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Non-transformed, but not ras/myc-transformed, Serum-free Mouse Embryo Cells

Recover from Growth Suppression by Azatyrosine

Takahiro Nomura,"* Kazuo Ryoyama,’ Gensaku Okada,' Sadaya Matano,® Shinobu
Nakamura® and Tadanori Kameyama'

Department of Molecular Biology and *Experimental Therapeutics, Cancer Research Institute, *Third
Internal Medicine, School of Medicine, Kanazawa University, 13-1, Takaramachi, Kanazawa 920

The anti-proliferative effect of azatyrosine, a newly discovered antibiotic from Streptomyces, was
examined in Balb/c-originated serum-free mouse embryo (SFME) cells and transformed ras/myc
SFME cells which have activated human c-Ha-ras genes. Azatyrosine suppressed their growth in a
concentration-dependent manner. Growth suppression in both cells was detectable within 2 days after
culture with 250 ug/ml azatyrosine. Non-transformed SFME cells, however, regained rapid growth
after 6 days even in the presence of azatyrosine, whereas ras/myc SFME cells did not recover frem
the suppression. Despite the growth inhibition of ras/myc SFME cells, expression of human ras in the
cells was not inhibited by azatyrosine, Meanwhile, SFME cells have the ability to express glial
fibrillary acidic protein (GFAP). This expression is induced by serum-supplemented medium, though
the serum inhibits the growth of SFME cells. Azatyrosine did not induce GFAP in ras/myc SFME
cells, but inhibited growth, Furthermore, azatyrosine did not induce GFAP in SFME cells, and had
ne effect upon the expression of GFAP induced by serum in these cells. These results suggest that
azatyrosine inhibited the growth of ras/myc SFME cells through a mechanism independent of those

involved in growth inhibition and induction of GFAP expression by serum in SFME cells.
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Serum-free mouse embryo (SFME)® cells were estab-
lished by Loo ez al.” under serum-free culture conditions.
The growth of SFME cells depends on an exogenous
supply of epidermal growth factor (EGF)” and they are
relatively stable. That is, they do not show any sign of
crisis, they do not acquire tumorigenicity, and their
karyotype remains diploid after more than 100 passages.
The ras/myc SFME cell line, which has been co-trans-
fected with human c-Ha-ras and mouse c-mye genes, is
independent of exogenous EGF and is tumorigenic in
syngeneic hosts, Balb/c mice.” The introduction of
cloned mouse ¢c-myc into the SEME cells immortalizes
them and effectively increases their transformation by
human c-Ha-ras, though the c-myc gene does not trans-
form the SFME cells.*® Parental SFME cells tend to
cease growth and express glial fibrillary acidic protein
(GFAP), an intermediate filament protein characteristic
of astrocytes, after supplementation with fetal calf serum
(FCS).” The effect of FCS upon SFME cells is reversi-
ble, so that the treated cells can grow again if transferred
to a serum-free culture condition.”

Azatyrosine [L-beta-(5-hydroxy-2-pyridyl)alanine] is
a newly discovered antibiotic purified from Streptomyces.
This product inhibits growth of NIH 3T3 cells trans-

* To whom correspondence should be sent.

% Abbreviations: SFME, serum-free mouse embryo; EGF, epi-
dermal growth factor; GFAP, glial fibrillary acidic protein;
FCS, fetal calf serum.

Azatyrosine — SFME cell ~ ras/mye SFME cell

formed with cloned human oncogenes such as ras, raf
and new, and of various tumor cells bearing activated ras
genes.” Although the exact mechanism is still unclear,
the inhibitory effect on ras-transformed NIH 37T3 cells is
irreversible, and the resultant cells exhibit a flat revertant
morphology and reduced tumorigenic activity.

We have examined the effects of azatyrosine on SFME
and ras/myc SFME cells from two perspectives, namely
whether azatyrosine selectively inhibits the growth of
ras/myc SFME but not SFME cells, and if so, whether
it induces the expression of GFAP in the cytoplasm of
treated ras/myc SFME cells.

