
American Journal of Pathology, Vol. 130, No. 3, March 1988
Copyright © American Association of Pathologists

Phenotypic and Genotypic Analysis of a Human
Medulloblastoma Cell Line and Transplantable
Xenograft (D341 Med) Demonstrating Amplification
of c-myc

HENRY S. FRIEDMAN MD,
PETER C. BURGER, MD,
SANDRA H. BIGNER, MD,

JOHN Q. TROJANOWSKI, MD, PhD,
GARRETT M. BRODEUR, MD, XUANMIN HE,

CAROL J. WIKSTRAND, PhD,
JOANNE KURTZBERG, MD,
MICHAEL E. BERENS, PhD,

EDWARD C. HALPERIN, MD,
and DARELL D. BIGNER, MD, PhD

D341 Med is a new continuous cell line and transplant-
able xenograft derived from a cerebellar medulloblas-
toma. This line grew in vitro in suspension culture with
spontaneous macroscopic spheroid formation and
demonstrated 20-fold amplification ofc-myc. Cultured
D341 Med cells injected subcutaneously into athymic
mice grew as markedly cellular, highly invasive undif-
ferentiated neoplasms. Intracranial tumors grew as
markedly cellular mitotically active neoplasms largely
located within the subarachnoid space or lining the
ventricular system. Immunocytochemical analysis of

MEDULLOBLASTOMA, the most common malig-
nant brain tumor in childhood, continues to repre-
sent a therapeutic challenge. The majority ofchildren
with this tumor will ultimately die ofprogressive dis-
ease, despite treatment with increasingly sophisti-
cated surgical and radiotherapeutic intervention.'
Newer approaches, exploiting advances in rationally
designed chemotherapy and monoclonal antibody
(MAb) technology, are needed for the effective treat-
ment of this tumor.
Our laboratory has previously reported the estab-

lishment and use of two models of human medullo-
blastoma in the design of rational therapy.2 Medul-
loblastoma has been studied by many investigators,
who have observed marked differences in type and
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the cell line and SQ tumors revealed the high (NFP-H)
and middle (NFP-M) molecular weight (Mr) neurofila-
ment proteins (NFPs). Immunoblots demonstrated the
presence of molecular species that co-migrated with
authentic human NFP-H and NFP-M. This cell line and
transplantable xenograft may allow, in conjunction
with the authors' other models ofhuman medulloblas-
toma, analysis ofthe heterogeneous biologic properties
and therapeutic sensitivity ofthis tumor. (AmJ Pathol
1988, 130:472-484)

degree of differentiation, tissue pattern, and "grade"
of malignancy.'-" Models chosen for study of the
biologic properties and therapeutic sensitivity of this
tumor will need to reflect this spectrum if clinically
relevant strategies are to be designed. To date, three
continuous human medulloblastoma-derived cell
lines and transplantable xenografts have been de-
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scribed,3"2"3 but this limited number is clearly inade-
quate to encompass the marked heterogenity of this
neoplasm.
We now report the phenotypic and genotypic anal-

ysis of a new human medulloblastoma-derived cell
line and transplantable xenograft D34 1 Med, the first
to date with aniplification of the c-myc oncogene. It
will add to the cell lines that can be used for study of
the biology and therapeutic responsiveness ofthe me-
dulloblastoma.

Materials and Methods
Clinical History

The patient had been well until 35/2 years of age,
when signs of increased intracranial pressure ap-
peared and a computerized tomographic (CT) scan of
the head revealed a large midline cerebellar mass with
obstructive hydrocephalus. The lesion was subtotally
excised, and the surgical specimen interpreted histo-
logically as a medulloblastoma. The child was treated
with whole neuraxis radiotherapy and did well for 4
months after diagnosis until abdominal distention
and ascites developed. A CT scan of the abdomen
revealed metastatic lesions, and a bone marrow aspir-
ate revealed 75% replacement with tumor cells. The
child died 5 days later; a request for a postmortem
examination was denied.

