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ABSTRACT

Three cell samples in different passages of the line U-343 MGa,
derived from a human malignant glioma biopsy, gave rise to clones with
different amounts of platelet-derived growth factor (PDGF)-like activity
secreted to extracellular medium, and of I2sl-labeled PDGF binding.
Sixteen clones were completely karyotyped with the G-banding technique.
The unique markers lp-q+, 16p- found in all clones, as well as in the
parallel uncloned line, U-343 MG, provided evidence of their common
origin. The deduced early, possibly partly primary, deviations had the
formula 44, XY, Ipâ€”q+,â€”14,16pâ€”,â€”22,where loss of one chromosome
22 is in accordance with previous reports on early chromosomal deviations
in gliomas. Two clones, the hypodiploid 26L and 5H, represented early
progressional changes. The other clones followed two patterns of late
progressional changes, probably starting from the karyotype of SH, with
additional markers and doubling of the stemlines. In late progressional
line I 12q+ and in II +7 were the most characteristic findings.

Northern blot analysis using complementary DNA clones for the A
and B chains of PDGF showed that both PDGF chains were expressed
in 26L and 5H indicating that activation of the PDGF genes could have
been an early event in the development of this glioma. Clones with late
progression pattern II had been subjected to the highest selective pressure
in vitro, and they secreted the highest amount of PDGF-like activity to
the extracellular medium. Among them were the most rapidly and tightly
growing cells and some clones with high '"(-labeled epidermal growth

factor binding. Possibly these findings reflect progressional changes
including defective regulation of the growth factor/growth factor receptor
genes, selected for in vitro, without involving gross rearrangements or
amplifications of the genes. The possible significance of extra chromo
somes 7, with the PDGF A chain and epidermal growth factor receptor
genes, and of the 12q+ marker, located near the 7 Interferon gene is
discussed.

INTRODUCTION

Observations during the last few years have demonstrated a
structural and functional relationship between oncogene prod
ucts and growth factors or their receptors. Protein sequencing
of PDGF,3 a growth factor for connective tissue cells and glial

cells (1), showed a close homology between the PDGF B chain
and the protein product of the v-sis oncogene (2, 3). The EGF
receptor is homologous to the v-erbB oncogene product (4), in
that \-erbB encodes a truncated form of the EGF receptor, and
the product of the protooncogene c-fms is closely related or
identical to the receptor for the colony-stimulating factor-1 (5).
These data suggest that oncogene products may cause uncon
trolled growth by subverting the mitogenic signal pathway at
key regulatory points (6).
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We have earlier reported that the human clonal glioma cell
line U-343 MGa Cl 2 produces a PDGF-like activity (7) which
has been partially purified and characterized (8). The factor is
a dimer of M, 31,000 that competes with '"I-labeled PDGF in
binding to the PDGF receptor and has growth-promoting ac
tivity. For further studies of growth factors, especially PDGF,
and growth factor related oncogenes in glioma we have elabo
rated a useful model system with two phenotypically different
cell lines (U-343 MG and U-343 MGa) derived from the same
glioblastoma multiforme biopsy (9, 10). A number of clonal
sublines have been derived from the U-343 MGa line (II), and
these have been studied in detail regarding morphology, content
of glial fibrillary acidic protein, production of PDGF-like activ
ity, and binding of 125I-labeled PDGF.

In the present investigation we have analyzed the relative
levels of PDGF A and B chain mRNA in U-343 MGa glioma
clones and searched for structural and numerical changes in the
two genes on Southern blots. The levels of I25l-labeled EGF

binding were also determined. These data were then related to
the karyotypical features obtained by chromosome banding
methods of a number of clones. The c-sis gene, coding for the
B chain of PDGF (12), is located at 22ql2.3-22ql3.1 (13-16).

