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A gene, termed g, was identified that is amplified more than 50-fold in a malignant
glioma. The gene is expressed at high levels in the original tumor and its derived cell
line and is located at chromosome 12 position (q13 to q14.3). The gli gene is a member
of a select group of cellular genes that are genetically altered in primary human tumors.

LTHOUGH IT HAS BEEN THOUGHT
for many decades that cancer results
from heritable alterations of the
genome, only recently have some of the
genes altered in human cancers been precise-
ly identified (I). One of the challenges of
current cancer research is to identify addi-
tional genes that are affected in particular
forms of human cancer. In this work, we

Fig. 1. Denaturation-re-
naturation analysis of am-
plified sequences. The
autoradiograph  shows
normally repeated restric-
tion fragments in DNA
prepared from human
placenta (lane 1) and am-
plified restriction
ments in DNA prepared
from D-259 MG cells
(lane 2). DNA was
cleaved with Hind III,
and 0.2 pg of the cleaved 5.5
DNA was end-labeled

(100 nucleotides at each

end) with T4 DNA poly-
merase. The labeled
DNA was then combined

with 10 pg of the cor-
responding  unlabeled
DNA and precipitated

with ethanol. The com-
bined DNA was separat-

ed by electrophoresis
through a 1% agarose

gel. The DNA was then
denatured in the gel by
alkaline treatment (0.5M
NaOH, 0.6M NaCl) and
subsequently renatured at

45°C in a 1:1 solution

of 10x SPPE (1.8M
NaOH, 100 mM sodi-

um phosphate, 10 mM
EDTA) and formamide.
Single-stranded  DNA

was degraded with S1 nu-

clease (80 unit/ml) in S1 3
buffer (50 mM sodium
acetate, 0.2M NaCl, 1 mM ZnSO,). The whole
cycle of denaturation, renaturation, and S1 treat-
ment was repeated (4, 5), and the gel was dried.
Amplified fragments were visualized by autoradiog-
raphy with DuPont Lightning-Plus intensifier
screens and Kodak XAR-5 film at room tempera-
ture for 16 hours. The 9.7-kb and 5.5-kb bands are
mitochondrial sequences; their intensities vary in
different tissue because of different mitochondrial
contents.
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have identified a novel gene, termed g, that
was amplified more than 50-fold in a malig-
nant glioma.

The tumor used in the current study was a
malignant glioma removed prior to treat-
ment from a karyotypically normal 46-year-
old male. Chromosome analysis of the pri-
mary tumor and of the cell line established
from it (D-259 MG) (2) revealed numerous
double minute chromosomes (DMs), which
suggested the presence of gene amplification
(3). Molecular evidence for gene amplifica-
tion was obtained with the denaturation-
renaturation gel technique developed by
Roninson (4). This technique allows the
detection of any sequence repeated more
than 20 times per haploid genome. DNA
from normal cells was represented by a small
number of bands corresponding to normally
repeated sequences (for example, satellite
and mitochondrial DNA sequences; Fig. 1,
lane 1). DNA isolated from D-259 MG cells
displayed numerous additional bands corre-
sponding to amplified sequences (Fig. 1,
lane 2). The sizes of these bands were
summed to yield a minimum estimate of
approximately 340 kb for the size of the
amplification unit core. This size is within
the range reported for amplification units in
mammalian cells (3, 5).

Because of the cytogenetic and molecular
evidence for gene amplification in the D-
259 MG cell line, we sought to determine
whether the amplification unit contained a
previously described oncogene. Southern
blot analysis with probes for c-a¥l, c-erbA, c-
erbB1, c-erbB2 (mewu), c-fes, c-fins, c-fos, c-mos,
c-myb, c-myc, N-myc, c-raf, c-H-ras, c-K-ras,
N-ras, c-rel, c-ros, c-sts, c-src, and c-yes re-
vealed that the D-259 MG cell line displayed
normal hybridization patterns and intensi-
ties for all sequences tested.