MATERIALS AND METHODS

Cells Balb/c mouse embryo-derived SFME and ras/myc
SFME cells were provided by S. Shirahata of Kyushyu
University courtesy of D. Barnes, Oregon State Univer-
sity, Both cell lines were plated in plastic culture ware
pre-coated with either fibronectin or poly-p-lysine and
fibronectin, cultured at 37°C in a humidified CO, (5%)
atmosphere and passaged for 6 days. The culture medium
mainly used in the present study was /D medium (1:1
mixture of Dulbecco’s medified Eagle’s medium and
Ham’s nutrient mixture F-12} supplemented with 10 nM
sodium selenite, 10 zg/mi insulin (bovine), 10 xg/ml
transferrin (bovine), 10 zg/mil high-density lipoprotein
(human) and 50 ng/m! EGF (mouse submaxillary)
[serum-free culture medium]."* The culture medium
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supplemented with FCS instead of growth factors was
F/D with sodium selenite (10 nM). Media and supple-
ments were prepared in pyrogen-free ultra-pure water
{(NANO pure, Barnstead, IA).

Chemicals and reagents Aczatyrosine was kindly pro-
vided by O. Makabe (Meiji Seika Co. Ltd., Tokyo)
and 8. Nishimura (National Cancer Center, Tokyo).
Medium and growth factors were purchased from Sigma
(St. Louis, MO), FCS from Flow Laboratories (Irvine,
KS), rabbit anti-cow glial fibrillary acidic protein (Lot
No. 119) from Dako (Denmark), peroxidase-conjugated
affinity-purified goat anti-rabbit IgG (Lot No. 33235)
from Cappel (West Chester, PA), and normal rabbit
serum from Wako Pure Chemicals Co. (Osaka). The
human C-Ha-ras plasmid pUCEJ6.6 (from EJ bladder
carcinoma) was obtained from ATCC (American Type
Culture Collection); restriction enzymes and the
random-labeling kit reagents were from Takara {Tokyo),
and other chemicals and reagents were from Wako Pure
Chemicals Co.

Estimation of cell numbers Cells were cultured in the
absence or presence of azatyrosine at 37°C in a hu-
midified CO; (5% ) atmosphere at appropriate intervals.
The numbers of cells detached with trypsin were counted
with a particle counter (model ZB1, Coulter Electronic,
FL). Instrument settings were as follows: amplification,
1/2; aperture current, 1/2; lower threshold, 15; upper
threshold, 100; gain trim, 5; and aperture tube 100 #m in
diameter. When cells were cultured in 96-well micro-
plates (Falcon 3072), the cell numbers were estimated in
terms of reduction of 3-(4,5-dimethylthioazol-2-y1)-2,5-
diphenyltetrazolium bromide (MTT).® Briefly, after ad-
dition of MTT to each well at the end of the culture
period, plates were further incubated for 4 h at 37°C. The
amount of resulting blue formazan, after solubilization
with dimethyl sulfoxide, was measured at 540 nm with a
microplate reader (Immuno reader NJ-200, Inter Med.}.
RNA isolation and Northern blotting Total cellular
RNA from cells cultured with or without azatyrosine
was extracted using quanidium thiocyanate-phenol-
chloroform.” To prepare the poly(A)* RNA fraction,
100 pg of cellular RNA was applied to an olige(dT)-
cellulose column.'® Cellular RNA (15 ng) or poly(A)*
RNA (5 1g) was heat-denatured at 65°C for 7 min in a
sample buffer solution (6% formaldehyde, 50% form-
amide, 20 mM 3-(N-morpholino)propanesulfonic acid
pH 7, 5 mM sodium acetate, and 1 mM EDTA), then
fractionated by electrophoresis with ethidium bromide in
1.59% agarose containing 6% formaldehyde. RNA was
then transferred to a Hybond N membrane (Amersham)
by means of the capillary method.'”? The membrane was
dried, UV-irradiated and pre-hybridized for 4 h at 42°C
in 10 ml of 25 mM sodium phosphate, pH 6.5, containing
0.1% 8DS, 5X88C, 1 X Denhart’s solution and 200 ug/
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ml salmon sperm DNA. The membrane was then
hybridized for 12 h at 42°C, in 5 ml of the hybridization
solution, containing a randomly labeled (*P) 1304 bp
exen 4 fragment with the restriction sites Bg/ 1 and Sac I
of pUCEJ6.6, as the probe.'" '¥ Blotted membranes were
washed then exposed to X-ray film using intensifying
screens and autoradiographed at —70°C for 24 h.'”

