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ABSTRACT

Infecting mice with a mutant Moloney murine leukemia
virus which contains the bacterial suppressor tRNA
SUpF in its LTR allows rapid cloning of proviral
integration sites from genomic tumour DNA. In a
previous study E y pim-1/Ep L-myc bitransgenic mice
had been inoculated neonatally with MoMuLV SUpF
virus. The retroviral infection led to acceleration of
lymphomagenesis indicating the proviral activation of
further oncogenes cooperating with  myc and pim-1 in
tumour development. Using a functional ~ supF screen
for analysis of genomic mouse tumour DNA libraries
which had been constructed in the phage vector
EMBL3A, a common proviral integration site on mouse
chromosome 5 was cloned and found to be identical to

the proviral integration site  evi-5 which has recently
been identified in an AKXD T-cell lymphoma and which

is located 18 kb upstream of the  gfi-1 gene. Tumours
bearing evi-5 integrations showed an enhanced  gfi-1
expression level suggesting that  gfi-1 is the target gene
for insertions at the evi-5 locus. Together with three
other previously described Moloney integration
clusters all responsible for enhanced  gfi-1 expression
the number of tumours from infected double transgenic

Ep L-myc/Ep pim-1 transgenic mice with retrovirally
activated gfi-1 added up to 53% underscoring the role
of GFI-1 as an effective collaborator for MYC and PIM-1

in the process of lymphomagenesis.

INTRODUCTION

promoter and enhancer insertions, the expression of the host
target gene becomes elevated by the retroviral transcription
control elements residing within the LTR sequences.
Alternatively, the proviral integration could either remove RNA
destabilising element8)(or it could lead to a differently spliced
gene products with new properti€3. (Proviral integration sites

can be isolated either by inverse PCR reaction or by screening a
genomic DNA library constructed from DNA of infected tissue

or cells with a virus specific probe. With this method, phage
clones containing genomic mouse sequence in their inserts that
flank the proviral DNA can be isolate®)(

Transgenic mice expressing activated oncogenes under cell
type specific promoter and enhancer elements have been proven
to be valuable tools to investigate oncogene coopelatvaxo
(5-7). Awell studied system have begnd&Emyctransgenic mice
where the-mycgene is linked to an immunoglobulin heavy chain
enhancerg,9). Here, the lymphocyte specific expression of the
transgene leads to development of pre-B or B-cell lymphoma
(8,10). To search for oncogenes that cooperate evithyG a
retroviral infection of newborn [Ec-myctransgenic mice had
been performed and led to identification of the cytoplasmic
serine/threonine kinase PIM-1 and the zinc finger protein BMI-1
as strong collaborators of c-MYC in the development of B-cell
lymphoma (,2). Another retroviral integration sitpal-1, that
was hit in a large proportion of tumougsi(l), was identified in
this experiment. Subsequent studies showed that proviral
activation within thepal-1 locus lead to the activation of a gene
termedgfi-1 (for growth factor independence 1) located several
kb downstream opal-1 (11,12). Thedfi-1 gene had previously
been identified in a search for genes that confer T-cells the
independence of IL-21Q). The efficient collaboration between

Infection of mice with the non-acute transforming retrovirusnyc and thepim-1 gene was not only evident in MoMuLV
Moloney murine leukemia virus (MoMuLV) has become arinfection experiments but could also be shown by creating
established method to search for new genes implicated in tharious EL myc/pim-1double transgenic mice which show a

process of lymphomagenesis for review seed). Genomic

dramatic acceleration in lymphomagenesis compared to the

DNA from the tumours that arise upon infection is analysed faingle transgenic parent straiig,(5).

