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EBV is strongly associated with Burkitt's lymphoma, a B cell malignancy. In certain types of Burkitt's lymphoma, the cimycgene
has undergone translocation to the S regions associated with heavy chain switch recombination. It has not been established
whether EBV infection induces recombination activities, which in turn promote translocation of cmyc, or whether translocation
precedes viral infection and provides a growth advantage that is further enhanced by factors encoded or induced by the virus. To
distinguish between these possibilities, we have compared the level of switch recombination activities in the EBV-negative lym-
phoma, BJAB, and in its EBV-infected derivative, BJAB-B1, in experiments that assayed recombination of an extrachromosomal
switch substrate during transient transfection. We have found that BJAB-B1 and other EBV-positive B cell lines supported high
levels of recombination of switch substrates, to produce junctions like those found in products of chromosomal switch recombi-
nation. In contrast, BJAB did not support comparable levels of switch substrate recombination. In EBV-positive B cell lines, the
ability to support switch substrate recombination correlated with levels of LR1 a B cell-specific factor which is a transcriptional
regulator of c-mycand which also appears to function in switch recombination. Our observations support the hypothesis that EBV
infection can induce activities that affect switch recombination and thus contribute to the translocations of caycto the S regions
that characterize certain classes of lymphomas.The Journal of Immunology,1999, 163: 6659—-6664.

of many benign and malignant lymphoproliferative dis- genomic rearrangements (3, 4).
orders in humans (1, 2). The most common malignancy Our laboratory has developed a transient transfection assay for
associated with EBV is Burkitt's lymphoma (BE)a tumor char-  the presence of activities that support switch recombination (5-9).
acterized by translocations of thergyconcogene from its normal This assay measures recombination betwegrad Sy3 region
position on chromosome 8 to the Ig heavy and light chain loci. Insequences carried by a shuttle vector. In the first step, recombina-
endemic BL, translocation typically involves regions that containtion occurs during transfection of mammalian cells; in the second
recombination signal sequences that participate in V(D)J joiningstep, recombinants are enumerated by genetic selectiBsdhe-
which creates the Ag receptor. In sporadic BL, thenge gene  richia coli. Similar substrates have been developed by Lieber and
typically has undergone translocation to the Ig heavy chain switctrollaborators (10, 11). Other laboratories have developed integrat-
(S) regions, which are involved in switch recombination. In vitro, ing substrates that undergo recombination in transfected cell lines,
EBV establishes latent infection in B cells that have undergonéncluding substrates carried on both plasmid and retroviral vectors
V(D)J recombination and stimulates these cells to proliferate and12-15).
express markers characteristic of cell activation. This has raised The extrachromosomal switch substrates have proved to be a
the question of whether EBV infection might activate switch re- powerful tool for assaying switch recombination activities in mu-
combination activities, which in turn are responsible fomge  rine cells. The substrates effectively recapitulate chromosomal
translocation in sporadic BLs. The possibility that switch recom-switch recombination, in that they recombine at high frequencies
bination activities might be induced by EBV is of particular inter- in primary LPS-activated murine B cells (5) and in pre-B and B
est because the EBV genome contains a region that bears strikingll lines, but not other cell types (6, 9, 10); the majority of re-
similarities to the Ig heavy chain switch regions. This region, re-combination junctions map to sites within the S regions (5-11);
ferred to as the BamW repeats, consists of 9 to 11 tandem repegjimctions are heterogeneous in site and sequence (5-11); and mu-
tations are evident within a few hundred nucleotides of one side of
the junction (11). However, thus far the use of extrachromosomal
' _ ‘ . _ ~ switch substrates has been limited to murine cell lines, because the
\?:rgigrgiﬂfofgfmggfcﬂj ﬁ'gvpvhﬁszn"j“‘chB(')%‘;g%m'S‘ry d@enetics, Yale Uni- substrates developed by both our own laboratory (5-9) and
) o o Lieber's laboratory (10, 11) are carried on a polyoma-based shuttle
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nuclear Ag; LMPs, latent membrane proteins. EBV infection can therefore induce activities that support switch

