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ABSTRACT

An experimental system, called the climination test (Et), was developed to identfy tumor growth
antagonizing genes. Chromosome 3 containing microcell hybrids (MCHs) were passaged through SCID
mice and regulatr deletion of the short arm of chromosome 3 (3p) were found by cytogenetic and
molecular methods. The Et focused on 3p due to its frequent deletion in 23 tumor types including tenal
cell carcinoma (RCC), small cell lung carcinoma (SCLC) and breast cancer. By increasing the number of
the tumors and by marker enrichment in the region of interest the common eliminated region 1 (CER1 or
C3CER1) was reduced gradually to 1.6 ¢cM on 3p21.3. Our aim was to further decrease the size of
C3CERI and identify the gene content.

Additional markers were selected to further study the panel of MCH derived SCID tumors. We
reduced C3CER1 to approximately 1 Mb and covered it with a PAC contig. Fiber-FISH was performed
with PAC clones to assess the integrity of our contig,

From the telomeric part of C3CER1 two ovetlapping PACs were sclected for sequencing. We
identified a novel LIM domain containing gene, which we named to LIM domain containing 1 (I.IMD7).
We have characterized and mapped the mouse ortholog (I/md7) of the human gene. They both contain
three tandemly arrayed LIM domains at their C-terminal ends.

As the continuation of the gene idendfication in C3CERI, we constructed a physical and
transcriptional map of a 250 kb region, which included four addidonal genes (ILZTFI.T,
KIAAOEST/SACT, XT3, CCRY). We characterized a novel leucine zipper containing gene, the Leucine
Zipper Transcription Factor-Like 1 (I.ZTF1.7) and its mouse ortholog (I.g77). The I.ZTFI.] gene has
two isoforms displaying alternative polyadenylation.

The further detailed description of the transcriptional content of the C3CER1 was possible due to
further sequencing of eleven PAC clones and the appearance of new sequences in the public database. We
assembled all the available data and detected 19 genes and 3 processed pseudogenes within a 1.4 Mb
comprehensive transcriptional map. We identified and characterized four novel genes: FYVE and coiled-
coil domain containing 1 (FYCOY), Transmembrane protein 7 (TMEM?), Leucine-rich repeat-containing
2 (I.LRRC2), Leucine Zipper Protein 3 gene (ILUZP3). The refined centromeric border of C3CER1 is
located inside the ILRRC2 gene. A chemokine receptor cluster was recognized within C3CER1, which
consisted of 8 genes.

The availability of the mouse sequence from Celera database made it possible to apply a
comparative study to further investigate C3CERI. A 1.32-Mb human genomic sequence was compared
with its 907-kb mouse orthologous sequence. The corresponding mouse region was found divided into
two blocks, but their gene content and gene positions were highly conserved between human and mouse.
We observed that two orthologous mouse genes (X#p3s! and Cwmkbrl) were duplicated. We also
recognized a large number of conserved elements that were neither exons of known genes, CpG islands,
nor repeats. We further identified and characterized five novel orthologous mouse genes (Kiza1028,
Nip3sl, Fyeol, Twen:7, and Lrre2). The mutine/human conservation breakpoint region (CBR) has features
that characterize unswable chromosomal regions: deletions in YAC clones, late teplication, gene and
segment duplications, pseudogene insertions.

The detailed transcriptional map of C3CER1 was prerequisite for the delineation of its role in
tumorigenesis. We found 18 genes within C3CER1, which will be studied further. Preliminary results
indicate that the I.T} and the I.IMD7 are candidate umor antagonizing genes.
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1. INTRODUCTION

1.1 Tumotigenesis

Cancer usually arises from a single cell that has accumulated genomic alterations that
provide the cell with sclective growth advantage. It is generally accepted that multiple genetic
changes are necessary for tumor development. Hanahan and Weinberg postulates that the vast
range of genetic changes in cancer manifests in six essental alterations in cell physiology that
collectively dictate malignant growth: self-sufficiency in growth signals, insensitivity to growth-
inhibitory signals, evasion of programmed cell death (apoptosis), limidess replicative potential,
sustained angiogenesis and tissue invasion and metastasis (Hanahan et al., 2000). They proposed
that these six changes are shared by most, if not all, types of human tumors. All these crucial
regulatory circuits are heavily guarded normally; therefore cancer is a relatively rare event during an
average human lifetime.

One of the best studied examples for multistage cancer development is the colorectal
cancer. Colorectal carcinomas arise through a series of well-charactetized histopathological
transformatons as a result of specific genetic changes (Figute 1) (Kinzler et al, 1996). One
oncogene (K-RAS) and three tumor suppressor genes (APC, SMAD4, TP53) are the main targets
of these alterations (Fodde et al., 2001). There ate two main classes of genes that are involved in
tumotigenesis: oncogenes and tumor suppressor genes.
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Figure 1. Genetc changes associated with colorectal tumorigenesis (Kinzler et al., 1996) modified.

1.1.1. Oncogenes

The first oncogenes were discovered as transforming genes in the tumorigenic viruses
(retroviruses) in animals. The oncogene rescarch expanded rapidly, when it was discovered that
human tumors contained activated oncogenes orthologous to those found in tetroviruscs.
Oncogenes are altered forms of normal cellular genes called proto-oncogenes. They are mainly
involved in the regulatdon of cell growth: growth factors and their receptors, signal transducers,
transcription factors and regulators of programmed cell death (Table 1). Proto-oncogenes are
mostly activated by mutation, gene amplification or chromosomal rearrangement. These
mechanisms lead to qualitative or quantitative gain-of-function by either an alteration of proto-
oncogene structure or an increase in proto-oncogene expression. In the majority of cancers
mutations in proto-oncogenes atise somatically in the tumor cells, although germline mutadons
activating the function of the RET gene have been identified in multiple endocrine neoplasia type 2



and familiar medullary thyroid cancer patients. (Santoro et al, 1995). Germline mutations of the
MET gene have also been found in affected membets of families with hereditary papillaty renal cell
carcinoma (Schmidt et al., 1997; Zhuang ct al., 1998).

Table 1. Examples of oncogenes

Mechanism of . .
Oncogene Neoplasm s Protein function
activation
Growth factors
K$3 Kaposi's sarcoma Consntgnve Member of FGF family
expression ’
HST Stomach carcinoma COHSU@UVC Member of FGF family
expression .
Growth factor receptors
EGER Squgmous cell F;ene amphncagon/ EGF receptor
carcinoma increased protein
DNA
TRK C()I(?n/ thyroid rearrgngelment/ NGF receptor
carcinomas constitutve
activation
Carcinomas of DNA .
. . GDNF/N PS
RET thyroid, rearrangement/ rezl\‘tir/NTT/ART/] SP
MEN2A, MEN2B | Point mutation P
Signal transducers
SRC Colon carcinoma constituve Protein tyrosine kinase
activatdon ’
ABL CML DNA Protein ryrosine kinase
reartangement i
H-RAS Colon, lung, . Point mutation GTPase
pancreas carcinomas
Transcription factors
N-MYC Neu}'oblastoma, lung Deregulated activity | Transcription factor
carcinoma © :
I.-MYC Lung carcinoma Deregulated actvity | Transcription factor
Others
BC12 B-cell lymphomas Antiapoptotic protein
MDM2 Sarcomas Complexes with p53

1.1.2. Tumor suppressor genes

Tumor suppressor genes are involved in the control of cell proliferation. Their loss or
inactivation is associated with the development of malignancy. The existence of tumor suppressor
genes was suggested by experiments showing the suppression of malignancy in somatic cell hybrids
and a consistent loss of selected chromosomal regions in hereditary and sporadic cancers.

The studies of Klein, Harris and Ephrussi provided the evidence that the ability of cells to
form a tumor is a recessive trait (Ephrussi ct al,, 1969; Harris et al., 1969; Klein et al., 1971). They
observed that if malignant cells were fused with normal diploid cells, the resulting hybrids were
non-tumorigenic (Iigure 2). These hybrid cells could not grow in immunocompromised hosts. The
suppression of malignancy was dependent on the retention of specific chromosomes. The
chromosome loss resulted in the reoccurrence of tumorigenicity, suggesting the existence of tumor
suppressor genes. The fusion of two malignant cells also gave rise to non-tumorigenic hybrids
suggesting complementation between lesions. Detailed cytogenetic analyses of hybrids identified
specific chromosomes tesponsible for the suppression of the malignant phenotype. TFor example,
when Hela cervical carcinoma was fused with normal fibroblast, the retention of chromosome 11



from the normal partner was necessary for the suppression (Stanbridge, 1985). When a single
chromosome 11 was transferred from normal cells to the Hela cervical carcinoma by microcell
mediated chromosome transfer (MMCT) suppression of the tumorigenic phenotype occured
(Saxon et al, 1986). Many studies have demonstrated that the transfer of even very small
chromosome fragments can specifically suppress the tumorigenic properties of certain cancer cell

lines.
Tumorigenic  J Neormal cell
cell

\ Ceit fusicm/

Non-tumerigenic
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Loss of specific
chromogseme(s)

Tumorigenic
celt

Figure 2. Suppression of malignancy by somatic cell fusion

The idea of the existence of tumor suppressor genes was further supported by Knudson’s
epidemiological studies of retinoblastoma. Retinoblastoma is a rare childhood tumor of the retina,
which occurs sporadically in most cases, but in some families it displays autosomal dominant
inheritance. He proposed that two ‘hits’ or mutagenic events were necessary for retinoblastoma
development (Knudson, 1971). Schematic representation of the ‘two-hit hypothesis’ is shown on
Figure 3.

In the familial form of retinoblastoma, the first hit was proposed to be present already in
the germline and the second to occur somatically. The cancer usually appears at an catly age, since
only one mutation is required in the second allele (‘second hit’). In the sporadic form of the discase
both mutations occur in the somatic tissue. Since the probability of two mutations occurring in the
same cell is low, thetefore the discase is unilateral and characterized with late onset. Loss of
heterozygosity (LOH) was found for polymotphic markers on 13g14 in retinoblastoma, these
deletions were interpreted as one of the hit in the ‘two hit model” (Cavenee ct al., 1983). The gene
responsible for retinoblastoma, RB7, was identified by positional cloning (IFriend et al., 1986). The
‘two-hit hypothesis’ has been confirmed by molecular genetic analysis of retinoblastoma families
and sporadic retinoblastoma tumors.
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Figure 3. Two-hit hypothesis’ for inactuvation of tumor suppressor genes

Many other familiar cancer syndromes fit the KKnudson’s ‘two hit model’ and some of the
responsible tumor suppressor genes have been identified (Table 2). Comparison of allele loss in
hereditary cancers and sporadic cancers suggested that the fundamental mechanism for
carcinogenesis may be the same in both cases. Inactivation of a tumor suppressor gene can happen
by deletion, mutation or methylation. Any of these can occur in germline or in somatic cells.
Deletions and mutations are essentially irreversible, but methylation changes can be reversible.
There is a tendency for some tumor suppressor genes to become inactivated by a specific
combination of these mechanisms.

Functionally tumor suppressor genes can be divided into ‘gatckeepers’ and ‘carctakers’
(Kinzler et al.,, 1997). Gatekeepers directly regulate tumorigenesis either by inhibiting cell growth or
promoting apoptosis. It has been suggested that cach of the cell type has one (or a few)
gatekeeper(s), for example NF2 for Schwann cells, I"HI. for kidney cells and APC for colon cells.
Inactivation of gatekeepers causes familiar and sporadic cancers according to I<nudson’s ‘two hit
model’. Caretakers are responsible for maintaining the integrity of the genome; their inactivation
does not promote tumor initiation directly. Inactivation of these genes exposes the cell to a very
high mutagenic load that eventually may involve the activation of oncogenes and the inactivatdon of
tumor suppressors. Known caretaker genes include the mismatch repair genes mutated in
hereditary non-polyposis colorectal cancer (HNPCC), the ATM gene mutated in ataxia
telangiectasia and BRCAT and BRCA2 genes mutated in familiar breast and ovarian cancers.

1.2. The short arm of human chromosome 3

The short arm of chromosome 3 is frequently deleted in at least 23 tumor types, including
tenal cell carcinoma (RCC), small cell lung carcinoma (SCLC) and breast cancer. Earlier work at the
Karolinska Institute on sporadic and hereditary RCC indicated the possible involvement of the
3p14 and 3p21 tegions as candidate tumor suppressor regions (Boldog et al., 1991; Erlandsson et
al,, 1990; Erlandsson et al., 1988; Kovacs et al., 1988). The available human tumor LOH data were



summarized and it was concluded that tumor suppressor genes can be located anywhere in 3p12-
3p23 Kok et al, 1997). It is very likely that 3p contains muldple tumor suppressor genes.
Homozygous deletions are excellent indicators of the locations of tumor suppressor genes and
several have been described at regions 3pl2, 3p14.2 and 3p21.3. Recent reviews about the
candidate tumor suppressor genes on 3p involved in the pathogenesis of breast, lung and other
cancers also suggest multiple candidates (Imreh et al, 2003; Yang et al,, 2002; Zabarovsky et al.,
2002). The characteristcs of the candidate tumor suppressor genes are summarized in Table 3. The

locations of these genes on 3p are shown on Figure 4.

