 also showed very little reaction
with a general IAP probe (37). Expression varied with
respect to both the size of transcripts (7.2, 5.4, and 4.0 kb)
and intensity of hybridization. The tumors also expressed an
RNA of approximately 2 kb which could represent a spliced
env message. These results show that while the T1 variant of
IAPs is frequently expressed in established plasmacytomas,
the proportion of RNA derived from this subclass can vary
among tumors.

Figure 6 also shows the levels of expression of LS
elements in these plasmacytomas as detected with the R-re-
gion probes, LS1, LS2, and LS3. Expression was variable
with respect to total hybridization and relative abundance of
transcripts of different sizes. However, it is clear that LS
elements continue to be expressed in the majority of these
plasmacytomas.

Hypomethylation of genomic IAP elements in plasmacyto-
mas is selective for common loci. Methylation of a Haell site
in the LTR inhibits expression of cloned IAP elements (10).
A survey of hypomethylated IAP loci by using two-dimen-
sional gel electrophoresis has shown that while most of the
IAP LTRs are methylated at the Haell site in the DNA of
normal cells, an increased level of hypomethylation is seen
in plasmacytomas (30, 33). The use of R-region oligonucle-
otide probes now permits us to determine the methylation
status of individual IAP loci as follows.

To identify individual IAP proviruses, we have previously
used restriction endonuclease fragment patterns derived
from 5’ proviral junctions (25, 34). The junction fragments
are created by HindIII sites in the flanking DNA and at a
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CDNAsS M4, M8, M43, M48, DNAX9.5, E7.12; igk1-IAP
CDNAs M17, M23, M45, DNAX3.1; IL3-IAP

cDNAS M1, M27, DNAX8.3; IL6-IAP, ILOR-IAP, rcmosS'-IAP
CcDNAS M32, M106; MIA 14, myc-IAP

CcDNA M10; 81C

CDNA M25

CDNA M35

CDNA M31

8 B-lymphocyte cDNAs, 14 T-cell cDNAs

6 B-lymphocyte CDNAS, 4 T-cell cDNAs

3 B-lymphocyte cONAs

1
1
1
22
9
3

sequence comparison of cDNA R regions. Sequences found upstream of the poly(A) addition signal in MPC11 cDNAs

are shown; the three sequence variants found in cDNAs expressed in normal lymphocytes (LS1, LS2, and LS3) are also shown. The
nine-nucleotide motif characteristic of the LS class of elements is shaded. The number of IAP clones with a particular sequence that have been
found expressed or transposed in other plasmacytomas and the number of IAP clones that have been found in all types of cells are indicated.
Examples of clones containing the sequence are listed, with cDNAs shown first and separated from genomic sequences by a semicolon.
Origins are as given in the legend to Fig. 2 plus the following: MIA14 (32), IL3-IAP (41), E7.12 (39), and 81C (4).

conserved position immediately downstream of the probe
sequences in the IAP 5' LTR. The corresponding HindIII
site in the 3’ LTR eliminates detection of 3’ flanks (Fig. 1).
The locations of the conserved Haell site and the oligonu-
cleotide probe in the 5’ LTR are shown in Fig. 1. When
HindIll-cut genomic DNA is digested with Haell, any
fragment with a hypomethylated Haell site in the LTR or
close to it in the flanking DNA will disappear. If a Haell site
some distance from the LTR in the flanking DNA is cut, a
shorter fragment may appear. An analysis of DNAs from
three established plasmacytomas with the T1 and LS2
probes is shown in Fig. 7. Liver DNA is shown cut with
HindIII only since none of the fragments was cut with
Haell; the single LS2 fragment that is hypomethylated in
normal lymphocytes is marked with an asterisk. Comparison
of the HindIIl and HindIII-Haell patterns for the plasmacy-
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FIG. 6. Northern blot of plasmacytoma RNAs hybridized with
IAP R-region oligonucleotide probes. Poly(A) RNAs (10 ug per
lane) were hybridized to T1, LS2, LS3, and LS1 probes in succes-
sion as described in Materials and Methods; probes represented the
complement of the sequences shown for the cDNAs in Fig. 5.
Hybridization to the actin probe was used to quantitate the amount
of RNA loaded; MPC11 RNA is present at a somewhat lower
concentration than the other samples.

toma DNAs revealed multiple hypomethylated elements,
many of them present in all three plasmacytomas. One of the
LS2 elements corresponded to the hypomethylated element
in normal cells and may represent a constitutively hypome-
thylated locus. Relatively few new fragments appeared in the
HindIlI-Haell digests, indicating that most of the hypome-
thylated sites are in the LTR or quite close to it in the
flanking DNA.

The plasmacytoma patterns also showed additional
HindIIl fragments that probably represent newly inserted
elements. IAP transpositions are known to have occurred in
all of these plasmacytomas (reviewed in references 18 and
20). Two of the newly inserted LS2 elements in MOPC104E
were hypomethylated (marked with solid and open triangles
in Fig. 7). These results show that hypomethylation of IAP
elements in plasmacytomas follows a pattern in which cer-
tain loci are repeatedly selected.

