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ABSTRACT

(R, S)-«-Fluoromethylornithine {-FMO), a catalytic irreversible
inhibitor of ornithine decarboxylase (L-ornithine carboxy-lyase,
EC 4.1.1.17), induced the differentiation of N2a mouse neuro-
blastoma cells. The effect of «-FMO was concentration depend-
ent; approximately 50% of the cell population exhibited neurite
outgrowth in the presence of 1 mm o-FMO, while higher concen-
trations caused severe growth inhibition and cell death. The
effect of 1 mm «-FMO on neuroblastoma differentiation was
potentiated greatly by 0.1 to 0.2 mm N®,0?’-dibutyryl adenosine
cyclic 3':5’-monophosphate (Bt.cAMP) causing more than 90%
of the cell population to differentiate morphologically with thick
and long processes; 0.1 to 0.2 mm Bt.CAMP, by itself, had no
effect on cell growth and did not induce neurite outgrowth. The
effect of a-FMO, either by itself or in combination with 0.1 to 0.2
mm Bt.cAMP, on the morphological differentiation of mouse
neuroblastoma cells was reversed by the addition of exogenous
putrescine or spermidine. The morphological differentiation of
mouse neuroblastoma cells induced by 1 mM «-FMO plus 0.2
mm Bt.cAMP was accompanied by increases of the regulatory
subunit of the type | cAMP-binding protein and acetylcholines-
terase activity. These results indicate that the modulation of
cellular polyamine contents may be important in neuroblastoma
cell differentiation.

INTRODUCTION

The decarboxylation of L-ornithine by ODC?® leads to the for-
mation of putrescine and is the rate-controlling step in the
biosynthesis of other polyamines, spermidine and spermine (1,
4, 25). Polyamines are ubiquitous organic cations in prokaryotic
and eukaryotic cells and are implicated in many growth-regula-
tory processes (1, 9, 31). Although the involvement of ODC and
polyamines in proliferative and neoplastic growth of mammalian
cells is well documented, there have been relatively few studies
on the possible roles of ODC/polyamines in cell differentiation.
Rath and Reddi (29) demonstrated an increase of ODC activity
during matrix-induced sequential differentiation of cartilage,
bone, and bone marrow in vivo. Bethell and Pegg (2) reported
an increase in spermidine content when confluent 3T3-L1 fibro-
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blasts are stimulated to differentiate into adipocytes. On the
other hand, Stoscheck et al. (35) observed a decrease in ODC
activity of L6 myoblasts upon fusion to myotubes. Recently, we
have found that the differentiation of mouse neuroblastoma cells
in tissue culture, induced by 1 mm Bt.cAMP plus 0.5 mm IBMX,
is accompanied by an early inhibition of putrescine uptake (8)
and marked decreases in cellular ODC activity and polyamine
contents (7). These studies indicate that, in addition to their
involvement in cell growth and proliferation, ODC/polyamines
may have important roles in cell differentiation.

In attempting to delineate the function(s) of polyamines in the
differentiation of mouse neuroblastoma cells, one possible ap-
proach is to either inhibit or augment the cellular polyamine
contents and to observe the consequence of this effect. Re-
cently, highly specific irreversible inhibitors of ODC, such as a-
FMO and «-DFMO, have been developed (17, 23). Studies have
shown that these compounds are potent and effective inhibitors
of the enzyme, ODC, in various cultured cell systems (5, 20, 22,
27) and tissues (10-12, 21). The availability of these irreversible
inhibitors enabled us to study the role of polyamine metabolism
in the differentiation of mouse neuroblastoma cells. We report
here that 1.0 mm «-FMO could induce the differentiation of N2a
mouse neuroblastoma cells and that 0.1 to ~0.2 mm Bt.cAMP
further potentiated the effects of «-FMO on cell differentiation.
Our findings provide a direct evidence that changes in polyamine
metabolism may be an integral component in the differentiation
of neuroblastoma cells.