Morphologic Study of the Cerebellar Tumor

A study was made of the cerebellar surgical speci-
men by light microscopy, including immunohisto-
chemistry for neurofilament protein (NFP, of high
[H], middle [M], and low [L] molecular weight) and
glial fibrillary acidic protein (GFAP) on paraffin-em-
bedded tissue. The expression ofNFP and GFAP was
examined with the use ofmonoclonal antibodies spe-
cific for the human forms ofthese proteins. The prep-
aration and characterization of the MAbs and the
procedures for their use as probes in normal and neo-
plastic human tissues have been described pre-
viously. 1418

Initiation of Cell Line and Transplantable
Xenograft D341 Med

The cell line D341 Med was derived from tumor
obtained at craniectomy. This tissue was sterilely sec-
tioned into pieces for cell culture and inoculation into
athymic nude mice.
The tissue was mechanically disaggregated and

yielded a single cell suspension, plated in 100-mm
Petri dishes and T-25 suspension flasks, and incu-

bated at 37 C in a 5%CO2 in air atmosphere. Adherent
cell cultures were fed when the pH of the medium
dropped and subcultured at confluence by expbsure
to 0. 12% trypsin and 0.02% EDTA. Suspension cul-
tures were similarly fed and subcultured once to twice
weekly. Nonviable cells were removed by density gra-
dient centrifugation through Ficoll-Hypaque (LSM,
Organon Teknika Co., Durham, NC). The absence of
contamination with mycoplasma was confirmed as
previously described.3

Growth of Cell Line D341 Med

The population doubling time and colony forming
efficiency in soft agar were determined as previously
described with Passage 63 and 71 cells, respec-
tively.2'19

Phenotypic Analysis of Cell Line D341 Med

The antibodies and antisera used for the in vitro
studies are listed in Table 1.

Radioimmunoassay (RIA) for Murine Antibodies
The RIA was performed as previously described,30

with modifications described below for nonadherent
cells. The secondary antibody was affinity-purified
'25I-labeled goat anti-mouse immunoglobulin (Coo-
per Biomedical, Inc., Malvern, Pa) diluted in 10%
fetal calf serum (FCS): Zinc Option (ZO) medium to
give approximately 105 cpm/50 ul. Briefly, 2.5 X 105
cells in 25 ,1 complete medium were plated per well in
96-well assay plates, 50 u1 of primary antibody was
added, and the plates were incubated at 37 C for 60
minutes. The cells were subsequently washed three
times with 10% FCS-0.02% EDTA-ZO by centrifuga-
tion and 50 ,l of '25I-labeled secondary antibody
added to each well. The plates were again incubated at
37 C for 1 hour and finally washed five times with
Hanks' buffered saline (HBSS). The cells were re-
moved by exposure to 2 M NaOH and absorption
with cotton swabs. The swabs were counted in a Pack-
ard Gamma Spectrometer. Results are expressed as
the binding ratio (BR), calculated as "exp cpm/bkgd
cpm," where "exp cpm" represents the average
counts per minute bound by the experimental sample
(n = 3) and background counts per minute that of
P3-63-AG8.4 (IgG) culture supernatant or appropri-
ate subclass of nonreactive immunoglobulin (n = 3).
A BR 2 3.0 is considered positive; such values exceed
the mean background value by greater than 3 stan-
dard deviations (SD).
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Table 1 -Monoclonal Antibody Profile for Immunohistochemical Analysis of Cell Line D341 Med

Species Antigen or Antigen Concentration Reference or
Antibody source immunogen Reported specificity location tested source

UJ13A Mouse Pan-neuro- Normal and tumor Cell 1.1 ,ug/ml 20
ectodermal tissue of surface purified MAb 21,22
antigen neuroectodermal

origin
15E2E2 Mouse S-100 protein Cells and tumors of Intracellular 25 ug/ml MAb 23

nonectodermal,
mesodermal, and
epithelial origin

Anti-NFP Rat/mouse Neurofilament Neuron Intracellular 1/10 dilution 15,16,24
MAb
supematant

Anti-NSE Rabbit Neuron- Neuron, reactive Intracellular 1/100 dilution 25
specific astrocytes, antiserum 26
enolase astrocytoma,

glioblastoma
Anti GFAP Mouse Glial fibrillary Normal, reactive and Intracellular 5 ug/mI purified 27

acidic neoplastic MAb
protein astrocytes

Anti-GS Rabbit Glutamine Glial cell, astrocytoma Intracellular 1/100, 1/200 28
synthetase dilution of 29

antiserum

Indirect Immunfluorescence Assay
The indirect live cell membrane assay was per-

formed as previously described.31 Briefly, 5 X 105
cells were plated per well in 96-well assay plates and
incubated with 50 ,ul ofprimary antibody at 4 C for 2
hours. They were washed three times with 10%
FCS-0.02% EDTA-ZO medium and incubated with
50 jul of fluorescein-conjugated secondary antibodies
of appropriate species specificity at 4 C for 2 hours.
The cells were washed as described above and
mounted with 50% glycerol in Dulbecco's phosphate-
buffered saline (PBS). A minimum of200 cells per test
well were scored for fluorescence under dark field
ultraviolet with a Zeiss Universal microscope. The
fluorescence index (FI) was calculated as follows:
FH = 100 X (A - B)/A, where A is the percentage of
nonfluorescing cells with control antibodies, and B
the percentage of fluorescing cells with tested MAbs.
When cells were tested for expression of intracellular
antigen, they were fixed with -20 C acetone for 30
seconds and then tested as described. To examine the
distribution ofintracellular antigen, we spun the cells
onto glass slides by the cytospin technique and fixed
and tested them as above.