Expression of GFAP Cells cultured with or without FCS
and/or azatyrosine in 96-well microplates were fixed with
75% ethanol and treated with Triton X-100. GFAP
levels were measured using an enzyme-linked immuno-
sorbent assay.”'® Rabbit anti-cow GFAP was used as
the first antibody, horse-radish peroxidase-conjugated
goat anti-rabbit IgG as the second, and orthophenylene-
diamine as the colorimetric reagent. In the control,
properly diluted normal rabbit serum was used as the first
reagent. Oxidized phenylenediamine, which indicates the
amount of GFAP, was determined by measuring absorp-
tion at 490 nm. Net GFAP absorption values were ob-
tained after correction for the controls. To avoid non-
specific absorption by the cells, we estimated the levels of
expression in the cells using the GFAP index, A/ Asig
where Ay, is the net absorption value at 490 nm and Ay,
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Fig. 1. Effect of azatyrosine on the growth of non-trans-
formed and ras/myc-transformed SFME cells. Both cell lines
(1x10%/2 ml/well) were cultured in the serum-free culture
medium with or without azatyrosine. Cell numbers were deter-
mined 6 days after culture was initiated. O, ras/myc SFME
cells; A, SFME cells.



is the absorption value at 540 nm of MTT, which repre-
sents the cell number. The MTT and the GFAP assays
were performed in separate wells. The correlation be-
tween cell number per well and Ay, for a standard was
determined independently (not shown).

Statistical analysis Student’s ¢ test was used to evaluate
the statistical significance of differences between groups.

RESULTS

Effect of azatyrosine on cell growth The anti-prolifera-
tive activity of azatyrosine was examined in SFME and
ras/myc SFME cells. Cells were plated at a density of
1X10* cells in a total volume of 2 ml/well of serum-free
culture medium in 24-well culture plates one day before
azatyrosine was added. Six days later, the cells were dis-
sociated with trypsin and counted. Azatyrosine inhibited
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Fig. 2. Growth kinetics of SFME cells with or without aza-
tyrosine. Cells {5 > 10°/2 ml/well) were plated at day ~ 1 in the
serum-free culture -medium. Azatyrosine (250 pg/ml) was
added at day 0, and the media were changed at day 6 and 5. O,
without azatyrosine; ®, with azatyrosine. *, P<0.001, day 2
vs. day 4; day 4 vs. day 6; and day 6 vs. day 8.

Effect of Azatyrosine on SFME Cells

the growth of both cell types in a concentration-depen-
dent manner (Fig. 1). Fifty percent growth inhibition of
both SFME and ras/myec SFME cells was achieved with
about 200 pug/ml azatyrosine, and complete inhibition
at 500 pg/ml.

Next, the kinetics of growth inhibition of both cell
lines in the presence of 250 ug/ml azatyrosine, were
investigated under the serum-free culiure conditions.
Cells were plated at 5 10° cells/1 ml/well, and azatyro-
sine was added on the next day (day 0). The cultures
were maintained for 12 days with fresh media changes at
days 6 and 9 with or without azatyrosine. The cells were
counted every second day. SFME cells without aza-
tyrosine proliferated fairly well up to day 8, then their
growth slowed (Fig. 2). Azatyrosine significantly re-
tarded the growth of SFME cells for the first 6 days, but
thereafter the cells regained their rapid growth activity.
In addition, the degree of the first growth suppression
with azatyrosine was variable. Contrary to the results
obtained from the SFME cells, ras/myc SFME cells did
not regain their growth activity in the media with aza-
tyrosine after the first growth reduction (Fig. 3). Similar
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Fig. 3. Growth kinetics of ras/myc SFME cells with or

without azatyrosine. Details are presented in Fig. 2. O, without
azatyrosine; @, with azatyrosine. %, P<{0.001, day 2 vs. day 4;
* %, not significant, day 4 vs. day 6; and day 6 vs. day 8.
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Fig. 4. Effect of azatyrosine on cell morphology. Cells (3% 10%/3 ml/well} were cultured with or without azatyrosine {300 gg/ml)
in the serum-free culture medium, and their morphology was assayed 6 days after the start of the culture. A, SFME cells without
azatyrosine; B, ras/myc SFME cells without azatyrosine; C, SFME cells with azatyrosine; D, ras/myc SFME cells with azatyrosine.

