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Tumorigenicity

in Human Melanoma Cell Lines

Controlled by Introduction of Human Chromosome 6
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Chromosome banding analysis of human malignant melanoma has documented the
nonrandom alteration of chromosome 6. To determine the relevance of chromosome 6
abnormalities in melanoma, a normal chromosome 6 was directly introduced into
melanoma cell lines. The resulting (+6) microcell hybrids were significantly altered in
their phenotypic properties in culture and lost their ability to form tumors in nude
mice. The loss of the chromosome 6 from melanoma microcell hybrids resulted in the
reversion to tumorigenicity of these cells in mice. The introduction of the selectable
marker (psv;neo) alone into melanoma cell lines had no effect on tumorigenicity. These
results support the idea that one or more genes on chromosome 6 may control the

malignant expression of human melanoma.

ALIGNANT TRANSFORMATION IS
envisioned as a multistep process
(1) with recent studies highlight-
ing the importance of tumor suppressor
genes in the development of human cancers
(2). Although evidence supporting the exis-
tence of tumor suppressor genes (whose
inactivation would release a cell from nor-
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mal growth control) is accumulating (3), to
date, only two tumor suppressor genes (RB
and p53) have been cloned (4). Evidence
supporting the presence of tumor suppres-
sor genes in human malignancies has pri-
marily come from two lines of investigation:
(i) the study of allelic loss [by restriction
fragment length polymorphism (RFLP)
analysis] and (ii) the study of somatic cell
fusion experiments. The former experimen-
tal approach has documented allelic loss of
specific chromosome regions in several can-
cers including colon cancer, lung cancer,
Wilms’ tumor, retinoblastoma, and neuro-
blastoma (5, 6). In melanoma, RFLP allelic
loss of several chromosome regions has been

described for melanoma cell lines (7). In
addition to reports of allelic loss, direct
support for the presence of suppressor genes
in cancer has resulted from the use of inter-
specific (8) and, more recently, intraspecific
human somatic cell hybrids (9). Somatic cell
hybridization involves the introduction of a
complete genome from a normal cell into a
cancer cell via cell fusion. In contrast, by
microcell hybridization, the effect of intro-
ducing a single human chromosome into a
recipient cell can be studied (10).

Our reason for selecting human chromo-
some 6 for microcell hybridization relates to
its frequent involvement in structural alter-
ations in melanoma (11). The most frequent
alteration of chromosome 6 in melanoma is
simple deletion of the long arm (6q—) (11),
although a nonreciprocal translocation site
involving chromosome 6 (leading to loss of
sequences on distal 6q) has been described
(12). Almost 40% of melanomas exhibit loss
of sequences on 6q (11, 12). We report here
the introduction of a chromosome 6 derived
from a normal human diploid fibroblast into
melanoma cell lines. Our results suggest that
one or more genes on chromosome 6 have a
role in tumorigenic expression of human
melanoma.

A human-mouse microcell hybrid was
generated that contained a single copy of
chromosome 6 (derived from a normal hu-
man diploid fibroblast) as its only human
component (13). Retention of chromosome
6 resulted from the insertion of the neomy-
cin antibiotic resistance gene (psvoneo) into
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this chromosome 6, and subsequent selec-
tion of microcell hybrids with medium con-
taining the neomycin analog G418 (600
pg/ml). The chromosome 6—bearing hybrid
(termed MCH-262A1D6) was then used to
transfer chromosome 6 into two human
melanoma cell lines (UACC-903 and
UACC-091) via microcell transfer. A sum-
mary of characteristics of the parental and
microcell cell lines is presented in Table 1.
With the UACC-903 microcell hybrid,
the introduction of chromosome 6 caused a
dramatic change in cell morphology. Paren-
tal cells grew quickly to confluence and
formed foci even at low plating densities
(Fig. 1A). In contrast, after the introduction
of a chromosome 6, the resulting (+6) cell
hybrids displayed a flattened stellate appear-
ance and failed to produce foci even at high
plating densities (Fig. 1B). Also, the cell
generation time of the (+6) microcell hy-
brid was significantly lengthened as com-
pared to the parental cell line (4.6 versus 2.7
days, respectively). The ability of parental
and microcell clones to form colonies in soft
agar was also examined. The soft agar clon-
ing efficiency was profoundly reduced in the
(+6) microcell clone (Table 1). We then
examined by immunohistochemistry the re-
activity of a monoclonal antibody [HMB-45

Fig. 1. Phase micrographs of monolayer cultures
of the parental (A) and (+6) microcell hybrid (B)
of the human melanoma cell line UACC-903. (A)
Cells of the parental melanoma line displayed a
grape-like appearance and had the propensity to
form foci even at low plating densities (x100).
(B) In contrast, the (+6) microcell hybrid dis-
played a more differentiated appearance with dis-
tinct nuclei and nucleoli and a flattened stellate
morphology. Further, cells with the introduced
chromosome 6 failed to form foci even at high
plating densities (X 100).
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(14)] specific for melanocytic tumors on
parental and (+6) microcell hybrids.
Whereas the parental UACC-903 cell line
stained very strongly for HMB-45, staining
of the (+6) microcell hybrid for HMB-45
was markedly reduced (Fig. 2).