Growth of Transplantable Xenograft D341 Med in
Athymic (Nude) Mice

Animals
Male or female athymic BALB/c mice (nu/nu

genotype) 3-4 weeks of age were used, with breeding
and husbandary performed as previously described.32

Xenograft Establishment
Four animals were given injections in the right cere-

bral hemisphere with 30 pl (2.1 X 105 cells/mouse) of
a single cell suspension in minimal essential medium
(MEM) prepared from the cerebellar tumor. Two
other animals were injected subcutaneously in the
right flank with 200 ,u1 (1.4 X 106 cells/mouse).

Intracranial Xenograft Transplantation
Tumor-bearing animals were killed by cervical dis-

location. The intact brain with macroscopic tumor
was removed and passed through a 60-mesh cyto-
sieve, washed with ZO-MEM, and given an injection
of an equal volume of 7% methyl cellulose (30,u1/
mouse) intracranially into 6 animals.

Subcutaneous Xenograft Transplantation
Six animals previously conditioned with 5 Gy of

total body irradiation (TBI) were injected subcutane-
ously in the right flank with 250 ,u1 of whole brain-
tumor homogenate derived from established intracra-
nial transplants without methyl cellulose. Resulting
flank tumors were transplanted subcutaneously into
12 new animals (300 ,ul/mouse). Six of these 12 ani-
mals were previously conditioned with 5 Gy TBI.

Tumorigenicity ofLate-Passage Cells
Twelve animals were injected intracranially with

2.3 X 107 cells/mouse from in vitro Passage 61.
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Morphologic Study of Xenografts
Two subcutaneous and two intracranial passages

were studied by light microscopy, electron micros-
copy, and immunohistochemistry. At the time they
were killed, the animals were anesthetized with me-
thoxyflurane and the head perfused through the heart
with either 4% glutaraldehyde in cacodylate buffer or
Carson's modification of 3.7% buffered formalin fix-
ative. After 5 minutes of perfusion the brains were
removed and placed whole in an appropriate fixative
for another 2 hours. They were then sectioned in the
coronal plane. One mouse with a subcutaneous
tumor was lethally anesthetized with ether and was
perfused with cold Tris-buffered saline (TBS). The
subcutaneous tumor was excised and used for im-
munoblots (vide infra) and for immunoperoxidase
studies using the MAbs to different epitopes in NFPs
and GFAP. A subcutaneous nodule in a second ani-
mal was excised during deep general anesthesia. The
lesion was diced into 1-mm cubes in 4% glutaralde-
hyde and sodium cacodylate buffer. An adjacent
1-cm square block was submitted for paraffin embed-
ding and histologic study.

Immunohistochemical Analysis of Subcutaneous
Xenografts and Cultured Cells

Bouin's fixed paraffin sections and frozen sections
melted and dried onto glass slides without chemical
fixation were used for immunoperoxidase studies
with the anti-NFP and anti-GFAP MAbs described
above and listed in Table 3. In addition, cultured
D34 1 Med cells were grown, pelleted, and fixed with
Bouin's fixative as described earlier.'8 Pellets were
also subjected to denaturation by microwave treat-
ment using an Amana Riccar microwave oven at a
power level of8 for 6 minutes in TBS to a temperature
of68 C. These pellets were also embedded in paraffin,
and 6-p-thick sections were cut for immunocyto-
chemical study. Subsequent immunoperoxidase
studies were conducted as described earlier.'7

Immunoblot Analysis of Subcutaneous Xenografts

Immunoblot studies were performed on homoge-
nates ofportions ofthe subcutaneous tumors accord-
ing to previously described procedures.'7"18 In addi-
tion, because the levels ofNFPs were relatively low in
this medulloblastoma cell line, immunoprecipitated
NFPs from the cultured cells were also used for im-
munoblot analysis. Briefly, 4 X 108 D341 Med cells,
grown as described previously,'8 were harvested,
washed thrice in TBS with 1 mM EGTA, and homog-
enized in 4 ml of boiling 1% sodium dodecyl sulfate