Bars indicate 100 #m.

results were also obtained in the media supplemented
with 10% FCS instead of the serum-free culture medium
(data not shown).

Further, we examined whether or not azatyrosine
causes morphological alterations in these cell lines. When
ras/myc SFME cells were plated at 5X10% cells/3 ml/
well in 6-well plates (Costar) and cultured with azatyro-
sine (300 zg/ml) under the serum-free conditions for 6
days, morphologically atypical cells appeared (Fig. 4).
The ras/myc SFME cells, but not the parental non-trans-
formed SFME cells, cultured with more than 200 gg/ml
of azatyrosine exhibited more or less atypical morpho-
logical alteration. The proportion of these atypical cells
in ras/mye SFME cell culture increased with the period
of azatyrosine treatment. However, visibly damaged cells
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appeared in culture with azatyrosine maintained with
medium changes at 7-day intervals (Fig. 5), and finally
all of the viable cells disappeared by one month.

Effect of azatyrosine on ras expression The steady-state
level of ras expression by ras/myc SFME cells was ex-
amined using the exon 4 fragment of human c-Ha-ras
DNA. from pUCEJ6.6 (human EJ bladder carcinoma) as
the probe (Fig. 6). Ras/myc SFME cells at the logarith-
mic growth stage expressed moderate amounts of human
c-Ha-ras RNA, whereas the endogenous mouse ras RNA
level in SFME cells was so low as to be detectable only in
the poly(A)" RNA fraction. Twenty-four hours after
plating of ras/myc SFME cells, 250 yg/ml azatyrosine
was added to the medium and the cells were cultured for
a further 3 or 6 days under the serum-free conditions.



Effect of Azatyrosine on SFME Cells

Fig. 5. Cell morphology after long-term treatment with azatyrosine. Ras/myc SFME cells (5 10°/1 ml/well with 24
well plate) were cultured in the serum-free medium with azatyrosine (300 pg/ml) for 12 days (A) or 22 days (B). Bars

indicate 100 gm.

Fig. 6. Northern blot analysis of ras expression in cells cultured in the absence (A) or the presence (B, C) of 300 ug/ml
azatyrosine. Human c-Ha-ras exon 4 fragment was used as the probe. The methodology is described under “Materials and
Methods.”™ A: 1, total RNA from SFME cells; 2, total RNA from ras/myec SFME cells; 3, poly(A) " RNA from SFME cells; 4, total
RNA from ras/myc SEME cells; 5, poly(A) " RNA from HeLa cells. o indicates 18 8 r-RNA position. B: Total cytoplasmic RNA
was extracted from ras/myc SFME cells grown without (1, 2 and 3) or with (4, 5 and 6) azatyrosine for various periods: 1 and 4,
12 h; 2 and 5, 3 days; 3 and 6, 6 days. m, Hind III-digested A phage DNA, 23.5 kb, 9.8 kb, 6.7 kb, 4.5 kb, 2.4 kb, 2.0 kb, 0.6 kb
from the top. C: Ethidium bromide-stained RNA banding in agarose gel electrophoresis of (B).

Figure 6 shows that azatyrosine did not inhibit the ras Effect of azatyrosine on the expression of GFAP An
gene expression of ras/myc SFME cells even when enzyme-linked immunosorbent assay was used to detect
growth of the cells was completely inhibited at day 6 ~ GFAP in both SFME and ras/myc SFME cells. First,
(see Fig. 3). SFME cells were plated at a density of 5 10° cells/0.2
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Table I. Appearance of GFAP in SFME Cells after 3 Days in the Presence of FCS?
Cell growth GFAP

FCS (%)Y A’ Cells/well Asso? Index

P (x10%) P Ag/ Asio

0 0.241£0.045 9.2 0.44110.058 1.8

1 0.094£0.009 < 0.001 1.3 0.748+0.081 < 0.001 8.0

5 0.114£0.014 < 0.005 1.9 1.804:£0.090 < 0.001 15.8

10 0.159£0.013 <0.025 3.5 1.859£0.102 <0.001 1.7

@) Cells were plated at 5 10°/well with the serum-free culture medium and cultured for 3 days after the

media were changed on the next day to the experimental one.

b) The medium without FCS has growth factors whereas ones with FCS have no factors.
¢) Values represent means +SDs of 4 wells, and P values are with respect to 0% FCS.

