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p53 AND HUMAN NEUROBLASTOMA

buffer, incubating for 15 min at 4Â°C,and centrifuging at 12,000 x g

for 2 min. The supernatant was mixed with 10 Mgof p53 antibody and
incubated overnight at 4"C with gentle rocking. Immune complexes

were immunoprecipitated by adding Protein A agarose to the samples,
incubating for 30 min, and centrifuging for 2 min at 12,000 x g. Pellets
were washed 5 times in PBS containing 0.1 % A'-lauroyl sarcosine (pH

7.4). Immune complexes were denatured by boiling for 5 min in SDS
sample buffer [1% SDS, 10% /3-mercaptoethanol, 62.5 mmol/liter of
Tris (pH 6.8), 20% glycerol, and bromphenol blue], and analyzed by
SDS-polyacrylamide gel electrophoresis (16). Electrophoresis was per
formed on a 10% polyacrylamide gel containing SDS, at a constant
current of 20 mA. Gels were prepared for fluorography with
ENHANCE (New England Nuclear, Boston, MA) according to the
manufacturer's instructions. Autoradiograms were performed with pre-

flashed X-ray film. Intensity of protein bands was quantitated by laser
densitometry.

Preparation of RNA and Northern Blot Analysis. Cells were harvested
and snap frozen in liquid V. RNA was extracted by the method of
Chirgwin (17). Cell pellets were thawed in guanidine thiocyanate and
disrupted by 3 passes with a hand dounce homogenizer, and RNA was
obtained by CsCI density gradient centrifugation. RNA was electropho-
resed in a formaldehyde/1% agarose gel and transferred to nylon filter
paper (Zetaprobe) (18). Filters were probed with a nick-translated
human p53 cDNA clone, pR4-2 [containing the entire coding region
for human p53, a generous gift of Dr. E. Harlow (19)]. Probes were
labeled with "P to >108 cpm/Vg and incubated with the filter for 16 h
at 42Â°C.Filters were rinsed under conditions of high stringency (0.1 x
standard saline citrate and 0.1% SDS, 60Â°C,1 h), dried, and autoradi-
ographed by exposure to Kodak XAR film at -70Â°C.

RESULTS

Levels of p53 in Differentiating Human Neuroblastoma Cul
tures. When the LA-N-5 human neuroblastoma cell line is
treated with RA, the cells are induced to differentiate resulting
in markedly reduced rates of proliferation which are reflected
by reduction of [3H]thymidine incorporation (8,9, 20). We have
previously shown that 10~5to 10~6M RA is optimal for inducing

differentiation without affecting the viability of the cells (8, 20).
Fig. \A shows the temporal response of LA-N-5 cells to RA
treatment (4 x IO"6 M) as measured by incorporation of
[3H]thymidine, morphological differentiation, and p53 expres
sion. In untreated LA-N-5 cells, accumulation of p53 could
easily be detected (Fig. 1B). By Day 2 of exposure to RA a 30
to 40% decrease in [3H]thymidine incorporation and levels of

p53 protein occurred as compared to cultures treated with
solvent control for the same period. During this duration of
time, the percentage of morphologically differentiated cells
increased. On the first day of culturing with RA, only minor
changes in these parameters were observed. Thus, alterations
in p53 levels were associated with, but did not precede, the
onset of growth inhibition and morphological differentiation.

To further examine the relationship between RA-induced
growth inhibition, induction of differentiation, and alteration
of p53, we tested the ability of RA to influence p53 expression
in an RA-resistant variant of LA-N-5. These resistant cells,
designated LA-N-5R9 cells, are markedly less sensitive than
the parental line to the antiproliferative effects of RA and do
not show morphological differentiation (Ref. 12; Fig. 2). In
contrast, treatment of LA-N-5R9 cells with the combination of
dbcAMP and RA caused growth inhibition and morphological
differentiation similar to that seen after RA exposure of the
parental LA-N-5 cell line (Fig. 2). Culturing LA-N-5R9 cells
with dbcAMP alone induced a flattening of cell soma and
slightly increased process formation, but their growth rate was
not substantially reduced. As can be seen in Table 1, culturing
LA-N-5R9 cells with a concentration of RA that did not affect
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Fig. 1. A. alteration of p53 levels, |3H)thymidine incorporation, and morpho
logical differentiation of LA-N-5 neuroblastoma cells after exposure to RA (4 x
10~* M) for 1 to 4 days. p53 levels (O), ['H]thymidine incorporation (â€¢),and

morphological differentiation (A). The values of each parameter were determined
as described in "Materials and Methods" after the indicated time period of RA

exposure and are compared to control cultures evaluated on the same day. B, p53
levels in LA-N-5 cells. Autoradiogram of the SDS/polyacrylamide gel shows p53
immunoprecipitation from cells labeled with |35S]methionine for 2 h. Cells were

cultured with RA for different time periods (0 to 96 h). Lane 0, p53 levels in cells
prior to exposure to RA; Lanes 96, 48, 24, and 12, hours of exposure to RA priorto labeling with ("Sjmethionine. The MC-labeled molecular weight markers (10~J

x M,} appear at the right. The band at approximately M, 43,000 probably
represents actin which can polymerize and precipitate during the immunoprecip
itation.