MATERIALS AND METHODS

Materials. Dulbecco’s modified Eagle’s medium and fetal calf serum
were obtained from Grand lIsland Biological Co., Grand Island, N. Y.
Bt.cAMP, putrescine, spermidine, spermine, aminoguanidine, and 5-
dimethylamino-1-naphthalenesulfonyl chloride (dansyl chloride) were pur-
chased from Sigma Chemical Co., St. Louis, Mo. L-{1-*C]Ornithine (59
mCi/mmol) and [1-'*C]acetylcholine (26.5 mCi/mmol) were from Amer-
sham Corp., Arlington, lil. 8-Ns-[**PJcAMP (50 to ~80 Ci/mmol) was
from ICN Chemical Radioisotope Division, Irvine, Calif. «-FMO was kindly
provided by Dr. J. Kollonitsch of Merck, Sharp & Dohme Research
Laboratories, Rahway, N. J. «-DFMO was generously provided by the
Merrell Research Center, Cincinnati, Ohio. High-pressure liquid chroma-
tography grade solvents were purchased from Baker Chemical Co.,
Phillipsburg, N. J.

Cell Culture and Drug Treatment. N2a mouse neuroblastoma cells
were grown as monolayer culture in Dulbecco’s modified Eagle’s medium
(with 4500 mg glucose per liter) supplemented with 10% fetal calf serum.
Cells were maintained at 37° in a water-jacketed Forma incubator (95%
air and 5% CO.). a-FMO (100 mm) and Bt.cAMP (100 mm) solutions
were prepared freshly in H.O under sterile conditions before use and
were added to cell culture immediately after subculture. The seeding cell
density was approximately 1 x 10* cells/sq cm. Occasionally, drugs
were added 5 to 10 hr after subculture. No difference in results was
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observed. Cell growth was measured by the number of viable cells
attached to the growth surface. To study the effect of exogenous
polyamines on neuroblastoma differentiation, putrescine or spermidine
was added to the culture medium immediately after drug treatment.
When spermidine was used, the culture medium also contained 0.05 mm
aminoguanidine, a potent inhibitor of diamine oxidase (3), to prevent the
formation of toxic oxidized products.

Biochemical Assays. ODC activity was determined, using a 12,000
X g supernatant obtained from cell homogenate, according to procedures
described previously (4, 6). For the quantitation of putrescine, spermidine,
and spermine, the method of Seiler and Wiechman (33) was adopted to
prepare the dansyl derivatives of polyamines. The analysis of the dan-
sylated polyamines was carried out by high-pressure liquid chromatog-
raphy technique using a 7-um octadecylsilane reverse-phase column.
The solvent system used was acetonitrile/H20 (85/15, v/v) as described
elsewhere (7). Quantitation of the regulatory subunit of the type | CAMP-
binding protein was carried out by a photoaffinity labeling technique with
8-N3-[*2P]cAMP as described previously (18, 19). Briefly, neuroblastoma
cell extracts were incubated with 1 zM 8-Na-[*2P]JcAMP (4 to 10 Ci/mmol)
at 4° for 1 hr. The samples were then photolyzed and subjected to
analysis by sodium dodecyl sulfate/polyacrylamide gel electrophoresis
and autoradiography to determine the amount of radioactivity incorpo-
rated into specific protein bands. Acetyicholinesterase activity present in
neuroblastoma cell extracts was determined by a radiometric assay
method according to procedures described previously (18, 19). The
amount of [1-'*Clacetyicholine hydrolyzed was determined by liquid
scintillation spectrometry. The results are expressed in nmol of acetyl-
choline hydrolyzed per min per mg protein at 37° with a substrate
concentration of 1 X 107* m. Protein concentration was determined by a
modified Lowry's method using bovine serum albumin as the standard
(30).

RESULTS

In this study, both «-FMO and «-DFMO were used to study
the effects of inhibition of ODC and depletion of cellular polya-
mines on neuroblastoma cell differentiation. The results obtained
with «-DFMO were identical to those of «-FMO, and only those
results obtained using «-FMO are presented.

Chart 1 shows the effect of «-FMO on the growth of N2a
mouse neuroblastoma cells. A reduced rate of cell proiiferation
was observed with increasing concentrations of «-FMO. The
growth-inhibitory effect of «-FMO on mouse neuroblastoma cells
is similar to that of «-DFMO reported in other cell culture systems
(5, 22).

