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ABSTRACT 

Chromosome banding analysis of human glial tumors was performed 

using G- and Q-banding techniques in an attempt to establish recurring 

sites of chromosome change. Results revealed a nonrandom karyotypic 

profile including aneuploidy and considerable variation in chromosome 

number (range 40-)200). All tumors examined displayed numerical 

abnormalities, with the most common numeric change being a gain of 

~hromosome 7. Chromosomes most frequently involved in structural 

abnormalities included #1, #3, #7, and #11. Double minutes, reported 

to be frequently associated with human glial tumors, were observed in 

only one of ten tumors examined. These results (taken in conjunction 

with previously published reports) suggest that the single most 

frequently altered chromosome in human glial tumors is chromosome 7. 

An attempt was then made to correlate the observed chromosome 7 

changes with activation of the cellular proto-oncogene c-erb-B, whose 

product is the epidermal growth factor receptor (EGFR). Six human 

glial tumors were analyzed for 125I-EGF binding, EGFR gene copy 

number, EGFR gene rearrangement, mRNA expression, and karyotypic 

profile. Saturation analysis at 40C revealed significant numbers of 

EGFR's in all 6 tumors. Southern blotting analysis utilizing cDNA 

probes for the EGFR failed to demonstratp. significant amplification or 

structural rearrangement of the EFGR gene. Analysis of EGFR mRNA 

viii 



ix 

revealed significant levels in 3 of the tumors studied as compared to 

the A431 cell line. Karyotypic analysis revealed that all six cell 

lines displayed extra copies of both whole and structurally altered 

chromosome 7. These results may suggest that EGFR overexpression is 

associated with alterations of chromosome 7 (the locus for the EGFR 

gene). In contrast to previous reports, EGFR mRNA levels did not 

directly parallel EGF receptor numbers. These results suggest that 

overexpression of the EGFR may be related to an alternative mechanism, 

other than gene amplification and elevated mRNA levels, such as the 

regulation of receptor biosynthesis and degradation. 

In summary, findings indicate that alterations of chromosome 7 

are the most prevalent chromosomal change in human glial tumors, and 

that these alterations may lead to overexpression of the proto

oncogene c-erb-B. 



CHAPTER 1 

INTRODUCTION 

The central question addressed in this dissertation was the 

determination of recurring sites of chromosomal change in human glial 

tumors. The secondary aim was to determine whether specific 

chromosomal alterations could be linked to molecular alterations 

responsible for the upregulation of the epidermal growth factor 

receptor (EGFR) gene. Human gliomas were selected for analysis for 

several reasons unique to this cancer. First, there is a paucity of 

published reports regarding banded cytogenetic analysis of human 

gliomas. Secondly. no definitive report of recurring sites of 

ch~om~some change has yet appeared for human glial tumors. Thirdly. 

several recent reports have suggested that overexpression of the EGFR 

gene (a proto-oncogene) is a common feature of tumors of glial origin 

possibly associated with alterations of chromosome 7 (the locus of the 

EGFR) • 

This study will describe the results of detailed chromosome 

banding analysis of a panel of 10 human glial tumors. Results indi

cated that nonrandom karyotypic alterations can be recognized in this 

disorder. Also. indirect evidence implicates alterations of chromo

some 7 with the overexpression of EGFR. Finally. the results of mole

cular genetic analysis of a selected panel of EGFR-overproducing 

1 



tumors will be presented in an attempt to understand the mechanism(s) 

responsible for the increased number of EGFR's. 

Because of the dualistic nature of this dissertation, there 

will be two major sections for clarity of presentation. The first 

section will present detailed karyotypic analysis of human glial 

tumors. The second section presents molecular genetic analysis of 

EGFR-overproducing cell lines. The summary will present an overview 

of both the cytogenetic characterization of human glial tumors and 

their molecular biologic analysis. 

2 



CHAPTER 2 

CYTOGENETIC EVALUATION OF HUMAN GLIAL TUMORS 

Introduction 

The hypothesis that chromosomal changes are intimately asso

ciated with tumorigenesis is not a new one. As early as 1912, the 

German embryologist Theodore Boveri theorized that unequal distri

bution of genetic material to daughter cells was responsible for 

abnormal growth of malignant cells (1). 

Confirmation of this precocious notion that human neoplasias 

exhibit an abnormal karyotype would await methodologic developments. 

