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Abstract. The human LGI1 gene is a leucine-rich, repeat- including PTEN/MMACI/TEP (Li et al. 1997; Steck et al. 1997; Li
containing gene that was cloned from the t(10:19) breakpoint oind Sun 1997), DMBT (Mollenhauer et al. 1997), and NEURAL-
the T98G glioblastoma cell line. The LGI1 gene maps to 10q24, dZED (Nakamura et al., 1998), the mutation rates in these genes do
region of peak LOH in malignant gliomas, and is inactivated dur-not match the observed loss of heterozygosity in this area, indi-
ing the transition from low to high-grade brain tumors. Here we cating that at least one other tumor suppressor gene must reside in
report detailed studies of the genomic structure of the LGI1 genehis region (Bostrom et al. 1998; Chiariello et al. 1998; Davies et
and its promoter. We have also cloned and characterized the mousé 1999; Duerr et al. 1998; Lin et al. 1998; Liu et al. 1997; Ng and
Igil gene, which is 97% homologous to the human gene at théam 1998; Peraud et al. 1999; Rasheed et al. 1997; Somerville et
amino acid level and 91% homologous at the nucleotide levelal. 1998; Tohma et al. 1998; Tong et al. 1999; Wang et al. 1997;
LGI1 contains 8 exons, where each of the four leucine-rich repeaiVatanabe et al. 1998).

units is contained in an individual 72-bp exon. The cysteine-rich  Recently, we identified a gene from 10g24 that is disrupted by
regions flanking the LRR and the single trans-membrane domaim translocation in the T98G GBM cell line and is also rearranged
do not occupy individual exons. Approximately 5-kb of the geno- in over a quarter (26%) of primary tumors. The gene, LGI1 (Cher-
mic region 3 to LGI1 was sequenced, but conventional CAAT and nova et al., 1998), is a member of the leucine-rich repeat family of
TATA motifs were not present within this sequence. A 597-bp proteins that includes CNS-specific proteins such as TARTAN
fragment of this 5sequence was cloned upstream of a promoter{Change et al. 1993) and SLIT (Rothberg et al., 1988, 1990; Tagu-
less luciferase gene and was shown to be sufficient to drive tranehi et al. 1996). Analysis of LGI1 with Northern blots showed that,
scription. SSCP analysis of the coding region of LGI1 in 20 glio- of the limited number of tissues analyzed, it is expressed in only
blastomas and five cell lines did not reveal any mutations. Becaustvo: the brain, where it is most highly expressed, and skeletal
LGI1 expression is considerably downregulated in gliomas, wemuscle, where the expression is considerably lower. Analysis of
also investigated whether this was owing to changes in the methgliomas revealed that LGI1 expression is either abolished or
ylation status of the promoter. Southern blot analysis and 5-azagreatly reduced in high-grade tumors compared with more benign
cytidine treatment did not show any appreciable difference inones, implying a possible role as a tumor suppressor gene. In order
methylation status between normal brain and glioblastomas.  to understand the mechanisms of LGI1 down regulation in malig-
nant gliomas, we have characterized the exon/intron structure, the
promoter, and the methylation status of this gene. In addition, to
enable the creation of both LGI1 knockout mice and transgenic
animals that over-express LGI1, we have cloned and characterized

. . . . the homologous moudgil gene.
Glioblastoma multiforme (GBM) is the most common malignant

tumor of the adult central nervous system. The prognosis for pa- )
tients suffering from GBM is poor, with a median post-treatment Materials and Methods
survival time of less than 2 years. GBMs are thought either to arise