Recently the gene encoding the PDGF A chain has been located
to chromosome 7 (7pter-7q22) (17). A primary and obvious

aim for our analysis was to look for correlations between levels
of produced PDGF-like activity, PDGF A and B chain mRNA
expression and numerical and/or structural variations affecting
chromosomes 7 and 22. Before the work was completed the
PDGF receptor cDNA sequence had been determined and the
PDGF receptor gene localized to chromosome 5 (5q31-5q32)
(18). Therefore we also looked for correlations between U5I-

labeled PDGF binding and variations in chromosome 5. We
paid special attention to the chromosomes 4, 7, and 17 since
the EGF gene is located in the region 4q21â€”4qter (19), the
EGF receptor gene has been mapped to 7pl2-7pl3 (16, 20,
21), and the c-erbB-2/neu oncogene (22, 23) to 17q21-17q22
(24, 25). Another aim was to try to find structural aberrations
of the types DMs and HSRs. When identified in tumor cells
DMs and HSRs have often been found to include amplified
oncogene sequences (26, 27). The search for these aberrations
was also of special interest since previous studies of a number
of primary human gliomas have revealed DMs in as many as
about 50% of cases (28).

MATERIALS AND METHODS

Cell Lines and Cloning Procedure. The original cell lines and their
clonal derivatives have been described earlier (9-11, 29, 30). Fig. 1
shows the relationship between the original human glioma biopsy, the
two primarily established cell lines U-343 MG and U-343 MGa, the
16 karyotyped clones, 5-35 L isolated from low and 4-5 H derived from
high passages of the U-343 MGa line as well as Cl 2:3-15 isolated from
the clonal line U-343 MGa Cl 2. In Tables 1 and 2, where the karyotypes
are presented, the clones are grouped with regard to this derivation.
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PROGRESSIONAL CHANGES IN HUMAN MALIGNANT GLIOMA LINE U-343 MGa

RESULTS

Chromosomal Observations. In the 16 U-343 MGa clones
analyzed, the chromosomes were counted in at least 20 cells
(Table 1), and five or more cells were completely karyotyped
(cf. last column in Table 1). In clones with a distinctive mode,
cells with the S number were chosen for karyotyping whereas
cells with the most frequently represented chromosome num
bers were used in clones with a flat or indistinct mode. Ten or
more cells from each clone were partially karyotyped. These
studies included determination of the numbers of lp-q+ mark
ers and G-group chromosomes, i.e., chromosomes 21, 22, and
the Y chromosome in each cell. The condensed results of these
karyotype analyses are presented in Table 2. In addition, all
structurally changed chromosomes observed in all the clones
are characterized in detail in Table 3 and the markers 1-16 are
illustrated in Fig. 2 (denoted Ml-Ml 6).

As shown in Table 1, the five clones 7L, 26L, 33L, 4Ha, and
SH had a stemline in the hypodiploid region, in four cases at
S=44 and in one case at S=43. These modes were always sharp
and the spread in the modal region was very restricted. Products
of double modal-near-modal cells were seen in four of the five
clones.

The modes of the 12 remaining clones were in the hypertri-
ploid-hypotetraploid regions and mostly at the border between
these regions, i.e., at 80-81. Remnants of the original hypodip
loid modal population were found in five clones. A distinctive
S number could be discerned in the five clones 12L, 19L, 34L,
Cl 2:6, and Cl 2:15. The other seven clones of the polyploid
group showed either a flat mode with a minor peak, as clones
10L, 4Mb (late passage of the 4Ha clone) and Cl 2:3, or only a
more or less well demarcated modal zone, as 5L, 31L, 35L, and
Cl 2:8. The spread around the modal numbers was mostly
extensive. The usual negative skewness of this spread illustrates
the well-known tendency for advanced human tumors to a
decrease of originally tetraploid chromosome numbers and
development of a definite triploid-near-triploid mode.