In the 1950's, the use of colchicine to arrest cells in mitosis, and 

the application of hypotonic techniques to effectively spread the 

chromosomes, allowed for the identification and correct enumeration of 

human chromosomes (2). Subsequently, in 1960 Nowel I and Hungerford 

described the presence of a minute chromosome, termed the Philadelphia 

(PhI chromosome) assoc1ated with chronic myelogenous leukemia (CML) 

(3). This finding prompted speculation that specific chromosomal 

alterations would be associated with all human cancers. However, 

after the finding of the PhI chromosome in CML, a decade would pass 

before a second example of tumor-specific chromosome change would be 

found. This lag was due again to methodologic difficulties. 

3 



Specifically, prior to the advent of chromosome banding techniques, 

cytogeneticists were unable to unequivocably identify either all 

normal chromosomes or especially structurally altered chromosomes, 

thus seriously hampering the identification of specific karyotypic 

changes. These technical shortcomings were overcome in the late 

1960's with the development of new staining techniques which induced 

specific banding patterns along the length of each chromosome, 

allowing the accurate identification of not only individual normal 

chromosomes, but also complex chromosome rearrangements (4). These 

new "banding" techniques have led to th~ establishment of specific 

chromosomal defects associated with a number of human cancers [for a 

review see Sandberg (5)]. 

4 

To date, application of these new methodologic advances to the 

study of cancer cytogenetics has proven of most benefit in analysls of 

leukemias and lymphomas (5,6,7). In fact, most human leukemias and 

lymphomas have now been shown to exhibit recurring clonal chromosome 

abnormalities [for a review see Rowley (7)]. In contrast, very few 

recurring chromosome alterations have been attributed to solid tumors 

(especially carcinomas), the most common cancers of man [for a review 

see Trent (8)]. The disparity between studies of leukemias and solid 

tumors is due again to the difficulty in culturing and cytogenetic 

analysis of solid tumors as compared to leukemias. However, the 

development of improved cell culture systems over the last few years 

has allowed the successful analysis of a greater number of malignant 

solid tumors. As a result, several characteristic chromosome changes 



associated with specific human solid tumors have now been reported 

(8). Once data is obtained from a sufficiently large group of 

patients with solid tumors, it may now be possible (as is true for 

leukemias) to define recurring chromosomal changes associated within 

each histologic subgroup of human solid tumors. 

5 

A review of the published reports on human glial tumors 

(described in detail below) reveals that most of the cytogenetic 

analyses performed to date were published "prior to the development of 

chromosome banding (thereby preventing accurate identification of all 

chromosomes). At present, only 37 complete banded cases have been 

reported. The prevailing view of recurring karyotypic alterations in 

malignant gliomas, derived from these studies suggests that gains of 

#7 and loss of #10, #22, and the sex chromosomes are the most frequent 

alterations (9). No specific structural alterations have been 

associated with this tumor. However, as will be presented, 

chromosomal alterations appear to cluster to specific chromosomes in 

human glial tumors, and this information may eventually prove useful 

in establishing molecular alterations which are causative for this 

group of neoplasms. 

The following sections will describe the application of 

chromosomal banding techniques to the study of human glial tumors. 

Historical perspectives of cytogenetic evaluation of human glial 

tumors will be presented first, followed by detailed cytogenetic 

analysis of a panel of ten human glial tumors. 



Historical Perspective--Cytogenetics of Human Glial Tumors 

In contrast to an extensive number of reports ()10.000) con

cerning the chromosomal composition of human leukemias and lymphomas. 

less than 1,000 studies of solid tumors have been reported (10). 

Additionally. fewer than 50 cases of malignant gliomas have been 

studied by chromosome banding analysis. The most consistent 

chromosomal changes in malignant human gliomas observed can be 

summarized by quoting from a recent article on chromosomal evolution 

in malignant human gliomas by Bigner et al (9). The authors state: 

Our previous karyotypic studies of malignant human gliomas 
have demonstrated that their most consistent early or primary 
gross changes include gains of #7. losses of #10. #22 and the 
gonosomes. and the presence of double minutes (p. 121). 

6 

Thus. the prevailing view of the karyotypic change in malignant 

gliomas involves primary numerical change. with the most frequent 

numerical change being a gain of chromosome #7. The importance of 

this observation will become apparent in the discussion to follow. 

A review of reports concerning chromosomal change in human 

gliomas has been divided into two sections. The first section 

presents reports from studies of unbanded chromosomes, (which are 

relatively uninformative with regard to specific chromosomal changes 

and are mainly of historical value), while the second section 

describes more recent results from studies of banded chromosomes. 