Table 2. Examples of tumor suppressor genes

i Cancer with .
. Familiar . Presumed function of
Gene Location | . somatic .
disorder . protein
mutations
APC 5001 Adenomatous Colorectal, desmoid | Regulates $-catenin levels in the
4 polyposis coli tumors cvtosol, binding to microtubules
Inherited breast, Ovarian, rare in DNAgepair, complexes with Rad51
BRCAI | 17q21 ; ? =Y > and BRCA2, transcriptional
ovarian cancer breast cancer .
regulation
Inherited breast, Rare in pancreatic DNA repair, complexes with Rad51
BRCAZ | 13q12 pancreatic cancer cancer and BRCA1
. . Pancreadc (~50%), _ - . -
DPC4 1821 I—armhar. juvenile coloritulexiie Tjrans.cnpt it u|.1.|| factor in TGF- 8
polyposis syndrome (~15%) signaling pachway
Familiar diffuse-type Gastric. lobular
E-CAD | 16q22.1 gastric cancer, b _'l_\ I ‘ iu Cell-cell adhesion molecule
lobular breast cancer redst earcinoma
Familiar melanoma, Y
;];;K42’ 9g21 familiar pancreatic lc\iz:‘erd:;;:m Cyclin-dependent kinase inhibitor
carcinoma -
INK4a, 9421 Pamiliar melanoma | M2 different Regulates Mdm-2 protein stability
PpI1IARF 9 cancer types and hence p33 stability
Multiple endoctine Parathyroid, piruitary
MEN-1 | 11913 pie adenoma, endoctine Not known
neoplasia type 1 )
tumors
MSHZ | 2p2l
MHL1 | 3p22 Hereditary non- Colorectal. pasti
PMS? 2q32.2 polvposis colorectal er?d(())rzce;;?as © DNA mismarch repair
PMS2 7p22 cancer
MSHe | 2p16
NF1 17q11.2 Neutrofibromatosis Melanoma, P21 ras-GTPase
type 1 neuroblastoma
Neurofibromatosis Schwannoma, .
NF2 22q12 pe 2 meningioma membrane link to cytoskeleton
Li-Fraument Approx. 50% of all Transcripdon factor, regulates cell
P53 17p13 syndrome cancers cvcle and apoptosis
Familiar Reunoblastoma, Transcriptional regulator, E2F
RB1 13q14 “ osteosarcoma, SCLC, ranscrip FEBHIRDE, Tos
retinoblastoma binding
breast, others b
78C1 9934 Tuberous sclerosis Not known Not known
5C2 16p13.3 Tuberous sclerosis Not known Puative GTPase Jenvanng proten
for Rapl and rab5
VHL 3p25.3 Von-Hippel Lindau | Rend, . Regulator of protein stability
syndrome hemanglioblastoma ¢ ’
WAGR, Denys- SR .
wTr-1 11pl3 Drash syndrome Wilms” tamor Transcripton factor
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Microcell mediated chromosome transfer (MMCT) studies with the entire chromosome 3
and different fragments from chromosome 3 showed tumor supptession in renal cell carcinoma cell
lines (Ohmura et al., 1995; Sanchez et al,, 1994; Shimizu et al., 1990), in A549 lung adenocarcinoma
cells (Satoh et al., 1993), in ovarian carcinoma cell line (Rimessi et al, 1994), in nasopharyngeal
carcinoma line (Cheng et al., 1998) and in oral squamous cell carcinoma (Uzawa ct al., 1998). Two
Mb long fragment from 3p21.3 homozygously deleted region in SCLC and breast cancer
suppressed tumorigenicity of mouse fibrosarcoma A9 in athmic nude mice (Killary et al., 1992).
Later a 80 kb P1 clone located inside the 2 Mb region, including SEMA3F gene, showed similar
suppression of tumor growth of the A9 (Todd et al., 1996).

Table 3. Candidate tumor suppressor genes located on 3p

Chr 3 .
. Gene Function Comments
region
RARg is not mutated but inactivated by promoter methylation in
RARS P tumors (Maruyama et al., 2002; Virmani et al., 2000). R-ARJZ has
X Receptor for = A S i
Retinoic aad retmoic acid pirw suppression activity in lung cancer cell lines (Youlouse et al.,
acwl = . P . . N .
3p24.2 recepior B ¢ 2000). ‘Transgenic mice expressing anisense RARJ2 transcripts
develop lung wmors Berard et al,, 1996).
THRE1! T eanscriptional Aberrant expression and/or mutations in TTIRE7 was associated
Thyrod acti ';torpor with carcinogenesis (Gittoes et al,, 1997; McCabe et al., 1999).
hormone ‘~1l 1\1 . Promoter hyper-methylation and a concurrent reduction of THRZ!
receptor §1 srence transcrips in breast cancer cell lines was reported (1 ex al., 2002).
The TGI'BRZ s a colon cancer suppressor gene that s inactivated by
3p24 1 TGF{,BRZ Serine-threonin mutation a0 90%  of human  colon cancers arising via the
: ranstorming CHRCTTTCONINE | icrosatellite instability (MSI) pathway of carcinogenesis, 101 R2
growth factor kinase receptor e o - o oo
T muration is a late event in MSI adenomas and correlates 1y with
bet type 11 for TGFB . N NS
i progression of adenoma to caranoma (Grady ¢ 1998).
receptor -
3Apf)12'3T Mutational analvsis of DILFECT gene by RT-PCR revealed the lack of
( ) DLECI funcuonal transcripts and an increase of non-functional RNA
R transcripts 1n a significant proporton (33%) of esophageal, renal cell
HD: Lung, | Deleted in QT (- . . -
Kidne | . and NSCIC cancer cell lines and primary cancers. Introduction of
ney, ete ung cancer the cDNA symificantdy suppressed the growth of four different
(Daigo et cancer cell lines (Daigo et al. 1999). )
al., 1999) ?
The CINNB! has been shown to be pen v mutated or
3p21.3 CTNNBI1 Regulation of cell | otherwise dysregulated in various human malignancies  (Garcia-
Catenin beta 1- | adhesion, signal Rostan et al., 2001, Schlosshauer et al., 2000). Reduced beta-catenin
HD: cadherin rransducer in the expression 1n su ily treated NSCLC is clearly associated with
Mesotheli- associated wnt signaling lymph node metastasis and an infavourable progmosis, suppesting a
oma protein pathway functonal relation between Ti-cadherin and beta-catenin (Retera et
al., 1998).
Tumor cell line panel Northern blot was hybridized with 1.IMD?
and several truncated transcripts were detected in most of the mumor
cell lines. By Marathon RACT experiment truncated transcripts in
LIMDI1 HIL-G0 cell lines were detected, in some cases all the 3 LIM domains
3p21.3 LIM were missing. In Marathon-ready liver clINA library an alternatively
(C3CER1) | domain spliced [ IMDT wanscript was tound, which encodes only two 1LIM
containing 1 domains (Kiss et al, unpublished). The LIMDI prowin was
sugpested to be an interactdon parmer of the wild wpe pRE, as
established by the veast two-hvbrid screening (Sharp et al,
unpublished).




Prevennomn of
microbial

12T was reported to suppress the growth of a fibrosarcoma cell line
and veras-transformed NIH3T3 cells, and inhibited experimental
metastasis of melanoma cells in mice Bezault et al, 1994). An

3p213 LTF infection, . altermavively spliced form (dela LTF) of human {.JT° mRNA was
(C3CERY) Lacto- activates Nk expressed at vanous levels in adult and fetal human dssues, bur not
transferrin cells, regulates in any of 14 diverse wmor-derived cell lines (Siebert et al,, 1997).
nulopoiesis, Promoter methylaton and/or rearrangement of the insertion site
may be responsible for human [T down regulation in mouse
fibrosarcoma cells (Yang et al,, 2003),
Only few mutations of SEMAF and SEMATE were found in lung
cancer cell lines, STIMA3B inacuvated in lung cancer by allele loss
and promoter region methvlaton, S1V-13B inhibited lung cancer
Semaphonnsire cell growth .m.d innilux'ui apoptosis after reespression (’I‘-nnl'.r.r\lva et
SEMASF, involved in nerve al., ZU(‘JJ).'i‘lL\' cells expressing YEAMAIE exhibited a4 diminished
th cone tumorigenicity m BALB/c nu mice (Tse et al, 2002).
SEMA3B iﬁ’: tt. o Txogenously expressed SEMASL suppressed mouse fibrosarcoma
granon line A% xenograft prowth and blocked apopusis mducunon in A9
3p21C cells  (Kiang et al, 2002). SEMA3F/SEMA3ZB  action in
(LUC A) tumotigenesis may involve hibition of angiogenesis through
interference with VEGF function.
Hyaluronidases catabolize hvaluronic acid to oligosaccharides. Loss
HD: Lung, HYALL of expression of HY ALY in many cancer cell lines correlated with
breast, etc 4 Hyaluronidases promoter methylaton (Csoka et al,, 2001). Loss of hyaluronidase
(Lerman et | HYALZ might provide the cancer cell with the Hyaluronan-rich environment
al., 2000) that stimulates growth, movement and mewastatic spread.
It has at least sis different isoforms, RASSI 7.1 and RASSTIC are
the major transcripts. Several studies have shown that loss of
RASSF1 RASSTIA expression in twmors occurs because of promoter
Ras associanon | Regulaton of methylaton, Missense mumnons of RASYETA were also repored.
domain family | cyclin D1 RASYFIA can induce cell eycle arrest (Shivakumar et al,, 2002).
1 RASST1A is involved in the development of progression of a
majotity of human tumors, it was suggested thar it is an eatly
‘garekeeper’ 1n lung cancer.
3p21.1- . . . !
p21.2 DRR1 Toss of CXI\:’.'S\IHH of DRG! was .(-m:zd in RCC, cer\-u?al, NSCI.C
(FER) Downregula- and some othier cancet cell lines. Transiecuon of D‘RRI into DRR7-
ted in renal cell negative RCC cell lines resulted in growth retardaton (Wang et al.,
HD>: B carcinoma 2000).
: Dreast
3pld FRA3B and the breakpoint involved i the 1(3;8) chromosome
translocation in the familiar renal cell carcinomas map within the
FHTT gene. FHTT is inactivated (by deledon, aberrant transcripton,
HID: Lung, FHIT Diadenosine loss ‘of expression, DNA methylanon) in abour 60% of hIL)Lman
renal e P,r agﬂF . hydrolase wmours, therefore TTIT is the most commonly altered gene in
(Hufllur.\.x.r et | hisudine triad . human cancer (Pekarsky er al, 2002). Fhit knockout mice are
al, 1998; healthy, but have an increased susceptibility to spontanecus mumors
and are very sensitive o carcinogenes (Fong e al., 2000),
3pl2-pl3

HI>: Lung,
breast
(Sundatesan

etal., 1998)

DUTTI
Deleted in-U-
Twenty-

.!t}'

Tue

Neural-cell
adhesion
molecule

Mice homazygous for deletion of exon two frequentdy die ar birth of
respiratory failure, because of delayed lung maruraton (Xian et al,
2001). Tumor specific promoter region methyvlanon of DUTTTT has
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Figure 4. Locations of the homozygous deletions, putative tumor suppressor regions and candidate genes on 3p.
Megabase positions are presented accordingly to the Human Genome Project Working Draft (Genome Browser,
November 2002 at UCSC), (Imreh et al., 2003), modified

1.3. The elimination test (Et)

The climination test (Et) was developed by our group with the aim to identify specific
chromosomal regions that contain tumor growth antagonizing genes. The Et utilizes microcell
hybrids (MCHs) that contain the normal chromosome 3 for inoculation into SCID mice. The
obtained tumors are analyzed by cvtogenetic and molecular methods in order to find regularly
climinated tegions. The hypothesis behind the Et is that the tegions, that ate regulatly lost during
tumor development in SCID mice may contain tumor inhibitory genes and the elimination of these
regions results in selective growth advantage. Figure 5 shows the experimental design of the Et.
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Figure 5. Experimental design of the elimination test

The microcell mediated chromosome transfer (MMCT) is a powerful method for
functional testing of suppressor activity. MMCT permits the introduction of a single chromosome
into a tamor cell, which results in the microcell hybtid (MCH). In collaboration with Etic
Strabridge (Irvine, USA), Carl Barett (Research Triangle Park, USA), Andrew Cuthbert and Rob
Newbold (Brunel University, UK) we generated MCHs that contained single normal cell derived
human chromosome 3 on A9 mouse fibrosarcoma background. The transgenomic chromosome
was retained in the MCH in vitro due to the presence of selective marker that provided Neomycine
(G418) or Hygromycine resistance. The tumorigenicity of the MCHs was tested by subcutaneous
inoculations into SCID mice. The arising tumors were explanted and expanded in vitro. Retention
or climination of certain regions was detected by cytogenetic (I'ISH, reverse painting) and
molecular (PCR) analysis. The advantage of the Et was the limitless amount of SCID derived
tumorts and the usage of PCR markers instead of polymorphic markers.

