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Cloning of Mouse DAN ¢DNA and Its Down-regulation in Transformed Cells
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Recently, we have demonstrated that DAN gene product exhibits a tumor-suppressive activity in vitro.
We report here the cloning and sequencing of a mouse DAN ¢DNA that contains the entire coding
region. Sequence analysis revealed that mouse DAN ¢DNA is 1691 nucleotides in length and contains
an open reading frame of 178 amino acids. The deduced mouse DAN protein sequence shows 969 and
93% identity with the counterparts isolated from rat 3Y1 fibroblasts and normal human lung,
respectively, Genomic Southern blot hybridization indicated that DAN gene exists as a single copy in
the mouse genome. The expression of DAN gene was suppressed in a variety of transformed NIH3T3

cells when compared with that in the parental NIH3T3 cells.
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Various types of candidate tumor-suppressor genes
have been cloned by means of a differential screening
strategy,”™ based on the concept that the expression of
tumor-suppressor genes might be reduced or absent in
malignant cells.” DAN gene was originally isolated from
a rat fibroblast 3Y1l cDNA. library by using this ap-
proach.® The expression of DAN gene is significantly
decreased in a variety of transformed 3Y1 cells, com-
pared with that in the parental 3Y1 cells.” Interestingly,
the overexpression of DAN gene product in v-sre-trans-
formed 3Y1 cells causes a marked decrease of the trans-
formed phenotype, suggesting that DAN gene product
contains a tumor-suppressive activity.”? Recent work in
our laboratory demonstrated that human DAN gene is
localized at 1p36.11-p36.13, which resides within the
commonly deleted chromosome region in neuroblastoma,
and allelic abnormalities within DAN gene locus have
been observed in several neuroblastoma cases.'” Thus,
human DAN gene might be a candidate for a tumor
suppressor gene of human neuroblastoma.

As the functional analysis of DAN gene product was
carried out only in rat fibroblasts, it is imporiant to
clarify the biological role(s) of DAN gene product in
other cell systems. As a first step, we isolated mouse DAN
cDNA from a NIH3T3 cDNA library. Here we report
the sequence of mouse DAN ¢cDNA and the expression of
DAN gene in various types of transformed NIH3T3 cells.

MATERIALS AND METHODS

Culture conditions All cell lines were maintained in
Dulbecco’s modified Eagle’s medium (DMEM) supple-
mented with 109% heat-inactivated fetal calf serum
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(FCS) and antibiotics. Cells were grown at 37°C in a
humidified 5% CO, atmosphere.

Screening of a cDNA library An NIH3T3 cDNA library
(approximately 7 X 10° recombinants) was screened with
’Zp.labeled A41PE DNA.!Y The A41PE DNA contains
the 5-portion of the translated region of rat DAN
c¢DNA." Hybridization was performed in a solution
containing 50% formamide, 6 X8SC (1X88C; 0.15 M
NaCl, 15 mM sodium citrate), 5 Denhardt’s solution'®
and 0.1% sodium dodecyl sulfate (SDS) at 42°C over-
night. The filters were washed at 50°C for 30 min to a
final stringency of 0.1 X SSC containing 0.19% SDS.'?
DNA sequencing Mouse DAN cDNA was digested with
appropriate restriction enzymes and subcloned into
pTZ18R (Pharmacia, Uppsala, Sweden). The plasmid
DNA was subjected to sequencing by the dideoxynu-
cleotide chain-termination procedure' using Sequenase
(United State Biochemicals, Cleveland, Ohio).

Southern blot analysis High-molecular-weight genomic
DNA. was digested completely with appropriate resiric-
tion enzymes and size-fractionated in 0.8% agarose gel.
The DNA was transferred to a nylon membrane filter,
which then was hybridized overnight at 65°C in 0.9 M
NaCl, 0.05 M phosphate, pH 7.4, 5 mM EDTA, 5X
Denhardt’s solution, 0.29 SDS, 109% dexiran sulfate,
and 200 ¢g of heat-denatured salmon sperm DNA per ml
containing **P-labeled mouse DAN cDNA. The filter was
rinsed in 1XSSC containing 0.2% SDS at 65°C for 30
min.'

Northern hybridization Total RNA (10 /£g) was electro-
phoresed in 1% agarose/formaldehyde gel, transferred
to a nylon membrane filter, and immobilized by UV
crosslinking. Hybridization was carried out in the same
manner as for Southern blot analysis.

Nucleotide sequence accession number The nucleotide
sequence data reported in this work have been submitted



to DDBJ/GenBank/EMBL and assigned the accession
number D50263.