The results of the karyotype analysis (Tables 2 and 3) clearly
show that U-343 MGa originated with a hypodiploid stemline
with only a few numerical and structural abnormalities. A
comparison of the karyotypic data for clones 26L and 5H
strongly suggests that both have evolved from a common stem-
line with the formula 44, XY, lp-q+, -14, 16p-, -22. If the
deviations 6qâ€”,+16 and â€”18are superimposed, one will get
the karyotype of 26L and if the changes 7pâ€”,â€”10.+Y are

added, the karyotype of 5H is obtained. Continued comparisons
between these two clones, the other three hypodiploid clones,
and those with hypertriploid-hypotetraploid modes shows two
competing evolutionary lines. One line was characterized by
the following sequence of events added to the karyotype of 5H:
(a) 6q-, 9p-, 12q+, -18 (cf. clone 33L); (b) doubling of that
S-karyotype; (c) chromosome losses, mostly of the types B4,
C7, and F19. This evolutionary line, with the 12q+ marker,
characterized 7 of 10 L-clones and was not seen in the H- or
Cl 2:-clones. The latter two groups represent the predominating

and most successful evolutionary line and demonstrates the
following consecutive deviations superimposed on the kary
otype of clone 5H: (a) 6q-, +7, 9p-, -18; (Ã¨)a doubling of
this S-karyotype; (c) chromosome losses, mostly of types A2,
B4-5, Cll, D13, D15, E17, and Fl 9 plus a loss of one of the
two markers, 6qâ€”.In Table 4 the 16 clones are grouped follow

ing these two progressional lines.
The markers lp-q+, 7p-, 9p-, and 12q-(-displayed stability,

and no further rearrangements of these markers were noticed.
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PROGRESSIONAL CHANGES IN HUMAN MALIGNANT GLIOMA LINE U-343 MGa

Table 3 Derivation of consistent (1-10) and sporadic (11-21) marker types observed in clones of U-343 MGa

Markertypesl=lp-q+2=4q-3=4q-4=6q-5=6q-6=7p-7=9p-8=12q+9=16p-1

0=1 op-I

ll=3q-12=5p-13=1

Ip-14=1
lp+15=13p+16=19q+17-21=fragmentsMode

oforigininv(l)(pl3q43)del

(4)(q25q28)del
(4) (q13)del(6)(ql2)i(6p)del(7)(pl3pl5)del

(9) (pi3)t(12;?)(12pter->12q24::?)t(16;?)(16qter->16pl2::?)t(4;16)(16qter->16pl

l-12::4q25â€”4q28:)del

(3)(q24)del(5)(P13)del(ll)(pll)i(iiq)

:t(13;?)(13qter-Â»13p!3::?)t(19;?)(19pter-.19ql3::?)Unknown

'.No.

observed
inclones-2

in allclonesin7Lin33L-2

in all clones except for 5H and19Lin
clone19L-2
in all clones except for26L-2
in all clones except for 26L andSH-2
in 5L, 10L, 12L, 19L, 33L,34L,and

35L-2
in all clones except for7Lin7Lin

one cell in19Lin
one cell in19Lin
three cells in5Lin
one cell in33Lin
two cells in19Lin
two cells in33Ldifferent

D-G-sized acentrics inonecell
in 19L

H4 H F Ã®
M2 R

M4
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M1

Â¡A ti ** ti
16 um -IF. MI

7 M6 9 M7
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11 M13

â€¢1
19 M16

13 M15
Fig. 2. Partial karyotypes showing (a) ail consistent (Ml-M 10) and (A) ail

centric sporadic (Ml 1-M16) markers found in the analyzed U-343 MGa clones.

The 6qâ€”marker, resulting from a long-arm deletion (marker 4
in Table 3), however, showed considerable instability in several
clones. In clone 19L it was replaced in all cells studied by one
or usually two i(6p). The same replacement, with one or two
i(6p), was also seen in 3 hypodiploid cells in 5H, in one
hypodiploid cell in 5L, in one hypotetraploid cell in 19L, and
finally, in clone 33L there was one hypotetraploid cell with one
i(6p) in addition to two 6qâ€”markers of the deletion type.

Obviously this deletion has in some way interfered with normal
and stable centromeric functions and greatly increased the
likelihood of centromeric misdivisions (the usual mechanism
for formation of isochromosomes). Judging from the charac
teristics of the 4; 16 translocation seen in clone 7L, the lop-

was also, though to a very minor extent, unstable and liable to
be affected by secondary changes.