The first experiments using the Et were published in 1994 (Imreh et al,, 1994). Five MCHs
were used for SCID inoculation; Two of them contained entite chromosome 3 (MCH903.1,
MCH906.8), while three contained deleted chromosome 3 MCH910.7: del(p25-p21), MCH939.2:
del(p22-p14), MCH924.4: del(p24-p14)(q21-q26). The MCHY01 and MCH904.11 were used as
controls since they contained intact chromosome 1 and 13, respectively. FISH analysis of the SCID
detived tumors from the intact chromosome 3 carrying MCHs showed chimeric translocations of
chromosome 3. The deleted chromosome 3 containing MCHs and the control MCHs were
unchanged after SCID passage. By PCR analysis the regular absence of four markers were found in
all of the 20 examined mmors: AP20R (3p21.3), D3S1029 (3p21.3), D3S32 (3p21.3) and THRB
(3p24). The border markers were GNAIZ (3p21.3) and VHL (3p25) on the centtomeric and
telomeric site, respectively. The common eliminated region (CER) was located on 3p24-21 with a
size estimated to be 40 cM.

In an attempt to narrow down the size of CER, twenty-two new SCID tumors were studied
that were derived from five chromosome 3 containing MCHs (IKholodnyuk et al., 1997). FISH,
PCR and Southern blot analysis were used to analyze the derived tumors and it was suggested that
the CER was 7cM at 3p21.3. The telomeric border marker were D3S1260 and the centromeric
D3S643. The CER included 8 PCR markers: AP20R, 1335966, D3S3559, D3S1029, W1-7947,
D352354, ATMb362wb9 and D3S32.

Four consecutive passages of the microcell hybrids showed a gradual elimination of the
transgenomic chromosome and a non-random retainment of 3q26-q29 markers with a minimal



region of overlap surrounding GLUT2 (3q26.2). This delimited a common retained region (CRR)
(Imrch et al., 1997).

In our next expetiment, to furthet reduce the CER, we used MCH910.6 and MCH906.8
intact chromosome 3 carrying A9 mouse fibrosarcoma cell lines (Szeles et al,, 1997). By PCR
analysis, we could identify CER1 (CER1 or C3CERI1 as it was approved by the HUGO gene
nomenclature committee for ‘chromosome 3 common eliminated region 1%) inside of the previous
CER that contained two markers D3S32 and D352354. CER1 was botdeted distally by D351029
and proximally by D35643. According to the available database information, we concluded that
CERT1 is not larger than 1.6 Mb.

Detailed analyses of 30 SCID mouse tumors derived from MCH910.6 and MCH906.8
revealed the existence of a second commonly eliminated region (CER2) at 3p22 (Kholodnyuk et al.,
2002). The size of CER2 is about 1 Mb, it is flanked distally by RH94338 and proximally by
SHGC-154057. CER2 is located about 0.5 Mb centromeric to the known homozygous deletion
region, identified in lung cancer. A third region was eliminated from the majority, but not all
tumors at 3p21.1-p14.2 called as ‘frequently climinated region’ (IFER, originally called as climinated
region-2, ER2) (Kholodnyuk et al., 1997; Kholodnyuk et al., 2002; Yang et al., 2001). The location
of the C3CERI1, CER2 and FER is shown on Figure 4.

Chromosome 3 was transferred by microcell fusion into the human nonpapillary renal cell
carcinoma line KKH39 that contained unipatentally disomic chromosome 3. The four generated
MCHs gave fewer and smaller tumors after longer latency petiods in SCID mice, than KH39. The
tumors were analyzed in comparison with corresponding MCHs by chr3 arm-specific painting,
FISH probes, and polymorphic markers. We concluded that the human/human MCH-based
climination test identified similar climinated and retained regions on cht3 as the human/mutine
MCH-based test (Yang et al., 2001).

1.4. Sequencing of the human genome

The human genome holds an extraordinary amount of information about human
development, physiology, physiopathology and evolution. In 1990 the Human Genome Project
(HGP) was initiated in the United States under the direction of the National Institutes for Health
and the U.S. Department of Energy with a 15 year, $ 3 billion plan for decoding the human
genome scquence. As a result of this international collaboration, a draft sequence of the human
genome and its analysis were reported (Lander et al,, 2001). The HGP used a ‘clone-by-clone’
approach: a sct of large insert clones were generated and organized covering the genome and
subsequently petformed shotgun sequencing on appropriately chosen clones. A draft genome
sequence was generated from a physical map covering more then 96% of the euchromatic part of
the human genome. During their work the sequencing data was available without restriction and
updated daily throughout the project. According to their estimation there are about 30,000-40,000
protein-coding genes in the human genome.

In 1998 Celera Genomics announced their goal to build a unique genome sequencing
facility to determine the sequence of the human genome over a 3 year period. The sequencing was
petformed by a whole-genome random shotgun method. Two assembly strategies were used; a
whole genome assembly and a regional chromosome assembly. Celera Genomics combined
together their own and the publicly available sequencing data. At the beginning of 2001 Celera
Genomics reported to have a 2.91-billion bp consensus sequence of the human genome (Venter et
al., 2001). The Celera databasc is not frecly available. Using the obtained sequences, the number of
the existing genes was estimated to be 26,000-38,000. Both Celera Genomics’ and HGP’s
estimations were far less than it had been predicted previously (50 000-140 000). The comparison



of expressed sequence tags (ESTs) with the human genome sequence indicated that 47% of human
genes might be alternatively spliced (Modrek et al., 2001).

"The sequencing of the human genome has and will have a major impact on biomedical
tesearch, therapeutic and preventive health care (van Ommen, 2002). High throughput ‘functional
genomics’ using DNA-chip and protein-chip approaches and specially designed animal model
systems will open great prospects for pharmacological and genetic therapies. Genetically
determined differences in drug metabolism could help to design mote effective drugs with lower
toxicity for individual patiens.

1.5. Functional and positional cloning

There ate two main strategies for cloning disease genes: functional and positional cloning.
Funcdonal cloning uses the information about the funcdon of a yet unknown discase gene to
isolate the gene. However, most of the time no functional information is available about the gene
of interest. Positional cloning involves mapping the chromosomal region containing a certain gene
by linkage analysis in affected families and then searching the region for the gene itself. The
candidate genes should be tested for mRNA and protein expression, mutation analysis and the
causative role should be confirmed by functional/animal studies. The expetimental design of the
positional cloning is shown on Figure 6. Positional cloning is the most commonly used method for
identification of discase-telated genes, in spite of being extremely tedious befote the availability of
sequence databases. The human genomic sequence in public databases allows rapid in sdico
identification of candidate genes.

The Online Mendelian Inheritance in Man (OMIM'™) is a continuously updated catalogue
of human genes and genetic disorders. OMIM focuses primarily on inherited or heritable genetic
diseases. It is also consideted to be a phenotypic companion to the human genome project. OMIM
contains approximately 5000 monogenic discases. The majority of these genes are not determined
on the molecular level yet.

An important tequirement to petform a positional cloning project is the availability of a
detailed physical map covering the chromosomal region of interest. Genomic fragments in the size
range of million bp (Mbp) can be cloned in veast artificial chromosomes (YACs), which mimic the
normal yeast chromosomes (Butke et al, 1987). They contain veast telomere and centromere
sequences, as well as autonomously replicating sequences that allow their recognition by the yeast
replication machinery. YACs are often unstable and can partially lose their cloned genomic
fragments. Chimetism is also a very frequent problem. Because of these limitations, more reliable
vector systems were developed: bacterial artificial chromosomes (BACs) and bacteriophage P1-
detived artificial chromosomes (PACs) (Ioannou et al., 1994; Shizuya et al, 1992). These are
circular cloning vectots. BACs can accommodate inserts up to 300 kb in size. YACs, BACs and
PACs ate low copy number vectors, therefore isolation of large quantties of DNA is more difficult
compared with the high copy number cloning systems, for example plasmids and cosmids.
Comparison of the most important properties of YACs, BACs, PACs and cosmids are summarized
in Table 4.
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Table 4. Characteristics of different cloning svstems

Host Based on Insert size Stability Copy Suitable .for
cell range (bp) number | sequencing
Yeast artiticial Frequent
YAC Yeast chromosome, linear | 200-2000 deletions, Low Difficult
structure chimerism
BAC Bacteria | L+ fertlity 100-300 Stable Low Yes

plasmid (F-factor)
P1 bactetiophage
PAC Bacteria based vecror and T4 80-150 Stable Low Yes
phage in vitro
packaging system
Insertion of cos
Cosmid | Bacteria | sequences of lambda | 30-46 Deletons | High Yes
phage into a plasmid

1.6. Comparative genomics

The genetic code is more or less universal in all organisms. Different organisms share a
larger or smaller number of genes, depending how much time has passed since divergence
occurred. The degree of sequence and structural similarity between orthologous genes generally
follow this rule. Genes that have vital functions ate strongly conserved during evolution. For
example, similarity of some crucial metabolic enzymes is preserved among evolutionary distant
species. The discovery of mismatch repair genes mutated in human hereditary non-polyposis colon
cancer (HNPCC) was facilitated by functional compatison between very distant species, E. o/ and
S. cerevisiae (I'ishel et al., 1993; Strand et al., 1993). Information can be obtained about the position
of a gene, if the studied organisms are closely related. A group of genes located close on a single
chromosome in one species is often linked in another closely related species. This phenomenon is
called synteny. Depending on the evolutionary distance, synteny may be restricted to very small
regions.

Comparative genomics is a large-scale, holistic approach that compares two or more
genomes to discover similatities and differences between genomes. The practical applications of
comparative genomics are numerous and their scientific impact profound. There are three
important areas of comparative genomic analysis: genome structure, coding regions and non-coding
regions. The analysis of the global structure of genomes (nucleotide composition, syntenic
relationships, gene ordet) provides information on the organization and the evolution of genomes,
and highlights the unique features of individual genomes. The comparative analysis of coding
regions between different genomes involves the identification of gene coding regions, comparison
of gene content. Non-coding regions of the genome gained a lot of attention recently, because of
their predicted role in regulation of transcription, DNA teplication, and other biological functions
(Hardison, 2000; Meisler, 2001). Comparative genomics were used for the identification of
regulatory segments by comparing the genomic non-coding DNA sequences from diverse species
to identify conserved regions (Pennacchio et al., 2001). This approach is based on the presumption
that selective pressure causes regulatory clements to evolve at a slower rate than that of non-
regulatory sequences in the non-coding regions. Regulatory clements involved in the gene
regulation of gene expression were successfully identified in many cases, using this approach (Wei
et al,, 2002). The specificity of regulatory region detection increases significantly when more than
two species ate used in the comparative analysis. 1t was found that only half of the human-mouse
conserved non-coding sequence were also conserved in a third mammal (Irazer et al., 2001).
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2. AIMS OF THIS THESIS

The general aim of my investigation was to study C3CER1 functionally and structurally. In
particular the aims were:

1. To reduce further the size of C3CER1 by collecting additional PCR markers and analyzing

mote SCID derived tumors.
2. To assemble a high resoluton full-coverage contig over C3CER].
3. To sequence the PAC clones by shot gun approach.
4. To identify and characterize the C3CERI gene content.
5. To compate the human C3CERT1 to its orthologous region in mice.
6. To identify and characterize the mouse orthologs of the human C3CER1 genes.

7. To find relationship between conservation breakpoint regions (CBRs) and cancer-associated

deletions.

8. To find common characteristics for CBRs.
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3. MATERIALS AND METHODS

3.1. Generation of SCID tumors

Human monochromosome/mouse MCHs were generated by MMCT as described (Saxon
et al,, 1987). The A9 mouse fibrosarcoma line served as recipient. Neomycin-resistant clones of a
normal human diploid fibroblast line (HFDC) randomly tagged with the pSV2neo marker were
used as chromosome 3 donors. MCH910.6 and MCH906.8 that cartied intact chromosome 3 were
maintained in growth medium (Iscoves) supplemented with 10% fetal calf serum I'CS) containing
500 pg/ml Geneticin. Cells were injected subcutancously into SCID mice for tumor formation (105
cells/mouse). SCID mice wete observed palpatotily for tamor formation once a week for 20 weceks.
Tumors wete explanted and cultured in vitro to obtain the necessary cell number for cytogenetic
and molecular analysis.