(SDS) with 0.1 U/ml of aprotinin and 0.5 mM phen-
ylmethylsulfonyl fluoride (PMSF). Samples were
boiled for 15 minutes, allowed to cool to room tem-
perature before the addition of a fourfold volume of
homogenizing buffer (1% Triton X-100, TBS, 0.1
U/ml aprotinin, 0.5 mM PMSF), and rehomogen-
ized. These homogenates were spun on a microfuge
for 5 minutes, and sample supernatants used for im-
munoprecipitation (3-5 ml of sample supernatant
per MAb). Ascitic fluid MAbs diluted 1:1000 with
the sample supernatants were incubated on a shaker
overnight at 4 C. Either goat anti-mouse or goat anti-
rat IgG antibodies coupled to agarose (100 ,u) were
added, and this incubation mixture agitated at room
temperature on a shaker for 4 hours. This suspension
was washed four times with the homogenizing buffer
described above, additionally containing 2 M urea
and 0.1% SDS, followed by two additional washes
with TBS. Thirty-five microliters of sample buffer
were added to the washed agarose mixture, boiled for
5 minutes, and spun for 1 minute on a microfuge. The
samples were then subjected to SDS polyacrylamide
gel electrophoresis (PAGE), were transferred to nitro-
cellulose, and underwent subsequent immunoblot
analysis as previously described.'7"18
The MAbs to NFPs used here and for immunocy-

tochemical studies were produced by Lee and co-
workers with immunogens from a variety of spe-
cies'5"6'24; their specificity for human NFPs has been
described in detail.'7 Anti-NFP MAbs are listed in
Table 3, together with the immunocytochemical re-
sults on sections of the tumor cells. The MAbs to
GFAP were produced by Lee et al'4 and Pegram et a127
and have been shown to be specific for human GFAP
as well.'8

Radiation Technique
Unanesthetized air-breathing animals were irra-

diated while housed in a specially designed hermeti-
cally sealed box. This box fit into a jig attached to a
stand-mounted Cobalt 60 source. The roofand floor
of the box were designed to provide adequate radia-
tion build-up and back-scatter material. Gamma rays
were administered at a source to dorsal surface ofthe
animal distance of 1.58 meters. The total body irra-
diation dose administered was 5 Gy at a dose rate of
11.9 cGy/min or 4.5 Gy at a dose rate of 24.6 cGy/
min. Dose rates were adjusted by the use of a lead
attenuator.

Xenograft Measurement Doubling Time and Latency
Subcutaneous tumors were measured, and the

doubling time and latency to 500 cu mm were deter-
mined as previously described.2
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Chromosomal Analysis
Chromosomal analysis ofthe fourth passage subcu-

taneous tumor and in vitro cell line (Passages 10, 27,
and 79) were all performed as previously described.
The number of chromosomes per cell were counted
for at least 16 cells at each passage, and a total of 32
Giemsa-trypsin banded spreads were arranged ac-

cording to the ISCN nomenclature.33 The most fre-
quently occurring karyotype at each passage was des-
ignated the stemline karyotype.

Molecular Analysis

High-molecular-weight DNA was prepared from a

frozen pellet of cultured cells by SDS-proteinase-K
lysis and organic extraction as described.34 DNA was

quantitated by a DAPI fluorimetric assay,35 digested
to completion with the restriction enzyme EcoRI (Be-
thesda Research Laboratories), electrophoresed on a

0.8% agarose gel, and blotted to a nitrocellulose filter.
Replicate filters were then hybridized with a radiola-
beled probe for N-myc (pNb-l )36 or c-myc,37 washed
and exposed to XAR-5 film (Kodak) at -80 C with a

lightning plus intensifying screen (duPont). The gene
copy number was determined by serial dilution and
laser densitometry (LKB Ultroscan Model 2222).

Results

The surgical specimen was a markedly cellular neo-
plasm of undifferentiated cells with scant cytoplasm
(Figure 1). Mitoses were abundant, as were multiple
necrotic cells. No regions of fibrillarity, rosettes, or

ganglion cells were seen. There were rare strongly
GFAP-positive stellate cells in the perivascular re-

gions; however, there was no positive immunostain-
ing of neoplastic cells.