The sporadic marker types, i.e., markers 11-21 in Table 3,
were all seen in one or a few hypertriploid-hypotetraploid cells
and mostly in cells belonging to the two clones 19L and 33L.
No obvious pattern could be discerned in these abnormalities.
It should be emphasized that the fragments (denoted as markers
17-21 in Table 3) seen in a single cell were all large. No cells

with the aberrations DMs, HSRs, or abnormal banding were
seen in any of the clones.

Expression of PDGF A and B Chain Genes. Thirteen of the
U-343 MGa clones were tested with regard to expression of

PDGF A chain mRNA, and all of them were found to contain
the three A chain mRNA transcripts (2.8,2.3, and 1.9 kilobases)
previously identified in U-343 MGa Cl 2:6 (17), (Fig. 3A). The
relative amount of mRNA in each clone was estimated in
arbitrary units (Table 4), using Cl 2:6 as an internal standard.
B chain/c-s/s mRNA appeared as a major transcript around 4.2

kilobases but sometimes also was found as a less abundant,
shorter transcript around 3.7 kilobases (Fig. 3, B and C). Only
8 of 14 tested clones were positive with regard to B chain/c-sis
mRNA. Activation of the A chain gene thus seemed to be a
somewhat more common event than that of the B chain/c-sÃ¹
gene. It should be noted that the 26L and SH clones, displaying
the early progression pattern, were B chain/c-sis positive and
that clone 33L, the only hypodiploid clone retaining 2 copies
of chromosome 22, was B chain/c-sÂ» negative. Among the B
chain/c-Ã/s negative ones were the three clones showing highest
binding of '"I-labeled PDGF (34L, 35L, and 31L) (Table 4),

and this finding parallels the results from an analysis of other
glioma cell lines.4

Southern blot analysis of 9 glioma clones (5L, 26L, 33L,
35L, 4H, 9H, Cl 2:3, Cl 2:6, and Cl 2:15) gave no evidence in
favor of rearrangements or amplification of the A or B chain
genes. When using EcoRl cleavage, there was one 22-kilobase
B chain/c-s/5 fragment, and two 19- and 13-kilobase A chain
fragments, while Kpnl digestion gave four B chain/c-s/s frag
ments of 11, 8, 4, and 3.6 kilobases, respectively, and one A

4 NistÃ©ret al., unpublished observations.
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PROGRESSIONAL CHANGES IN HUMAN MALIGNANT GLIOMA LINE U-343 MGa

'B-chain

A-chain B-chain

B inn to i-

,-28 S

-18S

Fig. 3. Northern blots of polyadenylated RNA from glioma clones. Ten Mgof RNA were added per lane. Filters were hybridized to a 1.3-kilobase human PDGF
A chain cDNA, cloned in pUC-13 (A), and to a 2.7-kilobase human B chain/c-Ãii cDNA, cloned in pSM-1 (B and C). In A and B probes were labeled by nick
translation; in C by random priming. The latter gave a stronger signal and visualized also the shorter 3.7-kilobase B chain/c-sÃstranscript, but the formerly c-sis
negative clones still appeared negative; the hypodiploid clone 33L is shown as an example.

chain fragment measuring 17 kilobases (data not shown).
Binding of I25l-labeled EGF. All the glioma clones were found

to bind '"I-labeled EGF. Those with highest binding displayed

an early progression pattern or a late progression pattern 2
(Table 4). The level of EGF receptor transcripts in U-343 MGa
Cl 2:6 cells has been investigated and was found to be as high
as one-third the amount present in A431 cells.5 Since it has

been reported that 4 of 10 primary glioblastomas have amplified
EGF receptor genes (38), we investigated DNA from U-343
MGa Cl 2:6 by Southern blot analysis. However, the analysis
provided no evidence for any gross rearrangement or amplii!
cation of the EGF receptor gene in this clone (data not shown).