proviral integrations, and genes that are located in the vicinity of The analysis of tumours arising ip BEnyc/pim-1bitransgenic
viral sequences can be identified. Several mechanisms lead toitfiee also showed that all malignancies were still of clonal or
activation of genes that are hit by proviral integrations: byligoclonal origin. This indicated that additional events were
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required for full malignant transformation even in the presence 8fNA were cleaved to completion wiBarmHI andEcaRI. The
two activatedtiransoncogenes. To search for these additionabriginal insert and the ‘stuffer’ polylinker fragment were
cooperating oncogenes that synergize in the process sdparated from the cloning phage arms by a 10-40% sucrose
lymphomagenesis with botimyc and pim-1, a MoMulLV  gradient. The ligation reaction was packaged by using a lambda
infection of Bu L-myc/pim-1lbitransgenic mice was carried out. in vitro packaging kit from Amersham. An aliquot of the
The infection resulted in a profound acceleration of tumoysackaging reaction was plated on theg@F" bacterial strain
formation in these animals and the analysis of the emergind392 to determine the titre of the library. Phage particléd (10
tumours showed that in 37% of the casepdhd/gfi-llocuswas were then plated with treupF bacterial strain MC1061 which
affected by retroviral integration resulting in high levelonly allowed propagation of phage clones containing retroviral
expression of thgfi-1 gene {2). This finding underscored the supF sequence in their insert. To molecularly clone the
potential of theyfi-1 gene to efficiently cooperate with battyc  unrearranged genomic DNA at ttmai-1/evi-5locus a genomic
andpim-1genes. mouse library (Stratagene, liver, agoufjxll vector) was screened

In the infection experiment with E pim-VEu L-myc for overlapping clones.
bitransgenic animals a replication competent mutant MoMuLV
virus strain was used which contains a 206 ugpF-suppressor : :
tRNA in its LTR sequencelf). In this paper we present the Bacterial strains
identification of proviral integration sites from tumours that arosgor library construction andgupF screening the following
in infected bitransgenic mice by taking advantage efigF  bacterial strains were used: LE 38@pE4 supFs8 hsdfb14
selection procedure. To this end, we used the EMBL3A phagglk2 galT22 metBlL trpR55 lacYl; MC1061 hsdR mcrB
cloning vector to construct genomic DNA libraries from DNAaraD139A(araABC-leuy679AlacX74 galU galK rpsL thi.
isolated from tumours of infected animals. The EMBL3A vector
contains two amber stop codons in genes essential for j o
replication (L7) so that plating the libraries on thepF-bacteria E?laractensatlon of tumours
strain MC1061 allowed exclusive isolation of phage clones WitBased on rearrangements of the T-cells receﬁ)mUs, the
retroviral supF and flanking mouse sequences in their insertsmmunoglobulin heavy and light chain genes and on the presence
Using this functionasupFscreen we could clone and analyse af characteristic surface markers (B220, Thy 1.2, CD4, CD8) as
common integration site which was tentatively natmael (for  determined by FACS analysis (Becton-Dickinson FACSCAN)
T-cell Moloney integration site 1) and which was affected byne tumours were classified as either of the T- or the B-cell
proviral insertions in 22% of the tumours in the MOloneyinfeCteqneage_ The probes used to detect distinct rearrangements of
Ep pim-VEp L-myc bitransgenic mice. Detailed analysis either the T-cell receptor gene locus or immunoglobulin genes in
revealed thatmi-1is identical to the recently discovered Moloneysouthern blot analysis with genomic tumour DNA have already
integration sit@vi-50n mouse chromosome B3| and probably  peen described().
activates the expression of tlydi-1 gene located 118 kb

downstream oévi-5. .
Molecular analysis and probes

MATERIALS AND METHODS Preparation of genomic DNA from mouse tail tips and tumour
samples was performed as previously describgdCleavage of
Transgenic mice and MoMuLV infection DNA by restriction enzymes and DNA blotting procedures were