their growth or morphology had no effect on p53 expression.
Treating cells with dbcAMP alone (3.3 x 10~4 M) or with a
concentration of RA (10~6 M) that inhibited cellular growth but

did not induced morphological differentiation caused only a
slight decrease in p53 levels. On the other hand, the combina
tion of both agents which induced marked differentiation re
duced p53 levels by almost 90%.

The above results showed that RA-induced growth inhibition
of LA-N-5R9 cells caused a small, but reproducible reduction
of p53 levels without accompanying morphological differentia
tion. This finding suggests that the reduction of p53 by RA in
the parental LA-N-5 cells might partly be a consequence of the
loss of proliferative activity secondary to differentiation. To
further address this question, we evaluated p53 levels in LA-N-
5 cells that were serum depleted for 48 h. This condition does
not decrease cell viability or induce morphological differentia-
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Fig. 2. Morphology of the RA-resistant subline of LA-N-5 neuroblastoma cells (LA-N-5R9) cultured in the absence and presence of RA and/or dbcAMP. Cells
were treated for 10 days with vehicle alone (A), 2 x 10"' M RA (A), I x IO"3 M dbcAMP (O- and 2 x 10'* M RA plus 1 x 10~3M dbcAMP (D). The morphology of
these cells after the latter combination treatment is essentially identical to parental LA-N-5 cells after treatment with RA alone (8, 9, 12, 20).

Table 1 Effect ofRA and dbcAMP on {'HJthymidine incorporation and p53
levels in LA-N-5R9 neuroblastoma cells

LA-N-5R9 cells were treated as indicated for 5 days, and then parallel cultures
were pulsed labeled with either [3Hjthymidine for assessing thymidine incorpo
ration or |3sS]melhionine for analyzing p53 levels as described in "Materials and
Methods."

TreatmentControl

RA(10~7M)
RA(IO-'M)
dbcAMP (3.3 x 10~4M)
RA (10"' M) + dbcAMP

(3.3 x IO-'M)p53

level
(% ofcontrol)100

100
76
77
13(3H|Thymidine

incorporation
(cpm)70,207

Â±6,832Â°

80,015 Â±5,219
36,992 Â±2,883
62,877 Â±6,617
18,707 Â±1,559Morphologi

cal differen
tiation(%)<10

<10
<10
<10
>90

" Mean Â±SEM of quadruplicate cultures.

tion, but markedly retards cell growth resulting in reduced
[3H]thymidine incorporation. Table 2 shows that the inhibition
of [3H]thymidine incorporation caused by serum depletion is
accompanied by reduced p53 levels in LA-N-5 cells although
the cells do not undergo morphological differentiation as in
RA-treated cultures. Serum depletion resulted in an 82% inhi
bition of ['HJthymidine incorporation and a 33% reduction in

Table 2 Effect ofRA and serum depletion on Â¡'HJthymidine incorporation and
p53 levels in LA-N-5 cells

LA-N-5 cells were treated as indicated for 2 days and then assayed in parallel
cultures for [3HJthymidine incorporation and p53 levels as described in "Materials
and Methods." Longer periods of culturing in serum-depleted medium resulted

in progressive loss of cell viability.

TreatmentControl

RA (4 x 10~*M)

Serum depletedp53

level
(% ofcontrol)100

2867[3H]Thymidine

incorporation
(cpm)130.

104 Â±7,513Â°

46,661 Â±5,060
23,424 Â±2,289

" Mean Â±SEM of quadruplicate cultures.

p53 levels as contrasted with a 64% decrease in [3H]thymidine

incorporation and a 72% reduction in p53 after exposure of
LA-N-5 cells to RA.