from a number of benlgn.precursor tumors or via a de novo routesequencing of BAC 306018AC DNA was purified by using the
where, on first presentation, the patient is histopathologically dl-Qiagen low copy protocol. The genomic copy of LGI1 was sequenced
agnosed as suffering with GBM. Despite a considerable degree afsing the Big Dye Terminator cycle sequencing kit from Applied Biosys-
heterogeneity in tumor origin, some of the genetic lesions associiems Incorporated (Foster City, Calif.). The sequencing reactions were
ated with GBM development are consistent. The most commorgarried out in accordance with the manufacturer’s instructions with the
genetic abnormality involves the loss of markers from Chromo-following minor modifications. BAC DNA used in the sequencing reac-
some (Chr) 10. Remarkably, in 70% of GBMs, one entire copy ofions was pre-digested WnNot]_. in ord:,\r_to rela_x superc_onlng. DMSO
Chr 10 is lost, and in up to 90% of GBMs at least part of Chr 10\{;&13 also added to a concentration of 5% in the final reaction, and 39 rather
. " . . - an the recommended 29 cycles were performed. Sequences obtained
IS deleted (Fujimoto et al. 1989; Watanabe et al. 1998; von De'mWere aligned with the cDNA sequence by using the ALIGN program in the
ling et al. 1992; Fukuyama et al. 1996; Maier et al. 1997, 1998,pNASTAR (Lasergene) sequence analysis package. The point at which the
Chernova and Cowell 1998; Fults et al. 1998; Mao et al. 1999)¢DNA and the BAC derived sequences diverged was analyzed for splice
Analysis of tumors lacking part of Chr 10 reveals a minimally acceptor and splice donor sequences by using the splice site prediction
deleted region that spans 10q24-10g26, suggesting that one program.

more tumor suppressor genes reside at this locale. Despite the fact
that a number of genes from this region have been cloned recentlggcp analysisGenomic DNA was isolated from tumor samples as de-
scribed by Sambrook et al. (1982). Each exon of LGI1 was amplified from
. ) 250 ng of genomic DNA, with 2 mM of exon-specific primers (Table 1),
Correspondence toJ.K. Cowell; E-mail: cowellj@ccf.org in the presence of 2 mM of dATP, dGTP, and dTTP and 0.1 ml #ra
*Present addressDepartment of Neurosurgery, Hadassah University Hos- dCTP (3000Ci mmott). The products of the PCR reactions were analyzed
pital, Jerusalem, Israel 91120. on agarose gels to ensure only a single product of the correct size had been
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Table 1. Summary of the DNA sequences at the splice acceptor and splice donor sites for each exon of LGI1.

Acceptor sequence Donor sequence
Exon Exon
number Intron Exon Exon Intron phasing
1 N/A TCTCATTgtaaggcc 2
2 ctecttttttgttttctttcagATCCTTTGTGAGATCTGGTT AGCTCTTgtgagaaa 2
3 ttgtgtactttttctgggcagGTTATTCACATCGAACTCCT AGTATTTgtaagtaa 2
4 atatattataacttattgcagATTCATAGAATACAACAACA TTCACTTgtaagtat 2
5 cttttttttttttttttccagGAGCCTTGCAAACAACAATC CAAATGTgtaagagg 2
6 cagctgaagtttgtctttcagGGACCTGAGGGGTAATTCAT ATTACAGgtaatgta 1
7 tattatttcctatttttgcagAATTTGCAAAGTCTCAAGAC CATTCAGgtatgaaa 1
8 gtntcnaccttcttctcccagGCACTTCCACTGTAGTACGC N/A N/A

amplified. The PCR products corresponding to the larger exons were diMegaprime kit from Amersham. Library filters were hybridized overnight
gested to ensure they were of optimal length for SSCP. The PCR producis 0.5 M sodium phosphate 7% SDS at 65°C. Unbound probe was removed
were denatured by boiling for 10 min, chilled on ice, and then loaded ontdby washing two times in 0.2 x SSC and 0.1% SDS at 65°C. Autoradiog-
a 1 x MDE gel (FMC Bioproducts). Electrophoresis was carried out for 14raphy was carried out by standard procedures. Positive plaques were sub-
h at 6 watts. Gels were dried and exposed to film for 5 h. jected to two more rounds of screening to ensure they were plague pure.
The DNA was then isolated by using the Qiagen 1 midi preparation kit and