) ) . ) performed as described elsewhet8).(The supF probe was a
Transgenic H pim-1and Bi L-mycanimals and the generation of 200 bp BanHI-BanHI fragment containing the complete
doubly transgenic animals have already been desctilfbX  sequence of theupF suppressor tRNA and had been kindly
Mice originating from breedings betweep fim-1and BiL-myc  provided by Dr Stocking, Heinrich-Pette-Institut, Hamburg. The
parents were infected until 48 h after birth intraperitoneally witrobes E2.1 and D22 that were used to detect proviral insertions
50-100u! sterile MoMuLV supFcontaining supernatant from the within thetiam-1locus were 1 kEEcaRl andSal genomic DNA
producer cell line MoMuL®R1 (16). The supernatant of fragments, respectively) The probe for GAPDH has already
subconfluently growing virus producing cells was concentrategeen described2f). To detecifi-1 integrations a 2.0 kigfi-1
100-fold under M pressure in a stirring cell (Amicon) to obtain amouse cDNA fragment was used which contained almost the
virus titre of 18-1C° p.f.u/ml. Virus containing supematants werecomplete coding sequence with only the first five amino acids
titrated by seedlng&ldS XC cells per well into a 24-well pIate. The missing. Theavi-5 probe was a 1.4 kb mouse genomic fragment
wells were inoculated with serial dilutions of virus containing celf18). As abla-1probe a genomic 1.9 EraRI-Sal fragment and
culture supernatant and the titre was determined from the numbeggfgpal-1 probe a genomic 1.3 IBgll-EcaRI fragment from the
Syncitia 24 h Iater2_(6). XC cells were maintained in DMEM with respective locus were useﬁ)_( Preparation of RNA was as
10% FCS and antibiotics. described 29) and Northern blotting was performed according to
established procedures8]. For hybridisation of thevi-5 probe
with poly(A)* RNA from different mouse organs a Northern blot

Library construction and supF screening membrane from Clontech (Multiple Tissue Northern Blot) was used.
Genomic tumour DNA (100-5Qdy) was partially cleaved with

SawBA and enriched for fragments of 10-20 kb by a 10-40%romosome localisation by FISH hybridisation

sucrose gradient. The size-selected inserts were ligated to the

BanHI cleaved vector arms of the lambda replacement vect@hromosomal localisation of thai-1locus and the mouse cell lines

EMBLS3A. For preparation of the phage arm 1@EMBL3A  used for FISH analysis was performed as described elsedhere (
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Figure 1.Schematic map of the MoMuldtpFretrovirus used for the infection
of Ep pim-1Ep L-mycbitransgenic mice in this experiment. In the U3 region
of the MoMuLV LTR the 200 bp bacterial suppressor tRiMAFwas inserted
(16). A 1.5 kb internal viraKpnl fragment containing the'-8TR supF
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Figure 2. Restriction map of the insert of phage clone 25/33 from tumour 33.
The insert contains a complete proviral MoMugMpF genome plus 4 kb
flanking genomic mouse DNA sequence, from this insert the P&iklEcaR|
fragment was isolated as probe I. A, Asp71&a; H, Hindlll; P, Pst; (S),

Sal site in the EMBL3A polylinker.

sequence is indicated. The sizes of the LTRs and of the viralggmemoland
envare not to scaleKpnl is an isoschizomer &spr18.)

Table 1.Number of phage clones aftaupFselection

RESULTS

Cloning of MOMuLV supF proviral integration sites from
genomic tumour DNA using a functionalsupF screen

Genomic phage library Total no. of phage Phage clones growing

from tumour no. clones plated on MC106UgF)

To identify novel oncogenes cooperating withcandpim-1in (Le3925upF” hos!