A plasmid library was then constructed
with DNA enriched for amplified sequences
by the gel denaturation-renaturation tech-
nique (6). Ten of 31 clones tested from the
library were specifically amplified in D-259
MG DNA. Three of these plasmids
(pKK324, pKK354, and pKK380) had
unique inserts that were free of repeated
sequences and could detect single-copy se-

quences in normal DNA by Southern blot
analysis. These cloned fragments were then
used to estimate the level of amplification in
the D-259 MG cell line and to determine
whether the gene amplification event had
occurred in the original tumor. Plasmids
pKK380 and pKK354 were used as probes
in Southern blot analysis to demonstrate
that the amplification unit was repeated
approximately 75 times per haploid genome
in the D-259 MG cell line. Southern blot
analysis of DNA prepared from a biopsy of
the original tumor indicated that the frag-
ment in pKK380 was amplified in the origi-
nal tumor to an extent similar to that in the
D-259 MG cell line (Fig. 2A). Specifically,
100 ng of DNA from the original tumor
(Fig. 2A, lane 2) resulted in a signal compa-
rable to that from 5 pg of DNA (Fig. 24,
lane 1 or 3) isolated from normal lympho-
cytes; the slight difference in migration be-
tween the restriction fragment detected in
normal cell DNA and in the tumor DNA is a
result of the difference in the amount of
DNA loaded onto the gel.

We next determined the normal chromo-
somal location of the amplified sequences.
The three cloned fragments were used as
probes for Southern blot analysis of a panel
of mouse-human and hamster-human so-
matic hybrids (7). For all three fragments,
the hybridization signal unique to human
DNA segregated without discordancies in
hybrids positive for isoenzymes assigned to
chromosome 12; the other 23 chromosomes
each showed at least one discordancy. We
then used the fragment of pKK380 as a
probe to analyze a series of human-hamster
somatic hybrids that contained various por-
tions of chromosome 12 (8). The hybridiza-
tion pattern obtained indicated that the
sequences in pKK380 are normally located
on 12(cen—ql4.3) (Fig. 2B).

Independent confirmation and refined as-
signment of this chromosome location was
obtained by in situ hybridization to normal
metaphase chromosomes. Forty-nine meta-
phase spreads were examined by in situ
hybridization with the *H-labeled insert
from pKK380 as probe. Twelve percent of
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the silver grains were localized to chromo-
some 12, and 35% of the cells had one or
more grains on chromosome 12. Within
chromosome 12, 60% of the grains (12 of
20) were clustered over the proximal long
arm (band region ql3 to ql5; Fig. 2C).
These results, showing that the amplified
sequences in D-259 MG cells were normally
located at chromosome 12 position (q13 to
ql4.3), prompted us to test whether the
putative oncogene #n¢-1 or the insulin-like
growth factor—1 (IGF-1) genes were ampli-
fied in the D-259 MG cell line, since both
genes are located on chromosome 12 (9,
10). Southern blot analysis with probes for
int-1 and IGF-1 indicated that neither gene
was amplified in D-259 MG. Furthermore,
since L-myc, ski, B-lym, met, bcl-1, bel-2, tcl-
1, #-2, and p53 have been assigned to other
chromosomes (11) they could not represent
the amplified gene. Thus, the D-259 MG
cell line contained amplified sequences that
had not been previously implicated in hu-
man tumorigenesis.

We then cloned a large part of the amplifi-
cation unit and determined which regions
were expressed. A genomic library was con-
structed from D-259 MG DNA by means of
a cosmid vector (12) and screened for cos-
mids containing amplified sequences that
used DNA isolated from DMs as a hybrid-
ization probe (I13). Forty-eight cosmids
were isolated that were positive through
two sequential screenings. In order to con-
firm the validity of this screening method,
13 of these cosmids were used as probes
for Southern blot analysis; 12 of the 13
cosmids were found to contain inserts that
were specifically amplified in D-259 MG
cells.

Two lines of evidence indicated that the
48 cosmids selected contained a large pro-
portion of the sequences present in the
amplification unit of D-259 MG cells. First,
the 48 cosmids contained approximately
1900 kb of amplified sequences (48 cos-
mids X 40 kb per cosmid), whereas the size
of the amplification unit core was estimated
to be 340 kb. The core represents those
sequences present in the majority of amplifi-
cation units (5). Hence, these cosmids
should redundantly cover the core of the
amplification unit. Second, restriction frag-
ment patterns of the cosmids indicated that
several related cosmids had been isolated
two to five times. This was substantiated by
hybridization of four plasmids containing
amplified sequences to the 48 cosmid
clones; at least two cosmid clones contained
sequences found in each of these plasmids.
These data suggested that the cosmid clones
represented the amplification unit with a
two- to fivefold redundancy.