DISCUSSION

The present analysis in conjunction with previous studies
elucidates the characteristics of the early chromosomal devia
tions in U-343 MGa as well as in U-343 MG. In the U-343
MG cell line (39), the lp-q+, 7p-, 9p-, and 16p- markers
were identical to those seen in the present U-343 MGa clones,
although the 16pâ€”was not formerly described. The 4qâ€”marker
seen in S-cells of clone 33L was probably identical to the same
marker type in U-343 MG. The other markers characterizing
U-343 MG, namely, 8p-, llq-, 14q+, 14q-, and 18q- were

different from all consistent or sporadic markers seen in the 16
clones derived from U-343 MGa. The two cell lines, established
from one and the same glioblastoma multiforme biopsy have
obviously both originated from a hypodiploid stemline with the
likely formula 44, XY, lp-q+, -14,16p-,-22. The karyotypic

5T. A. Libermann, personal communication.

deviations in this stemline conform unusually well with the
recently demonstrated characteristics of primary gross devia
tions in human gliomas (28, 40). Evolution as a rule starts with
numerical deviations falling into three different groups: (a) loss
of a gonosome; (b) gain of chromosome 7, and, at the same
time, often loss of chromosome 10; (c) loss of chromosome 22.
In addition, primary or early structural deviations have been
found to mostly affect 9p and chromosomes 1, 6, and 13 and
less frequently chromosomes 7, 11, and 16. The present glioma
fits into the third category, with loss of one chromosome 22 in
most of the clones, and most of both the early and late structural
deviations have affected those chromosome types shown to be
preferentially involved in structural variation.

In Table 4 the 16 U-343 MGa clones are arranged according
to the deduced evolutionary patterns. Since the two hypodiploid
clones 26L and 5H, with the earliest deviations in karyotype,
had active A and B chain genes and produced PDGF-like
activity, activation of these genes might represent an early
evolutionary event. All clones with a high amount of PDGF-
like activity in extracellular media showed an early pattern or
late progression pattern 2. The fastest-growing cells, the Cl 2:
clones, with tightly growing small polyhedral or fusiform cells
(morphological group A) fell into the latter category. It is
possible that the cloning conditions per se select for cells
expressing the PDGF genes and producing PDGF-like activity,
since the four high-producing clones have been cloned twice
and can be expected to have emerged under a high selective
pressure.

Several cases are on record where an increased production of
a protein that confers a selective growth advantage is the result
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PROGRESSIONAL CHANGES IN HUMAN MALIGNANT GLIOMA LINE U-343 MGa

Table 4 Progressional karyotypic changes in relation lo growth factor and receptor expression in the U-343 MGa glioma line
Data regarding progressional karyotypic changes are compiled with data on binding of '"I-labeled PDGF and EGF (fmol/10* cells), relative expression of PDGF

A chain and B chain/c-sis mRNA (arbitrary units, estimated from Northern blots), and PDGF-like activity in serum-free Eagle's MEM/F10 1:1 extracellular medium
measured as '"I-labeled PDGF receptor competing activity (11). The cell lines had been assigned to four morphological groups with two subgroups in each (11): Ai
= small polyhedral, sometimes slightly spindle-shaped cells growing tightly and piling up; A2 = subgroup with exceptionally well demarcated colonies; B, = varying
proportions of large polyhedral and middle-sized spindle-formed cells and only a few cells with processes; B2 â€¢-one clone with middle-sized polygonal cells almost
devoid of processes; C, = flat polyhedral cells intermingled with a variable amount of cells with rounded cell bodies and long slender processes; D, = large star-shaped
cells with many short processes; I>â€¢= one clone with more elongated but still star-shaped cells.