Characteristics of Cell Line D341 Med

The cell line D341 Med has been carried beyond
the seventieth in vitro passage and is a continuous cell
line, as defined by the Committees on Nomenclature
of the Tissue Culture Association.38

Growth Characteristics
In suspension culture D341 Med grew contin-

uously in vitro with macroscopic spheroid formation
occurring spontaneously. The population doubling
time, calculated from the linear portion ofthe popula-
tion growth curve, was 37.4 hours, with a coefficient
of correlation of 1.00. Adherent cells of D341 Med
grew for only three passages and failed to become
established. D34 1 Med formed colonies in soft agar,

Figure 1-The neoplasm as seen in the initial biopsy specimen from the
cerebellum is mitotically active, undifferentiated, and has extensive single-
cell necrosis. No rosettes or zones of fibrillarity were present. (H&E, X 170)

with a mean colony-forming efficiency of 3.17% +
1.28% and a range of 2.2-5.7%.

Tumorigenicity ofLate-Passage Cells (P61)
In all 12 animals given intracranial injections brain

tumors developed within 4-6 weeks after injection.
Phenotypic Analysis

The reactivity ofthe MAbs and monospecific anti-
sera with D34 1 Med is summarized in Table 2. D34 1
Med demonstrated expression of the pan-neuroecto-
dermal antigen detected by MAb UJ 1 3A, two of the
three NFP subunits, glutamine synthetase and
neuron-specific enolase, but neither GFAP nor S- 100
protein (Figure 2, Table 3). The blots ofthe immuno-

Table 2-Phenotypic Analysis of Cell Line D341 Med

Antibody Binding ratio* Fluorescence indext

UJ13A (anti- 11.6 64
neuroectodermal)

15E2E2 (anti-S-100 protein) 1.4 0
Anti-NSE NDt 32
Anti-GFAP§ 1.1 1
Anti-GS ND 30
Anti-NFP ND 46

*The binding ratio, calculated as experimental counts per minute per back-
ground counts per minute, represents the mean of three to five separate
experiments; values 2 3.0 are considered positive.
tThe fluorescence index, calculated as 100 X (A - B)/A, where A is the

percentage nonfluorescing cells with control antibodies and B is the percent-
age of cells fluorescing with the MAb being tested.
tND, not done.
§Pegram et al.27
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Figure 2-Representative results of immunohisto-
chemical (A-C) and immunoblot (D) studies conducted
on cultured D341 Med cells with MAbs to NFPs and
GFAP are illustrated here. The Bouin's-fixed, paraffin-
embedded sections of D341 Med cell block shown here
were probed with the MAb (2.2B10) to GFAP (A), and
with monoclonal'antibodies to NFPs (RM0254 in B and
TA50 in C). Cytoplasmic NFP immunoreactivity is seen in
the tumor cells in B and C, but none of the tumor cells
contain GFAP immunoreactivity (A). The sectidns are
lightly counterstained with hematoxylin and enlarged to
the same extent (X 180). Thethree nitrocellulose strips in
D contain D341 Med cell homogenates that were first
immunoprecipitated with three different MAbs to NFPs
and subjected to SDS-PAGE and electrophoretic
transfer to nitrocellulose paper. Then each strip was
separately probed with the same MAb used for immuno-
precipitation to reveal the presence of NFP-H (left-hand
strip) and NFP-M (two right-hand strips). From left to
right, the antibodies are TA51, RM026, and DMD020.
The hash marks on the right indicate the position of
NFP-H (upper hash mark) and NFP-M (lower hash mark).
The asterisk identifies the position of the precipitating
MAb, which was subjected to SDS-PAGE and electro-
phoretic transfer to the nitrocellulose paper with the
NFPs it precipitated. These bands are lighter in the far
left-hand strp because TA51 is a rat immunoglobulin,
whereas RM026 and RMD020 are mouse immunoglob-
ulins and mouse PAP reagents that moderately cross-
react with rat immunoglobulins were used in the immun-
oblot procedure.

ri-

Table 3-Immunohistochemical Analysis of Cultured D341 Med
Cells With Monoclonal Antibodies Specific for Individual
Neurofilament or Glial Filament Proteins

Monoclonal antibody Subunit specificity Percent positive cells

NFP-L (P-IND)
NFP-M (P+)
NFP-M (P-IND)
NFP-M (P+)
NFP-M (P-IND)
NFP-M (P+)
NFP-M and NFP-H

(P+)
NFP-M and NFP-H

(P-)
NFP-H (P+)
NFP-H (P+)
NFP-H (P+)
NFP-H (P-)
NFP-H (P+)
GFAP

0

5% or less
5% or less
5% or less
10% or less
5% or less

10% less

5% or less

25% or less
0

0

0

25% or less*
0

This table summarizes the results obtained with MAbs to individual NFPs
or GFAP with the ABC method and Bouin's-fixed, paraffin-embedded cell
blocks. Similar results were obtained with Bouin's-fixed, paraffin-embedded
subcutaneous xenografts and cell blocks that were subjected to microwave
treatment prior to paraffin embedding. The estimated percentage of cells
positive for a given antigen is shown. See Schmidt et al'7 for data on the
specificity of these MAbs for human NFPs and for information on the phos-
phorylation state of the determinants recognized by these MAbs. The phos-
phorylation state of the epitopes recognized by these MAbs is indicated as
follows: P+ means that immunoreactivity is diminished after enzymatic de-
phosphorylation; P- means that immunoreactivity is increased after the
same treatment; P-IND means that this treatment has no effect on the im-
munoreactivity.