Expression of p53 mRNA. To assess whether the levels of
p53 mRNA change during differentiation, RNA was extracted
from untreated and RA-treated LA-N-5 cells, and untreated
and RA- plus dbcAMP-treated LA-N-5R9 cells. The RNA was
electrophoresed, transferred to filter paper, and hybridized with
32P-p53 cDNA. LA-N-5 cells contained abundant p53 mRNA,
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but a 60% decrease in the level of p53 mRNA occurred after
culture with RA for 4 days (Fig. 3). Similarly, p53 mRNA in
RA-resistant R9 cells markedly decreased when the cells were
treated with RA plus dbcAMP (Fig. 4).

DISCUSSION

In this study we show for the first time that human neuro-
blastoma cells express high levels of p53 and that, with indue-
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Fig. 3. p53 RNA level in LA-N-5 cells exposed to RA for 4 days. Lane I
contains RNA from HL-60 promyelocytes (p53 gene is deleted); Lanes 2, 3, and
4 contain 20, 10, and 5 fig of total RNA, respectively, from LA-N-5 cells cultured
for 4 days with RA (10"' M); Lanes 5, 6. and 7 contain 20. 10. and 5 **gof RNA,
respectively, from LA-N-5 cells not exposed to RA. p53 RNA was detected using
the pR4-2 human p53 cDNA clone as described in "Materials and Methods."

Quantitation by densitometry indicated a 60% reduction of p53 RNA levels in
RA-treated cells.
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tion of differentiation, the synthesis of p53 protein and levels
of p53 mRNA markedly decrease. The decrease in p53 levels
paralleled but did not precede the morphological differentiation
and growth inhibition of the cells. Differentiation was clearly
noted after 48 h of treatment with RA, and expression of p53
markedly decreased by 48 h. Similarly, differentiation of F9
embryonal carcinoma cells has been shown to result in a reduc
tion of p53 expression; again, however, expression did not
decrease for 48 to 72 h after exposure to the inducing agents
(21). In contrast, reduced expression of N-wyc and c-myc in
neuroblastoma cells (22) and F9 cells (21), respectively, has
been shown to occur within 6 h after induction. Taken together,
decreased levels of p53 in these two cell systems after exposure
to the inducing compound probably do not trigger differentia
tion but rather reflect a secondary event. Indeed, we have shown
that, in both LA-N-5 and LA-N-5R9 cells, reduction of p53
can occur when cellular growth is inhibited without differentia
tion. However, the degree of p53 reduction was substantially
less than that which occurred when proliferation was inhibited
as a consequence of differentiation. Hence, it is likely that
reduced growth rate per se only partially contributes to the
down-regulation of p53 expression in RA-treated LA-N-5 cells.

The inducer-mediated differentiation of MELC represents
the third model system used to study expression of p53 with
induction of differentiation (23, 24). One laboratory (23) found
elevated levels of p53 in MELC but failed to detect an alteration
in the levels of expression of p53 with differentiation. In con
trast, a second group (24) showed a decrease in p53 levels with
inducer-mediated commitment of MELC to terminal cell divi
sion. These later studies suggested a role for p53 in maintaining
MELC proliferation and that down-regulation of p53 concen
tration was part of the coordinated series of molecular events
responsible for inducer-mediated commitment of MELC to
terminal differentiation.

In the present study, we found that reduction of p53 concen
tration in RA-treated LA-N-5 cells is accompanied by a decrease
in the level of p53 mRNA. This decrease might reflect a
reduction in the rate of transcription of p53 RNA or alterations
of posttranscriptional control of p53 expression. Dony et al.
(21) found that down-regulation of p53 RNA during terminal
differentiation of F9 embryonal cells occurred at the posttran
scriptional level.

Finally, our results suggest that, in human neuroblastoma,
expression of p53 is directly associated with the malignant
phenotype. Thus, when LA-N-5 cells are induced to differen
tiate by RA, they are no longer able to form tumors in nude
mice." Preliminary experiments also show that p53 is highly

expressed in other human neuroblastoma cell lines and in fresh
biopsied neuroblastoma tissue. Future studies will determine
whether quantitation of p53 levels can be useful for assessing
the malignant potential and/or the aggressiveness of neuro
blastoma growth in vivo and may therefore be useful in clinical
staging and prognosis.
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Fig. 4. Reduction of p53 RNA level in LA-N-5R9 cells (resistant to RA)
exposed to RA and dbcAMP for 4 days. Lanes contain 10 ^g of total RNA
derived from SL-B1 human T-lymphocytes (rich in p53) (Lane /); HL-60 pro-
myelocytes (no p53 expression ) (Lane 2); KG-1 myeloblasts (no p53 expression)
(Lane 3); LA-N-5R9 control cells (Lane 4); and LA-N-5R9 cells treated with
dbcAMP (10~3 M) plus RA (4 x 10~' M) for 4 days (Lane 5).
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