E pstein-Barr virus has been implicated in the pathogenesi®f a G-rich 3-kb segment and is frequently involved in EBV
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FIGURE 1. Extrachromosomal switch substrates. Al pML22 — — Yy  ersaitit|
constructs carry ® and Sy3 switch region sequences
flanking the leftward promotor of phage(AP, ). These
sequences are cloned into a shuttle vector containing the
SV40 origin and large T Ag to support replication in Su AP, Sy3 kan  ori 5V40 Amp
human cells; and a bacterial origiar{) and ampicillin pML23 I o — A FEEE
resistance geneA(mp. In pML23, a kanamycin resis-
tance geneKan) is cloned downstream of theyS re-
gion. In pML122, a fragment containing the Ig heavy
chain intron enhancer and promoteni, is inserted FuPyy Su APL sy ori Sv40 Amp
just upstream of the Sregion. pM Li122

i — 12224 i

recombination. One B cell-specific activity implicated in switch EBV-positive BL (22); BJAB, an EBV-negative BL (23); BJAB-B1, an
recombination is LR1, a sequence-specific duplex DNA bindingEBV-infected derivative of BJAB (24); BJE2, an Epstein-Barr nuclear Ag
factor identified and characterized by our laboratory (16—-18). LRISEB'\‘A)'2 cDNA-transfected derivative of BJAB (25); and HT1080, a fi-

. . rosarcoma cell line (26). B cell lines were cultured in RPMI 1640 and
is a transcriptional regulator of theroycprotooncogene (19) and 11080 was cultured in MEM. All media were supplemented with 10%

of the EBV Fp promotor (20), and LR1 binds specifically to the FBs, 100 U/ml penicillin, 10Qug/ml streptomycin, and 5Q.M 2-ME.
G-rich consensus sequence, GGNCNAG(G/C)CTG(G/A). We fur- Optimal transfection conditions were determined by transfection with a
ther show that recombination frequencies correlated with levels ofeporter C%”_Structt) Ir;hwrgi;]VaIEclhloramF)thenlcﬁl acet{ggniﬁrétyéggAB
P L gene was driven by the promoter-enhancer . Akata, -
LR1 duplex DNA binding actlylty. . . . - B1, BJAB, and BJE2 cell lines were transfected using DEAE-dextran, as
Our data support a model in which EBV infection mimics Ag gescribed previously (9). Briefly, 2 10 cells were pelleted, washed with
activation by inducing activities essential to switch recombination.RPMI 1640, and resuspended in 1 ml RPMI 1640 containing BGnl
These activities may be important in replication or recombinationDEAE-dextran (Pharmacia, Piscataway, NJ) andputd Qiagen-purified
of the EBV genome, and they are also implicated in the translo®lasmid DNA. After 30 min incubation at 37°C, cells were washed with
- ' . RPMI 1640 and resuspended in 30 ml culture medium. For transfection of
cations of cmycto the Ig loci. Raiji cells, 4% 107 cells were washed with PBS (137 mM NacCl, 2.7 mM
. KCI, 8.1 mM NgHPQ,, 1.5 mM KH,PQ,, pH 7.4), resuspended in 0.8 ml
Mate”al_s and MethOdS PBS, and mixed with 1.g DNA. The reaction was loaded into a 0.4-cm
Construction of switch substrates gap electroporation cuvette (Bio-Rad, Foster City, CA) and electroporated
. ) t 350 V, 960uF on a Bio-Rad gene pulser. Transfection of HT1080 cells
The extrachromosomal switch substrates were derived from pHL22 ang,a< conducted with the Calcium Phosphate Transfection System (Life

pHL122 (5), which were designed to assay recombination in murine Ce"sl'echnologies, Gaithersburg, MD) as recommended by the manufacturer.
and carried the polyoma early region. To allow replication in human cells,

we replaced the polyoma early region with the SV40 large T and replica-
tion origin to create the following constructs:
pML22. The recombination cassette was excised from pHL22 as a 5.9-k