3.2. PCR marker analysis

Genomic DNA was isolated by proteinase K digestion and followed by phenol/chloroform
extraction (Sambrook et al., 1989). YAC DNA was prepared according to the published protocol
(Chumakov et al., 1992). DNA from PACs was prepated using alkaline lysis mini-preparation
method or CsCl ultra-centrifugation (Sambrook et al., 1989). PCR markers were selected from the
following databases: the Human Genome (Hudson et al., 1995) from the Whitchead Institute
(www.genome.wi.mit.edu/cgi-bin/contg/phys-map), the genome database (GDB,
gdbwww.gdb.org), and the CEPH-Genethon integrated map (www.cephb.fr). PCR was performed
in the volume of 20 to 30 pl containing 50-100 ng DNA, 200 uM dNTP, 200 nM of cach primer
and 1.7 units Taq polymerase. The thermal conditions were 95 °C 5 min., 30-35 cycles with 95 °C
for 30 sec., on annealing temperature 1 min., 72 °C for 1 min., followed by 72 °C for 7 min.

3.3. PAC library screening

Three types of probes were used for PAC library screening:

— PCR products derived from PCR amplification using DNA markers localized within
C3CERL.

— End-fragments of PACs prepared by plasmid rescue procedure (also called delta-cloning).
Three restriction endonucleases, that do not cut inside the pCYPAC2 (BamHI, Xbal and
Heal) or pPAC4 (BamHI) vectors, were chosen for cloning the insert ends. PAC DNA was
digested to completion, diluted to a concentration of 100 ng/ml, ligated using T4 ligase
(BRL) and transformed by electroporation into XL-Blue E. o/ cells. DNA from plasmids
containing PAC ends was isolated by alkaline lysis and ends were released by digesting with
Notl+BamHI or Notl+Xbal or Notl+Heal.

— Specific probes for PAC ends were designed on the basis of PAC DNA direct sequencing,
using vector-specific primers.

Probe labeling, hybridization and washing of primary and secondary colony hybridization
filters were performed according to standard methods (Feinberg et al., 1984; Sambrook et al,,
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1989). High-density filters with human PAC libraries were constructed at the Roswell Park Cancer
Institute, Buffalo, USA (loannou et al., 1994) (Table 5). Anonymous male (RPCI-4, 5) or female
(RPCI-6) blood DNA was isolated, partially digested with Mbol and cloned between the BamH1
sites of the pCYPAC2 (RPCI-4, 5) or pPAC4 (RPCI-G) vector. The ligation products were
transformed into DH10B clectrocompetent cells (BRL Life technologies). The libratries have been
arrayed into 384-well microtiter dishes and gridded onto 22x22cm nylon high density hybtidization
filters for screening purposes.

Table 5. The characteristics of the PAC libraries

Library Cloning DNA Plate Total Empty | Avarage | Geno-
vector source | numbers | clones | wells insert mic
(%) size cove-
(kbp) rage
RPCI-4 | pCYPAC2 ;ﬁian 529-816 | 105251 | 4.8 116 4x
RPCI-5 | pCYPAC2 ﬁﬁfan 817-1200 | 142773 | 3.2 15 6X
RPCI-6 | pPACA Human |4 549 87897 | 4.6 135 4X
Female

3.4. Fluorescence in situ hybridization (FISH)

DNA from PAC and BAC clones was prepared by CsCl ultracentrifugation (Sambrook et
al, 1989) or Qiagen columns (QIAGEN, Inc)). Expand Long Template PCR system (Roche
Molecular Biochemicals, Mannheim, Germany) was used according to the recommendations of the
supplier to PCR amplify long DNA sequences (>6kb) for FISH. The PACs, BACs, YACs and PCR
amplified fragments were labeled using nick-translation with cither biotin-dUTP (Bionick labeling
system, BRL) or digoxigenin-dUTP (DIG-Nick Translation Mix, Bochringer Mannheim). One, two
or three color FISH using labeled probes was performed on metaphase chromosomes and
interphase nuclei as described (Fedorova et al,, 1997). A fluotescence microscope (Leitz-DMRB,
Leica, Heidelbetg, Germany) cquipped with a Hamamatsu C 4800 cooled CCD  camera
(Hamamatsu, Herrsching, Germany) and Adobe Photoshop 5.5 image analysis program (Adobe
Systems, San Jose, Calif., USA) were used for the analysis of FISH results.

3.5. High resolution mapping by fiber-FISH

Fiber-IFISH was performed as described (Fedorova et al., 1997) with minor modifications.
Briefly, phytohemagglutinin-stimulated human lymphocytes were cultured for 72 h and harvested
without colcemid treatment. Hypotonic treatment was performed in 0.075M KCI for 10 min at
37°C and the cells were fixed in methanol:acetic acid (3:1). To release the chromatin, fixed cells
were spread on clean moist slides and before evaporation of the fixative slides were placed in PBS
solution for 1 min. The slides were treated thereafter with 70%. formamide in 2xSSC, pH7.0, 1 min,
tinsed with methanol abs., fixed with methanol: acedc acid (3:1), air-dred, passed through 70%,
95% and 100% cthanol and air dried again. FISH was performed as previously reported (Fedorova
ct al, 1997). A fluorescent microscope (LEITZ-DMRB, Leica, Heidelberg, Germany) equipped
with a Hamamatsu 4800 cooled CCD camera (Hamamatsu, Herrsching, Germany) was used. Image
analysis was performed using the Image-Pro Plus (Media Cybernetics, Silver Spring, MD, USA) and
Adobe Photoshop 4.0 (Adobe Systems Inc., San Jose, CA) programs.
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3.6. DNA sequencing

Two basic methods were used in the course of this work, depending on the size of the
tegion to be sequenced. During the gene identification studies, we obtained short PCR fragments
that were sequenced with the primers used for PCR amplification. If the fragment could not be
sequenced directly, we used primer walking strategy to sequence the entire fragment. The primer
walking strategy relics on designing a sequencing primer based on the new sequence to sequence
the fragment further. This can be repeated until the whole region is sequenced. Ior sequencing of
PAC clones, we used the random shotgun method. The principle of this method is to generate
random subclones covering the whole region. The subclones are sequenced using vector specific
primers. Finally all the sequencing data are assembled by the computer using specific programs.
During the shotgun clone preparation it is very important to obtain a pure, bacterial DNA free
PAC DNA. Therefore we used CsCl gradient ultracentrifugation. The template preparation for
shotgun sequencing is shown on Figure 7.

Because of the shotgun sequencing technique used, the sequenced random clones covered
0-10 times the large genomic PACs. This redundancy helps to cotrect sequencing errors and
assemble large contigs. When the number of contigs was reduced to 20 we continued to sequence
by primer walking to span the gap between the contigs. Important factors determining sequence
quality include: purity of the template DNA, complexity of the templates, base composition, quality
of the sequencing ptrimer, chemistry of the sequencing reaction, type of acryl-amide and speed of
the clectrophoresis.

Figure 8 shows the data flow starting from the ABI automatic sequencer to the final
sequence assembly. The collecting of the data starts with the analysis of the sequencing gel files
produced by ABI slab gel sequencer. These gel files are color images, containing a number of lanes
(32 to 96) corresponding to individual sequence chromatograms. Recognition of the lanes (lane
tracking) and subsequent extraction of the data from cach lane is performed by Sequence Analysis
software (Perkin Elmer). The lane tracking often needs to be corrected manually before the
extraction of the data. The extracted ABI chromatograms contain sequence data and numerical
values of color intensity for each base along the gel run. The ASP program uses these ABI
chromatogram files as input data and processes them through a number of external programs. The
ASP program is able to petform:

— Conversion of ABI trace files to SCI7 format and base calling using phred program.

—  Quality clipping: The regions of poor sequence quality are identified and hidden at the start
and at the end of each sequence. Sequencing files that contain only 20 bp of quality
sequence data are classified as “failed’ and rejected from further analysis.

—  Sequencing vector clipping: Sequence of the sequencing vector (pUC18) is identified and
hidden. Sequencing files that composed completely of the sequencing vector, are classified
as ‘failed’ and are rejected from further analysis.

— Cloning vector clipping: The sequence of the cloning vector (PAC) is identified using the
vector clip program from the Staden package. Sequencing files, which composed
completely of cloning vector, are classified as ‘failed’ and rejected from further analysis.

— Screening against contaminating sequences: Some degree of contamination (<5%) with
bacterial DNA duting the PAC DNA isolation is impossible to avoid. Contaminants are
identified by comparing the vector-clipped reads against the E. @/ genome sequence using
BLAST. Files with positive matches are classified as ‘failed” and rejected from the further
analysis.
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— Teature marking: Featutes like repetitive sequences (for example Alu, LINE repeats) are
identified and tagged.

— Creation of the experimental (EXP) files. EXP and trace files are transferred to the
cotresponding project.

The assembly of the sequences is performed by phrap2gap. It assembles a set of raw reads
(EXP files) into a GAP database using phrap program. During the database preparation the
program clips and ecdits tcads automatically, finally it creates annotated sequence assemblies
(sequence contigs). The obtained GAP database can be viewed using gap4. The gap4 was our main
sequence assembly and editing program (Bonfield et al., 1995). 1t contains an excellent contig editor
and it contains a number of additional, useful features. These include contig joining, assembly
checking, repeat searching, read-pair analysis, sequence comparisons, restriction analysis. 1t has also
graphical views of contigs, templates, readings and traces.

All DNA sequencing reactions were performed using the Sanger method (Sanger et al,,
1977). Fluorescent dideoxynucleotides were used in the PCR-sequencing reacdons. Unincotporated
dyes were removed by Sephadex columns. The cleaned sequencing products were separated on 0.2
mm  thick denaturing polyactylamide on ABI 377 automatic sequencers. Ifluorochromes
incorporated in the synthesized DNA fragments were excited by a laser beam and emit light of a
certain wavelength corresponding to a product ending base. PCR-sequencing and electrophoresis
were performed according to standard protocols recommended by Perkin Elmer.

3.7. Gene identification

Gene identification is a process in which the cDNA sequence of a gene is determined. Two
types of gene identifications were performed during this work: finding genes within C3CER1 and
finding orthologs in mice. Two basic approaches have been established for computational gene-
finding: the sequence similarity search and the integrated compositional and signal search methods
(Fickett, 1996). Tigure 9 shows the design of our gene identification scheme.

3.7.1. Gene identification by similarity scarch

A DNA sequence and its translated aminoacid sequence in all six possible translational
reading frames can be compared against all available DNA and protein sequences by homology
scarch. The largest nucleotide sequence databases are the EMBL (http://www.cbi.ac.uk) and
GenBank (http://www.ncbinlm.nih.gov) and protein sequence databases are PIR, TtEMBL and
SWISS-PROT. The most popular algorithms that are used in sequence searching are the BLAST
(basic local sequence alignment tool) programs (Altschul et al., 1990). The BLAST family of
programs is listed in Table 6. Any significant matching between the test sequence and a sequence of
a known gene, cDNA or protein, whether human or non-human origin, indicates a gene associated
sequence. Identification of a new gene based on the use of information from the database of ESTs
(dbest) is the most useful and efficient approach. EST sequences ate generated at a very high rate
and the dbest is the most rapidly growing section of the sequencing databases. A large number of
tssues at vatious developmental stages have been used to construct cDNA libraties. Clones from
these libraries are used for the EST sequencing project. ESTs from other organism (M. masculns, R.
norvegicns, D. melanggaster, C. elegans, etc.) are also a valuable asset for gene identification. These EST
data can be used for i sitico cloning. EST sequences together with their trace files can be assembled
in the gap4 gatabase. The obtained EST sequences can be compared to its genomic sequence to
find the exon/intron structure of the putative gene.
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Table 6. BLAST programs for sequence compatisons

Program Comparison

BLASTN Compares a nucleotide query sequence against a nucleotide sequence
database.

BLASTP Compares an amino acid query sequence against a protein sequence
database.

BLASTX Compares a nucleotide quety sequence translated in all reading frames
against a protein sequence database.

TBLASTN Compates a protein query sequence against a nucleotide sequence
database dynamically translated in all six reading frames

TBLASTX Compares the six-frame transladons of a nucleotide query sequence
against the six-frame translations of a nucleotide sequence database

During my wotk, in several instances, the EST clones did not cover the entre gene. Gaps
between EST contigs can be closed by resequencing the EST clones or by designing primers for
the end of the contgs and perform PCR from cDNA libraries. Missing 3’ and 5 end fragments of
the gene can be obtained by Marathon RACE (rapid amplification of ¢cDNA ends) technique
(Frohman et al., 1988; Siebert et al., 1995) (Clontech) (Figure 10). Marathon-ready cDNA libraries
arc adaptor-ligated double stranded cDNAs ready for use as templates in Marathon RACE. The
principle is to amplify sequences between a known sequence and an adapter sequence which is
coupled to the 3° or 5 end of the gene. One primer should be designed from the known sequence
(gene specific primer- GSP) of the gene and the other from the adaptor sequence (adaptor primer-
AP). Nested primers can improve the efficiency of Marathon RACE if the gene expression is low.
The PCR product of the Marathon RACE should be sequenced to determine the missing part of a
gene.