. sequenced.
Southern blotting protocolTumor and cell line DNA was prepared g

using standard methods (Sambrook et al., 1982). Of each DNA sample, 10

wg was digested with either tHepall or Mspl restriction endonucleases. Results

The DNA samples were then electrophoresed through 0.7% TBE agarose

gels until the desired separation had been achieved. Gels were depurinatgeé determine the intron/exon structure of LGI1, we designed a
in 0.2N HC1 for 15 min before being soaked twice in denaturation solutionseries of primers covering the entire cDNA. Combinations of prim-
for 30 min. The DNA was then transferred to Hybond N+ (Amersham) in arg that gave identical sized bands using the cDNA and genomic
denaturation solution overnight. The membrane was then neutralized for 2B\ A a5 templates indicated a lack of an intervening intron be-

min, and the DNA was fixed by UV cross-linking?P-labeled probes were . . A
prepared by random priming by using the Megaprime system (Amersham)t_ween the two primers. The presence of an intron was indicated by

Hybridization was carried out overnight in 0.5 M sodium phosphate and® dls_crepancy in the size of PCR product produced by using ge-
7% SDS at 65°C. Filters were washed with 0.1 x SSC and 0.1% SDS afomic and cDNA templates or by the absence of a band in the
65°C, twice for 30 min. Filters were exposed to film at =70°C. reaction using a genomic DNA template. Primer combinations that
indicated the presence of an intron were then used to sequence
Treatment of cells with 5-azacytidin®373 and U87 cells were d|rect!y frt:)m BA_‘C Ec();elglo Wh"g‘hhad prevnouls l{ggg n_shO\g/n to
grown in Dulbecco’s modified Eagle’s medium supplemented with 10%lconta.1|n the ent[re gene ( ernova ot al. ) in order to
fetal bovine serum at 37°C in the presence of 10%,GQultures of these  1dentify the splice donor and acceptor sites. _
human glioma cells were then treated witp.th or 2 um 5-azacytidine for LGI1 spansR5 kb of genomic sequence (GDB Accession No.
72 h. The plates were then washed twice with ice-cold PBS, and RNA wa#AF055636) as judged by Southern blotting and is composed of
extracted by the method of Chomczynski and Sacchi (1987). The RNA wagight exons that range in size from 72 bp to 1197 bp (Fig.1). The
then reverse transcribed with Superscript Il (Gibco) and random hexamersGl1 protein contains four and a half leucine-rich repeats. The first
(Pharmaoia) in accorda_nce with the manufacturer’s_instruct!ons. PCR reteycine-rich repeat is the least conserved, as is often noted in
actions were then carried out with a series of primer pairs that wereyroteins containing this motif, and the amino acid substitutions are
g‘r’]rsnp;‘ﬁ?v‘jﬂtgrzs“ioﬂgs'ﬁ%t igr? E:@Zgﬂegg%b;rtog‘jggiﬂ;?ﬁggrigtri%'gonsistent with those described in other leucine-rich, repeat-
fron% the cDNA or from contaminating genomic DNA in the RNA prepa- Con.tamm.g prc_Jtelns. Each repeat ls_broken by an intron at the 5t.h
ration. amino acid (either a leucine or a valine) and at the 2nd base of this
codon. The first exon contains the start methionine, signal peptide,
) N terminal-cysteine-rich flank and amino acids 1-5 of the first
Promoter analysis of LGI1A 597-bp fragment of the LGI1 promoter  |a\cine-rich repeat (LRR). The four small, 72-bp exons (exon 2-5)

