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Vitamin E Induces Morphological Differentiation and Increases the Effect of lonizing
Radiation on Neuroblastoma Cells in Culture (40598)’

KEDAR N. PRASAD, SUZANNE RAMANUJAM, anp DENISE GAUDREAU

University of Colorado Medical Center, Department of Radiology, Box A031, 4200 E. 9th Avenue Denver,
Colorado 80262

Vitamin E possesses antioxidant properties
and therefore has been presumed to partici-
pate only in antioxidative activities of cells in
vivo. However, the cellular and molecular
mechanisms of vitamin E are not understood.
Sodium ascorbate (vitamin C), which also
exhibits antioxidant properties, shows anti-
tumor activity in vivo (1) and in vitro (2, 3). In
addition, sodium ascorbate potentiates the
effect of ionizing radiation and certain chem-
otherapeutic agents on neuroblastoma (NB)
cells in culture. This property of sodium L-
ascorbate is shared by sodium D-ascorbate,
but is not shared by another antioxidant,
glutathione (2). We, therefore, wondered if
vitamin E would exhibit antitumor activity in
vitro. We now report that vitamin E causes
dramatic increase in the formation of neurites
in NB cells, but it does not induce the for-
mation of cytoplasmic processes in glioma
cells. Neuroblastoma cells are more sensitive
to vitamin E than glioma cells for the criterion
of growth inhibition. Vitamin E increases the
effect of ionizing radiation NB and glioma
cells.

Materials and Methods. Mouse neuroblas-
toma clone NBP;, which contains both tyro-
sine hydroxylase and choline acetyltransfer-
ase activities, was used in this study (4). Rat
glioma clone (C-6) (5) of passages 30-42 (6)
was used in this investigation. Neuroblastoma
cells were grown in F12-medium containing
10% agammaglobulin newborn calf serum,
whereas glioma cells were grown in F12 me-
dium containing 10% fetal calf serum. Both
types of media contained antibiotics (penicil-
lin 100 U/ml and streptomycin 100 pg/ml).
These cells were maintained at 37° in a hu-
midified atmosphere of 5% CO..

Aquasol vitamin E (pL-alphatochopher-
ylacetate water solubilized with polysorbate

' This work was supported in part by NIH 1 ROl ES
NS 01576.

80; 50 IU/ml) was diluted with water. All
solutions were protected from light and stored
at 4°. To study the effect on morphological
changes, cells (10,000) were plated in Lux
tissue culture dishes (60 mm), and vitamin E
(0.01-0.1 IU/ml) was added 24 hr later. No
medium or drug was changed during the
period of the experiment. The number of
morphologically differentiated cells was de-
termined 3 days after treatment. Cells with
cytoplasmic processes greater than 50 um in
length were considered morphologically dif-
ferentiated. The number of morphologically
differentiated cells was also determined 1, 2,
and 3 days after the addition of vitamin E
(0.06 1U/ml). To study the effect of vitamin
E on growth rate, cells (5 X 10 NB cells; 10°
glioma) were plated in Lux tissue culture
dishes (60 mm), and vitamin E at various
concentrations (0.01-0.1 ITU/ml) was added
24 hr later. Cell number was counted 3 days
after treatment.

To investigate whether vitamin E enhances
the effect of ionizing radiation, cells (50,000
NB; 100,000 glioma) were plated in Lux tissue
culture dishes (60 mm), and irradiated at
room temperature with “Co-y-irradiation at
the dose rate of 41 rad/min 24 hr after plat-
ing. Vitamin E (0.05 IU/ml) was added im-
mediately after irradiation. The drug and
medium were changed 2 and 3 days after
irradiation, and the cell number was counted
4 days after irradiation.

Cell viability was determined by counting
the number of cells stained with trypan blue
(0.2% in saline) among attached cell popula-
tion before removing for counting, For count-
ing purposes NB cells were removed from the
dish by incubating them in the presence of
pancreatin solution (0.25% in Ca-free MEM)
for 10 min; whereas glioma cells were washed
twice with phosphate-buffered saline and
then incubated in the presence of trypsin
solution (0.25% in Ca-free MEM) for 40 min.
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Cells were counted by a Coulter counter. The
stained cells were considered dead and sub-
tracted from the total in order to obtain the
number of viable cells/dish.

To determine the level of cyclic AMP, cells
(10°, NB; 2 x 10°, glioma) were plated in Lux
tissue culture dishes (60 mm) and vitamin E
(0.06 IU/ml for NB, 0.1 IU/ml for glioma)
was added 24 hr later. Media and drug were
changed 2 days after treatment, and the cyclic
AMP level was determined 5 min and 3 days
after treatment according to Gilman’s
method (7). Protein was determined accord-
ing to the method of Lowry, et al. (8). Data
were expressed as pmoles of cyclic AMP/mg
proteins.