In addition to the inhibitory effect of «-FMO on cell growth, we
observed that a significant portion of the N2a mouse neuroblas-
toma cells in the «-FMO-treated culture became morphologically
differentiated 5 to 6 days after initiation of the drug treatment.
The extent of morphological differentiation, as characterized by
extensive neurite outgrowth (>50 um long), was dependent on
the concentration of «-FMO used (Chart 2). The optimal concen-
tration range of «-FMO for the induction of neurite outgrowth of
the N2a cells was 0.5 to 1.5 mm. Under these conditions, about
50% of the cell population extended neurites. However, at higher
concentrations of «-FMO (>3 mm), we observed not only growth
inhibition but also an inhibition of neurite outgrowth; dead cells
and cell debris were apparent in those cultures treated with high
concentrations of «-FMO.

In an effort to search for a means to maximize the differentia-
tion of N2a cells in the a-FMO-treated cell culture, we found that
0.1 to 0.2 mm Bt.cAMP increased the percentage of neurite-
bearing cells in the 1 mM o-FMO-treated culture from 50 to
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Chart 1. Growth rates of N2a mouse neuroblastoma cells in the presence of
various concentrations of «-FMO and Bt.,cAMP. Mouse N2a neuroblastoma cells
(1.8 X 10° cells/60-mm dish) were incubated from Time O in the absence (O) or
presence of 0.2 mm Bt.CAMP (@), 1 mm o-FMO (A), 1 mMm «-FMO pius 0.2 mm
Bt:cAMP (A), and 5 mm o-FMO (X). Cell number was determined by counting with
a hemocytometer. Points, average of 3 dishes.
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Chart 2. Effects of increasing concentrations of «-FMO on the morphological
differentiation of N2a mouse neuroblastoma cells. Mouse N2a cells (1.8 x 10°
cells/60-mm dish) were incubated with various concentrations of «-FMO from Time
0. Morphologically differentiated cells (cells with processes that were >50 xm long)
were scored 6 days after initiation of the drug treatment. At least 300 cells were
counted, and the number of differentiated cells was expressed as a percentage of
total viable cells. Points, means of at least 3 determinations. Bars, S.D.

~90% (Chart 3). It should be noted, however, that 0.1 to 0.2
mm Bt.cAMP, by itself, neither affects cell growth (Chart 1) nor
induces morphological differentiation (Chart 3). Furthermore, the
percentage of differentiated cells achieved in the presence of 1
mM a-FMO plus 1 mm Bt.cAMP did not exceed that achieved in
the presence of 1 mm «-FMO plus 0.1 to 0.2 mm Bt.cAMP. Fig.
1 shows the photomicrographs of N2a mouse neuroblastoma
cells grown in the presence of 0.2 mm Bt.cAMP alone (Fig. 1A)
and cells grown in the presence of a combination of «-FMO and
Bt.cAMP at various concentrations (Fig. 1, B to D). It can be
seen that cells grown in the presence of 0.5 to 1.5 mm «-FMO
plus 0.1 to 0.2 mM Bt.cAMP exhibited thick and long processes,
sometimes more than 600 um long, forming extensive neurite
webs. In contrast, cells grown in the presence of 0.2 mm
Bt.cAMP were morphologically identical to those of the control;
in both cases, cells appeared as rounded and formed clumps
upon reaching a stationary phase of growth (Fig. 1A). Morpho-
logically differentiated mouse neuroblastoma cells induced by 1
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Chart 3. Effects of various concentrations of «-FMQ and Bt,cAMP, either alone
or in combination, on the morphological differentiation of N2a mouse neuroblastoma
cells. Cells were plated at a low density (1.6 X 10° cells/60-mm dish) in the presence
of various drugs as indicated. Morphologically differentiated cells (cells with neurites
>50 um long) were scored on Day 7. At least 300 cells were counted, and the
number of differentiated cells was expressed as a percentage of total viable cells
(i.e., trypan blue negative).

aFMO 1mM
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mM «-FMO (with or without 0.2 mm Bt.cAMP) gave an approxi-
mately 2-fold increase of both regulatory subunit of the type |
cAMP-binding protein (M. 47,000) and acetylcholinesterase activ-
ity over those of the untreated control (Table 1). Both of these
parameters have been used as indices for the biochemical dif-
ferentiation of mouse neuroblastoma cells (7, 18, 19).