the process of lymphomagenesis we infectepif-1Ep L-myc ~ 2° 1x16° E
double transgenic mice with a mutant replication competent33 1x 108 34
Moloney murine leukemia virus carrying the bacterial suppressorg, 1x 1P 9
tRNA supFin the proviral LTR sequence (Fity, 12,16). The

infected bitransgenic animals succumbed to 100% with Iymphoi&28 L 1e? 10
malignancies after an average latency period of 66 days. This wa§4 1x 10 12

significantly shorter compared to the onset of tumourigenesis in ,_, ]
uninfectedpim-1/L-myctransgenic control mice indicating the Titre of EMBLSA phage Ilbrarles_wnh genomic tumqur DNA and nurpber_of
proviral activation of further oncogenes cooperating in théhage_clones wnl_susteql_Jence in their |_nserts obtained from these I|brar|es._
. . 0 estimate the titre an aliquot of each library was plated on LE 392 bacteria
process Of Iymphoma_gene_slﬁ,(m). For cIomng and analyS|S of which contain endogenossipFsuppressor tRNA molecules. Phage particles
the retroviral integration sites _We made use of the fact tha_‘t tIa?each library (2x 10°) were then plated on MC1061 bacteria which contain
supFsuppressor tRNA cloned into the LTR of the Moloney Virug,o endogenousupFso that only the indicated numbers of phage clones with
used in this infection experiment helps to override amber St@ppFsequences in their inserts could be isolated.
codons in thédam32andBamlgenes of the lambda phage vector
EMBL3A (17) thereby allowing its replication and propagation.
By using asupFprobe for hybridisation of Southern blots with
genomic DNA from mouse tumours we confirmed that thdo search for common integration sites which were affected by
integrated proviruses still contained gupFsequence and had MoMuLV insertions in several tumours, Southern blot hybridisation
not lost the suppressor tRNA due to recombination events (datitumour DNA with probes obtained from the genomic mouse
not shown). The Southern blots also showed that each tumdNA sequences flanking the proviral insertion sites instig-
carried in average four to five proviral integrations. We chose fivghage clones was performed. For this purpose, a restriction map of
tumours from MoMuLV supF infected i pim-1Eu L-myc  several phage clones was established. Figuskows a partial
double transgenic mice with no virus insertions in genes knowastriction map ofsupF phage clone 25/33. The phage insert
to be frequent target sites for MOMULV integrations figc  contained the complete proviral MoMuldupF sequence an in
pim-1, pal-1, bla-1andbmi-1) to isolate DNA for the construction addition 500 bp flanking sequences upstreani’ktl downstream
of genomic DNA libraries with the EMBL3A phage cloning of the 3- and the 3LTR, respectively (Fig2). The 2.2 kb
vector. The titre of each library was evaluated by growth on tHest—EcdRI fragment downstream of thé&MoMuLV supFLTR
supF" bacterial strain LE392 which allows replication of allwas designated probe | (Fig) and was used in Southern blot
phage particles. Plating the libraries ongheF bacterial strain  analysis with DNA from all tumours of the infectegnyc/pim-1
MC1061 led to replication of only those phage particles whichitransgenic mice. Fourteen out of 63 tumours (22%) showed
contained in their DNA inserts a MoMulstpFLTR providing  retroviral integrations at this locus. The insertions were detected by
the essential suppressor tRNA for propagation. The numbersSduthern blot hybridisation using three different restriction enzymes
phage clones obtained with MC1061 bactexigof) are shown (Fig. 3). The membranes were then stripped off the probe and
in Tablel. The average size of the DNA inserts was in the rangehybridised with the 200 bgupF fragment confirming that all
of between 12 and 17 kb so that a reasonable portion of mowsignals representing alleles occupied by proviral DNA also
DNA flanking the retroviral integration site was isolated. AllcontainedsupFsequences (data not shown). We concluded that the
phage clones isolated by this screen contained retroviral LTR wigienomic locus covered by the insert of phage clone 25/33 contains
its supF sequence in their inserts as could be confirmed by common proviral integration site which was tentatively termed
Southern blots usingsaupFspecific probe (data not shown).  tmi-1 (for T-cell Moloney integration site 1).