<

Region to be amplified <=

: by 3’ RACE AP2

- - -

GSP2 NGSP2 AP1

l adaptor l 5 adaptor-ligated ds cDNA template 3’[ adaptor ]

AP1 NGSP1  GSPt
Y 1) Region to be amplified
— by 5’ RACE :
< b

Figure 10. Marathon RACE. AP1-Adaptor primer, AP2-Nested adaptor primer, GSP-Gene specific primer,
NGSP-Nested gene specific primer

The pitfalls of the EST-based cloning should also be mentioned: Artifacts like chimeric
cDNA cdlones, cDNA clones containing intronic sequences and incorrectly spliced clones may
seriously hinder the efforts to clone a gene. Sequencing errors (inaccurate base-calling, wrong
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tracking) can also be a problem. Therefore it is not enough to rely on iz si/ico cloning; the sequence
of the novel gene should be verified by RT-PCR, followed by sequencing.

3.7.2. Gene prediction programs

Gene prediction programs are becoming increasingly important as the sequence of the
human genome is unveiled. The most frequently used programs are listed in Table 7.
Computational approaches for the prediction of gene structures in the genomic DNA sequences
integrate coding statistics with signal detection into one framework. Coding statistics behave
differently on coding and non-coding regions and they are measures indicative of protein coding
functions. A number of these measutes have been evaluated (Fickett et al., 1992). Signal sensors are
usually just several nucleotides-long subsequences, which are recognized by cell machinery and are
initiators of certain processes. The signals that ate usually modeled by gene-finding programs ate
promoter elements, start and stop codons, splice sites, and poly-A sites. Both codon statistics and
signal models ate ‘learned’ from a training set. Thete is also a group of programs that integrate a
third component in their systems: similarity with an annotated sequence. Examples of such
programs arc Procrustes and AAT. Older programs were trained to identify just one gene in a
sequence, rarely predicting any promoter clements. Recently developed programs are capable of
identifying more complex genomic structures: any number of genes with either complete or partial
structure. This is the case with Genie, GeneMark, Genscan and HMMgene. Seven recently
developed gene-finding programs (FGENES, GeneMark, Genie, Genscan, HMMgene, Morgan,
and MZEF) were evaluated (Rogic et al,, 2001). Among them only Genscan and HMMgene have
reliable scores for exon prediction according to the authors. The major problems associated with
software-based de novo exon prediction are over-prediction and under-prediction. Over-prediction
stands for predicting false-positive exons, while under-prediction is a failure of the program to
recognize a real exon. Distinguishing pseudogenes from true genes is a major problem in gene
prediction. Regulatory regions and poly-A sites usually remain unidentified, 5' and 3" untranslated
regions are not specified, alternative splice variants are not considered, and overlapping or nested
genes are not detected. Nevertheless, the prediction of the coding sequence of typical genes is an
important first step in deciphering the content of any genome.

Table 7. Gene prediction programs

Program Reference URL
(Gelfand et al,, .
Procrustes 1996) http:/ /hto-13.usc.edu/software/ procrustes /index. html
AAT (Huang et al,, 1997) | htp://genome.cs.mtu.edu/aat/aat.html
Genie (Kulp et al,, 1996) http:/ /www.fruitfly.org/seq_tools/genic.html
Borodovsky M. and
GeneMark Lukashin A. http://opal. biology.gatech.cdu/GeneMark/ cukhmm.cgi
{unpublished)
Genscan (Burge etal, 1997) http://genes.mit.edu/ GENSCAN.html
HMMgene (Krogh, 1997) http://www.cbs.dtu.dk/services/ HMMgene/
FGENES (Solovyev, 2002) http://www.softberry.com/betry.phtml?Ptopic=gfind
Morgan (ls()aglgjcrg ctal, htep:/ /www.tigr.otg/ ~salzberg/morgan.hunl
MZEF (Zhang, 1997) http:/ /argon.cshl.edu/genefinder/human.htm
NIX http:/ /www.hgmp.mrc.ac.uk/Registered/Webapp/ nix/
Genotator (Hartis, 1997) http:/ /www.fruitfly.org/ ~nomi/genotator/
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Recently a variety of software packages have been released that use general sequence
homology-based database searching programs together with programs designed to identify gene-
associated motifs and exons. These programs produce the output in a graphical format where a
picture of a genomic sequence with database hits, putative exons predicted by several programs,
regions containing repetitive sequences, ORTs, putative promoters, polyadenilation signals and
other important features are combined. Two popular packages are NIX (nucleotide identification)
from the UK Human Genome Mapping Project Resource Centre (Figure 11) and Genotator from
the US Lawrence Berkeley National Laboratoty.

Figure 11. NIX output of the genomic region containing ILZTHI.7 gene. The length of the region is illustrated
by the green bar in the middle. Analysis include the use of programs to scan for pene-associated motifs such as
promoter sequences, polvadenilaton sites and various exon prediction programs. Significant homologies to
other sequences at the nucleotide and protein levels are indicated by the boxes for the various BLAST programs

3.8. Gene characterization
3.8.1. Analysis at DNA level

A complete genomic sequence of the gene provides a basis for further examination of the
gene structure and its regulatory elements. Direct comparison of the ¢cDNA with the genomic
sequence gives a picture about the exon/intron organization of the gene. The gap4 program can be
used to identify the splice-donor and splice-acceptor sites and annotate the exon borders. The
computetized detection of gene regulatory elements includes: promoter prediction, detection of
potential CpG islands and finding transcriptional binding sites (Figure 11, 12). The programs, useful
for these purposes are listed in Table 8. The function of the eukaryotic promoter is the initiation of
the transcription. It has been shown that multiple functional sites in the primary DNA are involved
in the polymerase binding process. These elements, such as TATA-box, GC-box, CAAT-box and
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the transcription start site are known to function as binding sites for transcription factors and other
proteins, which are involved in the initiation process. These promoter clements are present in
various combinations separated by wvarious distances in the sequence. The location of a gene
promoter can be predicted by Neural Network Promoter Prediction (NNPP), Promoter 2.0,
PROMOTER SCAN II, CONsensus PROmoter predictor (CONPRO). Some gene prediction
programs such as Genescan visualize potential promoters, as well. The positions of the CpG
islands located within the promoter region or elsewhere can be detected by using CpG island
detection programs, such as CpGPlot/CpGReport and CpG Island Promoter Detection
(CpGProD). Transcription factor binding sites can be localized by AliBaba 2.1, PatSearch 1.1 and
TFSEARCH.

Table 8. Programs for detection of gene regulatory elements

Program Reference URL

NNPP http:/ /www.fruitflv.org/seq_tools/promoter.html

Promoter 2.0 (Knudsen, http:/ /www.cbs.dtu.dk/services/promoter/
1999)

PROMOTER SCAN | (Prestridge, | http://www.molbiol.ox.ac.uk/promoterscan.htm

11 1995)

CONPRO (Liu et al, | http://stlbioinformatics.med.umich.edu/conpro/
2002)

CpGPlot/CpGReport http:/ /www.cbi.ac.uk/cmboss/cpgplot/

CpGProD (Pongetr et | http://pbiluniv-lyonl.fr/software/cpgprod_query.html
al., 2002)

AliBaba 2.1 (Grabe, http:/ /www.alibaba2.com/
2002)

PatSecarch 1.1 (Pesole et | http:/ /transfac.ghfde/cgi-bin/patScarch/ patsearch.pl
al., 2000)

TFSEARCH (Heinemeyer | http://molsunl.cbre.aist.go.jp/research/db/TFSEARCH.html
ctal, 1998)

3.8.2. Analysis at protein level

The first step in analysing new protein sequences is traditionally to search the protein
databases for similar sequences. If the similarity is significant to a protein, information about this
protein could be obtained depending on the quality of the annotation in the database and the
availability of experimental results in the scientific literature. In many cases the similarity is
restricted to a domain sequence. Depending how much is known about this domain, it is possible
to have a clue about the function of a novel protein. There are a number of well known signature
databases publicly available that can produce diagnostic signatures for protein families, domains,
repeats, active sites and post-translational modifications (Figure 12). These include PROSITE,
Pfam, SMART, BLOCKS and PRINTS (Table 9). There are also several databases that identify
protein families ot domains using sequence clustering and alignment methods; these include
ProDom, DOMO and ClusSTr (Table 9).
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Figure 12. The scheme of gene characterization
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PROSITE is a database for both patterns and profiles. Pfam emphasizes extracellular
domains. There are two parts of the Pfam database: PfamA, a set of manually cevaluated and
annotated models and PfamB, which has a higher coverage but is fully automated. The Simple
Modular Architecture Research Tool (SMART) facilitates the identification and annotation of
genetically mobile domains and the analysis of domain architectures. The database is highly
populated with models for domains found in signaling, extracellular and chromatin-associated
proteins. The models rely on hand-curated multple sequence alignments of representative family
members. BLOCKS and PRINTS are two motif databases that represent protein or domain
families by several short, ungapped multiple alignment fragments. The integrated resources for
protein family and domain signature databases such as IntetPro have several uses for the scientific
community and for the member databases. The integration reduces duplicatdon of cffort of the
member databases and facilitates the communication between the disparate resources. The PSORT
program predicts the subcellular localization sites of proteins from their amino acid sequences. It
uses many subprograms which calculate various scotes. In the course of this work we also have
used Coils and Multicoils servers for prediction of coiled-coil domains and SOSUI system and
TopPred 2 programs for transmembrane domain prediction (Table 9). To perform amino acid
sequence alignment we used Clustalw program. It calculates the best match for the selected
sequences, and lines them up so that the identides, similaritics and differences can be seen. The
output of the Clustalw program was visualized by the Boxshade server. Phylogenetic tree was
calculated with the TreeT'op-Phylogenetic Tree Prediction program.

Table 9. Programs for protein analysis
Program | Reference URL
PROSITE | (Falquet etal., 2002) | http://www.cxpasy.org/prosite/
Pfam (Bateman et al,, 2002) | http://www.sanger.ac.uk/Software/Pfam/
SMART (Schultz ct al., 2000) http://SMART.cmbl-heidelberg.de
Blocks (Henikoff et al,, 2000) | http:/ /blocks.therc.org
Prints (Attwood, 2002) http:/ /www.biochem.ucl.ac.uk/bsm/dbbrowser /PRINTS/
ProDom | (Corpet ctal,, 2000) | hep://www.toulouse. inra.fr/prodomCG.html
(Gracy ct al., 1998a; ) ¥ o .
DOMO Gracy et al.. 1998b) http:/ /www.infobiogen.fr/services/domo/
ClusSTr gﬁ?,:cmsc"a eCals | hpe/ fwww.ebiacuk/cluste/)
InterPro (Mulder et al., 2003) http://www.ebi.ac.uk/intetpro
PSOPT 11 | (Nakai ctal, 1999) | http://psortaibb.ac.ip/form2.html
Coils (Lupas ct al., 1991) http://www.ch.embnet.otg/software/COILS_form.html
Multicoils | (Wolf et al,, 1997) http://nightingale lcs.mit.edu/cgi-bin/multicoil
SOSUI (Hirokawa et al., http://sosul.proteome.bio.tuat.ac.jp/ cgi-
system 1998) bin/sosui.cgi?/sosui_submit.html
;FopPrcd (von Heijne, 1992) htep:/ /bioweb.pasteur.fr/ seqanal/interfaces/ toppred.html
Clustalw (Higgins et al, 1996) | http://www.cbi.ac.uk/clustalw/
Boxshade http://www.ch.embnet.org/software/BOX_form.html
TrecTop | (Brodskii et al., 1995) | http://www.genebee.msu.su/ services/phtrec_reduced.html
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3.9. Comparative genomics

Sequence similarity search and gene prediction might fail to identify an active gene within
the genomic sequence. An alternative method to handle this problem is to perform cross-species
comparisons between genomic sequences in the syntenic chromosomal regions. Evolutionary
compatisons between species could be informative in the detecton of putative genes and other
clements that are important in the control of gene regulation.

We used two programs for comparative genomics analysis of the human C3CER1 and its
mouse orthologous region.  PipMaker (http://bio.cse.psu.edu) is a World-Wide Web site for
comparing two long DNA sequences to identfy conserved segments and for producing
informative, high-resolution displays of the resulting alignments (Schwartz et al., 2000). PipMaker
returns the alignments generated by BlastZ in any or all of four different formats: a pip, a dot plot,
a conventional textual alignment, and a compact listing of the coordinates of the aligning segments.
In the pip output, the program plots the position of the first sequence and percent identity of cach
gap-free segment of the alignments IMigure 13A). The top horizontal axis automatically shows the
positions of repeats, CpG islands and exons. Dot-plot displays the positions of alignments in both
sequences as diagonal lines. PipMaker is appropriate for comparing genomic sequences from any
two related species, although the types of information that can be inferred (e.g., protein-coding
regions and cis-regulatory clements) depend on the level of conservation and the time and
divergence rate since the separation of the species. Gene regulatory elements are often detectable as
similar, non-coding sequences in species that diverged as much as 100-300 million vears ago, such
as C. edegans and C. briggiae, or E. coli and Salmonella spp. PipMaker supports analysis of unfinished or
‘working draft’ sequences by permitting one of the two sequences to be in unotiented and
unordered contigs.