The effects of a-FMQ, either alone or in combination with 0.1
to 0.2 mm Bt,cAMP, on neuroblastoma cell differentiation ap-
peared to be mediated through alteration of polyamine metabo-
lism as suggested by results of the following experiments. Charts
4 and 5 illustrate the effects of 1 mm «-FMQ and 0.2 mm Bt.cAMP
(either alone or in combination) on cellular ODC activity and
individual polyamine contents, respectively, in the N2a neuro-
blastoma cells. The inhibitory effect of 1 mm «-FMO on cellutar
ODC activity was evident as early as 1 day after its addition
(Chart 4). The time course of depletion of putrescine content
paralleled that of the decrease in ODC activity, approaching a
barely detectable level (0.05 pmol/mg protein) after Day 1 (Chart
5A). Qualitatively similar results on the effects of «-DFMO on
ODC activity and putrescine content in other cell lines have been
reported (5, 21, 25).

The characteristic increases of spermidine and spermine levels
associated with logarithmic growth of the N2a mouse neuroblas-
toma cells were inhibited by the addition of 1 mm «-FMO (Chart
5, B and C). Cellular concentrations of spermidine and spermine
remained at basal levels throughout the 7-day incubation period
in the «-FMO-treated cultures. Identical results were obtained
with o-DFMO (data not shown). It is interesting to note that
Mamont et al. (22) found depletion of putrescine and spermidine
but not spermine in HTC hepatoma celis and in mouse teukemia
cells treated with «-DFMO. The discrepancy between their find-
ings and ours may be due to different cell systems used. Indeed,
we noticed that, under their experimental conditions, there is no
growth-associated increase of spermine content in both of their
control cultures.
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It is noteworthy that the time course of changes in ODC
activity and polyamine contents in the control N2a cell culture
was similar to that described for the NB-15 mouse neurobias-
toma cells reported previously (7). In addition, 0.1 to ~0.2 mm
Bt.cAMP had no effect on ODC activity or polyamine contents
either by itself or when added together with 1 mm «-FMO. This
result suggests that the potentiating effect of suboptimal con-
centrations of Bt.cAMP on the «-FMO-induced neuroblastoma
differentiation may not be related directly to effects of Bt.cAMP
on ODC/polyamines.

To further examine the rote of ODC and polyamines in mouse
neuroblastoma differentiation, we investigated whether exoge-
nous polyamines would antagonize the action of «-FMO and
Bt.cAMP in neuroblastoma cell differentiation. Fig. 2 shows that
putrescine or spermidine could reverse the differentiation of N2a
cells induced by 1 mm a-FMO plus 0.1 mm Bt.cAMP. Similar
results were obtained when 1 mm «-FMO was used by itself to
induce neurobiastoma cell differentiation (data not shown). When
spermidine was used to study its effect on the «-FMO-induced
neuroblastoma cell differentiation, the presence of aminoguani-
dine was necessary to inhibit the diamine oxidase activity present
in the fetal calf serum-containing growth medium. In the absence

Table 1

Effects of a-FMO treatment on the regulatory subunit of the type | CAMP-binding
and acetylcholinesterase activities of N2a mouse neuroblastoma cells

N2a mouse neuroblastoma cells were harvested at an early stationary phase of
cell growth. The cell extracts (both cell homogenates and cytosols) were dialyzed
extensively against phosphate buffer (pH 7.2, 50 mm) prior to assaying for reguta-
tory subunit of the type | CAMP-binding and acetyicholinesterase activities. All
assays were done under standard conditions according to methods described in
the text.

Regulatory subunit of the
type | cCAMP binding ac-
tivities (pmol/mg protein)

Acetylcholinesterase
(nmol/min/mg protein)

Cell Cell
homo- homo-
genate Cytoso! genate Cytosol
Control 18 3.8 136 30
a-FMO (1 mm) 34 74 24.2 61
a-FMO (1 mm) + 43 6.9 30.6 52
Bt,cAMP (0.2 mm)
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Chart 4. Effects of o-FMO (1 mm) and BtzcAMP (0.2 mm), alone or in combina-
tion, on cellular ODC activity as a function of time after their addition to the N2a
cells. N2a mouse neuroblastoma cells were subcultured (seeding density, 1.6 x
105 cells/60-mm dish) on Day 0 in the absence (O) or presence of 0.2 mm Bt.cAMP
(®), 1 mM a-FMO (4), and 1 mm o-FMO plus 0.2 mm Bt.cAMP (A). ODC activity
was determined as described in ‘‘Materials and Methods.” Results are the average
of 2 separate experiments.
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Chart5. Effects of a-FMO (1 mm) and Bt.cAMP (0.2 mm), alone or in combina-
tion, on polyamine contents in N2a mouse neuroblastoma cells as a function of
time in culture. Cells were subcultured (seeding density, 1.6 x 10° cells/60-mm
dish) on Day 0 in the absence (O) or presence (@) or 0.2 mm Bt.cAMP, 1 mm a-
FMO(A), and 1 mm a-FMO plus 0.2 mm Bt,cAMP (4). Polyamines were quantitated
by the high-pressure liquid chromatography method described in the text. PUT,
putrescine; SPD, spermidine; SPM, spermine.