Noti-EcaRV fragment, which includes 2.2 kb ofuiSsequence, the leftward e switch substrate recombination assay has been described in detail pre-
promoter of bacteriophaga (AP,), and 2.5 kb of §3 sequence. This \iously (5, 6, 9). Briefly, cells were transfected with substrate, and 42 h
fragment was cloned into shuttle vector pGG51 (a gift from Dr. Michael ey transfection low m.w. DNA was isolated by rapid alkaline lysis. A
Lieber, University of Southern California, Los Angeles, CA), which con- compatible plasmid pACYC184, which contains a gene encoding chlor-
tains the SV40 origin of replication and large T Ag coding sequence, the;mphenicol resistance, was added to recovered DNA as an internal control
prokaryotic ColE1 (epllcatlor! origin, and an ampicillin resistance gene;¢oy transformation, and samples were digested \Bigiml to destroy mol-
PGGS1 had been digested wiial and Bglll and adapted wittNot link- ecules that had not replicated in the eukaryotic cells. Recombination sub-
ers, as had the vector (Fig. 1). . o strates were propagated dami* E. coli strains, whereas pACYC184 was
pML23. A 962-bpHindlll fragment carrying a kanamycin resistance gene ,onagated on dam- strain ofE. coliand was therefore resistantBpn

was excised from pBS.Kmz, filled with Klenow, and inserted intolttael digestion. Equal aliquots of DNA were transformed iftocoli DH10B

site of pML22 just downstream o8 (Fig. 1). . . and the isogenia lysogen DH10BJ) by electroporation. The recombina-
pPML122. A 6.8-kb Xhd-EcRV fragment containing the Ig heavy chain jo frequency R) was calculated as the ratio of ampicillin-resistant
intron enhancer and promoter;(EH), Su, AP and $3 SEqUeNces Was — (AmpR) (or in some experiments kanamycin-resistant (Rartransfor-
excised from pHL122 and cloned into pGG51 at3al and (filled) Bglll mants of the nonlysogen compared with the lysogen, normalized for trans-

sites. . - X ; R
. " . . formation efficiency as measured by chloramphenicol-resistant¥Cm
The AP_ promoter is a conditionally lethal marker. Plasmids carrying transformants: Y 4 P X

AP_ cannot produce antibiotic-resistant transformants of nonlysogenic

strains ofE. coli, because active transcription ®P_ interferes with plas-

mid replication. These plasmids can replicateitysogens, in which the _ Ampf transformants of DH10B « Cn* transformants of DH108.)

prophage produces therepressor protein which prevents transcription of ~ AmpR transformants of DH108) CmR transformants of DH10B

AP_. Upon recombination involving the S regions}, is deleted, and the

resulting recombinants can transform a nonlysogenic strat. ali. . .
Plasmids were propagatedfn coli DH10B(\) and purified by Qiagen Mapping of recombinants

(Chatsworth, CA). Before transfection of eukaryotic cells, all plasmid PreP-Minipreps of recombinant DNA were produced by alkaline lysis, and de-

arations were tested for the?, marker by comparison of the number of |gtion endpoints of recombinant plasmids were mapped by digestion with
transformants of DH10B and the isogenic lysogen, DHXN)BThe fre- Hindlll. Notl. and Xhd.

quency of inactivation okP_ was in all cases10~“, which is in the range

of the mutation rate irE. coli (data not shown). Restriction mapping of
plasmid recovered from DH10B, in whichP_ had been inactivated, - .
showed that the mutation events that had occurred during propagafon in Gel mobility shift assay

coli were single base changes or deletions and insertions so small that theyg| mobility shift assays were conducted as described (16, 19). Nuclear
did not affect the restriction map. extracts from cultured cells were incubated wWifR-labeled synthetic du-
Cell lines, cell culture, and transfection ple>_< ohgonucleondes containing an LR1 site _from the murind Switch _

region, or a mutant site (G14A) differing at a single base pair. DNA-protein
The following human cell lines were used in the switch substrate recomcomplexes were resolved in a 7% polyacrylamide gel in 90 mM Tris-
bination assay: Raji, a group Il EBV-positive BL (21); Akata, a group | borate, 1 mM EDTA, pH 8.3.

pWitch substrate recombination assay
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Table I. Recombination frequencies of pML22