These 48 cosmids were subsequently test-

3 APRIL 1987

Fig. 2. Amplification and
chromosome localization of
sequences from  clone
pKK380. (A) Southern blot
analysis of the D-259 MG
tumor and the cell line de-
rived from it. Lanes 1 and 3,
5 ug of DNA from normal
lymphocytes of two differ-
ent individuals; lane 2, 0.1
ug of DNA from a surgical
biopsy of the original D-259
MG tumor; lane 4, 1.0 pg
of DNA prepared from the
D-259 MG cell line. (B)
Southern blot analysis of
DNA from hamster-human
hybrids. Lane 1, 7.5 pg of
DNA from K1 (a Chinese
hamster ovary [CHO] cell
line); lanes 2 to 6 contain
DNA prepared from somat-
ic cell hybrids between hu-
man cells and the K1 CHO
cell lines (8); lane 2, 7.5 pg

ot gt |2l ol i

of DNA from cell line E4E (contains only human chromosome 12 in addition to hamster chromo-
somes); lane 3, 7.5 ug of DNA from cell line 16-43 [contains chromosome 12 with a deletion in the
short arm and with a deletion of 12(q14.3 to qter)]; lane 4, 7.5 pg of DNA from 37A9 [contains
chromosome 12 del (pter to p12.05)]; lane 5, 7.5 ug of DNA from F11-1 (contains long arm of
chromosome 12 only); lane 6, 7.5 pg of DNA from F11-13 (contains short arm of chromosome 12
only); lane 7, 7.5 ug of DNA from normal lymphocytes; lane 8, 1 ug of DNA from the D-259 MG cell
line. (C) Summary of in situ chromosome hybridization data. For (A) and (B), DNA was cleaved with
Hind III, separated by electrophoresis through a 1% agarose gel, and transferred to a nitrocellulose
membrane. Hybridization was performed as described (20) with the 4.3-kb insert from pKK380 as
probe. For (C), the cloned fragment from pKK380 was labeled with [*H]deoxynucleotide triphos-
phates by the oligo-labeling method. In situ chromosome hybridization and autoradiography was
performed as described (21), except that hybridization was performed for 16.5 hours with a final DNA

concentration of 0.6 wg/ml.

ed to determine which of them contained
sequences transcribed in D-259 MG cells.
Complementary DNA (cDNA) prepared
from polyadenylated RNA isolated from D-
259 MG cells was labeled by nick transla-
tion, and repeated sequences were removed
from the probe by preannealing to human
DNA (13). Four cosmids contained frag-

Fig. 3. Assay for expressed sequences in cosmids
containing portions of the D-259 MG amplifica-
tion unit. (A) Ethidium bromide-staining pat-
terns of Hind III—cleaved DNA from ten cosmids
(numbered above lanes) containing sequences
amplified in D-259 MG cells. Lane M contains A
DNA (0.5 pg) cleaved with Hind III. (B) The gel
shown in (A) was transferred to nitrocellulose and
hybridized with a 32P-labeled cDNA probe pre-
pared from D-259 MG cell RNA. The cosmid
clone cKK36 reveals a 4.8-kb Hind III fragment
that hybridized to the cDNA probe. Approxi-
mately 1 pg of DNA from each cosmid was
cleaved with the restriction endonuclease Hind
III, and the fragments were separated by electro-
phoresis through a 1% agarose gel and subse-
quently transferred to a nitrocellulose membrane.
Polyadenylated RNA was isolated from D-259
MG cells, and double-stranded cDNA was syn-
thesized with an oligo(dt) primer and the ribonu-
clease H/pol I method (22). The cDNA was
labeled with [*2P]deoxycytidine 5'-triphosphate
by nick translation. Repeated sequences were
removed as described (13). Hybridization, wash-
ing, and autoradiography were performed as de-
scribed (20).

ments that gave strong hybridization signals
when the labeled cDNA was used as a
hybridization probe (Fig. 3B, cosmid 36)
indicating homology to polyadenylated
RNA. Some other cosmids produced faint
hybridization signals (Fig. 3B, cosmid 38);

A 3233 36 38 39 40 M 41 42 51 52
kb ‘

B 32333 38 39 40 M 41

42 51 52

d LT
kb

4.8+

Ak "

REPORTS 71



these signals were probably the result of
residual hybridization with repeated se-
quences, since rehybridization of the same
blots with *’P-labeled normal human DNA
as probe produced strong signals localized
to the same fragments.

