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ABSTRACT. A peculiar human cell line (GI-ME-N) de- 
rived from the metastatic bone marrow of a Zyr-old patient 
with stage IV neuroblastoma (NB) was extensively char- 
acterized. Cell-type-specific markers, tumorigenicity in 
nude mice, morphology, cytogenetics, and amplification/ 
expression of the N-myc gene were evaluated. All meta- 
phases presented the typical l p  deletion. Surface markers 
specific for NB cells, vimentin, and neurofilament proteins 
were all clearly detectable with immunofluorescence and/ 
or western blot procedures. Moreover, it was found that 
GI-ME-N cells did not express N-myc oncogene or HLA 
class 1 antigens, and were not classified as peripheral 
neuroectodermal tumor cells. However, extremely short 
latency and survival times, comparable to peripheral neu- 
roectodermal tumor cells, were observed in nude mice 
grafted with GI-ME-N. In addition, no correlations were. 
observed in tumorigenicity of N-myc amplified (IMR32) 
versus unamplified (SK-N-SH GI-ME-N) human NB cell 
lines in nude mice. We conclude that N-myc amplification/ 
expression do not correlate with the aggressiveness of 
human NB in athymic animals, which is not always ex- 
plained by the peripheral neuroectodermal tumor cell na- 
ture of the malignant cells, either. (Pediatr Res 27: 1-6, 
1990) 

Abbreviations 

NB, neuroblastoma 
GI-ME-N, Gaslini Institute, patient initials, neuro- 

blastoma 
PNET, peripheral neuroectodermal tumor 
BM, bone marrow 
s.c., subcutaneous 

Neuroblastoma, a neoplasm of the sympathetic nervous sys- 
tem, is the most common extracranial solid tumor arising in 
children (1, 2). In contrast to other pediatric tumors, the prog- 
nosis of NB patients has not significantly improved in the last 
10 yr. With conventional chemotherapy, including local irradi- 
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ation and surgery, the long-term survival for all metastatic forms 
of the disease does not exceed 20% (3). Intense chemotherapy, 
followed by the infusion of anti-CD3 IL-2-activated killer cells 
(4), or total body irradiation followed by autologous bone mar- 
row transplantation have recently improved the disease-free sur- 
vival (1, 3, 5). However, clinical relapses with disease progression 
are observed in at least 70% of treated patients (5). 

Such frustrating clinical results have stimulated basic research 
aiming to develop new prognostic and diagnostic criteria (6-8) 
as well as new therapeutic strategies (9-1 1). A significant corre- 
lation between the amplification of the N-myc oncogene and 
poor prognosis has been reported by Seeger et al. (6), and 
subsequently confirmed (8, 12). However, some clinical excep- 
tions have been described (13, 14). Continuous human NB cell 
lines have become important in vitro models for this type of 
tumor (9, 10, 15, 16). A biologic classification of cell lines derived 
from human extracranial neural tumors has been recently pro- 
posed (17). These authors showed that the time necessary for 
observing a 5-mm S.C. tumor in nude mice injected with a large 
number of human NB cells (lag time) was significantly shorter 
for N-myc nonamplified cells showing high HLA expression. 
However, NB cell lines virtually lacking HLA class I Ag, whether 
or not expressing high levels of N-myc oncogene, would have 
very long lag times. It was concluded that N-myc nonamplified 
cell lines can be subdivided according to tumorigenicity in PNET 
(HLA +, N-myc-, c-myck) and "true" NB (HLA-, N-myck, c- 
myc-). 

We describe a new human NB cell line, GI-ME-N, established 
from a BM sample of a 2-yr-old white girl with stage IV NB (I ) .  
GI-ME-N cells have morphologic, chromosomal, and growth 
characteristics of neuroblasts. They appear to be highly tumori- 
genic in CD 1 nu/nu mice, whereas showing no expression of the 
N-myc oncogene. Moreover, GI-ME-N cells do not express HLA 
A-B-C antigens. 

MATERIALS AND METHODS 

Patient. M.E. was a 2-yr-old girl diagnosed in December 1984 
as group 4 NB according to the Italian staging system (2) or stage 
IV NB according to Evans et al. (1). At admission she had a 
large adrenal primary tumor metastasized into the regional 
lymph nodes and BM. When the BM sample was drawn the 
patient had elevated levels of vanillylmandelic acid (45 mg/24 
h) and homovanillic acid (52 mg/24 h) in the urine. The tumor 
responded poorly to chemotherapy (cyclophosphamide, adria- 
mycin, vincristine, peptichemio, cisplatin), and the patient died 
1 1 mo after diagnosis with progressive disease. 