DH10B DH10B(Q\)
Cell Lines AmpR CcmR AmpR CnR R (%) R (avg.)
EBV™ BJAB 1 346 170 336 0.6
4 408 159 248 1.5
3 501 214 382 11 1.+ 0.3%
EBV* BJAB-B1 62 82 7200 442 4.6
14 58 1920 472 59
20 681 461 745 4.7
27 317 381 296 6.6 5.5 0.5%
EBV* BL (group I) Akata 18 111 3600 1644 7.4
11 42 2660 530 5.2
33 115 2209 808 10.5
36 47 5874 358 4.7
17 97 2187 583 4.7 6.5 1.1%
EBV* BL (group Ill) Raji 13 35 2112 403 7.1
20 43 1614 390 11.2
21 140 3560 746 3.1
31 45 1608 256 11.0
14 39 426 310 26.2 11.7 3.9%
EBNA2" BJE2 9 719 807 1395 1.9
11 712 815 646 1.2
403 1425 8240 700 2.4
225 1472 12600 1644 2.0 190.2
Fibroblast HT1080 19 94 3658 282 1.6
13 1474 3120 2328 0.7
5 515 1200 980 0.8 1.8 0.3%

2pML22 was transiently transfected into the cell lines shown above. After 42 h, low m.w. DNA was recdvpnkdigested, and assayed for recombination. The table shows
the number of Am and Cnf colonies recovered after transformation of DH10B and the isogenic lysogen, DML@Bch line represents data from a single transfection
experiment. The recombination frequen&) (vas calculated as the ratio of Afransformants in DH10B to those in DH108( normalized by the control Cfitransformants.
The rightmost column shows the average recombination frequéh¢gvg.)) = SE.

Results pML22, the ampicillin resistance marker is directly upstream of
Recombination of switch substrates is elevated in human'EBV Su., and the bacterial replication origin is directly downstream of
BL cell lines Sy3. This biases recovery of molecules in which recombination

breakpoints are beyond the S regions. To map recombination junc-
tions, we therefore constructed another switch substrate, pML23,

We first assayed recombination of pML22 in BJAB, its EBV-in-
fected derivative, BJAB-B1, and in the human fibroblast line, : . . . .
HT1080. As shown in Table I, the recombination frequency in'" which a 1-kb kanamycm resistance gene was inserted just qown-
BJAB wasR = 1.1%. This low level was comparable with that in stream of the $3 region. After trgqgfectlop of human cells Wlth
the fibroblast line, HT1080. In contrast, the recombination fre-PML23, we selected either ampicillin-resistant or kanamycin-re-
quency in BJAB-B1 was 5-fold higheR = 5.5%. This is com- sistant _recombinants. Th_e ampicillin-resistant recombinants
parable with the level observed with murine substrates recovereffMP") included all those with acceptor endpoints downstream of
from transfection of B cell lines (9). the Sy3 region, whereas the kanamycin-resistant recombinants
EBV carries~100 genes, but cells transformed by EBV express(Ka”R) include.d all those with donor endppint; located ups.,tream
only a small fraction of them. BLs are classified as group Il if they Of the S region. We compared recombination frequencies of
express EBV genes including the nuclear proteins, EBNA-1, -2PML22 and pML23 to determine whether introduction of the kana-
-3A, -3B, -3C, and -LP, several latent membrane proteins (LMPs)Mycin cassette affected recombination levels. As shown in Fig. 2,
and two EBER RNAs; and as group | if the only EBNA expressedrecombination frequencies of the two constructs were comparable,
is EBNA-1. We tested the ability of representatives of these tworegardless of selection conditions.
classes of EBV-transformed BLs to support switch substrate re- Mapping of Amgt and Karf recombinants of pML23 showed
combination. The recombination level in Akata (group ) iRas that all had deleted th&P, region. Selection for ampicillin resis-
6.5%, comparable with that of BJAB-B1. It was significantly tance allowed all recombinants with acceptor junction endpoints in
higher in Raji,R = 11.7%. BJE2 cells, which stably express Sy3 and in theKangene to be scored (FigA3. Among ampicillin-
EBNA-2 but no other EBV genes, supported only backgroundresistant recombinants recovered from transfection of BJAB, 50%
levels of recombination. These results show that genes encodeaf acceptor junctions mapped withiny® In contrast, among
by EBV enhance switch substrate recombination in these Blampicillin-resistant recombinants recovered from transfection
cell lines. of BJAB-B1, 92% of acceptor junctions mapped withiny3S
Similarly high levels of targeting of recombination withiny®
were observed in recombinants recovered from transfection of
both EBV-transformed BLs, Akata and Raji. Selection for kana-
It was critical to map recombinants to determine whether recommycin resistance allowed all recombinants with junction endpoints
bination was targeted to S region sequences. In the construat Sp and in the Amp gene to be scored (Fig.B3} Among