In vitro morphology and HMB-45 stain-
ing were also altered in two different (+6)
microcell hybrids of the UACC-091 cell line
when compared to the parental line. In
vitro, cells from the (+6) microcell hybrid
were significantly larger and more flattened
in appearance than the parent cells. By
HMB-45 staining, the parent displayed
strongly positive staining, which was local-
ized in diffuse globules in the cytoplasm. In
contrast, the (+6) microcell hybrid of
UACC-091 displayed only occasional stain-
ing, which invariably was perinuclear, possi-
bly associated with the Golgi apparatus.
One of the two microcell hybrids showed a
reduction in soft agar clonogenicity, where-
as both showed a lengthening of cell genera-
tion time (Table 1). The dramatic decline in

melanoma-associated antigen expression, to-
gether with the finding of altered cell mor-
phology and diminished agar clonogenicity
of (+6) microcell hybrids, suggests that the
introduction of a normal chromosome 6
into these melanoma cell lines leads to a
suppression of the in vitro-transformed
phenotype.

The introduction of a normal chromo-
some 6 into cells after microcell hybridiza-
tion was documented by both cytogenetic
analysis of microcell hybrids and examina-
tion of RFLP allelic addition with polymor-
phic DNA probes. By chromosome banding
analysis (15), the UACC-091 parental cell
line demonstrated a deletion of chromo-
some 6 at band q16 [del(6)(ql6)], whereas
the UACC-903 cell line demonstrated two
apparently normal chromosome 6’s (Fig.
3A). Results of chromosome banding analy-
sis comparing the parental cell line with the
(+6) microcell hybrids of both the UACC-
903 and UACC-091 cell lines were consist-
ent with the introduction of a complete

Table 1. Properties of melanoma cell lines subsequent to introduction of human chromosome 6. The
parental UACC-903 and UACC-091 cell lines were obtained from the Arizona Cancer Center’s Tissue
Culture Core Service. The parental lines were both killed within 2 weeks with the selecting dose of
G418 used to maintain the microcell hybrids (600 pg/ml). The introduction and origin of the
introduced chromosome 6 was determined by a combination of cytogenetic analysis (to document the
presence of an entire additional chromosome 6) and RFLP analysis (using polymorphic probes for
chromosome 6). In cases where tumors arose after growth delay in vivo, the retention of the introduced
chromosome 6 was tested directly on tumor cell DNA. Tumorigenicity was determined by the
progressive growth after injection of 5 X 10°to 1 X 107 tumor cells per injection site in 4- to 6-weck-
old athymic nu/nu mice. Soft agar cloning efficiency was calcualted as previously described (18) by
suspending 1 x 10* cells in 0.33% soft agar in o—minimum essential medium and counting colonies of
>50 pm at 21 days. The cell generation time was calculated with the mathematical technique of
Leibovitz and Mazur (19): # = 3.32 (log N — log X,), where # is the number of generations, N is the fi-
nal population, and X is the initial population. The monoclonal antibody HMB-45, which is specific
for melanocytic tumors (14), was used to evaluate the immunocytochemistry of melanoma cell lines.
Reactivity to HMB-45 was quantitated as uniformly positive [>80% of all tumor cells positive (+++)]
to focal reactivity [<10% of tumor cells positive (——+)].

Jrans  Growh O™ No tumory SR cal HMB

Cell ormed in some no. injection agar enera-  expres-

: heno- 6 ) clonin get P

line P type G418 intro- sites cﬂici-g tion sion
(Yes/No) +7) duced (day 10) ency (%) Um¢ +=)
Parental cells

Parental .

UACC-903 Yes - 20/20 3.6 2.7 +4++%

Parental

UACC-091 Yes - 12/12 54 2.0 +++

Microcell hybrid clones

UACC-903

MCH-361C1 No + 6 0/12t 0.2 4.6 ——4

UACC-903 .