Identification of common proviral integration sites
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Figure 3. Southern blot analysis of genomic tumour DNA from MoMusiFinfectedpim-1/L-myditransgenic mice. The 2.2 Rist—EcdRl DNA fragment from
phage clone 25/33 (probe I; see Fig. 2) was use@Z®slabelled probe. The genomic DNA was cut with the restriction enzspess (A),BarHl (B) or Hindlll
(C). DNA from an uninfected mouse served as a control. The signals marked by an arrow represent rearranged DNA fragments due to proviral insertions.
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Figure 4. Restriction map of themi-1/evi-5locus. Two nearly identical lambda phage clones from a genomic mouse DNA library were identified with the 2.2 kb
Psi—EcdRI DNA fragment from phage clone 25/33 (probe I; see Fig. 3) and digested with the indicated restriction er2ginés./A&p/18; PPst; B, BanHl;
RI, EcaRl; H, Hindlll; Pv, Pvul. Integration sites for tumour 33, 56, 137, 146, 154 and 209 are indicated.

Characterisation of the genomidami-1 locus A 2IAB

o . . A 202 i
For further characterisation of timai-1 locus a genomic mouse hol
DNA lambda phage library (Stratagene, agouti, likeFixIl —225/33 — avm
vector) was screened with the 2.2Rdd—EcdRI fragment from
phage clone 25/33 (probe ). Two overlapping clones could be  ¢mi.1/evi.s pal-l  gfi-l

isolated and were used to establish a partial restriction map and

to localise the proviral integrations of several tumours @ig.  Figure 5. Schematic representation of 40 kb genomic DNA on mouse
The positions of provirami-1integrations were found to span a chromosome 5. The map shows the relative positions of the proviral integration
region of (-7 kb (Fig.4). Data from genomic Southern blots loci tmi-1/evi-5andpal-1 and of the MoMLV target gergfi-1, respectively.
indicated in aHindlll digest the existence of two germline Indicated are the isolated overlapping genomic lambda phage clones which
fragments of 7 and 2.3 kb (Fig). However, the restriction map cover the complete chromosomal region.

derived from genomic phage clones isolated with probe |

indicated only one germlitdindlil fragment (Fig4). A similar ~ Therefore, it is possible that the additional 2.3 kb DNA fragment
situation is found foBanHI andAspr18 digests suggesting that that is recognized by probe | represemtstiaer genomic locus
probe | contains sequences that recognise another locus besudi#s sequence homology tmi-1 Alternatively, this fragment
tmi-1 Indeed, FISH experiments to determine the chromosomebuld be the result of a restriction fragment length polymorphism.
localisation oftmi-1 confirmed this conclusion. In order to This is not unlikely as the mouse strain that was used for the
identify loci on mouse chromosomes by FISH we had previousMoMuLV experiment is different from the strain used for the
established two mouse lymphoma cell lines WMP-1 and WMP-@nstruction of the genomic library.

by MoMuLV infection (L9). These lines were obtained from awild The finding thatmi-1is localised on chromosome 5 prompted
mouse strain (WMP) that carries Robertsonian translocations to examine the distance to ga-1/gfi-1locus which is also
which allow an easy morphological distinction between differeribcalised on this chromosom&s]. Probes from the phage cone
chromosomes1@). As a resulttmi-1 was clearly localised to 25/33 were used to screen DNA genomic phage libraries and to
chromosome 5, however, some of the mitotic figures revealgubrform a genomic walking experiment (F3. Several clones
hybridisation to chromosome 14 (Z6rnig and Moérdy unpublishedjvere obtained that contain overlapping sequences and stretched
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Figure 7. Northern blot hybridisation of total RNA isolated from tumours
bearing proviratmi-1/evi-5integrations. Tumour number and organ of which
the tumour material was prepared is indicated. As a control, RNA from tumour
27 that does not bear integrations in tilé1/evi-5locus and RNA isolated
from thymus of an uninfected wild-type mouse are loaded. RNA amounts were
Figure 6. Northern blot hybridisation of mouse organ poly(RNA with the E/P:;:;Eer?oz)é.itwg;mgrgglgglzgﬂnmg of 28S ribosomal RNA. pL, peripheral
evi-5 probe shown in Figure 5. Besides a strong 7.5 kb signal there is an Y T '