Enhanced recombination activities in EB\Wmphoma cells
target switch region sequences
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FIGURE 2. Recombination of switch substrates pML22 and pML23. Fibroblast HT1080 [ 67% 33% 96% 4%
Recombination frequencieR) were assayed in the EBV-negative lym- Recombination Recombination
phoma, BJAB; its EBV-infected derivative, BJAB-B1; the EBV-positive donor acceptor

BL cell lines Akata (group 1) and Raji (group Ill); and the human fibroblast

cell line, HT1080. For each cell line, the left bar represents the substratFIGURE 3. Recombination endpoints of pML23 recombinants. Recom-

%inants were selected for ampicillin resistandg @r kanamycin resistance

substrate pML23, selected for ampicillin resistance; and the right bar rep?(?r)'|_I|?nzﬁfTH‘;anﬁgﬂt?ﬁ)tognI&n;hzhc()>v(v)sniaTli % Ogypxlr‘(fjsvwlt_?nZl:tk;r;?oj'ltes

resents the substrate pML23, selected for kanamycin resistance. Data ar; ) ;
. : . . show for each interval the percentage of donor endpoints that mapped
average R values determined in three independent transfection™ . . .
experiments within the Ampgene or % and the percentage of acceptor endpoints that
P ’ mapped within §3 or theKan gene. At least 25 recombinants from each
line were analyzed.

kanamycin-resistant recombinants recovered from transfection of
BJAB, 25% of donor recombination junctions were im;Svhereas  cells activated by LPS with the analogous murine substrate,
in recombinants recovered from BJAB-B1, 67% of donor junctionspHL122 (5).
were within Su. Targeting of both donor and acceptor endpoints in  Mapping showed that acceptor junctions were predominantly in
BJAB-B1 was similar to that observed for other EBV-positive the Sy3 region in recombinants recovered from transfections of
lines, whereas targeting of recombination in the fibroblast,BJAB, BJAB-B1, and Raji (Fig. 4). The transcriptional regulatory
HT1080, resembled that observed in BJAB. region thus enhanced targeting of recombination, as also occurs in
Dunnick et al. (27) have reported that chromosomal switch retransfection of murine cells (6). Donor junctions mapped both
combination junctions are heterogeneous, with more than one-thirdiithin ExP, and within Sx. A considerable fraction of chromo-
of donor (or upstream) endpoints outside of the ®gion and somal switch junctions produced in vivo also lie upstream of the
~90% of acceptor (or downstream) endpoints in the appropriate &-rich Su region (27, 28).
regions. Recombination within sequences flanking l&s also ) o o
been reported in the CH12F3 lymphoma, which switches fromEBY genome contributes to LR1 DNA binding activity
IgM to IgA production after cytokine stimulation (28). Our map- LR1 is a B cell-specific, sequence-specific DNA binding protein
ping data show that recombination of pML23 in BJAB-B1 and the complex which is induced in primary murine B cells activated for
EBV-positive BL lines, Akata and Raji, produces junctions similar switch recombination (16—19). LR1 has multiple potential duplex
to those observed during chromosomal switch recombinationDNA binding sites in each of the G-rich switch regions. LR1 is a
Thus, the activities induced by EBV appear to be those that carreterodimer of two subunits, nucleolin and a specific isoform of
out switch recombination in vivo. heterogeneous ribonucleoprotein D, and both subunits bind very
tightly to G-G paired structures which may form during transcrip-
tion of the G-rich S regions. This has led to a working model for
Recombination of the extrachromosomal switch substrates in priswitch recombination in which LR1 may participate in synapsis of
mary murine B cells was shown to be dependent on the presendbe two S regions activated for recombination (reviewed in Ref.
of transcriptional regulatory regions (5). To ask whether a tran-29). Because of the clear differences in the levels and targeting of
scriptional activator can enhance substrate recombination, we asecombination in BJAB and its EBV-positive derivative, BJAB-
sayed recombination of the substrate pML122, which carries the I@81, it was of interest to determine whether LR1 DNA binding
heavy chain intron enhancer and promoter sequences just upstreautivity might correlate with recombination. We therefore isolated
of Sw. Table Il compares recombination of pML122 and pML22 in nuclear extract from Raji, Akata, BJAB-B1, BJAB, BJE2, and the
transfections conducted in parallel. The recombination frequencyibroblast, HT1080, and assayed LR1 DNA binding activity by gel
of pML122 was 2- to 3-fold higher than that of pML22 in all lines mobility shift. These assays compared binding to two different
examined (Table 11). Moreover, recombination of pML122 in Raji *2P-labeled duplex synthetic oligonucleotides. Ongl(Scarried a
reached a level dR = 20%, comparable with the very high level wild-type LR1 binding site from the muriney& switch region,
of substrate recombination evident in transfection of primary Band the other (G14A) carried a single base mutation of that site