Cell culture. GI-ME-N was derived from a sample of infiltrated 
BM obtained after 6 mo of chemotherapy, containing 85 k 5% 
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of UJ 13A + cells ( 1  8). BM cells were plated directly on a 30-mm 
diameter Petri dish (Falcon Plastic, Oxnard, CA) in RPMI 1640 
medium (GIBCO Europe, Paisley, UK) supplemented with 20% 
heat inactivated FCS (GIBCO), glutamine (100 nM), penicillin 
G (50 IU/mL), and streptomycin (50 pg/mL) (complete me- 
dium). After 3 days of culture, clumps of adherent cells were 
present. These cells were washed and the medium replaced. After 
another 2 wk, adherent cells were treated gently with 0.05% 
trypsin and 1 mM EDTA in Hanks' balanced salt solution and 
transferred into 25-cm2 tissue culture flasks (Falcon). The me- 
dium was replaced every 3-5 days until the cells became subcon- 
fluent, at which point they were split. Other NB cell lines (17) 
(Table 1) were also grown in the same medium as controls. The 
cells were routinely checked for contaminating microorganisms 
with negative results. Mycotrim test for mycoplasma (Hana 
Media, Berkeley, CA) was also negative. 

Light microscopy. Phase-contrast microscopy of living cells 
was carried out with an Olympus TO4 1 inverted microscope (Fig. 
1). Cell morphology was also evaluated on a scanning electron 
microscopy (Fig. 2). 

Growth in vitro. Doubling time was determined by seeding 1 
x lo5 cells into a 2.5-cm Petri dish (Falcon) and counting with 
a hemocytometer at 24-h intervals, in three replicate dishes. Cell 
doubling time was calculated from the best-fit line of logarithmic 
growth conditions. Cell viability was determined by trypan blue 
exclusion. 

Growth in vivo. Four-wk-old female CDl nu/nu mice were 
obtained from Charles River, Italy. The animals were injected 
S.C. with 3 X 1 0' cultured GI-ME-N cells in 0.1 mL of complete 
medium. SK-N-SH and IMR32 were also injected into control 
animals. The mice were palpated twice a week to detect tumor 
appearance (19). The latency or lag time was the time in days 

Table 1. Growth of human NB cells lines in 6-wk-old female 
CDl nulnu mice* 

Latency time Survival time 
(days. mean k SD) (days. mean k SD) 

GI-ME-N 4.6 t 0.5 87.3 t 28.8 
SK-N-SH 40.6 t 24.8 107.3 t 15.0 
IMR32 80.6 k 25.4 130.0 k 31.1 

*Cells were grown in RPMI 1640 + 20% FCS and injected subcuta- 
neously as described in "Materials and Methods." 

necessary to appreciate a 5-mm S.C. tumor. Mice were killed at 
the time when a 20-mm S.C. tumor was detected (survival time) 
(Table I). 

ZmmunoJluorescence analysis. Surface antigens were detected 
with indirect membrane immunofluorescence (1 8), using the 
panel of MAb summarized in Table 2 (9). Briefly, adherent cells 
were scraped off the flasks with a disposable plastic cell-scraper 
(Costar, Cambridge, MA) and washed twice in complete me- 
dium. Fifteen pL of suspension containing 1 x lo6 cells were 
incubated at 4°C for 30 min with 15 pL of the appropriately 
diluted MAb. After washing twice the reaction was developed by 
a second incubation with fluorescein-conjugated goat-IgG anti- 
mouse (Coulter Electronics Ltd, Luton, UK) for 30 min at 4°C. 
Cells were then washed twice and observed under a Leitz Ortho- 
plan UV microscope (Leitz Wetzlar, GmbH Wetzlar, Lanh, W. 
Germany). At least 200 cells per sample were counted and the 
percentage of stained cells showing either partial or complete 
ring fluorescence was determined. The same procedure, with 
minor modification (9), was used to detect neurofilaments, vi- 
mentin, chromogranin, synaptophysin, and cytokeratin (Boeh- 
ringer Mannheim, West Germany) in cells previously grown on 
multiwell chamber slides (Flow). 