Results and discussion. Treatment of NB
cells with vitamin E caused dramatic increase
in morphological differentiation as evidenced
by the formation of long neurites and in-
creases in the size of soma and nucleus. A
significant increase in morphological differ-
entiation of NB cells was observed at a con-
centration of 0.05 IU/ml (Fig. 1). The con-
centration range which caused a maximal
increase in the formation of neurites was very
narrow (0.06-0.08 IU/ml). The cell death was
marked after treatment of the cultures with
higher concentrations (0.07-0.08 1U/ml) of
vitamin E (Fig. 1). If the formed neurites
retract after the removal of stimulus, the ef-
fect is referred to as reversible; if they main-
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Fi1G. 1. Neuroblastoma cells (10*) were plated in Lux
tissue culture dishes (60 mm), and vitamin E was added
24 h later. Drug and medium were changed at 2 days
after treatment, and the number of morphologically
differentiated cells was counted 3 days after treatment.
The number of trypan blue-stained cells among attached
cell population was also determined. Each value repre-
sents an average of at least six samples. The bar at each
point is standard deviation. The bars not shown in figure
were equal to sizes of symbols.
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tain their phenotype after the removal of
stimulus, the effect 1s referred to as irreversi-
ble. The reversibility of neurites was depend-
ent upon cell density at the time of treatment
and on concentrations of vitamin E. Treat-
ment of cultures of lower cell density (10%/
dish) with vitamin E caused irreversible mor-
phological differentiation 3 days after treat-
ment. This is shown by the fact that the
neurites did not retract 1 day after the re-
moval of vitamin E. When the cultures were
examined 3 days after removal of vitamin E,
colonies of highly differentiated, partially dif-
ferentiated, and mixture of differentiated and
undifferentiated NB cells were found. There
were relatively more colonies of differentiated
cells in NB cultures treated with higher con-
centrations of vitamin E (0.07-0.08 IU/ml).
Many of the differentiated NB cells died
during a 6-day period. These data show that
cells resistant to vitamin E exist in the NB
cell culture even after treatment with high
concentrations of vitamin E. We do not know
the reasons for the existence of vitamin E-
resistant cells in NB culture. The resistance
of cells to vitamin E does not depend upon
the cell cycle, since the resistant cells were
observed in cultures which were continuously
treated with vitamin E for at least three gen-
eration times. Cells are resistant to vitamin E
probably due to heritable mutation. Since the
vitamin E-resistant cells (undifferentiated
and partly differentiated) were not subcul-
tured, we do not know if the acquired differ-
entiated features are heritable for a prolonged
period of time.

The cultures of higher cell density (5 X
10*/dish) required higher concentrations
(0.07-0.08 TU/ml) of vitamin E for a similar
effect on morphological differentiation (Ta-
ble I). The changing of medium and vitamin
E (0.06 IU/ml) daily produced more differ-
entiated cells in cultures plated at high cell
density (5 X lO“/dish) than those in which
medium and drug were changed only once
during a 3-day period (Table I). A significant
increase in morphological differentiation was
observed 1 day after treatment; however, a
maximal increase was found 3 days after
treatment (Fig. 2).

Vitamin E failed to cause morphological
differentiation in another neuroblastoma
clone, NBA;, (contains only tyrosine hy-
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TABLE 1. EFfecTt OF CELL DENSITY ON
MORPHOLOGICAL DIFFERENTIATION OF
NEUROBLASTOMA CELLS IN CULTURE"

Cell density Morphological
(No. X 10°/  Vitamin E (IU/ differentiation (%
dish) at plating ml) of total cells)
1-10 Control 3+05°
1 0.06 85+4
5 0.06 703
10 0.06 232
5 0.06 (changed 92 +2
10 daily) 84 +3
0.08

® Cells (NBP,) were plated in Lux tissue culture dishes
(60 mm). Vitamin E was added 24 hr after plating.
Medium and drug change 2 days after treatment except
where indicated otherwise, and the morphological dif-
ferentiation was determined 3 days after treatment. Each
sample represents an average of at least six samples.

® Standard deviation.
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F1G. 2. Neuroblastoma cells (10*) were plated in Lux
tissue culture dishes (60 mm), and vitamin (0.06 IU/ml)
was added 24 hr later. No drug or medium was changed.
The number of morphologically differentiated cells was
determined 3 days after treatment. To examine the re-
versibility of drug effect, vitamin E was removed, fresh
growth medium was added, and the number of morpho-
logically differentiated was determined 1 day later. Each
value represents an average of six to eight samples. The
bar at each point is standard deviation. The bars not
shown in figure were equal to sizes of symbols.

droxylase but no choline acetyltransferase)
(4), even though it increased the size of soma
and nucleus and caused growth inhibition
similar to those observed in NBP; clone (data
not shown).

Glioma cells did not form cytoplasmic
processes after treatment with vitamin E
(0.05-0.1 TU/ml). This was also true when
glioma cells were grown and treated with
vitamin E in the same growth medium in
which NB cells were grown. At a high con-
centration of vitamin E (0.1 IU/ml), glioma
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cells became flattened and large, and cyto-
plasms contained numerous dark granules.
These changes were mostly reversible at 24
hr after the removal of drug.