was PCR-amplified from BAC 306010 by using the primers, GLKpn-1 each contain an entire LRR. runnin ; ;
° , g from the 5th amino acid of
(5'-taggatccattagccaggtagyand GLXho-1 (5-gcactcgagaaaatatccctr3 . - -
A g one repeat to the 5th amino acid of the next. The phasing of the
The PCR amplification product was then cloned in to the TA vector . - C S . . h
pCR2.1 (Invitrogen); the insert was then sequenced to check for any proofﬁpllC?I Slte?jc:L?aCh LR]B-CF:nt?InInglexok;l Isdldti'l_rltlctt_’:1|- Thlsdeat_Slng
reading errors. The insert was released by digestion Mt andkpnl, ~ Nas allowed this gene family to evolve by duplication or deietion
gel purified, and cloned into the promoterless luciferase vector pGL3-Basi®f these exons, since it does not change the open reading frame.
(Promega). DNA was prepared for transfection with the Qiagen midiprepAdditionally, this exon phasing gives these genes the ability to
kit. Three cell lines (NIH3T3, C3H10T1/2, and Cos7) were used initially produce a number of protein products by differential splicing of
in the luciferase activity assays. Luciferase activity for this gene could nothe mRNA. All other exons have a different exon phasing. Exon 6
be detected at any appreciable level in Cos7; all subsequent experimenggntains the final half leucine-rich repeat and the C terminal cys-
were undertaken with the NIH3T3 and C3H10T1/2 cell lines. Rigeof — yaine rich flank (Fig. 1). There are no features of note in exon 7,
DNA was transfected iot4 x 1 3T3 or 10T1/2 cells by using lipofect- . - - ;
while exon 8 contains the putative transmembrane domain and the

amine in accordance with the manufacturer’s instructions. Prior to trans . - .
fection, cells were washed twice with optimem (Gibco). Twenty-four hours StOP codon. All exon/intron boundaries conform with the GA/GT

post transfection, cells were washed with PBS and lysed by using passivélle (Table 1) described by Padgett et al. (1986).
cell lysis buffer (Promega). Luciferase activity was measured with the dual It was previously observed that, in malignant gliomas, the
luciferase assay kit from Promega. All results were normalized against th& Gl1 gene is rearranged in 20—30% of tumors and shows reduced
Renilla luciferase activity. levels of MRNA expression when compared with either normal
brain or the lower-grade brain tumors (Chernova et al. 1998).
Cloning of the mouse cDNAS mouseAgt 10 skeletal muscle cDNA ~ SINCE mutations are one way that tumor suppressor genes can be
library (Clontech) was screened to obtain the molgse clone. Briefly, inactivated, we analyzed the mutational status of the LGI1 gene in
300,000 plagues were screened with a human LGI1 coding region probd3BM. Primers were designed from within the flanking intron se-
The human LGI1 probe was labeled as described above by using thguences which amplified all of the exons individually (Table 2)
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Exon N° | mnmn vl Wi Vil
N & C Cystiene Rich Flanks
ATG $ # Stop Codon
Fig. 1. Diagrammatic representation of)(the
| exon-intron organization of the LGI1 gene arg) (
Signal Peptide LRRs Putative Membrane how the structural motifs within this gene are dis-
Spanning Domain tributed.
tacagacaggagaatagattcagcaagttcacag transcription factor-binding sites, although computer prediction

cagacctgcgttctcaaagccaggtgtctggtte

feagtccageatttececcaccatgtoacagoot programs failed to identify this sequence as a promoter.
cggggctgagecaggectttttcaaagecccagy In order to determine whether the DNA sequentefihe start
iiggEigigg;gggggictcitgigggiagggzg of transcription acts as a true promoter, we cloned the 597 bp
gaagggagggtgggagaggggggggaaggtggat immediately 5 of the first transcribed base upstream of a promo-
tatacacagagagggtcccgeacttetgttteee terless luciferase gene. This construct was cotransfected into cells
;gggéggggg;gg@gimgiﬁgggggigg with a plasmid that expressed renilla luciferase under the control of
CATGACAGTTAATAAGTGTCAGAAAAGTATGTAC the SV40 promoter. The firefly luciferase activity measured in
TCACATTCATCCCCTGAAAGTCACATTCTTCATC these cells was normalized with respect to the renilla luciferase
T T e activity. Transfection of the LGI-Luc construct into both NIH 3T3
CCCAATATTGTGGAGAGAGTTTCATTTAGCTTCA and C3H10T1/2 cells produced high luciferase activities (80,069
TTTTTTCCAGCCGGGGCTGGCTCCAAAGCTAGTT and 60,100 respectively), whereas the pGL3-basic vector gave
T T arCCTACRTCRAAAGCAS undetectable amounts of activity (Fig. 3). These data confirmed
TGCAAGATGACTGCTCCCACCCACCCGCCCACCC that the 597 bp immediately ®f the transcription start site does
ACTCACTAATAAGACATAATGCCGTCCTATTTTT indeed contain the basic elements that are required to drive tran-
GGTAACAATTAAAGGGCCTCCCGGTGAAAGCAGA o