additional 2.4 kb message in liver RNA which is absent in other organs. The

transcript of the housekeeping gene glyceraldehyde-3-phosphate dehydroge- e . .
nase (GpApDH) is shown aﬁ agm%asur%)gf mRNA}foadeg. P Y Rorthern blot hybridisation with total tumour RNA. Interestingly,

when the muringyfi-1 cDNA was used as a probe all tumours

harbouring a MoMuLVsupF tmi-1/evi-5insertion showed an

until thepal-1/gfi-1locus (Fig5). Hybridisation of tumour DNA  increasedyfi-1 mRNA level compared with thymus and spleen

harbouring MoMuLVsupFtmi-1integrations with gfi-1cDNA  from wild-type mice (Fig7). Increase igfi-1 expression in these

however showed thani-1 andgfi-1 are distinct loci. tumours is to the same extent as in tumours which exhibited
Recently, another common proviral insertion site in closelevatedgfi-1 RNA amounts due to proviral insertions at two

neighbourhood tpal-1/gfi-1on mouse chromosome 5 has beerpther integration loci immediately and 3 of the gfi-1 gene

identified in tumours that arose in the inbred mouse strain AKXRffecting its expressiorif). These results suggest teat-5is

(18). Mice from this background have a high rate of spontaneoagiother common proviral integration site that activafied

lymphoma due to the mutagenic effect of their endogenouspression and thereby participates in the process of

retroviruses 18). The novel integration sievi-5turned out to  lymphomagenesis.

cosegregate withfi-1 and detailed analysis of the locus revealed

thatevi-5andgfi-1 are(118 kb apart18). Hybridisation of tumour g rther retrovirally activated oncogenes in tumours

DNA from MoMuLV supF infected pim-1/L-myc double  fom pim-1/L-mychitransgenic mice harbouring

transgenic mice with aewvi-5probe (generously provided by A. tmi-1/evi-5integrations

Berns, Amsterdam) showed the same signals on Southern blots

as probe | and thus clearly indicating that5is identical tami-1 ~ Table 2 lists second-site mutations at known common proviral

(data not shown). The 2.9 kli-5probe overlapped with the 2.2 integration sites in tumours wittmi-1/evi-5 insertions from

kb Pst—EcaRI fragment (probe 1) in the genomtimi-1 phage MoMuLV supFinfected Fi pim-1Ep L-mycdouble transgenic

clones (Fig4). With several overlapping genomic phage clonesnice. Five of the tumours bearingnai-1/evi-5integration also

we could confirm the notion from Lisgt al thattmi-1/evi-5is  show viral activation of théam-1gene 4). Five tumours show

located18 kb upstream affi-1 (Fig. 5; 18). a further MoMuLV integration at theal-1 locus. Tumour 154

shows in addition to itmi-1/evi-5integration a further direct

MoMuLV integrations at the tmi-1/evi-5locus enhance activation ofgfi-1by a MOMULV supFinsertion upstream of and

gfi-1 mRNA level close to thegfi-1 gene. One tumour bearing a retroviral

tmi-1/evi-Sntegration also exhibits an insertion in ithee-1locus

By using the 2.9 kbvi-5probe for a Northern blot hybridisation which probably leads to activation of the zinc finger oncoprotein

with total RNA from tumours bearing proviraimi-1/evi-5 BMI-1 (1,2; A. Berns, personal communication).