Analysis of cytoskeleton. Five Petri dishes, each containing 5 
x lo5 cells in complete medium, were prepared. When the cells 
were confluent, the medium was removed and 3 mL of PBS 
were added just before scraping. Cells were then centrifuged at 
800 x g for 5 min and the pellet was resuspended in 5 mL of 
extraction buffer (50 mM Tris HC1,2 mM EDTA, 0.5% Nonidet 
P-40 and 1 mM phenylmethylsulphonyl fluoride). The nuclei 
were eliminated by centrifugation at 500 x g for 5 min. Super- 
natant, containing cytoskeletal proteins, was withdrawn and 
again spun at 34 000 x g for 30 min. The pellet was resuspended 
in 50-100 pL of buffer (50 mM Tris HC1 pH 6.8, 1 % SDS, 2% 
2-mercaptoethanol), transferred into Eppendorf tubes, boiled for 
10 min, and then spun at 13 000 x g for 2 min. Electrophoresis 
of 20 pg proteins obtained as described above was carried out 
onto 7.5 or 10% acrylamide slab gels using a Mini-Protean Dual 
Slab cell (BioRad Laboratories, Richmond, CA) at 120 V for 1 
h, as detailed elsewhere (9) 

Chromosome preparations. The methods for chromosome 
analysis (20) and GTG-banding (15) have been described in 
detail. 

DNA extraction and analysis. High mol wt DNA was obtained 
as previously described (1 3, 2 1). Briefly, DNA (20 pg) samples 

Fig. I .  Morphology of GI-ME-N at the 79th passage (phase contrast 20X). Note the differentiated morphology and long neuritic processes. 
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Fig. 2. Scanning electron mycroscopy of a GI-ME-N cell and its neuritic processes. The cell surface appears rather smooth with only few 
microvilli and blebs. The neurites are usually thin with terminal enlargement. 

Table 2. Membrane and cytoskeletal markers of GI-ME-N cells 
Immunofluorescence Western blot 

Neurofilaments 68 kD* 
168 kD* 
200 kD* 
Vimentin* 
Cytokeratin* 
Chromogranin* 
Synaptofisin* 
UJ13A$ 
HSAN 1.25 
126.4# 
TEC-CALLAt 
Ab 3905 
Ab 4595 
HLA-I (~2microglobulin) 

MAb by * Boehringer, t Tecno Genetics, or kindly provided by $ J. 
Kemshead and 3 C. P. Reynolds. Note: (-) negative; (c) weakly positive; 
(+) positive; (ND) not detected. (IF) immunofluorescence; (WB) western 
blot. 

were digested for 3 h with 40 U of EcoRI restriction enzyme 
(Boehringher Mannheim) with 100 mM Tris-HC1 pH 7.5, 50 
mM NaC1, 10 mM MgC12 at 37°C. The DNA fragments were 
separated by electrophoresis on 0.8% agarose gel (LE, Miles 
Scientific, Naperville, IL). The DNA was denatured and trans- 
ferred on a nitrocellulose filter (Millipore Corporation, Bedford, 
MA), as described by Southern, with minor modifications (2 1). 

Dot blot analysis was performed using the Hybri-Dot System 
apparatus (BLR, Bethesda, MD). DNA was mixed to 400 pL of 
10 mM Tris-HC1 pH 7.0, 1 mM EDTA, and 0.1 vol of 3 M 
NaOH. After 1 h of incubation at 65"C, the mixture was neu- 
tralized by adding 1 vol of 2 M ammonium acetate. Finally, 
dilutions of denatured DNA were spotted on nitrocellulose filters. 
The filters were baked for 2 h at 80°C and hybridized with 32P- 
labeled N-myc probe NB 19-21, in the vector pUC-9 (kindly 
provided by F. Alt, Columbia University, New York, NY) con- 
taining 50% formamide (Serva Feinbiochemica GmBH & Co., 
Heidelberg, Germany), as described (I 3, 2 1). After hybridization 
the filters were washed in 2 x 17.538 of NaCl and 8.828 sodium 

citrate (SSC), 0.1 % SDS at 42°C for 15 min and exposed to 
Kodak X 0-Mat ARX X-ray film (Eastman Kodak, Rochester, 
NY) for 3 d at -80°C. 

RNA analysis. RNA was extracted from cultured cells with 
the acid guanidinium thiocyanate-phenol-chlorophorm method 
as previously described (22). Northern analysis was performed 
according to Maniatis et a[. (23). The filters were hybridized with 
32P N-myc probe with the same experimental conditions de- 
scribed above. Total RNA extracted from control cell lines was 
also analyzed for the expression of N-myc. The filters were then 
boiled and washed in 0.01 % SDS, 0.1 % SSC, and hybridized 
again using 32P P-actin probe (provided by S. Ferrari, Modena, 
Italy). 

