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ABSTRACT 

The mechanisms of the uptake and release of m-iodobenzylguanidine 
(MIGB) have been studied in 5 neuroblastoma (NB) cell lines and in 4 
clonal NB sublines with a homogeneous phenotype. A specific uptake 
system for MIBG was found in 8 of 9 NB cell lines or subpopulations. The 
uptake was characterized by temperature dependency, high affinity, sat- 
urability, sodium dependency, and imipramine sensitivity. The majority of 
NB cell lines that possessed a specific uptake system for MIBG were also 
able to efficiently store the incorporated drug. However, 3 NB cell lines 
were identified without the ability to retain high levels of MIBG, despite 
the presence of a specific uptake system. We also report that a clonal 
subline, SH-EP1, which has a nonneuroblastic phenotype, failed both 
MIBG uptake and retention. Conversely, the parental cell line, SK-N-SH, 
and the neuroblastic subline SH-SY5Y possessed both a specific uptake 
system and the ability to store MIBG. In addition, the induction of neu- 
ronal differentiation with retinoic acid increased the velocity of uptake 
and the storage efficiency for MIBG in the clonal subline SH-SY5Y. We 
conclude that MIBG uptake and storage should be considered to be fre- 
quent but independent neuronal functions of human NB cells. 

INTRODUCTION 

MIBG, 4 a derivative of the antihypertensive agent guanethidine, is 
a recently developed radiopharmaceutical used increasir~gly in the 
diagnosis and treatment of neuroblastoma (1-3). The mechanisms of 
the MIBG uptake were initially studied in bovine adrenomedullary 
cells in which two different uptake systems were shown: a saturable, 
sodium-dependent system operating at low concentrations of the drug 
(Uptake-1 system) and a nonsaturable, sodium-independent system 
which is most probably a simple diffusion process (4). Subsequently, 
reports of MIBG uptake and storage in human NB in vitro have 
described the specific and sodium-dependent uptake as occurring 
rarely in NB cell lines (5-9). However, an extensive study defining the 
biochemical characteristics of MIBG uptake and storage in a signif- 
icant number of NB cell lines was not reported. 

The origin of NB from the neural crest is documented in vitro by the 
coexistence of the N and S cell types in NB cell lines: the first 
(N-phenotype) with features of a neuroblastic precursor and the other 
(S-phenotype) presumably representing cells oriented toward 
Schwannian/melanocytic lineage (10). Each distinct morphological 
cell type also has a distinct, characteristic biochemical phenotype that 
recapitulates its lineage derived from the neural crest ( l l) .  N cells 
contain the biosynthetic enzymes and the specific uptake system for 
norepinephrine, whereas S cells do not express these markers but 
synthesize fibronectin, vimentin, and, in some instances, tyrosinase 
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(11). The two cell types are capable of phenotypic interconversion 
through a bidirectional process termed "transdifferentiation" (12). 
Morphologically homogeneous populations (clonal sublines or sub- 
populations) of N and S cells have been isolated from NB cell lines, 
and they have been considered to be excellent models for the identi- 
fication of the biochemical and molecular markers of the two cell 
types (11). 

Another remarkable attribute of NB cell lines is their ability to 
undergo neuronal differentiation after treatment with several drugs 
(13). In particular, RA is able to induce a coordinated neuronal dif- 
ferentiation of NB cells in vitro (14, 15), and recent data have pro- 
posed that this effect can be retained in vivo (16, 17). 

The studies of the interactions between MIBG and NB have not 
taken into account specific biological features of NB cells such as the 
transdifferentiation between two well-defined lineages of the neural 
crest (N and S) and their capability to differentiate along a neuronal 
pathway. At the present time the heterogeneity of MIBG uptake ob- 
served in NB patients remains unexplained 08-20).  Similarly, the 
mechanisms involved in MIBG retention and release require clarifi- 
cation. 

In order to understand the extent to which specific uptake and 
storage of MIBG occur in human NB cell lines, we examined the 
biochemical properties of MIBG uptake and storage in five NB cell 
lines that have not been used in previous studies on MIBG (SMS- 
KCNR, NGE SK-N-FI, SK-N-DZ, SK-N-AS). Similar studies were 
undertaken in 4 cell lines derived from subcloning or enrichment 
procedures for the 2 phenotypic variants of human NB cells. The 
clonal sublines SH-SY5Y with neuroblastic phenotype and SH-EP1 
with substrate adherent phenotype were both derived from the cell line 
SK-N-SH. This cell line has a specific system for MIBG uptake and 
retention (5). The clonal subline BE(2)-M17 with neuroblastic phe- 
notype was derived from the cell line SK-N-BE(2) (11); the neuro- 
blastic population LA-N-1 n was derived from the cell line LA-N-1. In 
this study we also report the effects of neuronal differentiation upon 
the uptake and storage of MIBG in the cell line SH-SYSY. 