Unbanded Chromosome Studies 

The first report concerning the chromosomal complement of human 

glial tumors was presented in 1965 by Lubs and Salmon (11). The 



7 

authors studied tumors from a medulloblastoma, an oligodendroglioma, 

and a glioblastoma multi forme. The results from direct harvests of 

primary lesions revealed the presence of abnormal karyotypes in all 

three tumor types. Within the limitations of Ilonbanded chromosome 

techniques, numerical changes were suggested for all three tumors. 

Additionally, the glioblastoma multi forme contained several marker 

chromosomes, and the relatively benign oligodendroglioma presented a 

tetraploid karyotype. The medulloblastoma was characterized by extra 

chromosomes of the C-group and by the presence of "1-32 small double 

fragments" in each cell. Another 1965 report by Cox et al (12) also 

revealed the presence of minute chromatin bodies in a medulloblastoma. 

The authors suggested that the abnormalities observed, numerical 

change, chromosome fragments, and structural rearrangements, "may 

ultimately prove of great significance in terms of etiology". 

In 1967, Hansteen (13), utilized both direct and short term 

culture (1-7 days) to study the chromosomes from six astrocytomas. 

A'll six cases of astrocytoma displayed different abnormalities. The 

small number of analyzable mitoses presented a problem in their study 

and limited the amount of information obtained. The most common 

features observed were a near-diploid modal chromosome number, and the 

involvement of C- and E-group chromosomes in rearrangements. 

Another study on brain tumors was reported in 1967 by Bicknell 

(14). A total of 21 brain tumors were studied by direct harvest, but 

only three cases yielded satisfactory metaphases for analysis. The 

three tumors analyzed were an astrocytoma (grade III), 



a glioblastoma multlforme, and an ependymoma. Cytogenetic analysis 

revealed abnormal chromosome numbers in all three tumors ranging from 

40-271 chromosomes. They also reported (as did Lubs and Salmon (11) 

that C-group chromosomes were most frequently present in additional 

copies. 
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In 1970, Wilson et al (15) reported the cytogenetic analysis of 

10 cases of glioblastoma mutiformes. Two of these tumors yielded 

sufficient metaphases for analysis from direct harvest. The remaining 

tumors were passed in culture and harvested 5-236 days after being 

processed and initiated in culture. The most predominant pattern was 

a near-diploid karyotype (9 of 10 glioblastomas), with a single 

glioblastoma displaying a hypotetraploid karyotype. Unlike previous 

reports, these authors report that the loss (rather than gain) of C

group chromosomes was most frequently observed. Only one of the ten 

tumors studied was reported to have marker chromosomes, and double 

minutes were not observed in any of the glioblastomas. Pictorial 

documentation of chromosome changes was not included, and it is 

therefore impossible to independently assess the quality and 

reliability of their reported findings. 

The largest series reported on human gliomas to date was that 

of Mark (16) in 1971. Unlike previous reports in which a small number 

of tumors were studied, the chromosomes of 50 cerebral astrocytic 

gliomas, one cerebellar astrocytic glioma, one oligodendroglioma, and 

one medulloblastoma were studied. All of the chromosome studies were 

obtained from direct preparations. Karyotype analyses were performed 



by analyzing 10-40 metaphases whenever possible, and never less than 

20 cells were counted. This study was significant in that it 

emphasized the importance of reporting complete chromosomal data. 

9 

Most of the previous reported cases studied a small number of tumors, 

with only a few cells per case, which often were of poor quality. In 

Mark1s report, complete chromosome analysis (combined with the large 

number of cases studied) permitted the first detailed characterization 

of the chromosome spectrum in cerebral astrocytic gliomas. 

The results of this study revealed that 74% of gliomas 

contained a diploid or near-diploid modal chromosome number. However, 

no tumor in this group contained a normal diploid stemline. A second 

group of tumors demonstrated a near-tetraploid stemline (observed in 

18% of the tumors). Finally, a near-triploid modal chromosome number 

was observed in the remaining 4% of the gliomas. Although the modal 

chromosome number fell into one of these three groups, each of the 

tumors studied displayed a wide range around the mode. 

In agreement with the study of Wilson et al, Mark reported that 

loss of C-group chromosomes was commonly observed. However, loss of 

D-group chromosomes was reported to be even more common. Also, nearly 

75% of the gliomas contained one or more clonal marker chromosomes. 