AAGCTGTTTATTTTCTGTGACATCACTTCACTTT scription.

GCCTTCGAAGGCTGGTCTGTGCTCAGTGTTTTCG Southern blot analysis was then used to determine the meth-
ggigggggg%ﬁgggggggggggggg%gggﬁg ylation status of the genomic DNA surrounding the LGI1 gene.
CTTCCCCCGAGCAGTGCATTGCTGGAGOGA Genomic DNA from both GBM tumors and normal brain was

Fig. 2. DNA sequence of the minimal promoter region for LGI1. The digested with eitheHpall or Mspl, two restriction enzyme iso-

sequence in upper case represents the 597 bp cloned into pLUC. The lowsfhizomers that differ in their susceptibility to methylation of their

case sequence is part of the upstream sequence obtained (see Results). T#ePdnition sequence. The results shown in Fig. 4 demonstrate that
5 and 3 orientation is shown. the genomic DNA surrounding the LGI1 locus is indeed methyl-

ated in those GBM tumors which have very low or absent expres-
sion of LGI1. The LGI1 locus, however, is equally methylated in

and SSCP was then performed on 20 GBM tumors and five celhormal brain tissue, where the gene is normally most highly ex-
lines. No alteration in banding patterns was observed in the codingressed. This observation suggests that differential methylation of
region of LGI1 in any of the tumors analyzed. Since SSCP may nothe LGI1 locus is not responsible for the observed reduction in its
detect all mutations, or specific recurrent mutations, we com-expression in GBM. To confirm this result, the U87 and U373
pletely sequenced the entire coding region from two tumor DNAGBM cell lines, which do not express LGI1, were treated with 1
samples. Thus, the individual exons from GBM3 and cell line wm or 2 um 5 azacytidine, which has previously been shown to
U373 were analyzed, and no mutations were detected with thiseverse methylation-induced repression of gene expression in ma-
approach either. It appears, therefore that mutation of LGI1 is nolignant gliomas (Furnari et al. 1997). As shown in Fig. 4, the
a common event in glioma tumorigenesis. methylation status of the LGI1 promoter is clearly altered by

The transcription of certain tumor suppressor genes can b8&-azaC treatment, resulting in the elimination of the larger (meth-
silenced by methylation of the promoter, or other regulatory ele-ylated) bands and the presence of the same profile seen in the
ments, responsible for controlling gene expression. It was possibléiISP1-digested DNA. This treatment of cells did not result in a
therefore, that the reduction in LGI1 mRNA levels was caused byrestoration of the expression of the LGI1 gene, indicating that a
methylation. Prior to determining the methylation status of thechange in methylation status of the LGI1 promoter is probably not
promoter, however, the promoter sequence itself needed to besponsible for the loss of gene expression in tumors.
defined. A continuous sequence of 4995 bp was obtained from Many LRR-containing genes are highly conserved throughout
BAC306010 by a single pass sequencing effort. No identifiableevolution; thus, to compare the mouse and human orthologs, we
promoter could be detected. We therefore verified the approxiscreened a mouse skeletal muscle cDNA library with a human
mately 1800 bp 5to the initiation of transcription site (GDB LGI1 probe. From the library screen a number of cDNA clones
accession No. AF246992). Analysis of the 699 bp immediatelywere identified. The sequence established from these clones, when
upstream of the transcription start site promoter with the MATin- compared with the Genbank batabase, showed high levels of ho-
spector program indicated the presence of a number of potentiahology to a number of EST sequences. However, the highest
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Table 2. Details of the primer sequences used to amplify the individual exons of LGI1.