M A T E R I A L S  A N D  M E T H O D S  

Chemicals. [~25I]MIBG (specific activity, 1.5 mCi/mg) was purchased 
from Sorin Biomedica (Saluggia, Vercelli, Italy). IMP and RA were obtained 
from Sigma (St. Louis, MO). 

Cell Culture. Human NB cell lines SMS-KCNR, NGE SK-N-FI, SK-N- 
DZ, and SK-N-AS were kindly provided by Dr. M. A. Israel (University of 
California, San Francisco), and the sublines SH-SY5Y, SH-EP1, and BE(2)- 
M17 were a gift of Dr. J. L. Biedler (Memorial Sloan-Kettering Cancer Center, 
New York). The cell line LA-N-1 was obtained from Dr. G. Augusti-Tocco 
(Rome, Italy), and the purified neuroblastic subpopulation LA-N-ln was de- 
rived by selective detachment of loosely substrate-adherent cells in accord with 
the protocol of Rettig et al. (10). The NB cell lines and the cell line LA-N-ln 
were grown in RPMI 1640 supplemented with 10% heat-inactivated fetal calf 
serum (Flow Laboratories, Milan, Italy) and glutamine (2 mM). The NB sub- 
lines were grown in a 1:1 mixture of Eagle's minimum essential medium and 
Ham's F12 supplemented with nonessential amino acids, glutamine, and 15% 
serum. All cells were maintained at 37~ in a humidified 5% CO2 atmosphere. 

Time Course and Temperature Dependency of Uptake. Cultured cells 
were grown in 25-cm 2 Falcon flasks and used when they reached 70% con- 
fluence. Before tracer addition, the culture medium was removed, and the cell 
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monolayer was washed with KRH medium and preincubated with 4 ml KRH 
for 20 rain at 37~ or 4~ Uptake was assessed at different times by the 
addition of 4 ml KRH containing 0.1 )aM [tzsI]MIBG. At the end of the 
incubation period, flasks were placed on ice, the solution containing the ra- 
diotracer was removed, and the cells washed twice with cold KRH. Finally, the 
cells were removed from the flasks with two 1.5-ml aliquots of 0.3 N sodium 
hydroxide, and the total intracellular radioactivity was quantified in a gamma 
counter. Uptake was expressed as pmol/106 cells for each experiment, and the 
total number of cells was determined by counting 3 flasks grown in parallel. 

Uptake System and Sodium Dependency of Uptake. Kinetic studies were 
performed by incubating the cells in the presence of 0.05-30 pM [ t2SI]MIBG 
for I0 min at 37~ to determine the Km (pM) and Vma~ (pmol/106 cells/10 rain). 
The kinetic parameters with their SD of the specific uptake system were 
calculated by the Eadie-Hofstee equation (21). The sodium dependency of 
uptake was determined by performing a kinetic study in which NaC1 was 
replaced by an equimolar concentration of LiC1 in both preincubation and 
incubation media. Sodium-dependent uptake was determined to be uptake in 
the presence of NaCI minus uptake in the zero-sodium KRH and was expressed 
as the percentage of the total uptake. 

Imipramine Inhibition of MIBG Uptake. Cells were preincubated for 20 
min with KRH containing 0.005-1 pM IMP. Uptake was measured 10 min after 
exposure to 0. I pM of [z25I]MIBG in the presence of the same concentration of 
IMP. The values for the concentration producing 50% inhibition (pM) were 
obtained from the linear portion of semilogarithmic plots of percentage inhi- 
bition versus  concentration. 

PzsI]MIBG Release. The NB cell lines and the neuroblastic clonal sub- 
lines were preloaded for 1 h at 37~ with 0.1 ~M [~25I]MIBG. In order to obtain 
comparable levels of uptake, SH-EP1 were preloaded for 1 h at 37~ with 0.75 
laM [125I]MIBG. After the incubation medium was removed, the cells were 

washed twice with KRH and incubated at 37~ with normal growth media. The 
radioactivity remaining in the cells was measured at different postincubation 
times, and MIBG release was expressed as the percentage of MIBG accumu- 
lated at 1 h. 