of aminoguanidine, exogenously added spermidine was ex-
tremely toxic to the N2a cells; this may be attributable to the
formation of oxidized products from spermidine under these
conditions. Interestingly, exogenous putrescine can be added
directly to the fetal calf serum-containing medium without any
adverse effects on the growth of neuroblastoma cells. The
reversion effect of putrescine on the a-FMO-induced neuroblas-
toma differentiation was not affected by the presence of amino-
guanidine.

The results that exogenous polyamines antagonize the action
of «-FMO on N2a neuroblastoma cell differentiation provide
strong evidence that the decrease of cellular polyamines plays
an important role in the differentiation of mouse neuroblastoma
cells.

Interestingly enough, exogenous putrescine did not reverse
the differentiation of mouse neuroblastoma cells induced by 1
mm Bt.CAMP or 1 mm Bt.cCAMP plus 0.5 mm IBMX (data not
shown). This could be due to a decreased putrescine uptake in
the cAMP-treated cells as we have reported previously (8).

DISCUSSION

Mouse neuroblastoma cells in tissue culture can be induced
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to differentiate by the addition of cCAMP analogs or agents which
increase intracellular cAMP concentration (12, 28). Such differ-
entiation is characterized by the morphological appearance of
neurite outgrowth and the biochemical appearance of enzyme
activities related to neurotransmitter metabolism. The molecular
mechanisms of cAMP-induced neuroblastoma differentiation
may have a broad implication, because cAMP is known to be
involved in the differentiation of a variety of animal cells including
melanoma (15, 24), pheochromocytoma (14, 32), granulosa (16),
and muscle cells (35). On the basis of the observations that the
differentiation of mouse neuroblastoma cells induced by 1 mm
Bt.cAMP and 0.5 mm IBMX (a phosphodiesterase inhibitor) is
accompanied by a 10-fold increase in the apparent K., value of
putrescine transport (8) and a 5- and 15-fold decrease, respec-
tively, of spermidine and cellular ODC activity (7), we have
proposed that one of the primary target sites of CAMP action in
neuroblastoma differentiation may be the alteration of polyamine
metabolism (7). Indeed, many studies using cells in tissue culture
and experimental animals have suggested that cAMP can mod-
ulate cellular ODC activity (for reviews, see Refs. 4 and 31).

The present study is aimed at further elucidating the role of
ODC and polyamines in mouse neuroblastoma differentiation.
Our results suggest that: (a) «-FMO, at optimal concentrations
(1 to 1.5 mm), can induce the morphological differentiation of
mouse N2a neuroblastoma cells; (b) the action of «-FMO on
neuroblastoma differentiation appears to be mediated through
inhibition of ODC activity and reduction of polyamine contents;
(c) suboptimal concentrations of Bt,cAMP (0.1 to 0.2 mm) can
potentiate the effect of «-FMO on mouse neuroblastoma differ-
entiation; such a potentiating effect does not appear to be related
to further changes of ODC activity and polyamine contents.

The apparently bell-shaped dose-response curve (Chart 2) of
the effect of -FMO on neuroblastoma cell differentiation may
be related to toxicity of high concentrations of «-FMO (>3 mwm),
since floating cells and cell debris appeared in these cultures 4
to 5 days after initiation of the treatment. Alternatively, the
phenomena observed with high concentrations of a-FMO (inhi-
bition of cell differentiation, cell growth, and ultimately cell death)
may be related to an observation made recently by Pohjanpelto
et al. (26). They reported that polyamine starvation causes
disappearance of microtubules and actin filaments in polyamine-
auxotrophic Chinese hamster ovary cells. It is possible that a-
FMO at higher concentrations may severely deplete the cellular
polyamine contents to the extent that neurite formation as well
as cell division become impossible.