Table II.  Appearance of GFAP in SFME or ras/myc SFME
Celis Cultured in 10% FCS-supplemented Medium®

Seeding Cells after 3 days in culture
cells/well 5 5 Index
(% 10%) A Ad Ao’ Asso
SFME cells
0.5 0.033£0.006 0.077£0.026 2.3
10 0.056+0.006 0.139+0.042 25
15.6 0.460£0.089 2.288 £0.065 5.0
125.0 0.470£0.014 2.247+0.036 4.8
ras/myc SFME cells
0.4 0.089£0.027 0.06610.015 0.7
1.6 0.3101£0.023 0.329£0.056 1.1
25.0 0.873£0.125 0.409£0.017 0.5
100.0 1.017+0.134 0.388 £0.040 0.4

a) Cells were plated with the serum-free culture medium and
the medium was changed to one with 109% FCS next day.
b) Values represent means +SDs of 4 wells.

ml/well in 96-well microplates with the serum-free cul-
ture medium. The medium was changed next day and
cells were cultured for 3 days with or without FCS,
where growth factors were added to the medium without
FCS (Table I). Since SFME cells are very sensitive to
growth factor depletion, more than half of the cells was
lost in the culture with 19 FCS. The GFAP index
reached the maximum at 5% FCS, and the index was
always lower than 2.0 when cells were cultured in the
serum-free culture medium. Therefore, we adopted a
GFAP index of over 2.0 as the criterion of positive
GFAP expression. Depending on FCS concentration, the
growth of SFME cells was inhibited, but the GFAP
levels in the cells increased. On the contrary, FCS (10%)
neither inhibited the growth of ras/myc SFME cells nor
inereased the GFAP indices above 2.0, irrespective of the
cell density (Table II). We then examined the effect of

856

Table III.  Effect of Azatyrosine (AT) on GFAP Expression
of ras/myc SFME Cells”
Index
. D) b
Culture conditions A Ay Ao/ Ao

Serum-free medium

+AT Opg/ml  0945£0.041 0.17220.080 0.2
+AT 200 zg/ml 074210026 0.327X£0.072 0.4
+AT 400 gg/ml  0.40410.029 0.217+0.019 0.5

10% FCS-supplemented medium

+AT Ogg/ml 1.192£0.223  0.59210.041 0.5
+AT 200 ug/ml  0.575£0.101 0.277:+£0.044 0.5
+AT 400 pg/ml  0.266X0.086 0.173X0.020 0.7

a) Cells were plated at 13X 10*/well and cultured for 6 days.
b) Values represent means+SDs of 4 wells.

Table IV. Effect of Azatyrosine (AT) on GFAP Expression
of SFME Cells”

L. 5 n Index
Culture conditions Asig - Apo/As
Serum-free medium
+AT Ogg/ml 0.380+0.018 0.709+0.140 1.9
+AT 250 gg/ml  0.283X0.007 0.531X0.065 1.9

10% FCS-supplemented medium
+AT Opg/ml 035410007 2.042+0.042 5.8
+AT 250 ug/ml  0.378+0.019 1.948£0.016 5.5

a) Cells were plated at 1.6 X 10*/well and cultured for 4 days.
b) Values represent means +SDs of 4 wells,

azatyrosine on GFAP expression in the ras/myc SFME
cell line. The cells were incubated with various concen-
trations of azatyrosine for 6 days in the serum-free
culture medium or that containing 1095 FCS (Table 11I).
Under the present culture conditions, azatyrosine did not



increase the GFAP index of ras/myc SFME cells above
2.0, despite its anti-proliferative activity. In addition,
azatyrosine neither inhibited GFAP induction by FCS
nor induced GFAP in SFME cells (Table IV).