We confirmed these results by using the
four cosmids that hybridized to the cDNA
probe as probes in Northern blot analysis of
total RNA isolated from D-259 MG cells.
All four cosmids detected a major 4.8-kb

A 1 2 3 L 5
kb i
4.8
1.9
B
kb
g

messenger RNA (mRNA) and a minor 1.9-
kb mRNA in D-259 MG cells. A 1.55-kb
Pst I restriction fragment from the 4.8-kb
Hind III fragment of cosmid cKK36 was
subcloned. This subclone (pKK36P1) con-
tained transcribed sequences and was devoid
of repeated sequences. It detected the
expression of the major 4.8-kb transcript
and the minor 1.9-kb transcript in the D-
259 MG cell line grown in vitro (Fig. 4A,
lane 4) or as xenograft in a nude mouse (Fig.
4A, lane 5). These transcripts were not
found in cell lines from two malignant glio-
mas, a neuroblastoma, a pancreatic carcino-

Flg. 4. Detection of RNA transcripts encoded by
sequences amplified in D-259 MG cells. Dupli-
cate Northern blots were prepared with 10 pg of
total RNA from the following: lane 1, the small
cell lung carcinoma line HUTS82; lane 2, the
pancreatic cancer cell line T;M,; lane 3, the
malignant glioma cell line D319; lane 4, the D-
259 MG cell line; lane 5, a nude mouse xenograft
of D-259 MG. Hybridization was performed
with the insert from the plasmid pKK36P1 (A)
and the B-actin cDNA insert from plasmid pAl
(B) (23). The mRNA sizes were determined by
comparison with ribosomal RNA markers. Total
cellular RNA was isolated by the guanidium
isothiocyanate method (24), separated on a dena-
turing 1% 2-(N-morpholino)ethane sulfonic acid
and formaldehyde agarose gel, and transferred to
nitrocellulose. Labeling of the probes, hybridiza-
tion, washing, and autoradiography were per-
formed as described (20). The pKK36P1 contains
a 1.55-kb DPst I insert from the 4.8-kb Hind III

fragment of the cosmid cKK36.
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a
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Fig. 5. Detection of RNA transcripts in the D-259 MG tumor by in situ hybridization to fixed tissue.
Sections were prepared from the surgical biopsy of the malignant glioma from which D-259 MG was
established or from the malignant glioma TB-48, a tumor that contained an amplified EGF-receptor
gene (14). In D-259 MG sections, arrows a, b, and ¢ point to clusters of tumor cells. In TB-48 sections,
arrows a and d point to tumor tissue whereas arrows b and ¢ point to normal brain. Sections were
stained with hematoxylin and eosin (H&E) or hybridized with a probe for the gli gene (pKK36P1) or
with a probe for the EGF-receptor gene (pAW10). Sections (6 wm) of paraffin blocks were baked onto
slides coated with gelatin, deparaffinized, rehydrated, treated with proteinase K, and acetylated (25).
RNA transcripts labeled with [**P]cytidine 5”-triphosphate to be used as probes were prepared with
SP6 polymerase. The plasmid pAW10 contained a 1.6-kb Hind III/Eco RI insert from pE7 [a cDNA
clone of the EGF-receptor gene (26)] cloned in the vector pGEM3. Sections were hybridized overnight
at 50°C in a solution containing probe, 10% dextran sulfate, 50% formamide, 2x SSC (standard saline
citrate), salmon sperm DNA (1 mg/ml), carrier RNA (0.5 mg/ml), and bovine serum albumin (2 mg/
ml). Slides were washed in 2Xx SSC, 50% formamide for 1 hour at 54°C, washed three times in 2x SSC
at room temperature, incubated with 8 pg/ml of ribonuclease A in 2x SSC at 37°C for 1 hour, washed
with 2x SSC, 50% formamide at 54°C twice for 1 hour each, dehydrated, and exposed to Kodak XAR-

5 film for 16 hours at —70°C.
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ma, and two small cell lung carcinomas (Fig.
4 and data not shown). Integrity of RNA in
these preparations was demonstrated by hy-
bridization of duplicate Northern blots with
a probe for P-actin (Fig. 4B). The
pKK36P1 subclone was also used to analyze
the same panel of human-hamster somatic
cell hybrids containing portions of chromo-
some 12 as was used in Fig. 2B. The hybrid-
ization signal from pKK36P1 segregated
with the same hybrids as did the signal
from pKK380 (Fig. 2B), indicating that
pKK36P1 also originated from chromo-
some 12(cen—ql4.3).

RNA from the original tumor was not
sufficiently intact for Northern blot analysis.
However, we demonstrated expression in
the original tumor by using the pKK36P1
fragment as a probe for in situ hybridization
to RNA in formaldehyde-fixed specimens of
the tumor. A high level of expression of the
gene was detected by pKK36P1 in the
original tumor, but not in surrounding nor-
mal tissue or in another malignant glioma
(TB-48; 14) that had amplified the gene for
epidermal growth factor (EGF) (Fig. 5). All
clusters of D-259 MG tumor cells were
strongly positive, even those that were com-
posed of only 100 to 200 cells. This was
consistent with the fact that nearly all of the
metaphase cells examined from the original
tumor contained DM chromosomes (2). No
signal above background was detected when
the sense strand of pKK36P1 was used as a
control probe. In contrast, when a probe for
the EGF receptor gene was used, TB-48
hybridized strongly, whereas no signal was
detected for D-259 MG (Fig. 5, pAW10
probe).