The observation that exogenous putrescine or spermidine can
block the action of 1 mm o-FMO, either alone or with 0.1 to 0.2
mm Bt.cCAMP, on neuroblastoma cell differentiation (Fig. 2) sug-
gests that modulation of ODC activity and polyamine contents
may bear a causal relationship to neuroblastoma cell differentia-
tion. Since the extensive neurite webs became prominent ap-
proximately 5 days after the addition of «-FMO, whereas the
inhibition of ODC activity and polyamine contents was apparent
on Day 1, its seems likely that the alteration of ODC/polyamine
may trigger a chain of biochemical events that, after a lag period,
may lead to cell differentiation.

The mechanism through which suboptimal concentrations of
Bt.cAMP potentiate the effect of «-FMO on neuroblastoma celt
differentiation is not clear. Gunning et al. (14) have reported a
synergistic effect of Bt.cAMP and g-nerve growth factor on the
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neurite outgrowth of PC-12 pheochromocytoma cells and sug-
gested that Bt.cAMP is responsible for the initiation of neurite
outgrowth. In light of their study, the potentiating role of Bt.cAMP
on the o-FMO-induced neuroblastoma differentiation may be
related to microtubule assembly. The possible involvement of
CAMP and protein phosphorylation in microtubule polymerization
has been proposed (34, 36). Alternatively, it is possible that low
concentrations of Bt.CAMP may modify a certain biochemical
event(s) which by itself has no effect on tumor growth or differ-
entiation but can “prime”’ or prepare cells for maximal differen-
tiation when cellular ODC activity and polyamine contents are
reduced by «-FMO treatment.

Tumor differentiation is undoubtedly a complex phenomenon.
Bethell and Pegg (2) have shown that «-DFMO inhibits the
differentiation of 3T3-L1 preadipocytes, suggesting the involve-
ment of ODC/polyamines in normal cell differentiation. Similarly,
Fozard et al. (11, 12) have demonstrated the need of ODC-
polyamines for embryonic development. On the other hand, Luk
et al. (20) have found that «-DFMO inhibits cell growth but has
no effect on the chemically induced differentiation of promyelo-
cytic HL-60 cells, implying that polyamines are only involved in
the proliferation but not in the terminal differentiation of these
cells.

The relationship between the proliferation and differentiation
of mouse neuroblastoma cells is complex as indicated by the
following observations: {a) the differentiation of mouse neuro-
blastoma cells is associated generally with a decrease of cellular
growth rate (7, 19, 28). (b) inhibition of cell growth does not
necessarily induce neuroblastoma cell differentiation (18); (c)
maximal expression of differentiated phenotypes of mouse neu-
roblastoma cells requires several cycles of cell division after the
addition of 1 mm Bt.cAMP to the cell culture (7, 19).

The present data together with our previous findings that
neuroblastoma differentiation is accompanied by a decrease of
ODC/polyamines (7) suggest that the modulation of ODC/
polyamines may be important in the differentiation of mouse
neuroblastoma cells; however, the precise roles of ODC/polya-
mines in neuroblastoma differentiation and proliferation remain
to be elucidated.
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Fig. 1. Photomicrographs of N2a mouse neuroblastoma cells (unstained) treated with 0.2 mm Bt.cAMP (A), 1 mm o-FMO plus 0.2 mm Bt.cAMP (B), 1.5 mm o-FMO

plus 0.1 mm Bt.cAMP (C), and 0.5 mm a-FMO plus 0.2 mm Bt.cAMP (D). Phase-contrast photomicrographs of representative fields of the cell cultures were taken 8 days
after initiation of the treatment. Bar at upper left, 50 ym.
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Fig. 2. Effects of exogenous polyamine in antagonizing the action of a-FMO
and Bt,cAMP in neuroblastoma cell differentiation. N2a mouse neuroblastoma cells
were plated at a density of 1.2 x 10° cells/60-mm dish; 1 mM «-FMO and 0.2 mm
Bt,cAMP were added at the time of seeding (t = 0) to induce cell differentiation.
When used, exogenous polyamines were added at the same time. A, control; B,
0.1 mm putrescine added; C, 0.1 mm spermidine and 50 zm aminoguanidine added.
Phase-contrast photomicrographs of representative fields of the cell cultures (un-
stained) were taken on Days 7, 5, and 5 for A, B, and C, respectively. Bar at upper
left, 50 um.

CANCER RESEARCH VOL. 43