MCH-361C1R% Yes - - 6/6 ND ND +++

UACC-091

MCH-360C1 No + 6 0/12§ 54 2.7 -

UACC-091

MCH-360C4 No + 6 0/12§ 2.9 6.1 ——+

G418-resistant line
UACC-903
+ psvoneo Yes + 8/8 ND ND ND

*Reactivity to HMB-45 was quantitated as uniformly positive to focal reactivity (see Fig. 2). ~ 1Tumors arose in all
animals after growth delay of up to 34 days. In every case examined, loss of the introduced chromosome 6 [assessed by
cytogenetic and RFLP analzsis (Fig. 3B)] occurred coincident with tumor formation.  $This revertant line was
produced by culturing cells from a tumor formed after injection of MCH-361C1.  §After 60 days, 40% of animals
developed tumors. However, loss of the introduced chromosome 6 was again confirmed in all cases studied by directly
analyzing tumor tissue by RFLP analysis.

REPORTS 569



copy of chromosome 6. These results were
corroborated by RFLP analysis. Analysis of
DNA from the parental UACC-903 mela-
noma cell line, the (+6) microcell hybrid of
UACC-903, and the (+6) bearing—mouse
A9 cell line used for microcell hybridization
are shown in Fig. 3B. For the polymorphic
probe D6S37 [which maps to the distal long
arm of chromosome 6 (16)] restriction frag-
ments unique to the introduced chromo-
some 6 were unequivocally identified in the
(+6) microcell hybrid. Similar evidence for
introduction of chromosome 6 into the
UACC-091 cell line was also documented
by RFLP analysis (17).

To determine the in vivo relevance of
chromosome 6 to tumorigenicity, we evalu-
ated both melanoma cell lines and their
(+6) microcell hybrids for growth in athy-
mic (nu/nu) mice. After injection of tumor
cells (5 X 10°to 1 X 107) from the parental
cell lines (UACC-903 and UACC-091),
rapid growth occurred and palpable tumors
developed in 100% of animals within 5 to 7
days (Table 1).

For the UACC-903 cell line, tumor for-
mation was initially suppressed (up to 34
days) in the (+6) microcell hybrid when
compared to the parental line. However,
eventually all animals developed tumors.
The finding of initial suppression followed
by tumor formation might be due to the
instability of the introduced chromosome 6
in the microcell hybrid. This was in fact
demonstrated by several approaches. First,
tumors arising from animals injected with
(+6) microcell hybrids were resected and
placed back into culture and exposed to
selective G418 medium. As would be ex-
pected if the introduced chromosome 6
(bearing the psvoneo gene) had been lost,
cultures reverted to neomycin sensitivity
(Table 1). Second, cytogenetic analysis of
the revertant microcell hybrid was consistent
with the loss of the introduced chromosome
6. Third, DNA was isolated directly from
the tumors that grew in animals inoculated
with (+6) microcell hybrids, and loss of the
introduced chromosome 6 was confirmed
(Fig. 3B). The rapid segregation of cells
without the introduced chromosome 6 in
our microcell hybrids may be related to the
retention of the introduced chromosome 6
in a micronucleus (Fig. 3C). Whereas the
parental cell line contained no cells with
micronuclei, we found >30% of the (+6)
microcell hybrids had a single micronucleus.
When tumor cells from the (+6) microcell
“revertants” were examined, far less than 1%
of cells had a micronucleus. Fourth, when
cells that had lost the introduced chromo-
some 6 were reintroduced into nude mice,
they exhibited a tumor-forming capacity in
mice indistinguishable from the parental cell
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line (that is, tumors formed in 100% of
animals within 5 to 7 days). Finally, the
(+6) revertant cells were analyzed and, in
contrast to the (+6) microcell hybrid line,
returned to the parental staining pattern for
the melanoma-associated HMB-45 antibody
(Table 1).

After the injection of the identical number

of cells for the UACC-091 (+6) microcell
hybrid cell line into mice, tumor growth was
completely suppressed in all animals for 2
months. At this time, small but palpable
tumors have appeared in 40% of animals. As
above, RFLP and cytogenetic analysis
showed that the introduced chromosome 6
had been lost from all cells reexpressing the

Fig. 2. Immunofluorescence staining of parental (A and B) and (+6) microcell hybrids (C and D) of
the UACC-903 melanoma cell line. (A) Cells from the parental cell line were first grown on cover slips
and then stained with an antibody highly restricted to melanoma [HMB-45 (14)]. The parental line
stained uniformly positive for HMB-45 with almost all cells staining positively (X 100). (B) A phase
micrograph of the same field as (A) showing the grape-like morphology characteristic of this cell line.
(C) Markedly reduced HMB-45 staining of the (+6) microcell hybrid of the UACC-903 cell line
(%100). (D) Phase micrograph of the same field as (C). Note again the more flattened elongated cell

morphology of the (+6) microcell hybrid.

Fig. 3. (A) G-banded chro-
mosomes illustrating clonal
structural alterations from
UACC-903 and UACC-
091. Both lines had struc-
tural alterations of chromo-
some 1 [UACC-091
del(1)(p22); UACC-903
derinv(1)(p36)(q25)]. Only
the UACC-091 cell line
showed a  recognizable
structural alteration of chro-
mosome 6 [del(6)(ql6)].