DISCUSSION

The results show that additional IAP elements are acti-
vated in plasmacytoma cells compared with normal LPS-
stimulated lymphocytes. Binding sites for many nuclear
factors, some not fully characterized, are present in the IAP
LTRs (7, 8, 21, 43) and could contribute to preferential
activity of various LTRs in different cell types. Expression
in plasmacytomas is selective for LTRs carrying a set of
regulatory sequence variants different from those expressed
in activated lymphocytes. Figure 8 shows in schematic form
the relationship between the variant cis-regulatory elements
in the LS and PC cDNA clones.

The MPCI11 clones consist of two closely related classes,
PCI and PCII, distinguished from one another by a major
sequence difference in the Enh2 domain (Fig. 2). Our sample
of 22 cDNAs contained equal numbers of PCI and PCII
clones. The Enh2 domain in PCI clones is very similar to that
in the LS cDNAs. LTRs of the two types of PC clones had
equivalent activities when transfected into S194 plasmacy-
toma cells, and both were five to six times more effective
than the LS LTR. Thus, the Enh2 motif showed no correla-
tion with promoter activities of the LTRs in these cells.

In contrast, the difference in sequence of the ATF/CRE
site between PC and LS cDNAs did correlate with the
relative activities on transfection into S194 plasmacytoma
cells. In earlier work, plasmacytoma MOPC315 was shown
to contain high levels of nuclear extract protein that bound to
an oligonucleotide containing the same ATF-PC core se-
quence (7). We have confirmed that this is also the case for
S194 cells. However, the generality of this observation and
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FIG. 7. Gel analysis of IAP subclass-specific hypomethylation patterns in plasmacytomas. DNAs cut with HindIII alone (H) or with
HindIIl and Haell (H/Ha) are shown for three plasmacytomas, MPC11, MOPC104E, and MOPC21. Liver DNA was cut with HindIII alone,
since no demethylated sites were detected with Haell digestion in other experiments (data not shown). Digests were run and hybridized in
dried 0.9% agarose gels as described in Materials and Methods. (A) Patterns for DNAs hybridized to the T1 probe; (B) patterns for DNAs
hybridized to the LS2 probe. Hypomethylated fragments cut with Haell are marked with open triangles, newly inserted fragments in the
HindIII patterns that were not present in genomic DNA are marked with solid triangles, and newly inserted hypomethylated fragments are
marked with both solid and open triangles. New fragments in the HindIII-Haell pattern that result from hypomethylation upstream of the
LTR are marked with open circles. Arrows mark fragments that are hypomethylated in all three plasmacytomas; solid circles mark those
hypomethylated in two of the tumors. An asterisk marks the single LS2 fragment that is hypomethylated in normal lymphocytes.

the possible role of the ATF-PC site in IAP expression in
plasmacytomas remains to be clarified. Relevant to this
question are the observations of Galien et al. (12), who
studied the basis for higher IAP expression in mouse fibro-
blasts transformed with v-Ki-ras compared with expression
in normal fibroblasts. These authors showed that a 16-bp

rSpl Enht Enh2 ATF(CRE)

TATA | J

LS cDNAs

PC |cDNAs

PC Il cDNAs

FIG. 8. Schematic of the relationships between variant cis-regu-
latory elements in the LS and PC cDNAs. Regulatory elements
(designated at the top) are shown as boxes. Lines connecting boxes
are identical in sequence, although single base differences among the
clones can occur at various positions. LS cDNAs have identical U3
regions and are divided into three subclasses on the basis of
variations in the R-region designated LS1, LS2, and LS3. PC
cDNAs have (i) two major classes on the basis of Enh2 sequences
and (ii) a larger number of variations in the R region.

oligonucleotide corresponding to the ATF-PC site was suf-
ficient to confer ras (and cyclic AMP) responsiveness on a
promoter-containing expression vector transfected into nor-
mal fibroblasts. The ras oncogene introduced by a retroviral
vector can cooperate with an activated myc gene in mark-
edly accelerating plasmacytoma induction (6). Primary tu-
mors express IAP elements of the PC type (27). Although
our results have focused attention on the ATF/CRE binding
site, the LTRs of the LS and PC clones contain a number of
other differences that could contribute to differential expres-
sion in the two types of tissues. Differences in the TATA box
sequences of are particularly striking, and minor variations
are found in other motifs (Fig. 2). The functional significance
of these variations is currently under study.

Activation of particular IAP elements is likely to be
determined by the methylation state of their LTRs as well as
the availability of appropriate transcription factors. The high
level of IAP expression in plasmacytoma cells is associated
with increased hypomethylation of IAP elements (11, 33).
With the newly developed subclass-specific probes, it is now
possible to determine both the methylation status and chro-
mosomal location of many individual IAP proviruses (25).
Hybridization with the LS- and PC-type probes has shown
that many of the same IAP loci are hypomethylated in three
independently established plasmacytomas (Fig. 7). How-
ever, not all IAP elements are demethylated even when their
LTR sequences are very similar. It seems likely then that the
methylation state of many IAP elements is determined by
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their position in the genome, i.e., by the functional status of
the contiguous chromatin. Mapping of individual hypometh-
ylated IAP elements may serve to locate regions of cellular
gene activity that are not detected by other means.

IAP expression apparently depends on hypomethylation
of individual elements as well as correspondence between
cellular transcription factors and the specific regulatory
sequence variants in the hypomethylated LTRs. Selective
expression of IAP genes may reflect patterns of genomic
hypomethylation and the abundance of specific regulatory
factors in mouse plasmacytomas.
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