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Appearance of Malignant Phenotype with Partial Loss of Hormone Dependency in
Androgen-dependent Shionogi Carcinoma 115 Transfected with hst-1 Gene
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Shionogi Carcinoma 15 (SC 115) and Chiba Subline 2 (CS 2) are an androgen-dependent mouse
tumor and an androgen-independent subline derived from SC 115, respectively. Since new expression
of the transforming oncogene hst-1 might be related with autonomous progression in CS 2, the present
study was designed to examine the influence of expression of hst-1 gene on SC 115. The transfectants
of SC 115 with hst-1 still retained androgen sensitivity of growth, although the cells could grow
without androgen. The transfectants, however, developed fibroblast-like appearance in the absence
of androgen, in contrast to SC 115, which showed epithelial-like appearance after deprivation of
androgen. The transfectants acquired an ability to form colonies in soft agar in the absence of
androgen. $C 115 could not form tumors in intact mice, but the transfectants formed tumors at a high
rate in male mice but not in female ones. From these results, it was concluded that expression of hst-
1 was able to alter the phenotype of the androgen-dependent tumor with partial loss of androgen-

dependency, and these changes might be advantageous for malignant progression,
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Shionogi Carcinoma 115 (SC 115) is a transplantable
androgen-dependent tumor of DD/S strain mouse."
During serial transplantation of SC 115, an androgen-
independent subline, Chiba Subline 2 (CS 2), was ob-
tained.”™ SC 115 and CS 2 cells have been cloned with
retention of the respective androgen responsiveness and
unresponsiveness in our laboratory.””

The hst-1 gene was first identified by transfection of
NIH/3T3 cells with human DNA samples obtained from
gastric cancers.>” Amplification of hst-I was reported in
esophageal and breast cancers, and it appeared to corre-
late with clinical stage and prognosis.'™'" Expression of
hst-1 was also found in some mouse mammary tumors
and suggested a relation with tumor growth.'”

Since it was found that expression of Ast-I appeared in
CS 2 but not in SC 115," hst-1 was considered to play
some role in the progression of androgen-dependent cells
to androgen-independent ones. To shed light on the role
of hst-1 in malignant progression, the present study was
undertaken to characterize SC 115 cells transfected with
hst-1.

.MATERIALS AND METHODS

Cells Cloning of SC 115 cells was described previously.”
SC 115 cells were maintained in minimum essential
medium(MEM)/Ham’s F-12 (1/1, v/v) containing 10%
fetal bovine serum (FBS, treated with 0.05% dextran-
coated 0.5% charcoal) and 107° M testosterone (mainte-
nance medium). DNA transfection of SC 115 celis was
performed by calcium phosphate precipitation with the
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plasmids pKOneo, pKOc5, and pZB5."*') These plas-
mids were generous gifts from Dr. M. Terada, National
Cancer Center Research Institute. pKOc5 possesses
human hst-1 gene driven by the SV 40 early promoter,”
and was cotransfected with plasmid DNA containing the
bacterial neomycin resistance gene (pKOneo). pZB5 pos-
sessed both human hst-I gene and neomycin resistance
gene driven by murine leukemia virus long terminal
repeat.'® Transfectant with pKOneo was used as a con-
trol. After transfection, cells were exposed to medium
containing 500 yg/ml of the antibiotic G418 (Gibeo,
USA), and G418-resistant colonies were isolated, desig-
nated as SC 115/neo, 8SC 115/¢5, and SC 115/ZBS5, re-
spectively, and used for the study.

To determine cell growth, cells (5 10* cells/dishes)
were plated onto 35-mim dishes containing 2 ml of main-
tenance medium. After 48 h, the medium was replaced by
MEM/Ham’s F-12 (1/1, v/v) containing 1% FBS with
or without testosterone, and the medium was changed
every other day. Viable cells were counted by trypan blue
exclusion using a hemocytometer.

To estimate anchorage-independent growth, 1X10°
cells in 1 ml of overlayer composed of MEM supple-
mented with 5% FBS and 0.33% agar were transferred
on top of 1 ml of solidified underlayer composed of
MEM supplemented with 109, FBS and 0.5% agar in 35-
mm dishes. Cells were cultured for three weeks in the
presence or absence of 107% M testosterone. Colonies
which consisted of more than 50 cells were scored as
positive.