Transcriptional activator enhances substrate recombination
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Table II. Effect of EuPy, transcriptional activator on switch substrate recombinafion

DH10B DH10BQ\)
Cell Lines Plasmids EP, AmpR CcmR AmpR CcmR R (%) R (avg.)
BJAB pML122 @) 179 700 9232 1554 43
73 613 1616 451 3.3 3804
pML22 =) 11 870 389 405 1.3
58 1372 2868 1014 1.5 140.1
BJAB-B1 pML122 ) 192 1095 2024 1084 9.4
83 623 608 555 12.2
102 650 1158 812 11.0 107 0.8
pML22 =) 279 1465 3220 878 5.2
121 1274 949 636 6.3
31 2068 483 996 3.1 49 0.9
Akata pML122 ) 606 604 2844 558 19.7
437 550 3028 482 12.6
352 324 2080 315 16.5 1681.7
pML22 =) 419 735 8432 677 4.5
377 444 4968 303 5.2
250 521 2528 408 7.7 5810
Raji pML122 @) 208 429 1087 452 20.2
151 385 628 283 17.6
192 520 725 437 22.3 206 14
pML22 =) 103 372 725 308 11.8
76 361 611 195 6.7
84 399 821 242 6.2 8218
HT1080 pML122 &) 35 1676 1348 1372 2.1
45 890 2943 1120 1.9 28 0.1
pML22 =) 20 1448 1568 1255 1.1
23 450 2835 559 1.0 11201

2Plasmids pML122 and pML22 were transiently transfected into the cell lines shown. After 42 h, low m.w. DNA was recovered, digedbguhiwithd assayed for
recombination. The table shows the number of Anamd Cn¥ colonies recovered after transformation of DH10B and the isogenic lysogen, DMLE(ch line represents
data from a single transfection experiment. The recombination frequéayas calculated as the ratio of Afiransformants in DH10B to those in DH108( normalized
by the control Crff transformants. The rightmost column shows the average recombination freqie(ayg()) = SE.