R E S U L T S  

T ime  Course and Temperature Dependency of Uptake .  The 

time course of  MIBG uptake of 5 NB cell lines exposed to 0.1 

MIBG at 37~ showed a linear accumulation of  the agent up to 30-60 

rain. A decrease in the rate of  the uptake was observed between 60 and 

120 rain without further net uptake after 120 rain of exposure (pla- 

teau). A typical experiment with cell lines SK-N-DZ and SK-N-FI is 

shown in Fig. 1 (A and B, respectively). Despite having a similar 

kinetic pattern, the amount  of  drug that accumulated intracellularly at 
a certain time varied from one cell line to another (Fig. 1, A and B). 

The time course of  uptake recapitulated this kinetic pattern in the 

neuroblastic line LA-N- ln  (not shown), whereas in BE(2)-M17 a 

progressive decrease in cell-bound MIBG was detected after 60 rain 

(Fig. 1C). It is of  interest that the phenotypically clonal sublines 

SH-SY5Y (neuroblastic) and SH-EP1 (substrate-adherent), although 

derived from the same parental cell line SK-N-SH (11), showed dra- 

matic differences in their time course of MIBG uptake. The neuro- 

blastic line SH-SY5Y accumulated MIBG with the typical t ime course 

described above, whereas in SH-EP1 MIBG uptake was very low and 

constant at all the time points investigated (Fig. 1D). The 5 NB cell 

lines and the 3 neuroblastic sublines showed a clear dependence of  
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Fig. 1. Time and temperature dependency of [taSI]MIBG uptake into representative human NB cell lines and NB clonal sublines. A, SK-N-DZ; B, SK-N-FI; C, BE(2)-M17; D, 
SH-SY5Y (C), � 9  and SH-EP1 ([B, IlL Ceils were incubated at 37~ ( �9  I ,  &) or 4~ (C), El, &) with 0.1 pM [125I]MIBG for a determined time period. Points, mean of triplicate 
(37~ or duplicate (4~ values; bars, SD. SD is not shown when it does not exceed the symbol size. 
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MIBG uptake upon temperature: uptake at 4~ was characteristic of a 1no 
nonspecific process. Conversely, the accumulation of MIBG in the 
substrate-adherent subline SH-EP1 was similar at the temperatures of 
37~ and 4~ (Fig. 1D). Therefore, a nonspecific process for MIBG 5 4 s  
is the only effective one in SH-EP1 at any temperature of the exper- 
imental system. "~ 

Uptake System. The kinetics of uptake in the human NB cell lines ~ ao 
was evaluated as a function of extracellular drug concentration fol- m 

E 
lowing 10 min of exposure. During this time period MIBG uptake was "~ 
invariably linear in all NB cell lines tested (see above). The uptake n Is 
kinetics of MIBG in the NB cell lines and in the neuroblastic sublines 
was a complex biphasic phenomenon expressed by a straight line 
superimposed upon a hyperbola (Fig. 2). When this pattern has been 
reported in other systems (22) it has been interpreted to be the sum of 
2 different uptake components which partially overlap: (a) a high- 
affinity saturable component fitting with Michaelis-Menten kinetics too- 

which predominates at low concentrations; and (b) an unsaturable, 
linear component predominating at high drug concentrations. Extrap- 
olation of the linear component at 0 ~ and its subtraction from the ",~ ~ 
total uptake is the reported method of choice for calculating the 

1 
high-affinity, saturable component of the uptake. Using this method, a ~ no~ 
saturable component of the MIBG uptake was shown in all cell lines ~, 
except SH-EP1. The kinetic parameters of the saturable uptake were i 
calculated and are shown in Table 1. The relative importance of the "~ 
two components of the uptake varied in different cell lines. In two cell ] 
lines, SK-N-DZ and NGP, the linear component of the uptake was 1 largely predominant (see SK-N-DZ in Fig. 2A). In the other cell lines 
and in neuroblastic sublines, the high-affinity, saturable component 
was variably predominant (Fig. 2, B and C). However, the MIBG 
uptake in the SH-EP1 subline did not show any saturable uptake; the 
amount of MIBG recovered intracellularly was a constant fraction of 12o- 
the total extracellular concentration of the drug. The best fit for this 
uptake system is a straight line, and this phenomenon is usually .~_ 
considered a simple diffusion process (Fig. 2C). ~,.. 90- 

. , . , . . .  