1

Further description of cyto- inv(1)

-091 B

A UACC
1 1p—

UACC-903

g
|

genetic changes characteriz-
ing these cell lines is provid-
ed in (15). (B) A Southern
(DNA) blot filter contain-
ing 5 pg of Hind ITI-digest-
ed DNA from the UACC-
903 melanoma cell line (lane
1), the (+6) microcell hy-
brid of UACC-903 (MCH-

361Cl1) (lane 2), the A9

mouse/human chromosome 6-bearing hybrid MCH-262A1D6 (lane 3), and a revertant (MCH-
361CIR) (lane 4) of the (+6) microcell hybrid from lane 2. DNA was hybridized with probe pJCZ30
(D6S37) in 0.15M NaCl, 0.03M tris-HCl (pH 7.4), 2 mM EDTA, 0.1% NaPPi, 0.1% SDS, 10%
dextran sulfate, heparin (0.5 mg/ml), and salmon sperm DNA (100 pg/ml) at 65°C. The filter was
washed for 1.5 hours in 0.1x saline sodium citrate and 0.1% SDS at 60°C. The filter was exposed
overnight at —80°C. (C) Example of a micronuclei within a cell from the (+6) microcell hybrid of
UACC-903. The cell was stained with the DNA fluorochrome Hoechst 33258 (which stains DNA
brightly) and the arrow points to the micronucleus within the cytoplasm (x220).
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tumorigenic phenotype. All other animals
have remained tumor-free. For animals
without tumors, histopathologic examina-
tion of the site of injection of the (+6)
microcell hybrids after 2 months shows only
occasional reactive fibroblasts with no evi-
dence of melanoma cells. In contrast, the
histology of the parental and revertant tu-
mors grown in nude mice are indistinguish-
able from the patient’s melanoma.

As a control for the introduction of chro-
mosome 6 into melanoma cell lines, we have
introduced, by electroporation, psv,neo into
the parental UACC-903 melanoma cell line
(Table 1). In contrast to the introduction of
chromosome 6, the addition of the selecta-
ble marker did not alter in vitro morphology
or effect tumorigenicity, suggesting it has no
role in the suppression of tumor formation.

Several studies have been reported on the
genetics of tumor suppression by somatic
cell fusion (8, 9). However, only recently has
intraspecies hybridization of a single human
chromosome been possible (10). On the
basis of our current observations, it is rea-
sonable to speculate that genetic informa-
tion present on chromosome 6 can suppress
the malignant phenotype of human melano-
ma cells. If [as suggested by Vogelstein (5)]
tumor suppressor genes have both a hierar-
chical and incremental effect on the regula-
tion of cell growth, it is possible that a gene,
or genes, on chromosome 6 may be acting
early in the pathway of tumor formation.
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2,3-Dihydroxy-6-nitro-7-sulfamoyl-benzo(F)quinoxaline:
A Neuroprotectant for Cerebral Ischemia

MavrcorM J. SHEARDOWN,* ELSEBET (). NIELSEN, ANKER ]. HANSEN,

PouL JACOBSEN, TAGE HONORE

2,3-Dihydroxy-6-nitro-7-sulfamoyl-benzo(F)quinoxaline (NBQX) is an analog of the
quinoxalinedione antagonists to the non—N-methyl-p-aspartate (non-NMDA) gluta-
mate receptor. NBQX is a potent and selective inhibitor of binding to the quisqualate
subtype of the glutamate receptor, with no activity at the NMDA and glycine sites.
NBQX protects against global ischemia, even when administered 2 hours after an

ischemic challenge.

HE DISCOVERY OF THE QUINOXA-
linediones (1), a series of potent and
selective antagonists at non-NMDA
excitatory amino acid (EAA) receptors, has
greatly facilitated the study of the pharma-
cology of the quisqualate and kainate recep-
tor subtypes. Here we report a new non-

A/S Ferrosan, CNS Division, Sydmarken 5, DK-2860
Soeborg, Denmark.

*To whom correspondence should be addressed.

NMDA receptor antagonist 2,3-dihydroxy-
6- nitro- 7 - sulfamoyl - benzo (F) quinoxaline
(NBQX) (Fig. 1), which is more potent
than the previously described compounds
DNQX (6,7-dinitroquinoxaline-2,3-dione)
and CNQX (6-cyano-7-nitroquinoxaline-
2,3-dione) in displacing [PH]JAMPA (a-
amino-3-hydroxy-5-methyl-4-isoxazole pro-
pionic acid) binding and is less potent in
inhibiting [*H]kainate, [PH]CPP [3(2-car-
boxypiperazine - 4- yl)propyl - 1 - phosphonic
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