VISTA (http://www-gsd.Ibl.gov/vista) is a program for visualizing global DNA sequence
alignments of arbitraty length Mayor ct al,, 2000). The VISTA plot is based on moving a uscr-
specified window over the entire alignment and calculating the percent identity over the window of
cach base pair (IFigure 13B). The x-axis and the y-axis represent the base sequence and the percent
identity, respectively. 1f the user supplies an annotation file, genes and exons can be marked above
the plot. The direction of genes is indicated by an arrow, while the coding exons and UTRs are
marked with rectangles of different color. Conserved regions (defined with percentage and length
of cutoffs) are highlighted under the curve.

36



A LZTFLI

10 2 1
| ; | ! B g,
- i — ‘ . ‘ — L ': T i = so
0k 2k 4k 6k 8k 10k 12k 14k 16k 8k
B LZTELT
' - o 8 76 35 4 3 3
Gene - ‘ . 100%
Exon | |
N B I Lo
CpG/GpC>0.60 — B LNE =
CpG/GPCH0.75 N S !
Al .
Olhe —30%

8lk l(l)k lik lcik lt:rk lék
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4. RESULTS AND DISCUSSION

4.1. Narrowing down C3CERI1 and assembly of a PAC contig over C3CERI1 (paper I)

Previously C3CER1 contained two markers (D352354 and D3S32) and the available
linkage map indicated that it spanned 1.6 ¢cM (Szeles et al,, 1997). To construct a physical map, we
tested additional markers from the Whitchead Institute (WI) and the GEPH-Geneton integrated
maps. By constructing a tentative YAC-contig between D352354 and D3S532, we were able to select
10 additional markers from the W1l-map. We localized three genes inside C3CER1 (I.TF, CCR7 and
CCR3) and we used them as markers. Altogether 30 markers from 3p24-p21 were tested in 19
SCID detived tumors from MCH906.8 and MCH910.6. Among them, fourteen markers were
deleted in all tumors. We established a new telometic border of C3CER1 as D3S3582. The
centromeric border remained 1D35643.

The first two PAC clones (86:16E and 94k13, containing D352354 and DD3S32 markers,
respectively) were purchased from Genome Systems. We used matkers from the C3CER] region
for PAC library screening. We screened RPCI-4, RPCI-5 and RPCI-6 libraties from Roswell Park
Cancer Institute (Ioannou et al., 1994). To close the gaps between the selected PAC clones, we used
additional probes for screening. We prepared probes from the end sequences of the existing PACs,
which we obtained by direct sequencing of PAC ends and PAC-ends prepared by plasmid rescue.
As a result of multiple rounds of screenings, we obtained 94 PAC clones. Among them, 47 were
tested with markers and we concluded that twelve PAC clones formed a minimal tiling path and
fully covered C3CERI.

The order of PACs was established by two color FISH on metaphase chromosomes,
followed by statistical analysis. Fiber-I'ISH was performed with 11 PACs to verify the integrity of
the contig and to measure its length. Various combinations of PAC clones were labeled
differentially with two colors and hybridized pair-wise to stretched chromatin fibers. The length of
the PAC signals, gaps and overlaps were measured in pixels on Adobe Photoshop images. PAC
86:16E was sclected as the standard ‘ruler’ of the measurement. Therefore the size of the C3CER1
was estimated to be ~1 Mb.

BLAST scarches using C3CER1 marker sequences revealed a fully sequenced BAC clone
(BAC110P12, Acc. U95626, 143,068 bp). Lactotransferrin (I.TF) and three chemokine receptor
genes (CCR2, CCR5 and CCRIZ) wete identified on this BAC clone.

In this paper, we narrowed down C3CER1 by using additional PCR markers and analyzing
more SCID derived tumors. We constructed a PAC contig over C3CERT that was verified and
measured by fiber-FISH. We localized several genes (ILIF, CCR7, CCR3, CCR2, CCR5 and
CCRI.2) within C3CER1

4.2, Identification of LIMDI gene (paper II)

Previously we constructed a PAC contig over C3CER1. PACBG:16E was the first clone that
we selected for sequencing. Analysis of sequence similarity by Blast programs using the obtained 87
665 bp of genomic sequence revealed the presence of two genes. The last 2 exons of KLAA0028
gene located within PAC 86:16E. The human KL440028 ¢cDNA encodes the precursor of the
mitochondtial leucyl-tRNA synthetase. The 5 end of a novel gene was also present on the PAC
clone. In otder to fully cover this new gene at the genomic level, we sclected and partially
sequenced PAC965¢Y, which ovetlaps with PACB6:16E on the centromeric side. We identified and
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assembled multiple human and mouse EST's corresponding to this novel gene. In order to fill the
gaps between the EST sequences, we designed PCR primers. The PCR fragments were amplified
from placenta Marathon cDNA library and sequenced. The predicted protein sequence revealed the
presence of three tandemly arranged LIM domains. We therefore named this novel gene as LIM
domain-containing 1 gene (I.IMDT).

The RPCI-21 mouse PAC library was screened by hybridization with a part of the mouse
Limd1 ¢<DNA, which resulted in 7 positive clones. The chromosomal localization of mouse Limd]
gene was determined by FISH using PAC415k6. The DAPI banding determined the localization of
the [imdl gene to the mouse chromosome 9TF telomeric region.

The LIM domain defines a unique double zinc finger structure found in a class of proteins
involved in cell identity, differentiation, and growth control (Dawid et al,, 1998; Sanchez-Garcia et
al.,, 1993). The LIM domain is characterized by the cysteine-rich consensus sequence: CX2CX16-
23HX2CX2CX2CN16-21CX2(C/D/H), (C=Cysteine, H=Histidine, D=Aspartic acid, and X=any
aa). The LIM motif was initially identified in three developmentally important transcription factors,
C. clegans Lin-11, rat 1sl-1, and C. clegans mec-3, from which the acronym LIM is derived (Freyd et
al., 1990; Katlsson et al,, 1990; Way et al., 1988). LIM domains are highly conserved among
proteins present in organisms representing a wide range of evolution. They are thought to function
as versatile protein modules, capable of acting within diverse cellular contexts and in multiple
subcellular  compartments. Many have been shown to participate in direct protein-protein
interactions, and thev may also have the capacity to bind DNA direcdy (Beckerle, 1997; Gill, 1995;
Schmeichel et al., 1997).

LIM domain-containing proteins have been classified according to the sequence similarities
among the LIM domains and the overall structure of the protein (Dawid et al,, 1998). Group 1
proteins contain LIM domains linked to a homeodomain and a potential transcription activation
domain (e.g.,, Lin-11, Isl-1 and mec-3). They are nuclear transcription factors involved in cell fate
determination and differentiation. Group 2 proteins are LIM-only (LMO) proteins consisting of
one to five LIM domains without additional structural or functional motifs. These proteins can be
nuclear (e.g., the erythrocyte protein thombotin 2 or LMO2), cytosolic (e.g., muscle cell cysteine-
rich protein), or both {(e.g., myogenic LIM protein). Group 3 proteins contain three to four tandem
LIM domains at the C terminus in association with distinct N-terminal domains. Members of this
group include zyxin (Crawford ct al,, 1994), Enigma (Wu ct al,, 1994), paxillin (Turner et al., 1994),
lipoma pattner protein (I.PP) (Petit ct al., 1990), Ttip6 (Lee ct al., 1995), and the protozoal proteins
AvL3-1 and OvL3-1 (Oberlander et al,, 1995). Proteins not conforming to definitions of groups 1
to 3 constitute a fourth group.

The majority of group three LIM proteins are cytosolic. The LIM domains of these
proteins have been shown to interact with cell surface proteins (e.g., Enigma) (Durick et al., 1996;
Wu et al., 1994), cytoskeletal proteins at sites of cell adhesion (e.g., zvxin and paxillin) (Becketle,
1986; Turner et al., 1990), or other LIM proteins (e.g., zyxin) (Sadler et al,, 1992). In addition to
their LIM domains, group 3 proteins contain extensive N-terminal non-LIM, or pre-LIM, domains
that are relatively divergent in sequence. However, all of them are rich in proline residues, with
some proline-rich stretches conforming to consensus SH3 recognition sites (Alexandropoulos ct al.,
1995). Indeed, some have been shown to interact with the SH3 domains of vatious cytosolic
proteins in vitto (Hobert et al., 1996; Weng ct al., 1993). However, the functional significance of
these interactions # zive has not been demonstrated yet. In addition, the pre-LIM domain of zyxin
also mediates an interaction with actinin and members of the VASP protein family that are
important for the assembly and maintenance of the actin cytoskeleton (Reinhard et al., 1995).

The human and mouse LIMD1/Limd1 proteins belong to the third group, which contain a
variable number of LIM domains at the C-terminus (Dawid et al. 1998). As in the other proteins of
this group, the non-LIM domain part of the LIMD1/Limd1 proteins has a high content of proline.
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Upon blastp analysis without filtering of low complexity sequences, ZYXIN, ESP-2 and LPP
proteins display similarity with LIMD1/Limd1, which is not only restricted to the LIM domains.

In summary, we have sequenced two PAC clones from C3CERI, which revealed the
presence of the KLAA0028 gene and a novel LIM domain containing gene. We have identified and
characterized the human and the mouse IIMDT genes. The mouse Limd] gene was localized to
the mouse chromosome 917,

4.3. Identification of LZTFLI gene (paper III)

As a continuation of our large-scale sequencing project, we have sequenced the RP5-965C9
and the RP6-123113 clones. We identified a fully sequenced BAC clone (RP11-165116) in the
public database that partially overlaps with the two newly sequenced PAC clones. We assembled all
these sequencing data and obtained a 251 078 bp sequence contig. Blast scarches with this sequence
revealed four genes previously fully or partially characterized in humans or other species (I.IMD7,
KLAA085T/SACT, XT3, CCRY). We detected also EST clones that belonged to a nowvel gene.

The ESTs from human and mouse were assembled sepatately and the obtained cDNA was
verified by PCR amplification and sequencing from human testis, mouse kidney and mouse breast
cDNA libraties. The name of this gene, Leucine Zipper Transctipion Factor Like-1 (ILZTFI.7), was
based on the predicted presence of a leucine zipper pattern and coiled-coil domains within the
LZTFL1 protein. The leucine zipper pattetn is present in many proteins that regulates gene
expression and it consists of a periodic tepetition of leucine at every seventh position, covering the
distance of ecight helical turns. This segment forms an alpha-helix that can interact with another
similar alpha-helix, facilitating protein dimerization. The structure formed by co-operation of these
two regions forms a coiled-coil. The COILS program confirmed the existence of a coiled-coil
domain. TFurthermore, the PROSITE profile of bZIP transcription factor was detected. The bZIP
superfamily of eukaryotic DNA-binding transcription factors group together proteins that contain a
basic region mediating sequence-specific DNA-binding followed by a leucine zipper required for
dimerization (Hurst, 1995). Two human and mouse [.ZTFL7 transcripts were detected on
Notthern blots. Assembling of ESTs and confirmatory cDNA sequencing tevealed that each of
these two transcript forms contain separate polyA-tails. This is likely due to the alternative usage of
polyadenylation signals. The localization of mouse I.z7 gene to the chromosome 9T telometic
region was determined by FISH using a PCR amplified genomic fragment (>6 kb) from the mouse
gene.

The KLAA0851/5SACT cDNA sequence was identified from size-fractionated human brain
cDNA library in the course of a large-scale identification of human transcripts (Nagase ct al., 1998).
The KIAA0851/SACI protein shows 34%h identity and 52% similarity to the recessive suppressor
of secretory defect gene in yeast (RSD7 also called as SAC/, suppressot of actin). Using the
sequence of the human KLAA0851/5A4CT gene as bait we found several mouse EST clones, which
were assembled into contigs. The missing part of the cDNA was obtained by PCR. Both the
human and the mouse proteins contain two transmembrane regions and a leucine zipper pattern.
Expression of the mouse Sac7 gene was studied. The mouse Sac? gene was localized to the mouse
chromosome 9T telometic region, in the close vicinity of the Iamdl gene.