The origin of these markers could be characterized only by their 

relative size and centromere position. Mark reported that 26% of all 

the gliomas in this study contained double minutes, and published a 

separate paper discussing the possible mechanism of generating double 

minutes in gliomas (17). He concluded that it was not possible to 



trace the origin of double minutes to anyone particular chromosome 

and that the proposed fragmentation probably involved different 

chromosomes in different tumor cells. 
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Although this report is the largest reported to date, the 

assignment of specific numerical and structural alterations was not 

possible due to the limitations of unbanded chromosomes. However, 

combining the data from Mark's study with previous non-banded studies, 

a number of generalities can be made regarding the chromosome 

constitution of human gliomas. First. most gliomas appeared to 

contain a near-diploid modal chromosome number, the next most common 

group being near-tetraploid, with a small percent near-triploid. 

Second, the most common numerical alterations involved C-group 

chromosomes, while unidentifiable marker chromosomes and double 

minutes were the most common structural alterations. 

Banded Chromosome Studies 

The development of chromosome banding techniques [Caspers son et 

al 1970 (4), Berger (18) and Dutrilleaux 1971 (19)] allowed for the 

first time unequivocable identification of all individual chromosomes. 

The application of these techniques to human neoplasia resulted in the 

identification of specific numerical and structural chromosome 

alterations. However, satisfactory results with modern banding 

techniques were limited to samples containing a sufficient number of 

metaphases. Unfortunately, direct harvests of solid tumors seldom 

yielded satisfactory preparations due in large measure to technical 

difficulties. 
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Mark and his co-workers had fortuitously established many 

continuous cell lines from the fifty human gliomas previously 

described (16). Subsequently, in 1974 Mark, Ponten, and Westermark 

first reported on the G-banded chromosome analysis of three 

established human astrocytoma cell lines (20,21,22,). In 1977, Mark 

et al (23) presented a summary of their findings on seven astrocytoma 

cell lines which included those previously reported in 1974. Three of 

these cell lines contained a near-diploid modal chromosome number, 

while the remaining four cell lines were near-triploid. All seven 

glioma cell lines displayed complex clonal chromosome alterations most 

often involving the C- and D-group chromosomes. However, the most 

consistent and striking feature observed in all seven gliomas was the 

alteration of chromosome 7. Alterations of chromosome 7 included both 

gains and structural rearrangements of chromosome 7 in the near

triploid cell lines, with only structural rearrangements of chromosome 

7 observed in the near-diploid cell lines. The authors concluded that 

"the proportional increase of No.7 material may well be a finding 

with biological significance". Additionally, the overall karyotypic 

profile was characterized by a proportional increase in chromosome 19 

and a decrease of chromosomes 4 and 22. 

In 1981, Diserens et al (24), characterized an established 

human glioblastoma cell line. Cytogenetic analysis revealed a modal 

chromosome number of 78, with a range from 70-80. The cell line 

displayed three clonal structural alterations: an unidentifiable 

acrocentric chromosome and two copies of a deleted chromosome 9p. In 
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another 1981 report, Shapiro, Yung and Shapiro (25), described the 

cytogenetic analysis of eight human gliomas analyzed by G- and Q

banding techniques after both direct and short-term culture. Their 

results were similar to previous reports, suggesting that human glioma 

tumors consist of heterogeneous cell populations. Specifically, 

although some tumors were either predominantly hyper- or hypodiploid, 

the majority appeared to consist of combinations of both populations. 

Only one of the eignt gliomas was fully analyzed for chromosome data, 

and the clonal structural changes included a translocation to the long 

arm of chromosome 11 as well as the presence of double minutes. 

Also fn 1981, Westermark et al (26) reported on an established 

glioblastoma cell line which contained two sublines, one which grew in 

culture attached to the plastic, and one which grew non-attached to 

the plastic. G- and C-banding analysis revealed that both adherent 

and non-adherent cells had nearly identical karyotypes. Consistent 

chromosome changes included gains of chromosomes 3 and 7 and an 

isochromosome of the short arm of the X chromosome. 

In 1983, Rey et al (27) reported on the G- and C-banded 

analysis of a single astrocytoma. The primary tumor was characterized 

by a modal chromosome number of 40 with a range between 21-90 

chromosomes per cell. Chromosomes 1,2,6,7,10,13 and possibly 19 and 

20 were involved in structural alterations. A gain of chromosome 7 

was the only numerical increase reported. Another 1983 report by 

Shitara et al (28) presented results from the cytogenetic analysis of 

five established human cell lines derived from high and low grade 
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astrocytomas. The modal chromosome number ranged from pseudodiploid 

to near-tetraploid, with a range of chromosomes per cell from 34-139. 