DNA and RNA analysis Genomic DNA was obtained
by proteinase K treatment followed by phenol extraction,
then digested with restriction endonuclease HindIIL
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Total RNA was prepared by the acid guanidium
thiocyanate-phenol-chloroform method.'™” An aliquot of
DNA or RNA was clectrophoresed on 0.89 or 1%
agarose gel, respectively, and transferred onto a nitrocel-
lulose filter by blotting in 20X SSC (1 XSSCis 0.15 M
NaCl and 0.015 M sodium citrate). The HindII1-HindIII
fragment which included the open reading frame of
human #st-1 gene was labeled with *P-dCTP by means of
the multiprime DNA labeling system (Amersham, UK).
Southern and Northern blot hybridizations were
performed at 42°C for 16 h in 50% formamide, 0.65 M
NacCl, 0.1 M Pipes-NaOH at pH 6.8, 5 mM EDTA, 5%
Denhardt’s solution, 100 z£g/ml denatured salmon sperm
DNA, 0.1% sodium dodecyl sulfate (SDS), and 10%
dextran sulfate.”™ The filters were washed in 0.1 XSSC
containing 0.1% SDS at 65°C.

Assay for tumorigenicity Cultured cells were harvested
with trypsin-EDTA and resuspended in maintenance
medium at a density of 2107 cells/mil. Approximately
4X10° cells were implanted s.c. at the dorsomedian
region of the neck of mice of DD/S strain, 6 to 8 weeks
of age. Mice were purchased from Aburabi Farms
(Shiga). Four weeks after implantation, the size of the
tumors was measured and tumors more than 0.5 ¢cm in
diameter were scored as positive,

RESULTS

Expression of Ast-I in transfectants of SC 115 After
culturing SC 115 cells transfected with pKOneo, pKOc5
and pKOneo, or pZB3, respectively, the cells were
harvested and the integrated DNA was analyzed. South-
ern blot analysis of SC 115 cells with an Ast-1 probe
showed 3.5 and 1.7 kilobase (kb) fragments, and these
fragments were also found in SC 115/¢5 and SC 115/
ZB5 (Fig. 1). In addition, the fragment of kst-I at 0.9 kb
in 8C 115/¢5 and that at 3.0 kb in SC 115/ZB5 were
detected, and these had originated from pKOc5 or pZB35,
respectively, since they were coincident with the pre-
dicted size of hst-1 derived from pKOc5 or pZB5. Other
novel fragments were assumed to be a result of gene
rearrangement of the plasmids.

Total RNA samples of the transfectants were analyzed
by Northern blot analysis (Fig. 2). The 1.6 and 5.0 kb
transcripts were detected in SC 115/¢5 and 8C 115/ZB5
cells, respectively, but not in SC 115 and SC 115/neo
cells. The aberrant sizes of the hst-1 transcripts could be
due to precursor RNA or products formed by alternative
splicing. The same blot was reprobed for S-actin mRNA
to confirm that similar amounts of RNA had been
loaded.

Cell growth SC 115 and SC 115/neo cells grew ex-
ponentially in the presence of 10™% M testosterone, and
the growth rate of SC 115/neo was almost identical to
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Fig. 1. Southern blot analysis of genomic DNA from $C 115
and transfectants of Ast-I and/or neomycin resistance genes.
DNA samples (10 g2g/lane) from 8C 115 (lane 1), SC 115/ne0
(lane 2}, SC 115/¢5 (lane 3), and SC 115/ZB5 (lane 4) were
digested with HindIII and analyzed with a probe specific for the
open reading frame of the human hst-1 gene. HindIII digest of
ADNA and Haelll digest of ¢X174 were used as markers.

that of 8C 115 (Fig. 3). In the absence of iestosterone,
they did not proliferate, showing androgen-dependent
growth. Growth rates of 8C 115/¢5 and SC 115/ZB35 in
the presence of testosterone were significantly higher
than those of SC 115 and SC 115/neo cells. These two
cell lines showed growth even in the absence of testoster-
one, but addition of testosterone evoked more rapid
proliferation, indicating a response to androgen in these
cells.