S o d i u m  Dependency of Uptake. The equimolar substitution of _~ 
LiC1 for NaC1 in the uptake medium is a classical means of demon- 
strating the sodium dependency of the Uptake-1 system (23). MIBG .~ 6o- 

O 
uptake in the NB cell lines was largely sodium dependent, with an 
extracellular MIBG concentration of 0.1 ~ .  In the neuroblastic and 
substrate-adherent sublines MIBG uptake was evaluated over a wide 
range of MIBG concentrations in media with or without sodium. 
These experiments demonstrated that in the neuroblastic cells MIBG 
at low concentrations was taken up primarily through a sodium- 
dependent uptake system. At high concentrations, the sodium-inde- 
pendent system became more important. Specifically, the sodium de- 
pendency of the uptake was 80% or higher at low extracellular 
concentrations of MIBG (0.05-0.1 laM), about 50% at 1 laM but virtu- 
ally sodium independent over 5 pM. A different pattern was observed 
in the substrate-adherent cell line SH-EPI" no sodium-dependent com- 
ponent of the uptake was shown even at the lowest concentrations of 
MIBG (Fig. 3). 

Imipramine Inhibition Studies. IMP is a selective, competitive 
inhibitor of the neuronal sodium-dependent Uptake-1 system (24). 
The effects of this inhibitor were tested at the MIBG concentration of 
0.1 IJM which is characterized by large sodium-dependent uptake in all 
NB cell lines examined, with the exception of the cell line SH-EP1. 
The NB cell lines and the neuroblastic sublines were markedly inhib- 
ited in a dose-dependent manner by IME The IMP concentrations 
inhibiting 50% of MIBG uptake are reported in Table 2. This param- 
eter could not be determined in the cell lines SH-EP1 and TE-671 
because IMP concentrations between 0.005 and 1.0 ~tM were com- 
pletely devoid of effects in these cells. TE-671 was used as an exam- 
ple of a cell line without a specific uptake system for MIBG. These 
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Fig. 2. Total uptake of [t25I]MIBG as a function of concentration into representative 
NB cell lines and NB clonal sublines. A, SK-N-DZ; B, SMS-KCNR; C, SH-SY5Y ( 0 )  and 
SH-EP1 (m). Points, mean of triplicate values; bars, SD. SD is not shown when it does 
not exceed the symbol size. 

125 Table 1 Kinetic constants for the saturable component of [ I]MIBG uptake into 
human NB cell lines and clonal sublines 

Kinetic studies were done by incubating the cells in the presence of 0.05-30 IJM 
[125I]MIBG to determine the K m and Vma x of the saturable uptake. 

gm Vmax 
Cell line (~IM) (pmol/106 cells/10 min) 

SH-SY5Y 0.27 -+ 0.03 a 39.53 -+ 1.80 
BE(2)-M17 0.56 + 0.04 95.33 -+ 3.75 
LA-N-In  0.48 • 0.08 191.42 • 15.92 
SMS-KCNR 0.23 __. 0.02 60.47 - 2.14 
SK-N-FI 0.44 __. 0.05 193.01 - 10.00 
SK-N-AS 0.26 _+ 0.04 28.51 - 1.77 
SK-N-DZ 0.16 _ 0.03 4.91 • 0.29 
NGP 0.17 _ 0.04 16.14 • 1.17 

'~ Mean + SD of triplicate values. 
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MIBG UPTAKE IN NEUROBLASTOMA CELL LINES 

data confirm the presence of a specific MIBG uptake system in 5 NB 
cell lines and in 3 neuroblastic sublines but its absence in the sub- 
strate-adherent subline SH-EP1. 

MIBG Release from NB Cell Lines  and Sublines. The sponta- 
neous release of MIBG was monitored by determining the residual 
intracellular radioactivity at several times following the uptake period 
of 1 h. We observed 3 general patterns of MIBG release from the NB 
cell lines and from the clonal sublines (Fig. 4). For one group (in- 
cluding the cell lines SH-SY5Y, LA-N-ln, SMS-KCNR, NGP, and 
SK-N-FI) a period of high efflux (2 h) was followed by a prolonged 
retention of approximately 50-60% of MIBG initially taken up. In a 
second group, including the cell lines SK-N-AS and SK-N-DZ and the 
neuroblastic subline BE(2)-MI7, a higher release of MIBG was evi- 
dent, with low retention of the drug after 24 h (20-30%). Finally, the 
amount of MIBG incorporated nonspecifically into the cell line 
SH-EP1 was released completely 2 h after the medium was changed 
(Fig. 4). 