All five cell lines displayed clonal marker chromosomes. The most 

frequent chromosome involved in structural alterations was chromosome 

7, which was altered in 3 of 6 cell lines. No information regarding 

numerical alterations was reported. 

The remaining studies published to date on the chromosomes in 

human gliomas are a result of the collaborative efforts of Dr. Joachim 

Mark (Central Hospital, Skovde, Sweden) and Dr. Sandra Signer (Duke 

University, Durham, North Carolina). The first of these reports was 

published in 1983 (29). Cytogenetic analysis of three established 

human glioma cell lines revealed that each was karyotypically unique, 

but each also contained numerical and structural alterations that have 

been previously reported for gliomas. Chromosome counts revealed 

different modal chromosome numbers for each of the tumors, consisting 

of hypodiploid, hypertriploid, and hypotetraploid stemlines, with a 

wide range of chromosomes per cell. All of the cell lines displayed 

gains of chromosome number 7 and/or structural alterations involving 

this chromosome. Two of three cell lines displayed losses of 

chromosome 10 and one of the sex chromosomes. A number of other 

structural alterations were also observed in each of the cell lines. 

Following this initial report, Bigner, Mark, Mahaley and Bigner 

(30) presented their chromosomal findings on 12 human gliomas from 

direct and/or short-term culture. The majority of these tumors 

contained a near-diploid stemline (83%), with the remaining two tumors 



14 

being near-tetraploid. These authors proposed that the chromosomal 

changes associated with human gliomas can be subdivided into three 

groups. The three subgroups are distinguished by 1) sex chromosome 

loss, 2) gain of chromosome 7 (concomitantly with loss of number 10), 

and 3) loss of chromosome 22. Of the twelve tumors studied, eleven 

yielded satisfactory metaphases for detailed cytogenetic analysis. 

Three of eleven displayed a loss of one of the sex chromosomes, with 

one of these three additionally displaying a loss of chromosome 22. 

Six of eleven contained an additional copy of chromosome 7, with five 

of these six also having a loss of chromosome 10. Of the remaining 

two tumors, one displayed a loss of chromosome 22 and the other 

displayed a normal 46, XV karyotype. They concluded that no "common" 

chromosome abnormality seems to exist among the gliomas and that 

nonrandom changes consist primarily of losses and gains of whole 

chromosomes. 

In 1985, Bigner, Mark et al (31) published a case report of a 

giant cell glioblastoma. The tumor displayed a bimodal distribution 

consisting of near-haploid and hyperdiploid cells. Both contained 

additional copies of chromosomes number 1, 7 (either as a normal 7 or 

a 7p+), and 18. 

Finally, a recent article published on the chromosomes of human 

gliomas by Bigner, Mark et al appeared in 1986 (9). They report the 

findings of 13 cases of glioblastoma multiforme and 2 anaplastic 

astrocytomas which were cytogenetically analyzed by G-banding from 

both direct and short-term cultures. They conclude that their present 
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study confirms their previous findings suggesting th~t the most 

cons'l stent chromosomal changes associ ated with human gli omas include 

gain of number 7, and loss of chromosomes 10, 22 and the sex 

chromosomes. Further, they report that the most commonly recognized 

chromosomal alterations (other than the presence of double minutes) 

were deletions and translocations of chromosome 9p. Other chromosomes 

also commonly observed in chromosomal alterations are numbers 1, 6, 

and 13, and less frequently 7, 11 and 16. Their conclusions were 

based on a combination of their findings from a total of 27 human 

gliomas (9, 30) which represents greater than 50% of the detailed 

banded karyotypes reported to date. 

In summarizing the published reports concerning the cytogenetic 

analysis of human gliomas, a nonrandom pattern of chromosome 

alteration is beginning to unfold. In regards to ploidy, the results 

from both the non banded and banded chromosome studies indicate that 

human gliomas are most often characterized by a near-diploid 

karyotype. However, a near-triploid or near-tetraploid modal number 

is not uncommon. Although these represent the most common modes, 

extensive heterogeneity of chromosome numbers can occur within a 

single tumor ranging from near-haploid to near-dodecaploid. 

As mentioned previously unequivocal information regarding 

numerical and structural alterations is limited to studies of banded 

chromosomes. The most striking and consistent numerical change 

reported for the human gliomas is the presence of additional copies of 

chromosome 7, followed less frequently by losses of chromosomes 10, 22 
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and the sex chromosomes. However, many of the reports did not include 

complete chromosomal information regarding numerical change. 

