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A Product of DAN, a Novel Candidate Tumour Suppressor
Gene, is Secreted into Culture Medium and Suppresses

DNA Synthesis
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Our previous studies have shown that the DAN gene product possesses an ability to revert phenotypes

of transformed rat ®broblasts and represents a candidate tumour suppressor gene for neuroblastoma.

In the present study, characterisation of DAN was carried out using rat ®broblast 3Y1 cells and their

DAN-overexpressor counterparts (S-9). The N-terminal region of DAN (amino acids 1±24) was highly

hydrophobic and DAN protein was found to be secreted into the culture medium. When DAN was

treated with PNGase F, a enzyme that cleaves most N-linked carbohydrate residues, the mobility of

both cytoplasmic and secreted DAN was increased in SDS±polyacrylamide gel electrophoresis, sug-

gesting DAN is N-glycosylated, irrespective of its localisation. When partially puri®ed, DAN was able,

when added to the culture, to suppress DNA synthesis of Rous sarcoma virus-transformed 3Y1 cells,

which lack the expression of DAN. # 1997 Elsevier Science Ltd.
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INTRODUCTION

THE DAN gene (previously named N03) has been isolated by

diVerential hybridisation screening of cDNAs between rat

®broblasts (3Y1) and those transformed with a Schmidt±

Ruppin strain of Rous sarcoma virus (SR-3Y1) [1]. The

DAN gene represents one of the genes downregulated in SR-

3Y1 compared with parental 3Y1 cells [2±6]. The reduction

of DAN expression is not speci®c to src-transformants but

also takes place in 3Y1 and NIH3T3 cells which were trans-

formed by other oncogenes [1, 7]. An extensive homology

search of the DAN sequence in available databases shows an

absence of any homology. When DAN cDNA was overex-

pressed in SR-3Y1 or 3Y1 cells, several important ®ndings

were obtained: ¯at reversion of morphology; suppression of cell

growth as measured by doubling time; suppression of colony

formation eYciency in soft agar medium; loss of tumorigeni-

city in nude mice [8]; and delay of entry into the S phase [9].

These data collectively suggest that DAN protein, when

overexpressed, possesses an ability to suppress transformed

phenotypes.

Subsequently, human DAN cDNA was obtained from a

normal lung cDNA library and the DAN gene was mapped to

human chromosome 1 (1p36.11±p36.13) [10]. It has been

well documented that a high incidence of chromosome 1p

deletion is frequently associated with the genesis of human

neuroblastoma [11, 12]. Genomic Southern blot analysis

revealed that altered sizes of the band were indeed detected in

some neuroblastoma cases using the full-length human

cDNA as a probe, raising the possibility that the DAN gene

could be one of the tumour suppressor genes for neuroblas-

toma [10].

In the present study, we examined some of the structural

features and biological roles of DAN.

MATERIALS AND METHODS

Cell culture

The rat ®broblast 3Y1 cells, those transformed with a

Schmidt±Ruppin strain of Rous sarcoma virus (SR-3Y1) and

3Y1 cells stably transfected with DAN cDNA (S-9) [9] were

maintained at 37�C in Dulbecco's modi®ed Eagle's minimal

essential medium (DMEM) supplemented with 10% heat-

inactivated fetal calf serum and kanamycin.
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Western blot analysis

SDS±polyacrylamide gel electrophoresis (SDS±PAGE) was

carried out under reducing condition as described by

Laemmli [13]. An electrophoretically blotted nitrocellulose

®lter was incubated with 5% dry milk in TBS-T buVer

(150 mM NaCl, 50 mM Tris-HCl, pH 7.4, 0.05% Tween

20) to block non-speci®c binding sites [14]. The ®lter was

then incubated with rabbit anti-rat DAN antibody [9] in

TBS-T buVer followed by incubation with goat anti-rabbit

IgG conjugated with horseradish peroxidase (Gibco-BRL,

Grand Island, New York, U.S.A.). DAN was ®nally detected

by the use of an enhanced chemiluminescence Western blot-

ting kit (Amersham).

Localisation of DAN

3Y1 or S-9 cells were treated with a lysis buVer containing

100 mM Pipes (pH 6.9), 5 mM MgCl2, 0.2 mM EGTA, 4 M

glycerol, 1 mM PMSF and 0.1% Triton X-100 for 10 min at

room temperature [15]. The lysates were centrifuged at

8000 g for 10 min and the supernatant and the precipitate

served as cytoplasmic and nuclear fractions, respectively. The

conditioned medium of 3Y1 or S-9 cells were collected and

centrifuged at 3000 g for 15 min.

Deglycosylation of DAN

The cell lysates and the conditioned medium of S-9 cells

were treated with PNGase F(0.5 U/85 ml, Boehringer, Man-

nheim, Germany) at 30�C overnight as described previously

[16]. Thereafter, a portion of each reaction was subjected to

SDS±PAGE and Western blot analysis.