RESULTS AND DISCUSSION

In order to obtain a full-length mouse DAN cDNA
clone, we have screened approximately 7X10° phage
recombinants from an oligo-dT primed cDNA library of
NIH3T3 cells. Under the standard conditions with radio-
labeled A41PE DNA, which contains a 5'-portion of the
translated region of rat DAN ¢cDNA, we have obiained
eight positive clones. Among them, clone Ré6 contained
the largest cDNA insert {ca. 1.8 kb) based on restriction
analysis. As the size of this cDNA insert was almost the
same as the estimated size of DAN transcript by North-
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Fig. 1. (A) Restriction map of mouse DAN ¢DNA. The
thin line shows the 5'- or 3’-noncoding region; the bold line
indicates the coding region. B, BamHI; K, Kpnl; P, Pstl; S,
Smal. (B) Nuclectide and deduced amino acid sequences.
The nucleotides and amino acids are numbered from the begin-
ning of the translation initiation site (ATG). The stop codon
(TGA) is shown by an asterisk and the polyadenylation
signal is indicated by bold characters.
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ern blot hybridization (see below), we tentatively con-
cluded that it was close to full length and determined its
nucleotide sequence. The restriction map and the com-
plete nucleotide sequence of R6 are shown in Fig, 1. The
R6 is 1691 nucleotides in length and contains a poly-
adenylation signal (AATAAA) 22 bp upstream of the
poly(A) tail at the 3'-terminus. A significant sequence
homology was detected between Ré6 and DAN ¢cDNAs of
rat and human.*'” Overall, the nucleotide sequence ho-
mology of R6 with rat and human DAN cDNAs was
88% and 66%, respectively. Therefore, we concluded
that R6 does represent the mouse counterpart of DAN
cDNA,

There exists a single open reading frame (ORF) ex-
tending from nucleotide 1 to a stop codon at position
534. The deduced amino acid sequence of mouse DAN
protein consists of 178 residues with a predicted molecu-
lar weight of 19164.27 Da. Its validity was confirmed by
in vitro transcription and translation experiments (data
not shown). A comparison of the amino acid sequence of
mouse DAN protein with the rat and human counter-
parts is shown in Fig. 2. Overall, there is 96% sequence
identity between mouse and rat and 93% between mouse
and human.*'® Mouse DAN protein includes several
structural features which are also found in DAN protein
of other species. It contains casein kinase I1 target sites at
residues 46-49 and 89-92, an N-linked glycosylation site
at residues 38-40, a zinc finger-like structure at residues
81-101 and a proline-rich sequence in the C-terminal
region at residues 141-171 (Fig. 2). Considering the
extremely high sequence homology, DAN gene product
might have a biologically crucial function in mammals.

In order to investigate the genomic organization of
mouse DAN gene, genomic DNA from NIH3T3 cells was
digested with various kinds of restriction enzymes and
hybridized with the radio-labeled full-length mouse DAN
cDNA. Asshown in Fig. 3, the hybridization pattern was
quite simple, which indicates that DAN gene is present as
a single copy in the mouse genome, as observed in other
species.”

As the expression of DAN gene was significantly sup-
pressed in a variety of transformed rat 3Y1 fibroblasts,®
it is important to investigate whether this phenomenon is
common to other cell systems. Total RNA was isolated
from the following cell lines, erbB2-, v-src-, c-Ha-ras-,
v-Ki-ras-, v-Ha-ras- and N-rgs-transformed NIH3T3
cells, and DAN mRNA levels of the cell lines were
analyzed by Northern hybridization (Fig. 4). In NITH3T3
cells, mRNA of about 2 kb in length was detected, its size
being almost the same as that of the rat counterpart. A
marked decrease in DAN mRNA level was detected in all
the transformed cell lines except in N-ras-transformed
cells. These observations suggest that the negative regula-
tion of DAN gene expression is not specific to a rat cell
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Fig. 2. Amino acid sequence comparison among mammalian DAN proteins (mouse, rat and human). Shaded boxes indicate
identical amino acids among them. Putative functional domains are as follows; an N-linked glycosylation site at 38 40 (wavy
lines), two casein kinase II target sites at 46-49 and 89-92 (filled circles), a zinc finger-like structure at 81-101 (dashed lines)

and a proline-rich sequence at [4[-17[ (proline residues are indicated by underlines).
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Fig. 3. Southern blot analysis of NIH3T3 genome. High-
molecular-weight genomic DNA from NIH3T3 cells (10 pg/
lane) was digested with BamHI (lane 1), EcoRI (lane 2) or
Xbal (lane 3), separated in a 0.8% agarose gel, transferred to
a nylon membrane and hybridized with radio-labeled full-
length mouse DAN cDNA. Sizes are shown in kilobases.
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Fig. 4. DAN gene expression in various types of transformed
NIH3T3 cells. Total RNA (10 pg) derived from NIH3T3
(lane 1), erbB2- (lane 2), v-src- (lane 3), c-Ha-ras- (lane 4),
v-Ki-ras- (lane 5), v-Ha-ras- (lane 6) and N-ras-transformed
NIH3T3 cells (lane 7) was electrophoresed in a 19 agarose/
formaldehyde gel, blotted onto a nylon membrane and probed
with *P-labeled full-length mouse DAN ¢cDNA. The lower panel
indicates the ethidium bromide-stained gel prior to blotting.



system. We have previously shown that the expression of
DAN gene was not decreased in v-Ha-ras-transformed
3Y1 cells.® This is contrary to the present result and the
reason for this discrepancy between these two closely
related species is unknown.

Contente et al. have reported that the expression of
rrg, which possesses a tumor-suppressive activity
identified in NIH3T3 cell systems, is down-regulated in
several types of transformed NIH3T3 cells including
v-Ki-ras-,c-Ha-ras- and v-Ha-ras-transformed cells.? As
described previously, rat DAN gene product, when over-
expressed, exhibits a tumor-suppressive activity in v-sre-
transformed 3Y1 cells.” Although the precise functions
of DAN protein are still obscure, in spite of its rather
ubiquitous expression,® it has been demonstrated that the
overexpression of rat DAN protein in 3Y1 cells results in
retardation of entry inta the S phase.'® Due to the very
similar characteristics of rat and mouse DAN genes, it is
reasonable to speculate that DAN gene product also
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