*Cells in mitosis were observed to contain NFP-H immunoreactivity.
tLee et al.'4

precipitated cell pellet homogenates revealed molecu-
lar species that co-migrated with authentic human
NFP-H and NFP-M, obtained postmortem from spi-
nal cord (Figure 2). No GFAP immunobands were
detected. Similar results were obtained with immun-
oblots of the subcutaneous tumor homogenates.
NFP-L was not consistently demonstrated in these
preparations, although NFP-L positive tumor cells
were occasionally seen in sections of the subcutane-
ous tumor and in sections ofthe pellets prepared with
cultured D341 Med cells.

Characteristics of Transplantable
Xenograft D341 Med

Xenograft Establishment and Growth
In all 4 animals given intracranial injections ofthe

cerebellar tumor-derived cell suspension brain
tumors developed within 4 weeks after injection. In
all 6 animals given the first passage whole-brain
tumor homogenate tumors developed within 3-5
weeks. The intracranial tumors have been serially
transplanted, with Passage 8 the highest passage level
to date. In neither of the 2 animals given subcutane-
ous injections of primary tumor material did tumors
develop.

In all 6 animals given subcutaneous injections of
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the fourth-passage whole-brain tumor homogenate,
flank tumors developed, as they did in all 12 animals
similarly given homogenate derived from these sub-
cutaneous tumors. The subcutaneous tumors have
been serially transplanted, with Passage 9 the highest
passage level to date. The latency of500 cu mm tumor
size for Passage 5 xenografts was 39.8 ± 6.5 days, with
a doubling time, determined during initial exponen-
tial growth, of 7.1 + 1.4 days.

Morphology ofIntracranial Xenografts
The intracranial xenografts were markedly cellular

mitotically active neoplasms largely located within
the subarachnoid space or lining the ventricular
system. In the subarachnoid space the neoplasm
generally did not broach the pia, although the inter-
ventricular neoplasm superficially invaded the subep-
endymal region (Figures 3 and 4).

Morphology ofSubcutaneous Xenografts
The subcutaneous xenograft was a markedly cellu-

lar undifferentiated neoplasm which was highly inva-
sive for surrounding tissue and incorporated many
striated muscle fibers (Figure 5). No zones of fibrillar-
ity or rosettes were noted. Immunohistochemistry for
neurofilament protein revealed widely scattered cells

with a markedly positive cytoplasmic staining. The
staining was largely perinuclear but extended focally
into short processes (Figure 6).

Electron Microscopy ofIntracranial and
Subcutaneous Xenografts

Electron microscopy ofthe intracraniil and subcu-
taneous xenografts were similar and revealed a mark-
edly cellular neoplasm composed of cells with scant
cytoplasm and occasional short bipolar processes
(Figure 7). Most of the tumor cells were morphologi-
cally undifferentiated, and there were no cell junc-
tions or neurosecretory granules. Approximately 10%
of the cells contained small bundles of microtubules.
These were apparent either in the perinuclear regions
or within the short processes. A rare cell within the
intracranial xenograft contained bundles of interme-
diate filaments in the perinuclear region or in pro-
cesses. No filament radial arms or cross bridges were
noted.

Chromosomal Analysis
In in vitro Passage 10, 31 of50 spreads contained 49

chromosomes. The stemline karyotype as demon-
strated in six cells was 49, XY, + 6, + 8, - 22, +

Figure 3-A whole-mount sec-
tion of the intracranial xenograft
demonstrates the markedly cel-
lular neoplasm within the sub-
arachnoid space and walls of
the third and lateral ventricles.