RESULTS 

Growth in vitro and in vivo. GI-ME-N cells show a doubling 
time of 36 h and a clonogenicity in semi-solid medium of 82: 
colonies/well(~19 SD) after 10 d of culture. Lag time was 4.6 + 
0.5 d for GI-ME-N and 40.6 + 24.8 d for SK-N-SH. GI-ME-N 
cells continued to grow in 100% of the grafted animals (87.3 + 
28.8 survival time). The survival time for SK-N-SH was 107.3 + 
15.0 days, and for IMR32 even longer (Table I). 

Surface and cytoskeletal markers. Table 2 shows that GI- 
ME-N cells express at high levels membrane markers specific for 
NB cells, UJI3A, 126.4, 390, and 459, while being negative for 
HLA-I (P2-microglobulin). Cytoskeletal proteins expressed by 
GI-ME-N cells investigated by both immunofluorescence and 
western-blot analysis are summarized in Table 2. These findings 
confirm the NB nature of GI-ME-N cells. 

Karyotype. GI-ME-N chromosome preparations were ex- 
amined at the 4th, 6th, 21st, 55th and 79th passages of continu- 
ous culture. Before the last cytogenetic control, the cells acquired 
a near-tetraploid karyotype, retaining most of the alterations 
revealed during the near-diploid phase. The modal number was 
92, with a preferential deletion of chromosome 6q- in near- 
tetraploid metaphases. Neither double minutes nor homogene- 
ously staining regions were documented. All karyotype and 
metaphases had the following markers, some of them were stable 
and present since the beginning of the culture: t (I,?); dup (2); 
dup(4); del (6p); t (1 1; 17); - 19; + 13 (Fig. 3). Others were only 
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present in the earliest passages (5q+ and 12q+), and yet others 
probably only originated after a certain period in culture (6q- 
and +20) (data not shown). 

N-myc oncogene DNA. N-myc amplification was studied at 
the 2 1st and 55th passages. The DNA restriction analysis showed 
a 2-kb EcoRI band corresponding to the oncogene N-myc, which 

Fig. 3. GTG-banded karyotype of GI-ME-N cell culture: 92,XX,-X, 
-X,- I ,- I ,+2 (der(l)t(l,6?)(p36,p2 I?)),-2,-2,+2(inv dup(2)(p21p24)), 
-4,-4,+2 (inv dup(4)(q25q34)),-6,-6,+2 (de1(6)(q13)),- 10,- 10,+2 
(der(lO)t(lO,?) (pll,?)),-11,-l l,+2(der(ll)t(ll,l7)(q13,ql1)),+13,+13, 
-19,-19,+20,+20. A high resolution scheme of the chromosome 2 with 
inverted duplication of the p21-p24 segment can be seen in the lower 
right panel. 

was not amplified. DNA from N-myc amplified and nonampli- 
fied cell lines were used as control (Fig. 4). 

N-myc oncogene RNA. N-myc transcript was not detectable in 
GI-ME-N cell by Northern blot analysis. Figure 5 show the 3.2- 
kb signal corresponding to the N-myc probe hybridization in 
eight different human NB cell lines. The Northern analysis 
appears not to be sensitive enough to detect the signal in either 
GI-ME-N or SK-N-SH, the only two cell lines carring a single 
copy of the N-myc. In contrast, all cell lines with multiple copies 
of the oncogene also express elevated levels of it. 

DISCUSSION 

In most cases NB behaves as a highly malignant tumor, 
resistant and/or relapsing after irradiation and polychemother- 
apy (3, 5, 1 I). However, a number of clinical observations clearly 
demonstrate that NB has the highest overall rate of spontaneous 
regression of any malignant neoplasia (3). There are documented 
cases of spontaneous as well as chemotherapy-associated matu- 
ration of NB to benign ganglioneuroma (24). Moreover, infants 
with stage IV NB, presenting at onset a widely disseminated 
disease, can be frequently cured, avoiding surgery and/or aggres- 
sive polychemotherapeutic regiments (25). A possible explana- 
tion of such a peculiar behavior has been suggested by Seeger et 
al. (6). These authors indicated that at least two biologically 
distinct neuroblastomas actually exists differing for a molecular 
alteration involving the N-myc oncogene. N-myc amplified NB 
would characterize the poor prognosis group of patients. In 
addition, Reynolds et al. (17), investigating the tumorigenicity 
of human NB in nude mice, indicated that several so-called 
human NB cell lines are actually PNET cell lines. Based on this 
observation, these authors speculate that several metastatic NB 
having a prognosis as poor as the N-myc amplified NB and 
showing no amplification or expression of N-myc oncogene, 
would then need to be reclassified as PNET. This would explain 
why a large percentage of a single copy N-myc tumors has a very 
poor prognosis. The in vivo behavior of NB and PNET in nude 
mice was in fact very different. N-myc amplified, HLA-I-, cell 
lines show a lag time significantly longer than PNET. However, 
all single-copy N-myc HLA-lt cells ("false" NB or PNET) show 
a very aggressive behavior in athymic mice. 