We will refer to the gene detected by the
pKK36P1 clone as gli (for glioma). The
approach taken here demonstrates the feasi-
bility of isolating genes that are genetically
altered in human cancers, even when these
genes are not active in standard transfection
assays (15) and are not related to known
oncogenes. Two arguments suggest the im-
portance of the sequences amplified in D-
259 MG in the development of this tumor.
First, gene amplification is rapidly lost in the
absence of selective pressure (3). The pres-
ence of high levels of gene amplification in
the D-259 MG tumor both in vivo (human
and mouse hosts) and in vitro suggest that
these sequences must have provided a signif-
icant growth advantage. Second, the ampli-
fication of the gli gene was not unique to
one malignant glioma; gl was amplified
over tenfold in one other malignant glioma
in addition to D-259 MG (16). It is possible
that gli did not represent the target gene of
the amplification unit but was a coamplified
gene. However, the facts that only four
cosmids containing expressed sequences
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were identified, and that each of these cos-
mids detected transcripts of the same size in
Northern blot experiments, suggest that
only one highly expressed gene (that is, gl)
was present within the amplification unit.

The assignment of the sequences ampli-
fied in D-259 MG cells to chromosome 12
(q13 to q14.3) is provocative. A fragile site
of the folic acid type has been described at
12q13 (17); such sites have been hypothe-
sized to colocalize with proto-oncogenes
and play a role in tumor development in
affected individuals (18). In addition, trans-
locations in the 12(q13 to q14) region have
been described in human myxoid liposarco-
mas and salivary gland tumors (19). There is
a precedent for genes that are amplified in
some tumors to be translocated in other
tumors and thus to show similar increases in
expression (I). This hypothesis can now be
tested in liposarcomas and salivary gland
tumors with probes for gli.
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Superconductivity in Alkaline Earth—Substituted

LaZCuO4 —y

J. GEOrRG BEDNORZ, K. ALEX MULLER, MASAAKI TAKASHIGE*

La,CuO,_, ceramics containing a few percent of Ca®*, Sr**, and Ba®* ions have been
prepared. Resistivity and susceptibility measurements exhibit superconductive onsets
(as in earlier Ba”-containing samples). The onset temperature La,CuO,_, with S*t is
higher and its superconductivity-induced diamagnetism larger than that found with
Ba®* and Ca**. This is proof that the electronic change resulting from alkaline earth—
doping, rather than the size effect, is responsible for superconductivity. The ionic
radius of Sr** is close to that of La®* for which it presumably substitutes.

ECENTLY, BEDNORZ AND MULLER
(1) reported the possible onset of
superconductivity in the metallic
BaLaCuO system with transition tempera-
tures 7. in the 30 K range. Subsequent dc
susceptibility measurements in our labora-
tory (2) supported this, and resistivity and
low-field susceptibility data from Tanaka’s
group (3) and Chu’s (4) group substantiated
this finding. The early BaLaCuO samples
consisted of up to three phases (2); by
combining x-ray and diamagnetic suscepti-
bility measurements (5, 6), it could be
shown that one of them, the La,CuQOy4_,:Ba
phase, becomes partly superconducting.
Identification of flux trapping and the exis-
tence of a superconductive glass state in the
ceramics was demonstrated by nonergodic
magnetic responses (7).
Leading to the discovery of superconduc-
tivity in the La,CuQO,-, were, first, the
known existence of high electron-phonon

coupling in oxides such as Li/Ti, ,O4 (8)
spinel and BaPb;_Bi,O; (9) perovskite, and,
second, the expected high electron-phonon
coupling occurring in polaronic systems as
emphasized by Chakraverty (10). The exis-
tence of Jahn-Teller polarons in a linear chain
model was proposed by Hock et al. (11): If
the Jahn-Teller stabilization energy is of the
same magnitude as the bandwidth in a metal,
the effective mass of the itinerant electrons or
holes will become large, that is, a large elec-
tron-phonon coupling exists. As a result, such
a polaronic system can be favorable for the
occurrence of superconductivity. The Cu**
ions in the itinerant compound La,CuOy-,,
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