- , ..(H&E, X250)
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It I

Figure 4-Higher magnification of the intracranial xenograft discloses the
undifferentiated mitotically active nature of the neoplasm and its abrupt
interphase with the pial surface. (H&E, X400)

del(l)(pl 3) + i(l 7q), + DMs (double minutes). A
sideline seen in four karyotyped cells was different
from the stemline karyotype only by containing two,
rather than three, copies ofChromosome 6. In in vitro
Passage 27 the original stemline was maintained. By
in vitro Passage 79, the main population was closely

Figure 6-Immunostaining of the subcutaneous xenograft for neurofilament
protein discloses scattered markedly positive cells. The staining is largely
confined to the immediate perinuclear regions, although at top center the
extension into short processes is seen. (X520)

related to the original stemline: S = 47, XY, + 8, -
22, + del(l)(pl 3), i(l 7q) + DMs (Figure 8a). Two
cells were also identified that possessed the original
stemline karyotype. In Passages 10 and 27 virtually
every cell contained 20-50 tiny DMs. In in vitro p79
approximately 80% of cells contained 20-30 DMs.

S ~~~~~~~dEr

Figure 5-Histologic section of the subcutaneous xenograft discloses an
undifferentiated neoplasm, with many mitoses. No evidence of differentia-
tion is seen. (H&E, X400)

Figure 7-By electron microscopy of both intracranial and subcutaneous
xenografts were seen cells that were largely undierentiated, although scat-
tered small bundles of microtubules were found in a minority of cells.
(X30,000)
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They were generally larger and fewer than had been
seen originally, occasionally occurring as large, ho-
mogeneously staining rings (Figure 8A).

Analysis of cells in the fourth in vivo passage re-
vealed the same stemline karyotype as had character-
ized the early in vitro preparation (Figure 8B). Vir-
tually every cell contained 20-50 tiny DMs.

Molecular Genetic Analysis
Figure 9 shows the results of hybridization of the

N-myc and c-myc probes (Figure 9A and B) to DNA
from the D341 Med cell line. No increase in gene copy
number was seen with the N-myc probe. In contrast,
the signal intensity was increased approximately 20-
fold with the c-myc probe, indicating a moderate de-
gree of amplification of this oncogene. Also, no evi-
dence of rearrangement was seen with either of these
probes, and no amplification was seen with probes for
the oncogenes L-myc, c-erbB- 1, erbB-2, c-sis, or N-ras
(data not shown).

Discussion
D341 Med represents a human cell line and trans-

plantable xenograft derived from a cerebellar medul-
loblastoma, with immunohistochemical and immun-
oblot detection of two of the three molecular species
of NFPs. The ultrastructural characteristics are also
consistent with those of a neuroblastic neoplasm.
This evidence for neuroblastic differentiation is simi-
lar to that seen in D283 Med3"8 and reflects the po-
tential for expression ofneuronal features seen in this
neoplasm.' Although D283 Med appeared more
neuroblastic morphologically by virtue of neuroblas-
tic rosettes and tumor cell processes that contain in-

termediate filaments with no or infrequent cross
bridges, the immunohistochemical and immunoblot
detection ofNFP in both lines is compelling evidence
supporting common neuronal features.
D283 Med cells have been shown to express all

three NFPs'8; we noted that D283 Med cells expressed
scant amounts ofNFP-L, while D341 Med cells con-
tain no or barely detectable levels of NFP-L. Indeed,
D341 Med cells also express relatively lessNFP-H and
NFP-M than D283 Med cells, as measured by the
percentage of tumor cells that express these NFPs.
Whether or not the content of NFPs in D341 Med
cells reflects a less differentiated (less neuroblastic)
stage in the differentiation of medulloblastoma cells,
as compared with D283 Med cells, cannot be stated
with certainty until detailed studies ofthe developing
human cerebellum are available. Nevertheless, it is
interesting that both the morphologic and biochemi-
cal evidence supports a less differentiated phenotype
for D341 Med cells. Recent studies ofthe rat nervous
system with MAbs used here have shown that NFP
expression and phosphorylation are relatively early
events in the ontogeny of neurons.40 Furthermore,
NFP-L and NFP-M are expregsed prior to NFP-H
during normal neurogenesis. Thus, it is likely that the
genetic alterations in brain that lead to the develop-
ment of a medulloblastoma are associated with a
disruption in the normal programatic expression of
all three NFPs.
These findings can be compared to the only other

two published continuous human medulloblastoma
cell lines and transplantable xenografts, TE-67 12,12
and Daoy."3 The phenotypic analysis in our labora-
tory ofthese four medulloblastoma cell lines (TE-67 1,
Daoy, D283 Med, and D341 Med) with an extensive