We have analyzed more than 100 primary and metastatic NB 
and established new human NB cell lines (15, 20). GI-ME-N 
derives from the BM of a child with stage IV NB. It shows a 
single copy of the cellular oncogene N-myc. N-myc mRNA 
transcript is undetectable with the described assay for both GI- 
ME-N and SK-N-SH, possibly due to the relatively short time of 

Fig. 4. Restriction analysis of DNA showing a 2-kb EcoRI band corresponding to the N-myc oncogene. Dot blot analysis confirms a single copy 
of the gene both for GI-ME-N and SK-N-SH, whereas 40 copies of the oncogene are detected in IMR-32 cells. 



GI-ME-N: UNUSUAL HUMAN NEUROBLASTOMA CELL LINE 5 

Fig. 5. N-myc transcript of GI-ME-N compared to other N-myc cell lines with variable or undetectable expression of the N-myc oncogene. All 
control cell lines with amplification of the N-myc also express high level of N-myc transcript. In contrast, the expression of N-myc is undetectable 
in SK-N-SH cells, which show a single copy of the oncogene. 

exposure to x-ray film. However, a different method did not 
substantially modify this result (26). 

Some cytogenetic features appear to be peculiar for NB (20). 
The partial monosomy of chromosome 1, which is present in 
about 80% of fresh tumors and 65% of cell lines (27), was one 
of the more stable and initial anomalies, and very likely occurred 
in vivo. These data emphasize the close relationship between NB 
and monosomy of the short arm of chromosome 1, supporting 
the hypothesis that a gene, or genes, capable of controlling the 
proliferation of neuroblasts (antioncogene) is, or are, present on 
this chromosomal segment (28). A duplication of the p21-p24 
segment of the chromosome 2 short arm, involving the N-myc 
oncogene locus (2p23-24) (20), was observed from the 4th pas- 
sage onward. The derivative chromosome generated by the 
t( 1 1,17)(q 13,qll) unbalanced translocation was simultaneously 
present with both members of the 17 pair and 1 single chromo- 
some 11 in the diploid karyotype. The 17qll-qter segment was, 
therefore, trisomic, whereas the 1 lq  13-qter was monosomic. 
Chromosome 17 trisomy is one of the most characteristic sec- 
ondary anomalies of NB, and seems to play an important role 
in the progression of this tumor (28). 

The expression of surface markers specific for NB cells at 
different states of malignant transformation (UJ 13A, 390, 126.4, 
459) (I 8, 30, 32) on GI-ME-N cells, strongly indicates the neuro- 
blastoma nature of the cells. This is also confirmed by the absence 
of HLA class 1 antigen expression, allowing to exclude the PNET 
nature of the new cell line (17). Changes in the type and amount 
of intermediate filaments have been shown to accompany neural 
cell differentiation (33). Immature neurons do not express NF, 
differentiated neurons express 68 kD and 160 kD NF and mature 
neurons express all these proteins (34). Furthermore, because 
200-kD NF arises late in neuronal development, and because 
vimentin is also transiently expressed with NF proteins in neu- 
roblasts (36), their combined presence in GI-ME-N cells may 
indicate that the malignant transformation occurred in the pa- 
tient late during the adrenal NB differentiation pathway. 

The growth in nude mice as undifferentiated small round cell 
tumor can be related to the undifferentiated aspect of the cells 
observed in the patient's original tumor mass. The tumor pro- 
gression in nu/nu was rapid in comparison with SK-N-SH and 
IMR32, which carry, respectively, a single copy or multiple 
copies of the N-myc oncogene. 

From these results, it appears that GI-ME-N cells can be 
considered as a new human NB cell model useful in understand- 
ing the relationship between the N-myc oncogene and NB cell 
growth, and an especially appealing system to study the mecha- 
nisms of neuroblastoma cell differentiation. 
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