EvolutionÃ¤r)'characteristics44,

XY, lB-g+,- 14J 6p-,-22CloneEarly

progression6q-,
+16,-187p-,
-10, +Y|~6qX9p-,

12q+,-18"\~^vLate

progression^^pattern

1a3 1tÂ«
SÃu

O3
Â£3

O516q-,+7,

9p-,-18pattern

2ai"
Â®2

EcA
S"Â§

oÃ¶l26L5HMorpho

logicalgroup82B,PDGF-likeactivity

inserum-free
PDGFmedium

Achaindm
ml)mRNA6

++++6.5
++PDGFbindingc-ÃÂ«

(fmol/106mRNA

cells)++

6.7+++
1.9EGF

binding(fmol/106cells)329133L5L10L12L19L34L35LB,B,B,B,B,D!D,1

+0

+0
+(+)0
NDÂ°0

++0.5
ND1.5

++2.21.6++(+)

2.5ND
2+(+)

2.44412.5211924394530317L4Ha4HB31LCI

2:3Cl
2:6CI
2:8Cl

2:15C,BID,AIAIAIAI4.5

-K+)++0.5

++(+)12.5
+++15
++++10
ND6.5

++(+)â€¢H+)

0.132++++

0++
0.4ND

ND1.039642212782ND236

Â°ND, not determined.
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l 6
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1.1 1.3 1.5 1.7

Chromosome 7 (found/expected)

B

1.1 1.3 1.5 1.7

Chromosome 7 (found/expected)

Fig. 4. Relative dosage of chromosome 7 (ratio between the found and the
expected number of chromosome 7 for each clone, with its respective stemline
value) compared to levels of PDGF-like activity in extracellular media (A) and to
levels of '"I-labeled EGF binding (B).

of gene amplification, sometimes morphologically visible in the
form of DMs, HSRs or abnormally banding chromosomes (26,
27). No such aberrations were seen in any of the present clones.
Thus, the growth factor production in these cells is probably
the result of a constitutive deregulation of transcription of the
PDGF genes, present in normal or near-normal copy numbers,
or the result of increased mRNA stability.

In many of these clones there is an increase in the number of
chromosomes 7 carrying the PDGF A chain gene. For each

}so

S 60
* 40

20

100 200 300
""l - EOF - binding <fmoles/10Â° cells)

Fig. 5. Relationship between PDGF-like activity in serum-free media and
binding of '"I-labeled EGF to glioma clones. Binding of '"I-labeled EGF (fmol/
ID" cells) and PDGF-like activity in extracellular media (ng/ml, measured as
PDGF receptor competing activity) was determined for 71 U-343 MGa clones.
For production of conditioned media cells were grown in 10-cm Petri dishes with
serum-free FIO medium for 3-4 days.

clone, with its respective S number, the ratio between the actual
and the expected number of chromosomes 7 was calculated
(31), giving the amount of chromosomes 7 per deduced haploid
karyotype. In the nonproducing clones the mean calculated
number of chromosomes 7 per deduced haploid karyotype is
1.25 (n = 6), and in the producer clones this figure is 1.43 (n =
11) if both the normal chromosomes and those with markers
are taken into account. The relationship between the relative
number of chromosomes 7 and production of PDGF-like activ
ity to extracellular media is plotted in Fig. 4A (correlation
coefficient, 0.607; 0.01 < P < 0.025). Thus, there is a slightly
higher relative A chain gene dosage in cells that produce PDGF-
like growth factor activity.

A comparison with the modal karyotypes presented in Table
2 also reveals that there is no positive correlation between the
absolute numbers of chromosomes 22 (carrying the B chain
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gene) and the levels of PDGF production. Even in Cl 2:6, with
three chromosomes 22, that number is actually lower than the
calculated figure for a stemline with the hypertriploid number
of 80 (3.5 chromosomes 22) (31). Of the four hypodiploid
clones (26L, 5H, 33L, and 7L) only 33L was devoid of B chain/
c-sis mRNA, and this clone deviated from the other three in
having retained two copies of chromosome 22.