DISCUSSION

Shindo-Okada et al reported that azatyrosine sig-
nificantly inhibits growth of ras-transformed but not the
parental non-transformed NIH 3T3 cells.” This effect
also occurs in other cells transformed with cloned-human
oncogenes such as ras, rafand new, and in various tumor
cells harboring activated ras genes.” They also reported
that another feature of the azatyrosine effect on ras
transformed NIH 3T3 cells is the induction of so-called
revertant cells. These revertants appear after 6 days in
culture with azatyrosine and are morphologically differ-
ent from both the transformed NIH 3T3 cells and the
parent cells, They are flat, giant and have clear nuclei.

The present study showed a slight but significantly
different effect of azatyrosine on the growth of our
transformed and non-transformed SFME cells. The
growth of both kinds of SFME cells was significantly
inhibited by azatyrosine for the first few days. Parental
non-transformed SFME cells, however, regained their
rapid growth activity thereafter, whereas ras/myc-
transformed SFME cells did not. Furthermore, no ap-
parent revertant cells were detectable in ras/myc SFME
cells cultured in the presence of azatyrosine, since their
growth recovered after the medium changed to 10%
FCS-supplemented medium without azatyrosine, in
which non-transformed SFEME cells cannot grow (data
not shown). Morphologically atypical cells were observ-
able in ras/mye SFME cell culture after treatment with
azatyrosine. However, these cells failed to grow in the
presence of azatyrosine. It is noteworthy that all of the
cells were irreversibly damaged and no cells recovered
after 1 month in culture with medium changes at 7-day
intervals, The different responses to azatyrosine of the
ras/myc SFME and rastransformed NIH 3T3 cells
might result from the presence of the c-mye gene in the
ras/myc SEME cells. But the co-transfected mouse c-myc
gene reportedly only increases the efficiency of transfor-
mation of cells containing the c-Ha-ras gene.” In our
preliminary experiment, ras/SFME cells, which have no
exogenous ¢-myc gene but have human c-Ha-ras, showed
a similar result on treatment with 250 yg/ml azatyrosine
(data not shown). Besides, the cell we used here is an
astrocyte precursor which is quasi-terminally differ-
entiated, as discussed below, so its biological character
should be different from that of NIH 3T3 cells. This
needs further investigation.

Expression of GFAP, which may have important roles
in the course of the ontogenic differentiation of brain

Effect of Azatyrosine on SFME Cells

cells, is a useful marker of the cytological condition of
astrocytes."*'” Non-transformed SFME cells express
GFAP coinciding with the suppression of proliferation
when they are cultured in medium with serum, and so
they are distinguished as astrocyte precursors.” In many
cases, introduction of activated oncogenes promotes cell
proliferation but depresses the differentiation.’®'® The
ability of SFME cells to express GFAP is also depressed
by ras transfection.” Since azatyrosine reverts ras-
transformed NIH 3T3 cells to apparently normal cells,”
there may be a possibility that the suppression of pro-
liferation by azatyrosine accompanies the differentiation
of ras/myc SEME cells. In spite of the inhibitory effect
on cell proliferation, however, azatyrosine had no effect
on the induction of GFAP expression by ras/myc SFME
cells. In addition, azatyrosine did not substitute for
serum in SFME cells, which expressed GFAP in the
presence of serum even in a culture with sufficient azaty-
rosine. Therefore, it may be speculated that the action
mechanisms of azatyrosine do not involve normalization
and/or differentiation of ras/myc SFME cells and the
process of GFAP expression.

The expression of the introduced human ras gene is
reportedly not inhibited by azatyrosine in ras-trans-
formed NIH 3T3 cells and their revertant cells. Further,
azatyrosine reverts the NIH 3T3 cells transformed by
activated rafand neu other than ras, so the product of res
may not be a direct target of azatyrosine.” Azatyrosine
did not inhibit expression of the human rags gene in ras/
myc SFME cells either. On the other hand, growth
suppression of ras/myec SFME cells with azatyrosine was
competitively inhibited by simultaneous addition of tyro-
sine in our preliminary experiments. Then, there may be
another possibility, that the oncogene products are
modified directly by the incorporated azatyrosine in our
cells. Further investigation on this point may be required.
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