Exon Product
number Forward primer Reverse primer sizé Mousé
1 gaggcagaggaccagggtggact tgcttacgggccttacaatgagt 253 +
2 taacttattgcagattcat atagcaacattcatacttacaa 103 -
3 aatttatcactacagttacatca atttctaaggtcctcttacacatt 152 +
4 gcaacgccgggtaaggtc ttttgaggtggaatgatgatgagt 317 +
5 ttagaacccttgattttt tcccagatgaagtaagaga 234 +
6 ctagccaaccaaagaggtat gggggaattatggtttagag 347 +
7 agaggatggccacacaac gaagaagtcatcatggcattg 156 +
8a tcagacactcagaacgcctcatcce cttcactgcgtacacatcctcecat 123 +
8b ggtgttccagcctcttcea tacgcttattaatggacaca 187 +

2The size of the expected PCR product is shown. For exon 8, primers that produce two overlapping PCR products were
designed to keep their size within that ideal for SSCP analysis.
P Those exons that could be amplified in the mouse by using the human primer pair are indicated (+).
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Fig. 3. Luciferase activities from cells transiently transfected with differ-

ent promoter-deletion constructs. Two different mammalian cell lines,
C3H10T1/2 and NIH3T3, were used for transfection. For each individual
transfection, 30 ng of SV40 renilla luciferase was used as an interna
control. The firefly luciferase and renilla luciferase activities were mea-
sured and the promoter activity determined after normalization. Results ar
expressed as an average of three independent transfections with duplical
per transfection. In both NIH3T3 and C3H10T1/2 cells, strong promoter
activity was detected for the 597 bp used in this assay.

Fig. 4. (A) Southern blot analysis comparing methylation status between
identity was with human LGI1, with an identity of 91% at the various GBM tumors and normal brain by using methylation-sensitive

nucleotide level and 97% at the amino acid level (Fig 5). In con-(HPall) and -insensitive sp) restriction enzymes. CCF4 represents a
trast to human LGI1, which is 2.2 kb long, moulgl (GDB) primary culture of a GBM tumor, whereas GBM3 and GBM8 represent
accession No. AF246818) is 4.2 kb long. The difference in size oﬁNA isolated directly from surgically resected specimens. U87, U118,
the two mMRNAs is accounted for entirely by an extra 2 kb in the 373, and T989 are well established cell lines derived from GBM tumors.

2 unt lated . With ic DNA PCR In (B) the effects of 5 azacytidine treatment of U373 cells is shown. Cells
mouse > untransiated region. With mouse genomic ! ere harvested after three days treatment and subjectépeld digestion
amplification was performed across the regions where the exong, treated (lane 1) and untreated cells (lane 2). The hybridization pattern in

intron boundaries reside in the human genomic sequence. We difle Hpall-digested cells is compared with untreated cells digested with
not undertake extensive sequencing to define the precise positiavisp (lane 3). The expected size of tMsp DNA fragment is 4 kb. In this
of the exon borders, but our PCR analysis confirmed that thegel it can clearly be seen that the large DNA fragments in lane 2, which are
position of the exon/intron boundaries is broadly conserved beproduced as result of methylation in the promoter region, are lost following
tween the two species. The only exon that could not be amplifie Aza-C treatment (lane 1).
in this way was exon 2. The high degree of identity between the
mouse and human nucleotide sequence also extends into the un- heth tati in th di . ible f
transcribed regions, all but one (exon 2) of the primer pairs tha{nlnczwt.e ermu atlolr;lls. II: dethco Ing rigLon wetre r(tesponsfl Lglgr
were designed to amplify individual human LGI1 exons also pro-mfl‘.C ;lva lon, we establis g h efeﬁonlln ron s rﬁc ure of L
duced PCR products from mouse DNA (Table 2). which contains 8 exons. Each of the leucine-rich repeats is en-
coded by a small, 72-bp exon. The final exon contains a putative
transmembrane domain and the uhtranslated region. The 2nd
Discussion exon, which contains the first leucine-rich repeat, is the most di-
vergent from the consensus LRR amino acid sequence. The ob-
LGI1 lies within the most common region of LOH in GBM and is servation that it is the outer leucine-rich repeats that usually di-
inactivated in high-grade tumors and cell lines but not in benignverge from the consensus sequence is probably because these rep-
tumors, suggesting it may be a tumor suppressor gene. To deteresent the oldest of the repeats, and therefore have had the most
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1  MESERSKRMGNACIPLKRIAYFLCLLSALLLTEGKKPAKP HUMAN in VHL-related tumors (Graff et al. 1997), and the p16 gene in