Colony formation in soft agar was examined. SC 115
and SC 115/neo cells did not proliferate without testos-
terone. On the contrary, approximately 10 colonies/dish
appeared in cultures of SC 115 and SC 115/neo in the
presence of testosterone (Table I). SC 115/c5 and SC
115/ZB5 formed colonies in the absence of testosterone,
but the effect of testosterone on colony formation was
evident. These results showed that changes of androgen
dependency of growth occurred after transfection of SC
115 cells with hst-1.

Morphology of transfectants SC 115 cells showed
fibroblast-like shape in the presence of androgen but



Fig. 2. Northern blot analysis of RNA from SC 115 and
transfectants of hst-1 and/or neomycin resistance genes. Total
RNAs (20 gg/lane) from SC 115 (lane 1), SC 115/neo (lane
2), 8C 115/c5 (lane 3), and SC 115/ZB5 (Lane 4) were
applied. Hybridization was performed with probes of hst-1 (A)
and S-actin {B). Positions of ribosomal RNA are indicated.

removal of testosterone changed the shape to epithelial-
like morphology as evaluated by phase contrast micros-
copy (Fig. 4). The shape of 8C 115/neo and the influence
of testosterone on the cells were almost identical to those
of SC 115 eells. SC 115/c5 and SC 115/ZB5 showed a
fibroblast-like appearance regardless of the presence or
absence of testosterone. The latter two formed distinct
foci in which the cells were piled up.

Tumeorigenicity in mice After transplantation of SC 115
and SC 115/neo cells, small nodules less than 0.5 cm in
diameter appeared in a few animals, but further growth
of nodules did not occur during 12 weeks, and they were
assumed to be non-tumorous (Table II). On the con-
trary, SC 115/c5 and SC 115/ZB5 formed tumors in
male mice. The tumors which arose after inoculation of
SC 115/¢5 cells were poorly differentiated adenocarci-
nomas (Fig. 5). The histological appearance of SC 115/
ZB5 was similar to that of SC 115/c5 (data not shown).
SC 115/¢5 and SC 115/ZB5 scarcely formed tumors
in female mice, showing dependency upon androgen.
Metastatic foci did not appear in mice bearing tumors of
SC 115/¢5 and SC 115/ZB5 up to 12 weeks during the
experimental period.

Transfection of Ast-1to SC 115
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Fig. 3. Growth of SC 115 cells and transfectants of hst-1 and/

or neomycin resistance genes. Cells were cultured in mainte-
nance medium for 2 days and transferred to MEM/Ham’s F-12
containing 1% FBS with (open symbols) or without (closed
symbols) 1072 M testosterone: SC 115 (triangles), SC 115/neo
(circles), SC 115/c5 (diamonds) and SC 115/ZB5 (squares).
Each point was calculated from three dishes; SE is not depicted
due to its very low level.

Table I. Anchorage-independent Growth of SC 115 Cells and
Transfectants of hst-I and/or Neomycin Resistance Genes
Colonies/dish
Cell line Testosterone?
(—) (+)
SC 115 0 g8t2
SC 115/ne0 0 6x1
SC 115/c5 24=%35 174X 15
SC 115/ZB5 28+5 60+ 10

a) The cells were cultured in soft agar with or without 107% M
testosterone.

DISCUSSION

It was reported that hst-1 was expressed in some mouse
mammary tumors of BR6 strain with integrated mouse
mammary tumor virus (MMTV)."? Integration of
MMTYV was found in both SC 115 and CS 2 in identical
sites, and only the latter expressed Asi-1 without new
insertion of MMTV."?
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Fig. 4. Morphology of SC 115 cells and transfectants of hst-I and/or neomycin resistance genes. SC 115 (A, B), SC 115/neo (C,
D), SC 115/¢5 (E), and SC 115/ZB5 (F) were cultured in maintenance medium for 2 days and transferred to MEM/Ham’s F-12

containing 1% FBS in the absence (A, C, E, F) or presence (B,D) of testosterone. After 4 days, the cells were photographed.
> 100.