which decreases binding of LR1 about 15-fold (18). The nonspeDjscussion

cific end-binding factor Ku, which is present in all these extractsW have found that EBV ind ivities that ¢ i
and binds to both duplexes, provided an internal control on activity € have found tha induces activities that support very active

of the extracts. As shown in Fig. 5, LR1 DNA binding activity switch recombination in human cell lines. These experiments have
(lower band) was evident in all the EBV-positive cell lines as- used extrachromosomal recombination substrates carried by an
sayed, including Raji, Akata, and BJAB-B1. LR1 DNA binding SV40-based shuttle vector that supports DNA replication in human
activity was much reduced in BJAB and its EBNA-2-transfected Cells. Mapping of recombination products showed that these sub-
derivative, BJE2, and was completely absent from the human fistrates underwent recombination mediated by S region sequences
broblast line HT1080. The absence of binding to the G14A duplexduring transfection of EBV-positive human B cell lines. The ex-
(right) confirmed that the observed binding is due to LR1. Thesdrachromosomal switch substrates that we have described here
data show that enhanced LR1 DNA binding activity is correlatedshould also be useful in other contexts, because they provide a
with the presence of EBV genome in the cells and that both levelsneans for assaying switch recombination activities in a variety of
and targeting of switch substrate recombination correlate with thdauman cell lines.
levels of LR1 DNA binding activity. Comparison of recombination in BJAB and its EBV-infected
derivative, BJAB-B1, showed that EBV infection induces recom-
bination activities. The EBV-infected lymphoma, BJAB-B1, sup-
ported 5-fold higher levels of recombination of the substrate

pML122 Amp EuPy S i S n;;m pML22 than did its EBV-negative parent line, BJAB. Modification
| T } of the recombination cassette to include a strong transcriptional
H HoOH H activator upstream of senhanced recombination in both cell lines
EBV-BL BJAB 12% | 44% 44% 81% 19% but did not boost recombination in BJAB to the level observed in
EBV+BL BJAB-Bl| 5% | 56% 39% l 78% 22% BJAB-B1. Recombination was highest in the two BL lines, par-
Raji 8% | 42% 50% 73% 27% ticularly in Raji. In this group Il EBV-transformed BL, recombi-
Recombination Recombination nation levels approached 20% of recovered plasmids, comparable
donor acceptor with that observed in transfection of primary murine B cells acti-
FIGURE 4. Recombination endpoints of pML122 recombinants. Re- Vated by LPS.
combinants were selected for ampicillin resistance and mappétiri| Mapping of recombinants showed that the activities that pro-

digestion. Symbols as in Fig. 3. mote switch substrate recombination in EBV-infected cells are
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FIGURE 5. Cell type specificity of LR1 DNA binding activity. Gel mo-
bility shift assay of binding by activities in nuclear extracts from the in-
dicated cell lines t62P-labeled synthetic duplex oligonucleotides contain-
ing a wild type S/1-binding site left) or mutant G14A binding siteright).
Protein-DNA complexes were resolved on a 7% polyacrylamide gel. Large
arrow, LR1/DNA complex (lower band); small arrows, Ku/DNA complex
(upper band).

13.

very similar or identical to those that promote S region recombi-
nation in activated B cells. The acceptor endpoints in recombinants
were almost exclusively within they8 region, while a significant
proportion of donor endpoints mapped upstream of theejion
sequences, as also occurs in chromosomal switch recombination

(27, 28). A considerably higher fraction of recombination junc- >

tions were targeted within the S regions in recombinants recovered
from the EBV-positive lines.
The results reported here show that EBV infection can induce
host activities essential to switch recombination. We have assayeg,
for one such activity, LR1la B cell-specific, sequence-specific
duplex DNA binding protein with multiple sites in the G-rich S
regions and at the owyclocus (19). In the cell lines examined,
switch substrate recombination correlated with levels of LR1 du-

plex DNA binding activity. LR1 binding activity is absent from 19.

resting B cells but is induced by EBV infection or activation of
switch recombination. Because EBV infection induces LR1 activ-
ity, it is an intriguing possibility that the host factor LR1 plays

some role in the EBV life cycle. This possibility is consistent with 21.

the fact that there are multiple potential binding site for LR1 in the
EBV BamW repeats. In addition, the BamW repeats are frequently

sites of EBV genomic reorganization during lytic replication, and 23.

just as translocations contribute to human disease, EBV genomic
rearrangements have the potential to alter viral gene regulation or

gene function (3, 4). EBV therefore appears to induce host activz4.

ities that diminish stability of the viral genome and are also re-
sponsible for the enyc translocations characteristic of ¢
sporadic BL.
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