Uptake  and Storage of  M I B G  in S H - S Y 5 Y  Differentiated with 
RA. The effects of RA upon the NB cell line SH-SY5Y have been 
previously reported (25). After 13 days of continuous treatment with 
RA, the cell line SH-SY5Y shows dramatic morphological changes, 
with the appearance of long neuritic processes connecting ganglion- 
like structures and single cells. The kinetics of MIBG uptake in 
SH-SY5Y differentiated with RA showed small changes in gm (0.34 
--+ 0.01 laM) but a 2-fold increase in Vmax (76.94 ----- 1.61 pmol/106 
cells/10 min) when compared with undifferentiated cells (Fig. 5A; 
Table 1). Neuronal differentiation by RA also modified the release of 
MIBG from the cell line SH-SY5Y. Fig. 5B shows that spontaneous 

1 0 0  

75-  

e -  

so 
1:: 
.=_ 

i 2 5  & ~  
O, . , . , . .~ .  -* ---------~/---A 

, - ,  , ~ / . - ~  
1 5 10 3 0  

MIBG concentration (,t iM) 

Fig. 3. Percentage of the total uptake for the sodium-dependent uptake system of 
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dependent uptake is the total uptake (uptake in NaC1 media) less the uptake in zero-sodium 
media, expressed as the percentage of the total uptake. SD does not exceed the symbol 
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Table 2 Imipramine inhibition of the uptake system for [1251]MIBG (0.1 pM) in the 
NB cell lines and in TE-671 

The concentrations of IMP ranged from 0.005 to 1.0 ~tM. ICso was calculated as 
described in "Materials and Methods." 

Cell lines ICso (/aM) ~ 

SK-N-AS 0.012 
SMS-KCNR 0.010 
NGP 0.020 
SK-N-DZ 0.023 
SK-N-FI 0.020 
SH-SY5Y 0.018 
BE(2)-M 17 0.022 
LA-N-ln 0.018 
SH-EP1 >1 
TE-671 > 1 

Concentration resulting in 50% inhibition. 
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Fig. 4. Spontaneous release of [125I]M1BG from NB sublines SH-SY5Y ( � 9  BE(2)- 
M l7 (&), and SH-EP1 (n) .  Neuroblastic and substrate-adherent sublines were preloaded 
with [I25I]MIBG at 0.1 and 0.75 ~ ,  respectively, for 1 h; [12SI]MIBG release at different 
postincubation times was expressed as the percentage of [~25I]MIBG accumulated at l h. 
SD is not shown when it does not exceed the symbol size. 
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SY5Y human NB cells. A, total uptake as a function of concentration. Inset, same data 
presented by using Eadie-Hofstee plot. B, spontaneous release. NB cells were preloaded 
with 0.1 la~ [~25I]MIBG for 1 h. [I25I]MIBG release at specified times was expressed as 
the percentage of [~25I]MIBG accumulated at 1 h, Points, mean of triplicate values; bars, 
SD. SD is not shown when it does not exceed the symbol size. 

release of MIBG evaluated over 2 h following removal of the drug 
from the extracellular medium was significantly decreased by neu- 
ronal differentiation induced by RA. Therefore, differentiation along 
the neuronal pathway can increase the total accumulation of MIBG in 
the SH-SY5Y cell line by affecting both the uptake and the storage 
and/or release mechanisms of MIBG. 
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DISCUSSION 

Initial studies regarding MIBG uptake and retention reported that 
very few NB cell lines were able to take up and store MIBG in vitro 

(5-9). This finding conflicted with the high percentage of successful 
scintigraphic visualizations of NB with MIBG in tumor patients (26) 
as well as the presence of a high-affinity, saturable uptake system in 
16 primary cultures obtained from human pheochromocytomas (27), 
the other tumor routinely visualized with MIBG (28). In this report, 
we examined uptake and release of MIBG from 5 heterogeneous NB 
cell lines and 4 NB sublines or subpopulations with a homogeneous 
phenotype. Interestingly, with the present extensive study a specific 
uptake system for MIBG was detected in 8 of 9 NB cell lines or clonal 
sublines. The characteristics of this uptake were: temperature depen- 
dency, high affinity, saturability, sodium dependency, and IMP sensi- 
tivity. Kinetic studies also provided evidence of a low-affinity, unsat- 
urable uptake system which usually predominated at higher 
concentrations of extracellular MIBG. We showed a variable expres- 
sion of these 2 uptake systems within the NB cell lines examined, in 
agreement with the observations of Jaques et al. (27) in primary 
pheochromocytoma cultures. In particular, 2 NB cell lines, SK-N-DZ 
and NGP, were characterized by low saturable kinetics and predom- 
inant linear pattern of uptake. Our data regarding the kinetics of 
sodium dependency of MIBG uptake in NB sublines (Fig. 3) support 
the study on pheochromocytoma cells (27) that demonstrated an as- 
sociation of the sodium-dependent and sodium-independent uptake 
with the saturable and unsaturable kinetic patterns, respectively. 