SC 115/¢5 and SC 115/ZB5, transfectants with hst-1, the transfectants preserved androgen-responsiveness of
acquired proliferating ability in anchorage-dependent growth, they might have malignant potential when com-
and -independent growth without androgen. Although pared with the parent SC 115 cells. It was reported that
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Table II.  Tumorigenicity of SC 115 Cells and Transfectants
of hst-1 and/or Neomycin Resistance Genes

Mice with tumors®

Cell line

male female
SC 115 0/20 (0)*” 0/20 (0)
SC 115/neo 0/11  (0) 0/9 (0)
SC 115/¢5 10/10 (100) 0/8 (0)
SC 115/ZB5 8/10 (80) 179 (11)

a) Mice given s.c. injections of 4 % 10° cells.
b) % tumor formation.

= P

Fig. 5. Histology of tumors composed of ‘SC 115/c5 cells.
Approximately 4 > 10° cells were inoculated into DD/S mice
and 4 weeks after transplantation, tumors were excised. H & E,
X 400.

SC 115 cells could not grow in intact male mice without
a pharmacological dose of exogenous testosterone.'” The
present study also confirmed no growth of SC 115 in
intact mice. Only one tumor (11%) appeared in a female
mouse inoculated with SC 115/ZB5. This might be ex-
plained by the assumption that an androgen-insensitive
mutant appeared during transplantation. Acquired ma-
lignant potential in the transfectants seems to be related
with expression of hst-1, since control transfectants with
pKOneo did not show different characteristics from SC
115 cells.

Recently it was reported that in serum-free culture, the
growth of SC 115 cells was regulated by an androgen-
induced fibroblast growth factor (FGF)-like peptide in
an autocrine fashion.”** CS 2 cells also secreted a
similar FGF-like peptide which promoted the growth of
themselves and of the parent SC 115 cells in autocrine
and paracrine manners, respectively.®” The FGF-like

Transfection of hst-1 to SC 115

peptides secreted from both SC 115 and CS 2 cells may
share the same receptors with FGFs,”*” but the peptides
differed from authentic FGFs in their physicochemical
properties. Moreover, the peptide from CS 2 cells was not
identical in molecular weight with that secreted from SC
1157 From the DNA sequence of hst-l in human
cancers, it was predicted that the product of hst-1 con-
sisted of 206 amino acids which had about 40% homol-
ogy to FGFs."* The murine homologue of the hst-1
gene was sequenced, and it encoded a protein which
consisted of 202 amino acids and had 82% homology to
human hst-1.* The transfectants produced growth-
promoting factor, since conditioned media obtained from
SC 115/¢5 and SC 115/ZBS5 in the absence of androgen
had marked growth-promoting activity toward SC 115
cells (data not shown). The molecular weight of FGF-
like peptide from CS 2 was assumed to be approximately
50,000, and therefore FGF-like peptide seems to be
different from the product of hst-1, although CS 2 ex-
pressed hst-1. The nature of FGF-like peptides secreted
by SC 115 and CS 2 has not been clarified yet, but it is
probable that these peptides belong to the FGF family.

FGFs are potent mitogens for a variety of cells and
also play important roles in tumor development and
angiogenetic processes.” *”" A different growth property
of CS 2 was noticed with a less necrotic tendency when
compared with SC 115,” and FGF-like peptide produced
by CS 2 may contribute to the prevention of the necrotic
process. Expression of Ast-1 seems to offer some advan-
tages over SC 115 for tumor growth in mice.

There have been reports indicating that expression of
some oncogenes alters the hormone sensitivity of tumors.
When MCF-7 cells, an estrogen-dependent human mam-
mary carcinoma cell line, were transfected with v-H-ras,
the transfectants showed estrogen-independent growth
and an ability to form tumors in nude mice in the absence
of estrogen.™ ™ It was reported that expression of H-ras
oncogene overcame hormone-dependent growth of
MCF-7 cells in vitro, but not in vivo.""” On the contrary,
Sommers et al.”* reported that H-ras-transfected MCF-7
cell lines were estrogen-responsive for cell growth in
culture but some cell lines formed tumors in the absence
of estradiol in nude mice. Therefore, some discrepancies
concerning autonomy exist in the case of MCF-7 cells
transfected with ras oncogene, but it should be stressed
that alteration of hormone sensitivity is evoked by new
expression of some oncogenes in hormone-dependent
tumors.

From the present study, we conclude that new expres-
sion of hst-1 gene in SC 115 assists malignant progres-
sion, but the transfectants do not achieve complete
escape from response to androgen. This may imply that
loss of growth dependency on androgen is not a single-
step change.
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