TSR FVVeeeeeens MOUSE melanoma (Lo et al. 1996). In gliomas and GBMs, expression of
41 KCPAVCTCTKDNALCENARSIPRTVPPDVISLSFVRSGFT HUMAN the GFAP (Fukuyama et al. 1996) and PTEN (Furnari et al. 1997)
41 ... e MOUSE genes has also shown to be blocked by methylation.

81 EISEGSFLFTPSLOLLLFTSNSFDVISDDAFIGLPHLEYL HUMAN ~ Addition of 5-azacytidine to the cultures of GBM-derived cell

= MOUSE lines that did not express LGI1 failed to reactivate it, suggesting
121 FIENNNTKSISRETFRGLKSLIHLS OTLPKDIFK HUMAN that methylation is not responsible. This observation was comple-

120 e e MOUSE mented by the fact that methylation-sensitive enzymes failed to
show differences in banding patterns on Southern blots containing

161 GLDSLTNVDLRGNSFNCDCKLKWLVEWLGHTNATVEDIYC HUMAN normal brain and gliomas. A comparison between tumor cells and

161 .. B e e e e MOUSE _ N X r X
whole brain, which is a complex tissue, however, would not iden-
%gi EGPPEYKKRKINSLSEKDFDCHTEFAKSQDLPYQSLSID HUMAN tify more subtle differences in methylation status that might be
"""""""""""""""""""" MOUSE present in individual cell types. Exactly how this gene is inacti-
241 TFSYLNDEYVVIAQPFTGKCIFLEWDHVEKTFRNYDNITG HUMAN vated, therefore, is not clear, although one possibility is that chro-
ZAL MOUSE mosome or gene rearrangements, which occur in 20-25% of tu-
281 TSTVVCKPIVIETQLYVIVAQLFGGSHIYKRDSFANKFIK HUMAN mors (Chernova et al. 1998_) as determined_by _the relatively crude
281 ...l Do G.....n MOUSE approach of Southern blotting, cause inactivation as a result of a
321 IQDIEILKIRKPNDIETFKIENNWYFVVADSSKAGFTTIY HUMAN position effect. We pr(_ewously (_Jlescrlbe_d a cell line, CCF4 (Cher-
321 ..., Vet O MOUSE nova et al., 1998), which contained a single cope of Chr 10 where
the region containing LGI1 was translocated into the pericentro-
361 KWNGNGFYSHQSLHAWYRDTDVEYLEIVRTPQTLRTPHLI HUMAN . . . . A
361 ... A.D.LA. . ... .. MOUSE meric 11q region. No mutations in LGI1 were found in this cell

line, but MRNA expression was suppressed. It appears, in this cell

401 LSSSSQRPVIYQWNKATQLFTNQTDIPNMEDVYAVKHFSV HUMAN line at least, that the translocation event is related to the inactiva-