V8-peptide mapping of DAN

S-9 cells were metabolically labelled with [35S]methionine

overnight and the cell lysates and the conditioned medium

were immunoprecipitated with anti-DAN antibody. After

localisation of the position of DAN on SDS±PAGE by auto-

radiography, the bands corresponding to DAN were cut out

from the gel and subjected to digestion with V8 protease [17]

at diVerent concentrations. The sizes of the digested products

were analysed by SDS±PAGE followed by autoradiography.

EVect of DAN addition on DNA synthesis

DAN was partially puri®ed by ammonium sulphate frac-

tionation (30±50%). The fraction which was enriched with

DAN was extensively dialysed against PBS and concentrated

by ultra®ltration using Centricon-3 (Amicon Beverly, Mas-

sachusetts, U.S.A.). The DAN fraction thus obtained was

added to the culture of SR-3Y1 cells at an approximate con-

centration of 100 ng/ml. Two days after the addition, cells

were labelled with [3H]thymidine (3.3 mCi/ml) for 2 h and the

radioactivity incorporated into the DNA fraction was mea-

sured as previously described [18].

RESULTS

As previously reported, DAN possesses the ability to sup-

press cell growth and retard entry into the S phase of the cell

cycle [8, 9]. Therefore, it is essential to examine how DAN

protein can achieve these crucial events, which are related to

tumour suppression. Although extensive database searches of

DAN still show no signi®cant overall homology to any known

proteins or genes, the N-terminal region (amino acids 1±24)

of DAN has been found to be highly hydrophobic and possi-

bly to comprise the leader peptide [19] (Figure 1). Thus, we

investigated whether DAN can be secreted or is present on a

membrane fraction.

Initially, we investigated the intracellular localisation of

DAN in 3Y1 and S-9 cells, the latter of which expresses a

large amount of DAN due to transfection with DAN cDNA

[9]. As shown in Figure 2, DAN was present as a molecular

mass of 27 kDa in the cytoplasm, but was not detected in the

nuclear fraction. We have previously shown by competition

experiments that Mr 27 000 protein corresponds to DAN [9].

It has been predicted that DAN can be secreted outside the

cell because of its hydrophobic region present at the N-term-

inal region. As shown in Figure 3, the presence of DAN was

indeed clearly observed in the culture medium. The amount

Figure 1. Hydropathicity of DAN protein. Hydropathicity of
the deduced amino acid sequence of rat DAN protein was cal-
culated using Kite and Doolittle algorithm. Calculated regions
of hydrophobicity are positive in the Kite and Doolittle repre-
sentation. The abscissa shows the numbers of amino acids

residues of rat DAN.

Figure 2. Subcellular distribution of DAN. The cell lysates of
3Y1 and SR-3Y1 cells were subfractionated into nuclear and
cytoplasmic fractions as described in Materials and Methods.
Each fraction (lanes 1 and 2, 3Y1 cells: lanes 3 and 4, S-9 cells:
lanes 1 and 3, cytoplasmic fraction: lanes 2 and 4, nuclear
fraction) was analysed for the presence of DAN by Western

blotting. Arrows show the position of DAN.
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of DAN secreted from the cells was calculated to be 80% of

the total DAN protein, based on the sample volume applied

for SDS±PAGE. The secreted form of DAN was also detec-

ted in 3Y1 cells, but the amount was less than that of S-9

(data not shown).

The mobility of extracellular DAN was found to be always

slower than that of cytoplasmic DAN. Therefore, the identity

of these two forms of DAN was examined by comparison of

V8-protease maps of DAN prepared from cell lysates and

culture medium. As shown in Figure 4, the peptide patterns

generated by V8 digestion are basically the same for these two

proteins. This observation indicates that the secreted form of

DAN retains the principal peptide skeleton of DAN, but the

molecular basis of the migration diVerence between cyto-

plasmic and extracellular DAN is still unknown.

As a putative N-glycosylation site of DAN is well con-

served between human and rodents, this modi®cation possi-

bly has some biological meaning. One of the approaches to

determine the presence of glycosyl residues is the suscept-

ibility of protein toward glycosidase treatment. For this pur-

pose, we examined the eVect of PNGase F (an enzyme which

hydrolyses most types of N-linked carbohydrate residues

from glycoproteins at a point between the di-GlcNAc core

and the Asn to which the carbohydrate is linked [16]) on the

mobility of DAN in SDS±PAGE. Both intracellular and

secreted DAN showed a signi®cant reduction of the apparent

mass of DAN (approximately 3000 Da) after treatment with

PNGase F (Figure 5). These results imply that DAN can be

glycosylated irrespective of its location.