integrations no signal could be obtained (data not shown) raising

the question what target gene is affected by proviral insertion giscyssion

thetmi-1/evi-Slocus. Northern blot with poly(A)RNA isolated

from different mouse organs (Stratagenegthéprobe detected In a previous study we reported retroviral activation ofjthé

a 7.5 kb message in several organs, especially abundant in liged the tiam-1 gene in T-cell lymphoma in an infection

where an additional 2.4 kb band appeared @igThese data experiment with H pim-YEp L-mycbitransgenic micel@). For

suggest that although there is a transcribed sequence in cldgeinfection of these animals a mutant Moloney virus strain was

vicinity to thetmi-1/evi-5integration, it is very unlikely that the used which contains thHeacterial suppressor tRNgupFin its

expression of thisevi-5 associated gene is transcriptionallyLTR. We attempted to isolate proviral integration sites in a

activated by proviral integrations in lymphoid tumours. functional supF screening procedure: genomic DNA libraries
For further investigation of a possible target gene activated lyere constructed with the EMBL3A phage cloning vector which

tmi-1/evi-5integrations we next analysgfl-1 expression in a contains amber stop codons in two of the viral genes essential for
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phage replication1(r). When plated with theupF- bacterial whereby the retroviral LTR sequences would have to act over a
strain MC1061 only those phage clones could replicate thdistance of 18 kb. This action over large distances is not
contained the retroviradupF sequence in their insert. All 68 unprecedented. Proviral integrationdviiti-1 andMIvi-4 map
clones obtained from five different lambda phage libraries whicbetween 30 and 270 kb & thec-mycgene and upregulates its
were constructed with the EMBL3A vector and genomic tumougxpression40). Another example is the transcriptional activation
DNA contained retroviralsupF sequences in their insert of the cyclin D1 gene2(l). Here, retroviral integrations at the
representing MoMuLVsupF integration sites. This procedure Fis-1 locus activated expression of cyclin D1 over a distance of
allowed to identify a common proviral integration site ancc0-300 kb 21). On the other hand, these findings indicate that
demonstrated that MoMuLV retroviral insertion sites can beesides the activation of tigdi-1 gene another target could be
isolated from tumour tissue quite efficiently by using theactivated by tmi-1/evi-5 integrations that is located several
MoMuLV supFmutant and the appropriate selection proceduréwundred kb apart.

Three other proviral insertion clusters have been described
Table 2.Second site MoMuLV proviral insertions in tumours from infected  Which also lead tgfi-1 overexpression in Moloney virus induced

double transgenic mice murine lymphoma 1(1,12): virus integrations immediately
upstream or downstream of i1 coding sequence as well as
Tumour number Cell type Additional identified proviral provirus insertions at th@al-1 locus enhancgfi-1 transcription

and thus are very likely to contribute to T- and B-cell

MoMLV supF integration sit ; ) ) o X
° SUpT infegranion sres lymphomagenesis. Taking all thegi-1 affecting integration

12 T bla-1 sites together, the total percentage of tumours with retrovirally
21 T pal-1 activateddfi-1 in the MoMuLV supF infected i pim-YEp
55 T pal-1 L-myc bitransgenic mice adds up to 53% excluding double
_ integrations 12). This high percentage confirms the important
84 preB tiam-1 role of gfi-1 as an effective collaborator afyc and pim-1in
112 preB tiam-1 lymphomagenesis. Originallgfi-1 had been identified as a
13 T tiam-1 retroviral integration site in rat T-cell lines in a screen for IL-2
129 B 1 independencel(). Overexpression of thgfi-1 gene together
pre P with other yet unidentified events leads to IL-2 independent
146 Preb pal-1 growth of former strictly IL-2 dependent growing T-cellg, (. 3).
154 T gfi-1 Transfection experiments with CTLL cells have indicated that
188 preB tiam-1 gfi-1 expression is involved in an increase in proliferation rate
(12) although it is very well possible that GFI-1 acts also by
199 T tiam-1 inhibiting apoptosis of IL-2 deprived T-cells. As the independence
209 T pal-1 from growth factors like IL-2 is a prerequisite to tumour

progression towards a more malignant state it would be a reasonable

Further identified MoMuLV Sub intearat ies in t beari model to assume thatyg a transcription factor important in the
urther 1aentirie: oMu SUpF Integration sites In tumours bearing a : H H H H