In other tumor cell lines secretion of PDGF-like activity to
extra cellular medium correlates with A chain but not with B
chain mRNA (17). The factors produced by osteosarcoma (41)
and melanoma (42) cells have been identified as homodimers
of PDGF A chains. Even in the present series of glioma clones
the content of PDGF receptor competing activity in conditioned
medium correlated better with the relative amount of A chain
mRNA (correlation coefficient, 0.733; 0.0001 < P < 0.005; n
= 13), than with B chain mRNA (correlation coefficient, 0.489;
0.05 < P < 0.10; n = 14). Furthermore structural analysis of
the factor produced by U-343 MGa Cl 2:6 cells has shown it to
be an A chain homodimer.4

The 12q+ marker was found to be the most distinguishing
karyotypic quality in late progression pattern 1. The origin of
the extra material on one or two chromosomes 12 could not be
determined with certainty. It seems likely, however, that the
9pâ€”and 12q+ markers are related and, in fact, have evolved
through a reciprocal translocation. In that context, it is of
interest to notice that the gene for interferon y (immune type
Interferon) has been localized to 12q24.1 (16, 43), correspond
ing with the breakpoint on chromosome 12 in this case. If the
extra material really originates from chromosome 9, the trans
located segment could include the genes for both interferons ÃŸ,
(fibroblast interferon) and a (leukocyte interferon), since the
interferon ÃŸ\gene has been localized to 9p24-9pl3 and the
interferon a gene family to 9pterâ€”9pl3 (16, 44, 43). The
possible role for the 12q+ marker in PDGF-gene regulation
involving activation/repression of any of the interferon genes
demands further investigations.

As mentioned above, the EGF gene has been located to the
long arm of chromosome 4, the EGF receptor gene (c-erbB-l)
to the short arm of chromosome 7, and the c-erbB-2 to the long
arm of chromosome 17, respectively. We found no obvious
numerical and/or structural differences regarding chromosomes
4 and 17 in the clones. However, in clones binding more than
35 fmol I25l-labeled EGF/10" cells the mean calculated number

of chromosome 7 per deduced haploid karyotype was 1.54 (n
â€”9). This can be compared with the group of clones binding
less than 35 fmol/106 cells where the mean ratio was 1.11 (n =

7). The relationship between the relative number of chromo
some 7 for each clone (31) and the level of 125I-labeled EGF

binding to the same clone is shown in Fig. 4B. Although this
relation is not statistically significant (correlation coefficient,
0.475; 0.05 < P < 0.1), there is a tendency that those clones
having high I2sl-labeled EGF binding also have a slightly ele

vated relative copy number of chromosome 7. It is thus possible
that the high expression of EGF receptors is due to a slightly
elevated gene dosage without gross amplification of the EGF
receptor/c-erbB-1 gene. Similar results have been reported by

others for human glioblastoma cell lines (45) and for melanoma
cells where enhanced expression of EGF receptor directly cor
relates with an increase of chromosome 7 (46). Moreover in
human pancreatic carcinoma cell lines EGF receptors were
overexpressed in association with either structural or numerical
alterations in the same chromosome (47). In contrast to the
findings regarding chromosome 7 we did not see any constant

changes involving chromosome 5 that carries the PDGF recep
tor locus.

Both growth factor secretion and elevated amount of EGF
receptors could reflect progressive changes in the tumor cell
population that are selected for by in vitro growth, and both
parameters could be mediated by a slight increase in gene dose
through relative increase of chromosome 7. When 125I-labeled
EGF binding was measured in a larger number of U-343 MGa
clones and compared to secretion of PDGF-like activity we also
found a statistically significant positive correlation between
these two parameters (Fig. 5; correlation coefficient, 0.495; P
< 0.0001), supporting the idea of a common selective mecha
nism. In fact, the often noticed primary deviation with gain of
chromosome 7 (28) in human malignant gliomas could have a
functional significance in the defective growth regulation.

The heterogeneity of the karyotype of the U-343 MGa glioma
reflects the genetic variability inherent in a malignant tumor,
probably constituting a base for aberrant expression of several
genes. This heterogeneity is in accordance with earlier findings
of many different cellular subpopulations present in primary
glioma tissue (48).
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