In order to investigate the eVect, if any, of DAN on DNA

synthesis, DAN was partially puri®ed from serum-free culture

medium of S-9 by ammonium sulphate fractionation (30±

50%). The material dialysed against PBS was regarded as

crude DAN. We added the crude DAN to the SR-3Y1 cells

which lack expression of DAN [1] at a concentration of

100 ng/ml. Two days after the addition of DAN, [3H]thymi-

dine incorporation into DNA fraction was measured. As

shown in Table 1, the addition of DAN resulted in up to 40%

inhibition of DNA synthesis. In this experiment, either PBS

alone or the ammonium sulphate fraction prepared from

DAN-negative cells (SR-3Y1) was used as a negative control.

This inhibitory activity of DAN was abolished by heat treat-

ment (100�C, 10 min).

DISCUSSION

In previous reports, we have shown that DAN has a variety

of activities which include suppression of both anchorage-

independent cell growth and tumorigenicity and a delay of

Figure 3. Secretion of DAN into the culture medium. Cell
lysates and the conditioned medium derived from DAN-over-
expressing 3Y1 ®broblast (S-9) were electrophresed on 10%
SDS±PAGE. For cell lysates (1:4 dilution) and the conditioned
medium (1:40 dilution) of the material derived from the culture
dish (3.5 cm f) were used for analysis. DAN was detected by the
use of rabbit anti-DAN antibody. Lane 1, cell lysates: lane 2,

conditioned medium. Arrows show the position of DAN.

Figure 4. V8-peptide mapping of DAN. Cell lysates and the
conditioned medium prepared from [35S]methionine-labelled
S-9 cells were immunoprecipitated with anti-DAN antibody.
Each band corresponding to DAN (lanes 1±3, cell lysates: lanes
4±6, conditioned medium) was cut out and subjected to V8
protease digestion at diVerent concentrations (lanes 1 and 4, 0:
lanes 2 and 5, 1�g/ml: lanes 3 and 6, 10�g/ml). The products

were analysed by SDS±PAGE followed by autoradiography.

Figure 5. Deglycosylation of DAN. Cell lysates and the condi-
tioned medium of S-9 cells were treated with PNGase F (0.5 U/
85�l) at 30�C overnight. Samples before (lanes 1 and 3) and
after (lanes 2 and 4) digestion were analysed by Western
blotting (lanes 1 and 2, lysates: lanes 3 and 4, conditioned

medium).
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entry into the S phase [8, 9]. Therefore, DAN represents one

of the proteins which suppress cell growth through negative

regulation of cell cycle progression. The sequences of DAN

protein, which consists of 178 and 180 amino acids for rat

and human, respectively, have no signi®cant homology with

those of any known proteins, and it possesses several unique

sequences and motifs. Those include a zinc ®nger-like

domain, (HX)n repeat, N-linked glycosylation site, casein

kinase II target sequences [1, 10, 20]. Another interesting

feature is the presence of a highly hydrophobic stretch at the

N-terminus of DAN. In the present report, we have shown

that DAN is localised predominantly in the cytoplasm and

can be secreted into culture medium. Indirect immuno-

¯uorescence microscopic examination, using aYnity-puri®ed

antibody, failed to detect any signi®cant distribution patterns

of DAN due to a relatively high background staining.

Although precise molecular mechanisms underlying this

phenomenon are yet to be studied, secretion of DAN is

unique with respect to the mode of function of reported

tumour suppressor gene products. Recently, Jensen and

associates reported that BRCA1, a susceptible gene product

for familial breast and ovarian cancer, is secreted into the

medium [21]. Based on the subcellular localisation of DAN,

the possibility that DAN functions as a DNA binding protein

through its zinc ®nger-like domain can be considered to be

negligible. DAN secreted can suppress DNA synthesis from

outside the cells. It is also conceivable that a zinc ®nger-like

domain and/or a (HX)n repeat can be utilised for protein±

protein interaction(s).

It is likely that the N-terminal portion is retained in the

secreted form of DAN. This is based on the observation of

the mobility and V8 protease mapping of these two forms. It

has been generally argued that the signal peptide of the

secreted protein is cleaved when it is secreted. Determination

and comparison of N-terminal sequences of both intracellular

and secreted forms of DAN is necessary to prove this point.

The extent of the suppression of DNA synthesis never

exceeded 40% in the present experiment. We presume that

this is probably due to the impurity of the DAN preparation

which might contain molecule(s) responsible for antagonistic

action. Therefore, puri®cation of DAN is the next crucial

step in determining the signi®cance of this important obser-

vation, and this is in progress in our laboratory.

It is possible that DAN, once secreted into the medium, can

act as an inhibitor of DNA synthesis in an autocrine or para-

crine manner. In this circumstance, the presence of an inter-

mediate molecule, such as a receptor, which might be

present on the membrane and transmit signal(s) from the

outside to inside of cells can be speculated. As the search

for target molecules of DAN is urgent and important, we

are currently utilising a yeast two-hybrid system to search

for candidate molecule(s).
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