The . cerevisiae gene SAC1 was isolated having ability to suppress the effects of ACT1 and
secl4p mutations (Cleves ct al., 1989; Novick et al, 1989). Saclp is an integral membrane
polyphosphoinositide phosphatase. Phosphotylated derivates of phosphatidylinositols (PtdIns) play
an important role in lipid-based signal transduction. These molecules participate in the tegulation of
various ccllular funcdons including membrane trafficking, cytoskeletal otganization, cell
proliferation and metabolism (Simonsen et al, 2001). Phosphoinositide phosphatases are
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consequently important mediators of Phosphoinositide signaling events. Phosphatases belonging to
a subclass share a specific domain, which was first identified in the yeast Sacl protein (Hughes et
al., 2000a). Ir wto stadies have shown that the Sacl homology domain is capable of
dephosphotylating PtdIns(3)P, PtdIns(4)P and phosphatidyl-inositol 3,5-biphosphate (Hughes et
al., 2000b; Stolz et al., 1998). The yeast SACT gene product is an integral membrane protein of the
endoplasmic reticulum (ER) and the Golgi complex. Genetic and biochemical analysis defined that
Saclp is an important regulator of ATP uptake into the ER lumen (Kochendorfer et al., 1999;
Mayinger et al, 1995). Saclp regulates a pool of Pudlns(4)P in the Golgl that is important to
forward trafficking to the cell periphery (Schorr et al., 2001). The rat ortholog of the yeast SACI
gene was identified and functionally charactetized (Nemoto et al., 2000). The rat Sacl localizes
predominanty to the ER. Rat Sacl exhibits intrinsic phosphoinositide phosphatase activity towards
the same substrates, like the yeast Saclp. Both the yeast and the rat proteins contain a C-terminal
transmembrane domain. Sacl ortholog proteins play evolutionary conserved role in eukaryotic cell
physiology.

Blast searches with human genomic sequence identified a partial cDNA of the XT3 gene.
The XT3 gene belongs to the plasma membrane neurotransmitter transporter superfamily. This
family has a common structure of 12 transmembrane helices. Comparison of the human genomic
sequence with the mouse and rat cDNA sequences indicated that at least half of the human XT3
cDNA sequence was missing. We assembled all available ESTs and verified the human ¢cDNA
sequence by sequencing overlapping PCR fragments that were amplified from human brain and
pancreas cDNA libraries. During the cDNA characterization, we discovered a differently spliced
form of the gene in brain, designated as N'T3a. This mRNA isoform is predicted to miss one
transmembrane domain from the XT3 protein.

The CCRY gene was first identified and named as GPR-9-6 as a G-protein-coupled receptor
gene. Recently, this gene was renamed to CC-chemokine receptor 9 (CCRY), based on the fact that
itis a receptor for a TECK (thymus-cxpressed chemokine) (Zaballos et al., 1999).

In conclusion, we localized addidonally KLAA0857/5.ACI, XT3, CCRY and a novel gene
(I.ZTFI.T) within C3CER1. We identified and characterized the human and mouse I.ZTFI.7 genes,
the mouse Sar7 gene and further characterized the human XT3 gene. The mouse I.z#77 and Sac?
genes were localized to the mouse chromosome 9F telometic region.

4.4, Transcriptional map of the C3CER1 (paper IV)

As the continuation of this project, we have sequenced and analyzed 8 additional PAC
clones from C3CERI. During this work and as a result of the Human Genome Project, the
sequences of additional fully or pardally sequenced genomic clones were released in the public
databases. We assembled all the sequencing data for C3CER1 and reported a physical map of 21
BAC/PAC clones as well as a comptehensive transcriptional map of 1.4 Mb. We detected 18 active
genes and three pseudogenes within C3CERI. The characteristics of the active genes are
summarized in Table 10.

4.4.1. Identification of FYCOT, TMEM?7, .RRC2, .UZP3 genes

Blastn search against dbest database revealed similarities with multiple ESTs and with
mouse Mem2 partial cDNA sequence. The MewZz cDNA clone had been identified by differential
display analysis of cDNA libraries prepared from unfertilized eggs and preimplantaton embryos
and named as Maternal Embryonic Message 2 (Hever et al, 1997). The human ESTs wete
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assembled and compared with the genomic sequences. The cDNA sequence of the novel gene
contained several gaps; therefore we used the GENSCAN prediction program to detect the missing
exons. Several primer pairs were designed to verify the already available cDNA sequences and fill in
the missing parts. The sequence of the 5end of the gene was verified by Marathon RACE.
Northern hybridization with the human ¢<DNA probe revealed an 8.5 kb transcript, which is
expressed mainly in heart and skeletal muscle. The presence of FYVE zinc finger domain and a
coiled-coil domain was predicted, therefore it was named to I'YVE and Coiled-coil domain
containing 1 (FYCO7).

FYVE zinc finger is a cystein-rich domain, which can bind two Zn2+ ions. The FYVE
finger can bind with high specificity to the membrane lipid phosphatidyl-inositol-3-phosphate
(PtdIns(3)P) (Gaullier et al, 1998). Ptdlns(3)P have been shown to play a role in signal
transduction, membrane trafficking, cytoskeletal regulation and apoptosis (Leevers et al,, 1999;
Ramch et al, 1999). Mammalian cells express more than 25 different FYVE-domain containing
proteins. Little is known about the functions of the majotity of these proteins, they comprise a
group with a wide range of different structures and functions. Some of them (EEAT, Hrs and
Vaclp) are involved in membrane trafficking, others (I'GDI1-3 and Frabin) regulate the
cytoskeleton. SARA is involved in signal transduction and it is responsible for the recruitment of
Smad2 and Smad3 to the TGI'B receptor upon receptor stimulation (Tsukazaki et al., 1998). 1t was
suggested that FYVE finger proteins typically regulate ‘housckeeping’ cellular functions rather than
agonist-induced processes (Stenmark et al., 2002).

We have identified the TMEMY gene by Marathon RACE using primary and nested gene
specific primers for the detected EST cluster, both in 5” and 3’ direction. Northern hybridization
with the TMEM? cDNA revealed a transcript exclusively in liver. The TMEM?7 protein contains a
single transmembrane domain located near the C-terminus. We also noticed a KKXX-like motif
(VIKTA) at the C-terminus predicted to function as endoplasmic reticulum (ER) membrane
retention signal.

During the cloning of the ILRRCZ2 gene, we assembled the identified ESTs into 5 contigs.
Using Marathon-RACE PCR, we were able to identify the entire gene. The [LRRC2 transctipt was
detected only in heart, skeletal muscle and kidney. The LRRC2 protein contains 7 Leucine-rich
repeats (LRRs) which are relatively short motifs (22-28 aa) found in a variety of cytoplasmic,
membrane and extracellular proteins 40. LLRs proteins ate associated with widely different
functions, with a common characteristic involving protein-protein interaction. The closest relative
of LRRC2 is RSP-1 (Ras Suppressor Protein 1) that plays a role in the ras signal transduction
pathway. RSP-1 is capable of suppressing v-ras transformation zz vitzro (Cutler et al,, 1992). The
PSORT II program detected two putative nuclear localization signals.

Cloning of the [.UZP3 was initiated by a match between the genomic sequence and a
cluster of 6 ESTs. The RACE PCR allowed us to obtain the entite gene. The only domain/motit
that could be detected in the protein sequence is a leucine zipper pattern. It consists of one exon
that is located on the opposite strand and within the first intron of 1LRRC2. By RT-PCR we
detected PCR products in IB-4 cell line, kidney, trachea and skeletal muscle. [.UZP3 was later
renamed to leucine zipper protein pseudogene 1 (ILUZPPT).

We identified 3 processed pseudogenes (NRBF-2¥, UQCRC2Y¥ and FLT1¥) within 290
kb of the centromeric part of C3CERI. The centromeric part of C3CER1 is very dense in active
genes, which has prompted us to redefine its centromeric border. We, therefore, tested the
MHC906.8 microcell hybrid-derived panel of SCID tumors that was used in our previous study
(Yang ct al,, 1999). We have used 6 new STSes that are located in RP6-91P17 clone. We concluded
that the centromeric border of C3CERT1 is positioned within the .LRRC2 gene.
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4.4.2. Chemokine receptor cluster in C3CER1

We detected the presence of a large cluster of chemokine receptors (CCRs) in C3CERT1 that
include 8 genes; CCRY, STRI.33 (also named TYMSTR ot Bonzo), CCXCRY1, CCRT, CCR3, CCR2,
CCR5 and a chemokine receptors like CCRIL2 (also named CRAM-B). CCRs belong to the
superfamily of G-protein-coupled receptors that possess seven transmembrane domains. Families
of chemokine genes (over 45 members) and chemokine receptor genes (19 members) occur in
clusters on chromosome 4 and 17 and chromosome 2 and 3, respectively. Interestingly, two CCRs,
CCR& and CX3CR1, are located within CER2.

Chemokines and their receptors mediate signals that are critical for the leukocyte
recruitment and activation in processes that require active cell migration, such as inflaimmatoty
tesponses, bacterial or viral infections and wound healing. Other functions of chemokines have
been described; they are mediators of cell growth and differentiation, cellular trafficking, blood
vessel growth. Some CXC chemokines have the ability to regulate angiogenesis directly (Gupta et
al., 1998), through interaction with their receptors on endothelial cells, or indirectly by attracting
inflammatory cells which release angiogenic factors such as basic fibroblast growth factor and
vascular endothelial growth factor (Goede et al., 1999; Polverini, 1997). CXC chemokines can be
subdivided based on the presence of the ELR (Glu-Leu-Arg) motif. ELR+ chemokines are
generally potent neutrophil chemo-attractants with pro-angiogenic propertics, whereas ELR-
chemokines are generally monocyte and T-cell chemo-attractants with potent angiostatic properties
(Baggiolini et al., 1997; Belperio ct al., 2000).

The role of chemokines in human disease has been suggested, although their function in
cancer is not entirely clear. Some chemokines are expressed by tumor cells or the surrounding
stroma and appear to exert a growth potentating effect on cancers. The ability to induce cell
migration and angiogenesis has suggested the possibility that chemokines may aid in the metastatic
spread of tumors. Indeed, it has been shown that chemokines and their receptors have a critical role
in determining the metastatic destination of tumor cells. Signaling through CXCR4 or CCR7,
chemokines mediate actin polymerization and pseudopodia formation in breast cancer cells, and
induce chemotactic and invasive responses. Furthermore, organs representing the main sites of
breast cancer metastasis are the most abundant sources of ligands for these tumor-associated
receptors (Muller et al., 2001).
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Table 10. The chatacteristics of the C3CERI genes

enes in 'en Size of Donfam Expression Predicted protein function,
G p P
size | prot predicted
C3CERI1 (kb) | (aa) (SMART) detected comments
This gene encodes a class 1
15?1‘11?10328 151 903 tRNA-synthetase | Widely expressed aminoacyl-tRNA synthetase,
?j;}i?ze class 1 (UniGene) mitochondrial leucyl-tRNA
synthetase.
Plays a role in DINA-dependent
three tandemly Ubiquitosly transcription, cell communication,
[LI{%D] ) 36 676 arrayed LIM expressed in the signal transduction, embryogenesis
o o.mallns ‘ domains at the C- | tested dssues (Kiss and morpl 1esis (predicted by
containing termini etal, 1999) Celera) See Table 3 for more
informaton.
Sacl homology Heatt, brain, lung, Phospho-inositide phosphatase.
KIAAO851 ! ) | 2 P phosp »
SA C]V?}S’L 4 domain, twao liver, kidney, ottholog of the veast SACT protein.
56 587 transmembranc pancreas, testis, Plays a role in intracellular prorein
suppressor of domains at the C- | ovary, spleen traffic, cell growth and maintenance
actin 1 termini (Nagase etal,, 1998) | (predicted by Celera)
neurotransmitter
XT3 592 symporter family | Kidney, sm‘all Na+/Cl- neurotransmitter
Lsoform 1.2 41 555 domain (twelve intestine (Nash et al., transoort
sotorm 1, 3 transmembrane 1998) ransporter
domains)
Coiled coil Hearrt, brain, Plays a role in cytoskeleton
LZTFEL1 Ri%oesofr(ljal’ placentla, lung, sk. otganizarion and biogenesis, conrrol
leucine zipper 18 299 orein S20 muscle, kidney, of mitosis, peptidoglycan catabolism,
transcripdon }l)eucinek’/i ’ o pancreas, thymus, cell cycle checkpoint,
factor-like 1 5 “PP tess (Kiss et al., non-selective vesicle transport
pattern . P
2001) (predicted by Celera)
CCR9A4 . .
CCRYB Seven Pooled clear cell This receptor appeats to bind the
: N 15 369 “C‘ Cmembrane type tumors, majority of beta-chemokine family
ans ’ . : . ’
c]nerno‘kme © 357 s ror domain adenocarcinoma members, howevet, its specific
C motf) 9 recepror domma (UniGene) function remains to be unknown.
receptor
FYCO1 Plays a role in otganelle otganization
FYVE and Coiled coil, RUN H . ‘ and biogenesis, embrvogenesis and
. ; - - . eart, sk, muscle L o
coiled-coil 78 1478 domain, (Kiss et al, 2002) motphogenesis, protein modificadon,
domain FYVE domain ) ° skeletal development, cell
containing 1 proliferation (predicted by Celera)
f}T 1 g Lll;v:;ir;d spkierllz STRL33 probably functions in
< OONC N L.
S0 Cfi N . P » pool interactions between dendtitic cells
TYMSTR Seven pancreas and spleen; . )
T and T cells and in regulating T-cell
chemokine (C- 5 342 transmembrane uterus; R .
X-C motif) receptor domain adenocarcinoma; rugranon i thegplenic red pulp
P ' el et’c (Matloubian et al., 2000). Potental
receptot 6, MREMILIALDA, Cte. - ; /-1 virus
CXCORG (UniGene) co-receptors for HIV-1 virus.
This receptor is closely related to
CCXCR1 Seven Placenta, spleen, gi}j’}“;ii;&: l:ilrpjl‘ﬁipk}iig]
Chemokine XC | 1 333 transmembrane tymus (Yoshida et > receptor. ¥ .
. VY mactophage inflammatory protein -11
receptor 1 receptor domain al.,, 1998)