Neuroblastoma cells were more sensitive to
vitamin E than glioma cells for the criterion
of growth inhibition (Fig. 3). This was also
true when both cell types were grown in F12
medium containing 10% agammaglobulin
newborn calf serum. We found that glioma
cells grown in NB medium exhibited greater
sensitivity to vitamin E in comparison to
those grown in glioma medium. The growth
inhibition in NB cells is due to inhibition of
cell division as well as cell death, whereas in
glioma cells it is primarily due to inhibition
of cell division. The number of floaters or
trypan blue stained cells in vitamin E-treated
glioma cell culture was 7%.

Treatment of NB cells with vitamin E (0.06
IU/ml) for a period of 5 min or 3 days did
not change the intracellular level of cyclic
AMP in comparison to control (12 = 1.6
pmole/mg proteins); however, glioma cells
revealed an increase of about three to four
fold in the cellular cyclic AMP (40 = 13
pmole/mg proteins) in comparison to control
(11 = 3.5 pmole/mg proteins) 3 days after
treatment with vitamin E (0.1 U/ml). Since
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F16. 3. Neuroblastoma cells (5 X 10*) and glioma
cells (10" were plated in Lux tissue culture dishes (60
mm), and vitamin E was added 24 hr later. Drug and
medium were changed 2 days after treatment. The cell
number and the number of trypan blue-stained cells
were determined 3 days after treatment. The number of
stained cells was subtracted from total number of cells to
obtain viable cells per dish. The average value of control
cultures was considered 100%. Each value represents an
average of at least six samples. The bar at each point is
standard deviation. The bars not shown in figure were
equal to sizes of symbols.
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no change in the cellular cyclic AMP was
observed at 5 min after treatment, the rise in
cyclic AMP level in vitamin E-treated glioma
cells may be due to an indirect effect of
vitamin E, possibly either by stimulating
membrane-bound adenylate cyclase or by in-
hibiting cyclic AMP phosphodiesterase activ-
ity.

The combination of vitamin E and ionizing
radiation produced an additive effect on both
glioma cells and NB cells for the criterion of
growth inhibition (Table II). The trypan
blue-stained cells in irradiated or irradiated
plus vitamin E was about 5-10%. X irradia-
tion has been known to cause morphological
differentiation in NB cell culture (9). The
combination of vitamin E and ionizing radia-
tion produced an additive effect on morpho-
logical differentiation of NB cells (Table II).
Neither vitamin E nor y-irradiation produced
morphological changes in glioma cells.

The mechanisms of the effect of vitamin E
on mammalian tumor cells are unknown.
However, the induction of morphological dif-

TABLE II. EFrFecT OF VITAMIN E IN COMBINATION
WITH [ONIZING RADIATION ON NEUROBLASTOMA
CEeLLs IN CULTURE®

Mo?hologi-
Cell No.  cal differen-
(% of con- tiation (% of
Cell type  Treatments trol) total cells)
Neuro-  Control 100 3+5°
blas-
toma
Neuro- 400 rads 26+3 20+2
blas-
toma
Neuro- vit. E 0.05 32+4 43+3
blas- 1U/ml
toma
Neuro- Vit. E + 400 71 72+3
blas- rads
toma
Glioma  Control 100 No change
Glioma 400 rads 37+3  Nochange
Glioma Vit. E 0.05 80+3 No change
1U/ml
Glioma  Vit. E + 400 29+4 No change
rads

“Cells (5 X 10* NB; 10° glioma) were plated in Lux
tissue culture dishes (60 mm). Drug and irradiation were
given 24 hr after plating. Fresh medium and drug were
added 2 and 3 days after treatment, and the cell number
and morphological differentiation were determined 4
days after treatment. Each value represents an average
of six samples.

® Standard deviation.

573

ferentiation in NB cells by vitamin E may not
be due to its antioxidant property, because
other antioxidants such as sodium ascorbate
and glutathione do not produce morphologi-
cal changes in NB cells (2). It is also not due
to a change in the intracellular level of cyclic
AMP. Thus vitamin E at certain concentra-
tion ranges exhibits antitumor activity in vitro
by inducing differentiation (certain clone of
NB), and by inhibiting growth. The signifi-
cance of this finding in vivo remains to be
ascertained.

Summary. Vitamin E increased the expres-
sion of morphological differentiation in
mouse neuroblastoma (NBP) cells in culture,
but it did not produce a similar effect in
glioma cell culture (C-6). The extent of vi-
tamin E-induced changes on NB cells was
dependent upon cell density, drug concentra-
tion, and the frequency of change of growth
medium and drug. Neuroblastoma cells were
more sensitive to vitamin E than glioma cells
for the criterion of growth inhibition (due to
cell death and reduction in cell division). The
combination of vitamin E and X-irradiation
produced an additive effect on both NB and
glioma cells for the criterion of growth inhi-
bition; however, it produced an additive ef-
fect for the criterion of morphological differ-
entiation only on NB cells.
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