Accordingly, an overall comparison of all numerical chromosome change 

could no be tabulated. Of interest, the presence of double minutes 

was found in one thi rd of all human gliomas reported. 

A summary of the most consistent sites of structural chromosome 

alteration in human brain tumors (determined by combining all of the 

reported breakpoints for each chromosome) is presented in Figure 1, 

Table 1. As can be observed, chromosomes 9, 1 and 7 are most often 

involved in structural rearrangements in human gliomas. Structural 

alterations involving chromosome 9 represented 12.7% of all 

alterations, chromosome 1 represented 11.7%, and chromosome 7 

represented 8.4% of the total breakpoints reported. These three 

chromosomes are followed by chromosomes 3 and 11, each with 6.1% of 

the total breakpoints. The potential significance of these nonrandom 

chromosomal changes in human gliomas will be discussed in more detail 

later within the text. 

Mat~rials and Methods 

Glial Tumor Cell Lines 

All of the brain tumor cell lines were kindly provided by Dr. 

Mark Rosenblum of the Brian Tumor Research Center of the University of 

California at San Francisco. Histopathologic diagnosis of specimens 
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Table 1. Comparison of structural alterations of single 
chromosomes inhuman glial tumors. 
of total) 

(Expressed as a percent 

Chromosome Previous Present Combined 
Number RepOl~ts Study Totals 

1 11.85 16.39 12.77 
2 4.79 1.64 4.01 
3 6.18 11.48 7.30 
4 2.37 3.28 2.55 
5 2.37 3.28 2.55 
6 5.21 4.92 5.11 
7 8.53 13.40· 10.22 
8 2.84 4.92 .3.28 
9 12.80 3.28 10.58 
10 4.79 4.92 4.74 
11 6.18 9.84 6.93 
12 4.74 6.56 5.11 
13 5.21 3.28 4.74 
14 3.79 3.28 3.65 
15 3.79 3.28 3.65 
16 2.37 0.00 1.82 
17 2.37 3.28 2.92 
18 1.42 1.64 1.46 
19 2.84 0.00 2.19 
20 0.95 0.00 0.73 
21 0.95 0.00 0.73 
22 1.90 1.64 1.82 
X 1.90 0.00 1.46 
Y 0.00 0.00 0.00 . 
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Figure 1. The distribution of breakpoints in human glial twnors. 
Circles (e) represent observed breakpoints from previously 
published reports. Triangles (~) represent breakpoints 
observed in the ten cases analyzed in the present study. 
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removed except for 0.5 ml and the remaining cell pellet and liquid 

were drawn into a pipette. Seven ml of fresh fixative (3:1[vol/vol]) 

absolute methanol and glacial acetic acid) was added to the centrifuge 

tube and the cells were resuspended and placed at -200C for a minimum 

of 30 minutes. Cells were centrifuged again at 800 rpm for 5 minutes, 

and the supernatant was decanted. The cells were resuspended in 0.5 

to 1.5 ml of fresh cold fixative to obtain a slightly opague cell 

suspension before preparing slides. 

Slide Preparation 

Microscope slides were immersed in absolute ethanol and stored 

at -200C. Flame dried slides were prepared by dropping 3-5 drops of 

cell suspension onto a slide held at a 450 angle. The fixative was 

then ignited by passing the slide through a flame and forcibly blowing 

on the slide to extinguish the flame and to help spread the cells. 

The cell density and spreading of the chromosomes were examined under 

the microscope using a phase objective at a magnification of 200X. 

Chromosome Staining Procedures 

Standard G-band staining was accomplished utilizing the 

procedure of Yunis, Sawyer and Ball (32). The slides were placed on a 

horizontal rack and flooded with a solution of 3:1 (vol/vol) 0.06M 

Na2HP04/KH2P04 (Na/K) buffer (pH 6.8) and Wright's stock stain 

dissolved in absolute methanol for 1-2 minutes followed by a brief 

rinsing in distilled water. If the banding was not well 

differentiated, slides were destained by dipping the slide for 1-1/2 

~-~~-------~--------------------------------
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minutes in 95% ethanol, followed by 30 seconds in 95% ethanol + 1% 

HC1, and then 1-1/2 mfnutes in absolute methanol. The slides were air 

dried and then restained. If the bandfng was still poorly 

differentiated, the slides were Q-banded by the technique outlined 

below. 