is an antagonist of this receptor and

blocks signaling.
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Genes in (‘;;m. Slrzi of Dror;iain d Expression Predicted protein function,
C3CER1 stz¢ | pro predicte detected comments
(kb) (aa) (SMART)
Kidnev. nrostate Mice lacking the chemokine recepror
CCR1 . P ’ CCRT have defects in neutrophil
. . Seven colon, placenta . R
chemokine (C- - . K . trafficking and proliferadon and
) 6 355 transmembrane uterus, lung, liver, . .
C motf) rece d ) ol breas increased suscepubility to
ptor domain spleen, breast, etc. ) w . .
receptor 1 UniG Toxoplasma gondii infection (I<han
(LniGend) et al., 2001).
The presence of CCR3 and its
ligands in epithelial cells may
i‘CRf c Seven Pooled brain, lung, contribute to the accus tion and
E: emotine - 1.2 355 transmembrane testis; leukocyte activation of eosinophils and other
motif) 5 receptor domain (UniGene) inflammatory cells in the allergic
receptor airway (Stellato et al., 2001). Potential
co-receptor for HIV-1 virus.
CCR2Z is required for proper
CCR24 . . trafficking of andgen-presenting cells
. Liver and Spleen; o o PN ¢
CCR2B 374 Seven stem cell 34+ /384 capable of inducing IFNG
chemokine (C- | 53 3(;0 transmembrane i3100d' rostate | producton by T cells (Peters et al.,
C motif) receptor domain (Ui G‘eie)\ 2000)
receptor 2 CCRZB is a potential co-receptor for
HIV-1 virus.
pooled germ cell CCRS 1s an important co-receptor
CCR5 Seven tamors; prostate; fot macrophage-tropic virus,
chemokine (C- pooled colon, including HIV, to enter host cells.
. ! 6 352 transmembrane . ;
C modf) recentor domain kidney, stomach; Defectve alleles of this gene have
receptor 5 P germinal center B been associated with the HIV
cell, etc. (UniGene) infection resistance,
colon tumor;
Comcioes € e
E: emokine (C- | 4 ¢ 344 transmembrane }t)esm oale d’ g G-protein coupled receptor
motf) . receptor domain S
receptot-like 2 pancreas and spleen,
etc. (Cniiene)
1.TF belongs to a family of iron-
LTF - Two transfertin Wildly expressed binding protemns that m (_)dulate tron
Lactotrans- 29 711 . N metabolism, hemopoiesis, and
. domains (UniGene) .
ferrin immunologic reactions.
See Table 3 for morte information.
{MEMZ 3 230 Transmembrane Liver (Kiss et al.,
ransmemb- .
rane protein 7 domaln 2002)
LRRC2 ‘ DNAii‘epender‘lt transcript‘ion, RNA
lenci b Leucine-tich Heart, skeletal processing, nurse cell/oocyte
cucine-rc 51 371 -eu s muscle (Kiss et al., transport, cell growth and
repeat- , repeats 2002) maintenance, ectoderm development
containing (predicted by Celera)
LUZPPI
leucine zipper 23 Leucine zipper pooled germ cell
protein ’ pattern tumors (UniGene)

pseudogene 1
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4.5. C3CER1 orthologous region in mice (paper V)

As a result of our large scale sequencing project, we have obtained the sequence of the
C3CER1 (Kiss ct al., 2002) and used the 1.32 Mb sequence for comparative analysis. We scarched
the Celera mouse database with genes from this region and it revealed that C3CER1 corresponded
to two distinct conserved blocks on mouse chromosome 9F. A 907 kb long mouse sequence was
sclected and used for the PipMaker analysis.

High conservation within the coding regions of 17 genes identified within the human
C3CERI1 additionally suppotts that the described transcriptional map of the human C3CERI was
correct (Kiss et al., 2002). Lack of conservation of the detected human pseudogenes confirms their
functional insignificance. We have detected and statistically analyzed a number of non-coding
conserved elements.

The GC content of the entire human and mouse region was similar, 43.54% and 42.40%,
respectively. RepeatMasker analysis identified a striking discrepancy in the number of repetitive
clements. We detected 13 and 12 CpG islands in the human and in the mouse sequence,
respectively. In the human region, 8 genes (out of the 17) have CpG islands at their 5' end.
Interestingly, at the 5' end of 1.IMD7, three CpG islands were detected. Among the 13 CpG islands
that were detected in the human sequence, 7 were conserved in the mouse. The remaining 5 CpG
islands in the mouse sequence were located in intragenic regions.

We used EST based approach combined with Marathon RACE method to identify five
novel mouse genes: Kiza0028, Xnp3s1, Fyeol, Tmem?7 and L2, The mouse Tmem?7 gene has two
transcripts of different sizes, which were expressed mainly in the liver. The human and the mouse
TMEMY7 proteins do not show conservation within their C-termini. However, both proteins
contain predicted transmembrane domains at their C-terminal parts.

The order and the structure of the genes in the studied human and mouse regions are well
conserved with the exception of pseudogene insertions and generation of two mouse genes by
duplication. The occurrence of gene duplications is a pronounced feature of the studied regions. In
the mouse sequence, we could identify two new genes that were generated by duplication of the
genomic sequence. From protein similarity analysis, we suggest that Xzp3 and Cmkbr!/1 were a
tesult of local duplications of Xup3s? and Cmkbr! genes, respectively, which occurred after
human/mouse divergence. In C3CER1 we noticed the presence of a latge cluster of chemokine
teceptor genes, which include cight genes: CCRY, STRI.33, CCXCR7, CCR7, CCR3, CCR2, CCR5,
and a chemokine receptor-like CCRIL2. We constructed a phylogenetic tree of the human and
mouse chemokine receptors that lie in the C3CER1 and its mouse othologous region. It can be
hypothesized that all the chemokine receptor genes arose as a result of sequential
intrachromosomal duplications. This notion is supported by the compatisons of three pairs of
genes (CCRY and STRIL33; CCRT and CCR3; CCR2 and CCRY) in both species. All three pairs are
located next to each other within the human and mouse loci and are the closest telatives.

In this study we applied a comparative analysis to further examine C3CERI. The
orthologous region in mice was divided into two parts, but the gene content and gene positions
were highly conserved between species. We found two mouse genes (Xupis/ and Cukbr?)
duplicated. Five novel mouse genes (Kiza0028, Xup3sl, Fyeol, Twem7 and 1.e2) were identified and
characterized.

4.6. Study of human/mouse conservation breakpoints on human 3p12-22 (paper VI)

We compared our FISH-derived map to the human and mouse genome sequence-based
maps, available from the Celera and UCSC databases. Our results were in agreement with these
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sequence-based maps throughout the entire analyzed region. In conclusion, the human C3CER1
belongs to two conserved chromosomal segments (CCSs). The distances between genes and their
order in each of these two CCSs are similar in man and mouse and a2 murine/human conservation
breakpoint region (CBR) lies between the CCRS5 and the ILTF genes. There are several breakpoints
of tumor-related chr 3 rearrangements in the region of 300 kb surrounding the CBR and we got
further indications that this region is genetically unstable:

— YACs show often instability in this region.

— The presence of a cluster of chemokine receptors suggest that gene duplication events
occurred during evolution. According to the phylogenetic tree of this family, the latest
evolutionary duplications could be those two forming CCR7-CCR3 and CCR2-CCR5
pairs. These genes ate very similar and are located within C3CERI immediately
adjacent to CBR. Human specific processed pseudogene insertions nearby CBR and
enrichment of CBR with LTRs reflect increased transposition capacity, which is also
characteristic for unstable regions. Morcover, comparison of mouse and human
C3CER1 sequences revealed additional duplications in mouse involving one chemokine
receptor gene and an XT3 ortholog,

—  We found that the CBR region replicated latest, as compared to the other studied sites,
suggesting that a mechanism of instability within CBR may be similar to that in fragile
sites.

— A TATAGA repeat capable to form hairpin-like secondary structure co-localizes with
CBR. Hairpin formation may play a destabilizing role in cukaryotic genomes (Sinden,
2001).

We tested our hypothesis about the role of regional instability in the cancer-associated
chromosomal rearrangements extending our analysis to a larger chromosome 3 segment. Seven
regions were identified on the chromosome 3 as preferentially involved in tumor growth associated
deletions located within 3p12-22. In order to analyze mutine/human conservation over this
chromosomal segment, we used the Celera computation data about mouse orthologs of 303 human
genes located between Mb positions 40 and 85. We found that 278 genes match into 7 CCSs.
Analysis of the rest of the genes indicated gene duplication events and additional chromosomal
rearrangements or transpositions surrounding the CBRs. This may reflect the evolutionary
instability of these chromosomal regions.

We found that these evolutionarily unstable regions are non-randomly localized within the
7 mentioned tumor associated deletions. Four regions, HD1, C3CER1, FER and HD4 contain
CBRs, while two other (CER2, HD2) do not, but contain conservation mismatches and gene
duplications. In particular within CER2 closely related paralogous genes CCRS and CX3CR7 are
most likely detived from the same locus as their closest relatives, i.e. CCR7, CCR2, CCR3 and
CCR5 on C3CERI. This suggests that CER2 was involved in evolutionary rearrangements prior to
the murine/human divergence. The HD2 contains 3 groups of paralogous genes and we detected
the duplication of a large mouse segment corresponding to its telomeric part. Tandem Repeat
Finder program at the UCSC server defined 8 sites of TATAGA repeats in the 3p12-22 segment.
These sites were located non-randomly within the sites of tumor-associated deletions and in the
vicinity of CBRs. Moreover the repeats, identified with the highest scores were located in two of
our common climinated regions (C3CER1 and CER2).

Our findings suggest that regional instabilities secem to play an important role in both,
cancer-associated and evolutionary chromosomal rearrangements. The presence of TATAGA
repeat is associated, but not necessatily causally, with regional instability.



5. CONCLUDING REMARKS AND FUTURE PERSPECTIVES

Our group has developed a functional assay, called climination test, for the identification of
tumot growth antagonizing regions. Using this system, we identified the C3CER1, which was
commonly climinated when chromosome 3 containing MCHs were xenografted in SCID mice.
C3CER was fine mapped by PCR marker analysis and was fully covered by a PAC contig. We
initiated a large scale sequencing project to uncover the gene content of C3CER1. Sequencing of
the PAC clones revealed six novel genes: LIM domains containing gene 1 (I.IMDT), Leucine zipper
transctiption factot-like gene 1 (ILZTFL.7), FYVE and coiled-coil domain containing gene 1
(FYCOT), Transmembtrane protein gene 7 (TMEM), Leucine-tich tepeat-containing gene 2
(I.RRC2) and Leucine zipper protein psecudogene 1 (I.UZPPT). Their mouse orthologs were also
identified and characterized and sclected examples were localized by FISH to the mouse
chromosome 9F telomeric region. Comparative analysis of the human C3CER1 with its mouse
otthologous region showed that the corresponding mouse region was divided into two blocks. The
gene content and the order of the genes were highly consetved. The human/mouse conservation
breakpoint region (CBR) lies between CCR5 and IUTF genes. A chemokine receptor cluster of 8
genes was recognized within C3CER1. We hypothesized that they were generated by duplication
events and according to their family tree the latest duplications (CCR7-CCR3, CCR2-CCRS5)
occurred atound the CBR.

The detailed transcriptional map of C3CER1 was prerequisite for the delineation of its role
in tumorigenesis. We found 18 genes within C3CER1, which should be further studied. Preliminary
results suggest that the I.TF and the I.JMD7 genes ate the best candidates. Mutation and
methylation analysis, microarray technology can be applied for the further study of the C3CER1
genes before functional testing,
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