A

2kb-,

BN-myc
2 3

15 kb-+

Figure9-DNA hybridization of DNA from the D341 Med meduloblastoma cell line with radiolabeled probes for N-myc(A) orc-myc (B). In bothAand B, Lane 1 is
the D341 Med cell line, Lane 2 is a negative control, and Lane 3 is a positive control for hybridization with the respective oncogenes. The positive control for
N-myc is the NGP cell line,36 and the positive control for c-myc is the COLO-320 cell line.-' The c-myc hybridizations have a high amount of background, due to
cross-hybridizing sequences on the probe.37

c-myc
1 2 3
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panel of MAbs and monospecific antisera reactive
against neuroectodermal, glial-, neuronal-, HLA-A-
B-, and lymphoid-associated antigens suggests that
there is a spectrum ofphenotypic patterns among the
four lines, with relative differences in expression of
neuronal- or glial-associated antigens, respectively.
D341 Med and D283 Med expressed NFP, but did
not react with MAbs against GMEM, EGF receptor,
HLA-A, B epitopes, B2-microglobulin, or 6/8 of the
glioma-associated antigens. TE-671 and Daoy
reacted with the MAbs against GMEM, EGF recep-
tor, HLA-A,B epitopes, B2-microglobulins, and 5/8
of the glioma-associated antigens, but did not react
with the anti-NFP MAb. Interestingly, these four me-
dulloblastoma cell lines may have patterns ofantigen
expression in vitro that can be distinguished from
both glioma and peripheral neuroblastoma (He et al,
manuscript in preparation).
Chromosomal analysis of these four medulloblas-

toma cell lines reveals that D283 Med cells and D341
Med cells demonstrated stem line karyotypes with
diploid chromosome counts, while TE-671 cells and
Daoy cells demonstrated near tetraploid chromo-
some counts. No common profile ofmarker chromo-
somes is apparent; D341 Med demonstrates 20-50
DMs in virtually all cells. The documentation ofDMs
in D341 Med suggested the possibility of oncogene
amplification, and molecular analysis revealed 20-
fold amplification ofthe c-myc oncogene. Thirty per-
cent to 40% of adult gliomas contain amplification of
erbB, and there are sporadic reports of amplification
ofc-myc and N-myc in glial or astrocytic brain tumors
and cell lines.41 In addition, there is an interesting
report ofan amplified and highly expressed gene, gli,
derived from a human glioma.46 To date, no consist-
ent pattern has emerged associating amplification ofa
specific oncogene with a particular type ofchildhood
brain tumor. Nevertheless, it is possible that the c-myc
amplification found in the D341 Med cell line con-
tributed to the particularly aggressive behavior ofthe
tumor from which it was derived.
The diverse phenotypic and genotypic profiles of

medulloblastoma derived cell lines and xenografts
should not be surprising in light ofrecent reports not-
ing the heterogeneous features of this tumor. Data
confirming the heterogeneity of medulloblastoma
continue to mount, convincingly demonstrating the
wide spectrum of histologic malignancy, tissue pat-
tern, and neuronal and/or glial differentiation seen in
this neoplasm.5" The recognition ofthis heterogene-
ity is critical, particularly in seeking to define the bio-
logic and clinical implications of specific morpho-
logic, phenotypic, or genotypic differences. Recent
reports present conflicting interpretations regarding

the prognostic importance of morphologic evidence
of differentiation. Patients with differentiated neo-
plasms have been reported to have better47 and
worse48 prognoses than those with undifferentiated
lesions. Although it is reasonable to assume that dif-
ferent cell types or the same cell types with different
degrees of differentiation constituting medulloblas-
toma may demonstrate quite distinct therapeutic
profiles, the heterogeneity of medulloblastoma (both
between and within individual tumors) limits a pre-
cise analysis of these variables.
The very limited material for study ofhuman me-

dulloblastoma (currently limited to four cell lines and
xenografts), coupled with the potential scientific ad-
vantages associated with its use, supports our contin-
ued efforts to establish new medulloblastoma-derived
cell lines. These cell lines and xenografts, reflecting
the heterogeneity seen in clinical specimens, offer the
unique opportunity of addressing phenotypic, geno-
typic, and therapeutic questions in rigorous con-
trolled studies. The use of well-characterized human
medulloblastoma cell lines and xenografts may allow
definition of therapeutic interventions whose impact
is limited to selective cell types constituting this
tumor.

Potential therapeutic benefits include the genera-
tion ofpanels ofmonoclonal antibodies for use in the
diagnosis, localization, and treatment of medullo-
blastoma (both as tumor tissue and cells exfoliated
into the cerebrospinal fluid)49-53 and the analysis of
drug sensitivity, resistance, and delivery in this
tumor.54'" The ultimate goal of these studies is trans-
lation into effective Phase 2 and Phase 3 clinical
trials.56
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