Q-banding Preparation 

Q-banding was performed as described by Trent and Thompson 

(33). Slides were dipped in 100% ethanol for 2 minutes, followed by 

successive transfer in 50% ethanol for 2 minutes, quinacrine mustard 

solution (2 mg quinacrine mustard in 100 ml of Na/K buffer at pH 5.5) 

for 7 minutes, and two two-minute rinses in the above buffer. The 

slides were immediately coverslipped with a solution consisting of 10 

grams of sucrose dissolved in 15 ml of the Na/K buffer, and kept in a 

light proof slide holder. 

Microscopy 

G-banded slides were scanned using a lOX objective and lOX 

oculars on a Zeiss Universal II photomicroscope. Chromosome counts 

and initial chromosomal analysis was performed using an BOX dry 

objective and lOX oculars. Q-banded preparations were scanned using a 

lOX objective and lOX oculars, however, the quality of metaphase 

spreads was determined using 630X oil immersion objective. 

Photography 

Selected G- and Q-banded mitotic figures were photographed at a 

magnification of 630X, using a Zeiss II photomicroscope. Both G- and 
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Q-banded chromosomes were photographed ~s1~q Kodak Technical Pan film. 

This film is particularly well suited for p~otomicrogr'aphy due to the 

degree of contrast it provides. G-bandea ~hromosomes were photo

graphed at a reciprocity setting of 3, film speeds (DIN) varying 

between 13 and 16 depending upon the staining intensity and automatic 

exposure setting. Q-banded chromosomes were photographed at the same 

reciprocity setting and exposure times of 15 and 30 seconds. Film of 

G-banded chromosomes was developed using Kodak HC110 developer 

(dilution D) at 200 C, while film of Q-banded chromosomes was developed 

using Kodak 0-19 developer at 20oC. Following development, both G

and Q-banded films were rinsed three times with distilled water and 

then fixed for three minutes using Kodak fixer. The film was then 

rinsed once with distilled water, followed by two minutes in Kodak 

hypoc1ear. The hypoc1ear was decanted and the film was rinsed for 

five minutes in distilled water and allowed to air dry. 

Both G- and Q-banded chromosomes were printed on Kodak 

Po1ycontrast rapid II RCE paper. A Bessler automatic printer and 

enlarger was used for all the printing. The appropriate exposure 

time, diaphragm opening and contrast filter were used to expose the 

print paper. The paper was then developed by an automatic print 

processor using Kodak Dekto1 developer and Kodak stabilizer. The 

prints were then placed in a tray with Kodak fixer for five minutes, 

followed by a five minute rinse in distilled water. The prints were 

then allowed to air dry. 
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Karyotyping 

All of the karyotypes were prepared and described in accordance 

with the International System for Human Cytogenetic Nomenclature (34). 

Results 

A summary of the cytogenetic analysis of each glial tumor is 

presented in Table 3. Complete examination of a minimum of 50 

metaphase cells per cell line was performed to determine the modal 

chromosome number and to determine "clonal" chromosome alterations 

(34). 

Numerical Alterations 

The panel of gliomas analyzed consisted of ten tumors display

ing modal chromosome numbers ranging from 46-83 (Table 2). The cell 

lines were subdivided into three groups according to modal chromosome 

numbers: 1) near diploid, 2) hyperdiploid (50-69 chromosomes/cell) 

and 3) near-triploid ()69 chromosomes/cell). 

In the first group of tumors, SF-456 and SF-507 were both 

characterized by a modal number of 46, with the SF-456 cell line 

displaying a very restricted range around the mode (Table 2). How

ever, normal diploid cells were not observed in any of the metaphase 

cells analyzed from both tumors. Both cell lines displayed clonal 

numerical changes (Table 3) with loss of chromosome 5 and 17 common to 

both tumors. 

The second group consisted of 4 cell lines with a hyperdiploid 

chromosome number ranging from 56-64 (Table 2). Numerical 
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alterations common tn at least three of the four cell lines included 

loss of chromosome 4, 12 and 16 and gain of chromosome 7. The final 

four cell lines were hypertripl01d, displaying a modal chromosome 

number of 70 to 83 (Table 2). Gain of chromosome 7 was common to all 

four cell lines, with three of four cell lines displaying gain of 

chromosome 11, 14, 15, 20 and loss of one of the sex chromosomes. 