At the present time, the precise mechanisms regulating MIBG stor- 
age and release from NB cells are still controversial (29). The initial 
hypothesis supporting the retention of MIBG in neurosecretory gran- 
ules and its secretion through exocytosis (30, 31) has been replaced by 
the proposal that MIBG uptake and retention represent the same 
mechanism: that storage is due to reuptake of the leaked drug (6, 32). 
Our data show a heterogeneity in NB cell lines that possess a pre- 
dominant specific uptake system for their efficiency of release. Al- 
though the most consistent pattern was characterized by a high level 
of retention of MIBG up to 24 h, we found at least 2 cell lines 
(SK-N-DZ and SK-N-AS) and the neuroblastic subline BE(2)-M17 
with uptake mechanisms similar to those of the other cell lines but 
with a poor ability to maintain high intracellular levels of the drug. In 
the case of BE(2)-M17, a net effiux of MIBG began after 1 h of 
exposure even though the drug was kept in the extracellular medium 
(Fig. 1C). This finding excludes the possibility that, in these cell lines, 
low MIBG retention could be due to low reuptake efficiency. In 
particular, in the BE(2)-M17 cell line, the uptake mechanism mea- 
sured by the initial uptake velocity appeared to be intact 24 h after 
exposure to MIBG (data not shown), when these cells had almost 
totally lost the fraction of the drug taken up in 1 h (Fig. 4). We are ' 
currently testing the hypothesis that the major driving force for MIBG 
depletion of preloaded cells may be due to active release mechanisms 
present in human NB. 

The absence of a specific system of uptake and retention of MIBG 
in the NB subline SH-EP1, in spite of its presence in the parental cell 
line SK-N-SH (5) and in the neuroblastic subline SH-SY5Y, is in 
agreement with the nonneuroblastic phenotype of these cells. In the 
light of this finding, the phenomenon of transdifferentiation N~___ ~ S 
represents not only a coordinated switch among two different neural 
crest precursors but also marks the interconversion between a cell 
population with the ability to take up and store MIBG and a cell 
population without any of these properties. 

One of the best-studied biological features of NB cells in vitro is 
their ability to undergo neuronal differentiation after treatment with 
RA (14, 15). Neuronal differentiation is usually associated with up- 
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regulation of some markers of the neuronal lineage (neurotransmitter 
enzymes, neurofilaments, ultrastructural changes, etc.) (33-35). The 
present experiments performed on SH-SY5Y cells treated for 13 days 
with RA, when cells displayed a fully differentiated phenotype, 
showed a stimulation of MIBG uptake and storage in differentiated 
NB cells (Fig. 5). The evaluation of MIBG uptake during the time 
course of the changes induced by RA showed that the increased levels 
of uptake were not a direct effect of RA treatment but were related to 
the achievement of a terminally differentiated state of SH-SY5Y cells. 
An intermediate degree of differentiation characterized by partial neu- 
ritic elongation and absence of cell clustering in ganglion-like struc- 
tures was never associated with higher uptake and/or retention of 
MIBG (data not shown). These results concur with experiments dem- 
onstrating the stimulation of uptake and retention of norepinephrine 
by nerve growth factor-induced outgrowth of processes in PC 12 pheo- 
chromocytoma cells (36). The presence of varicosities along the neu- 
ritic processes induced by RA in NB cells has been associated, at the 
ultrastructural level, with a concentrated aggregation of vesicles (34) 
that could play a role in the increased efficiency of MIBG storage 
shown by the differentiated cells. The stimulation of MIBG uptake 
and retention by RA-induced differentiation of NB cell line SH-SY5Y 
raises the possibility that the same phenomenon may occur in vivo. 

The phase I-II trials for RA recently begun in children affected by NB 
(17) should include the evaluation by radioactive MIBG of the pos- 
sible changes of scintigraphic visualization of the tumors after treat- 
ment with RA. 
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