0L e Strrrrren MOUSE tion of LGI1. FISH analysis of several other cell lines (Chernova
441 KGDVYICLTRFIGDSKVMKWGGSSFQDIQRMPSRGSMVFQ HUMAN et al. in preparation) also demonstrates rearrangements involving
BAL e MOUSE the single remaining copy of Chr 10, suggesting that this may be
481 PLQINNYQYAILGSDYSFTQVYNWDAEKAKFVKFQELNVQ HUMAN a more common mechanism than expected. The other alternative is
481 L. MOUSE that LGI1 is part of a highly regulated pathway where inactivation
521 APRSFTHVSINKRNFLFASSFKGNTQIYKHEVIVDLSA HUMAN of other key members or high specific transcription factors results
3.5 MOUSE in either inactivation of all genes in the pathway or a failure to

Fig. 5. Comparison of the amino acid sequence of the human (above) anipitiate _transcription. A better understanding of w_hether this is the
mouse (below) LGI1 genes. Only the positions where the amino acids wer§as€ Will depend on a more complete understanding of the function
different in the mouse are shown in this comparison. of LGI1.

Since functional inactivation of LGI1 occurs during the tran-
time to evolve divergently. Primers were then designed that amsition of low-grade to high-grade brain tumors, the creation of
plified individual exons, and SSCP was performed. Despite thetither knockout or transgenic mice that overexpress LGI1 may
consistent loss of activity in brain tumors, no mutations were de{rovide insights into the role of this gene in tumorigenesis. It was
tected in the coding region of LGI1. Whether mutations occur innecessary, therefore, to establish the mouse cDNA sequence and
the intronic or extended promoter regions that affect transcriptiorinvestigate the genomic structure. Human and mouse LGI1 are
by causing aberrant processing or expression of the LGI1 tranhighly conserved, showing 91% identity at the nucleotide level and
script requires more extensive analysis. 97% similarity at the amino acid level, with most of the amino acid

Sequence analysis of the approximately 600 bp upstream of theubstitutions being conservative. The molgé gene is 4.2 kb in
transcriptional start site failed to identify TATA or CAAT boxes. length, while human LGI1 is 2.2 kb in length. This difference in
Luciferase assays, however, demonstrated that this region has preize between the human and mouse gene is owing to the inclusion
motor activity. This observation is not unique to LGI1, since otherof a 2-kb sequence in théuhtranslated region in the mouse gene.
members of the LRR family such as PRELP (Grover and Roughlywhether this additional sequence affects gene expression is not
1998) and the human and mouse biglycan genes (Fisher et atlear. The conservation between these genes is not restricted to the
1991; Wegrowski et al. 1995) do not have TATA or CAAT boxes coding sequence, since an analysis of the genomic sequence dem-
either. These genes, however, are able to use SP1 sites which haystrates that both the position and number of exon/intron bound-
been shown to be able to drive transcription. In other genes, suchries is also similar in humans and mice. In addition, several of the
as the mouse lumican gene, Sp1 sites facilitate the recognition ghtronic primer pairs that were designed to amplify the individual
a weak TATA box (Ying et al. 1997). LGI1, however, does not human exons, also amplify mouse-specific exons, indicating that
have an Sp1 site in the promoter region either, and so it appeatse intronic sequences in the proximity of the splice sites are also
that there are other critical elements in the promoter region thagonserved. The high degree of LGI1 conservation between mice
drive transcription. In the normal brain, these are presumablyand humans implies that this gene has experienced a strong selec-
strong promoter elements, since expression levels are high. A motgon pressure. It is intriguing to speculate that any major deviations
detailed study of individual elements of the promoter, however.,in the primary protein sequence may result in a loss of function of
was beyond the scope of this study. The LGI1 gene is expressethis gene product. Total or partial loss of the LGI1 gene function
almost exclusively in the brain, and so the characterization of thigould, therefore, be lethal, which in turn implies that LGI1 plays an
promoter may provide a useful tool in directing transgene expresimportant role in normal brain development as well as in tumor

sion to the brain during development. formation, making further analysis of this gene a high priority.
Most GBM contain only one genomic copy of LGI1, and this
one is almost invariably not expressed (Chernova et al. 1998).
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