regulation of Il proliferation, andim- oplasmi
Moloney virus insertion in themi-1/evi-5locus. Retroviral integrations were egulation ot cell pro on, Cb 1 a cytoplasmic

identified by Southern blot hybridisation. The tumour cell type was determine?enne/t_hreonme k.mase’ would _CO_Opera_te .m the on_set of
by FACS analysis using antibodies against surface marker or by Southern b Htmoungeness_ while engagemengtnfl ina trlpi_irtlte cooperation
analysis with immunoglobulin gene or T-cell receptor specific probedVith mycandpim-1leads to tumour progression.
establishing the rearrangement status of the genes. T- and B-cell lymphomagenesis is a multistep process in which
activation of several cooperating oncogenes and inactivation of
The integration site identified in tsapFselection experiment certain  tumour suppressor genes contribute to malignant
was found to be identical éwi-5which was originally discovered transformation of the lymphocytes. Therefore, it is not surprising to
as a novel common site of retroviral integration in AKXD T-celffind MoMuLV integrations at several common integration sites
lymphoma and is located 18 kb upstreanmg®fl on mouse such asiam-landpal-1orbla-1/bmi-1in tumour DNA from the
chromosome 51@). Although it was also reported thewi-5 same infected mousg&iam-1has recently been identified in a
cosegregated witlfi-1it remained unclear what gene is activatedsearch for genes that coordinate the invasive behaviour of already
and is therefore involved in the process of tumourigenesis by tii@ansformed cells4j. Moreover, the TIAM-1 protein is thought
proviral insertion aevi-5(18). To address the question we usedo act as a GDP/GTP exchanger for e family of GTPases
different genomic probes from the locus to search for codin@,22). Five tumours show a further MoMuLV integration at the
sequences. None of these probes revealed signals on Northggth1locus. While transcriptional activation of a candidate gene
blots with total RNA from tumours bearingmi-1/evi-5  within the pal-1 locus has not been observed in tumours with
integrations. It therefore seems very unlikely that provirgpal-1integrations all these tumours express high levedgi-df
tmi-1/evi-5insertions lead to an elevated expression level dghRNA confirming that retroviral insertions into tpal-1 locus
coding sequences nearby the integration site. also activate thgfi-1 gene {1,12). MoMuLV integrations at the
When we analysed lymphoid tumours witii-1/evi-5MoMuLV  tmi-1/evi-5and thepal-1locus in the same tumour might further
supFintegrations fogfi-1 RNA amounts we found a significantly upregulategfi-1 expression. BMI-1 belongs to the polycomb
enhanced mRNA expression level which was comparable to tfemily (2) and seems to be important in regulating the
gfi-1 RNA amount found in lymphomas harbouring MoMuLV proliferation of a number of hematopoietic cells throughout pre-
ofi-1 insertions. Thus it seems very likely that proviraland postnatal life as well as for morphogenesis during embryonic
integrations in thémi-1/evi-5locus lead t@fi-1 overexpression development 43). Deregulated overexpression of BMI-1 in
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lymphocytes of H bmi-1 transgenic mice provokes a 11 BernsA. van der Lugt,N.M.T., Alkema,M., van Lohuizen,M., Domen,J.
Acton,D., Allen,J., Laird,P.W. and Jonkers,J. (199dld Spring Harbor

predisposition for lymphoma and strongly collaborates with Symposia of Quantitative Biologyol LIX, CSH Press, pp, 435447,

c-MYC in tumoungene3|32€l). 12 Z6rnig,M., Schmidt,T., Karsunky,H., Grzeschizcek,A. and Moéroy,T.
(1996)Oncogengl2, 1789-1801.

13 Gilks,C.B., Bear,S.E., Grimes,H.L. and Tsichlis,P.N. (1883) Cell.
Biol., 13, 1759-1768.

14 Moroy,T., Verbeek,S., Ma,A., Achacoso,P., Berns,A. and Alt,F.W. (1991)
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