A pictorial summary of numeric changes observed in all ten 

glial tumors is presented in the upper histogram of Figure 2. Gains 

of chromosomes 7, 11, and 20 and losses of numbers 12, 17 and the sex 

chromosomes were found to be statistically significant (p=O.OOl). In 

agreement with earlier reports, the most commonly observed numerical 

alteration was the gain of chromosome 7. 

Structural Alterations 

G- and Q-banding analysis revealed numerous clonal structural 

chromosome changes. Representative karyotypes of four of the cell 

lines are provided in Figures 3-6. A summary of the clonal structural 

alterations observed in each cell line is provided in Table 3 and 

described below. 

If one again groups these tumors according to modal chromosome 

numbers, no common structural alteration was observed between the two 

near-diploid cell lines. The SF-456 cell line displayed only two 

clonal structural alterations. The first involved a simple deletion 

of the short arm of chromosome number 5 [del(5)(p12)]; the second an 

unidentifiable marker chromosome (Table 3). In contrast, the SF-507 



cell line displayed numerous clonal structural alterations involving 

chromosomes 1,3,10,11,14,15 and 17 (Table 3, Figure 5). 
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Structural alterations of hyperdiploid tumors demonstrated 

alterations of chromosomes 3, 7 and 11 in three of four cell lines. 

Two of three cell lines contained structural alterations at band 

region 3q21 (SF-268 and A-1207), while the SF-268 and SF-539 cell 

lines contained alterations of chromosome three at band regions 3p23 

and 3p12, respectively. Chromosome 7p alterations were found in three 

cell lines, SF-210, SF-268 and A-1207. Structural alterations 

involving chromosome 11 occurred in both the long and short arms 

without apparent specificity. 

Cell lines displaying a hypertriploid modal chromosome number 

demonstrated structural alterations involving chromosomes 1 and 7 in 

three of four cell lines. Alterations involving the short arm of 

chromosome 1 were observed in cell lines A-2781, SF-188 and SF-253, 

although very distant from each other (lp36, 1p22 and 1p11). 

Additionally, three cell lines displayed alterations of the distal 

long arm of chromosome 7 (SF-126, SF-253, and A-2781). Two cell 

lines, SF-126 and SF-253, displayed translocations involving band 

region 7q36, while one line (A-2781) demonstrated a translocation at 

7q31. Finally, the SF-253 cell line contained an additional 

structural alteration involving the short arm of 7 at band region 

7p22. 

A pictorial summary of the chromosomes involved in structural 

alterations in all ten glial tumors is presented in the lower 



Table 2. Histopathologic diagnosis and passage number analyzed of human glial tumors. 

Ce II Li ne Age Sex Tumor Tumor Passage (s) Modal 
Location Diagnosis Analyzed Chromosome # 

(Range) 

SF-128 50 female L frontal glioblastoma 38 75 (41-124) 

SF-188 8 male R frontal glioblastoma 24 70 (48->4N) 

SF-210 72 female L parietal glioblastoma 30 56 (46-105) 

SF-253 51 male R temporal gl ioblastoma 28 83 (63-)12N) 

SF-268 24 female R parietal HAA. 8/27 58 (51-101) 

SF-456 24 female N.A. glioblastoma 3 46 (45-48) 

SF-507 37 female L frontal HAA 3 46 (41-87) 

SF-539B 34 female R temporo- gliosarcoma 8 64 (40-184) 
parietal 

SF-539S 24 female R temporo- gl iosarcoma 9 61 (54-127) 
parietal 

A-1207 N.A. N.A. N.A. anaplastic N.A. 68 (39-119) 
OIstrocytoma 

A-2781 N.A. N.A. N.A. ependymoma N.A. 77 (55->?N) 

~HAA Highly Anaplastic Astrocytoma 
N.A. Not avai lable N 

C\ 
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Pseudodiploid 

SF-466 

SF-6"7 

Hyperdiploid 

SF-21" 

SF-268 

A-12"7 

SF-63gB 

Table 3. Summary of cy~ogene~ic analysis of each human glial ~umor. 

Modal Clonal chromosomal abnormalities 
Chromosome # 

(Range) 

46 (46-48) 

46 (41-87) 

66 (46-1"6) 

66 (61-1"1) 

68 (39-119) 

64 (4"-184) 

Numerical 

-6,+9,-14,-17 

-2,-3,-6,-9,-1",-17 

-2,+3,+7,+8,-1",-12, 
-13,-16,-18,-19 

-2,-4,-6,-6,+7,-8,-9 
-1",-11,-12,-12,-14,-14, 
-16,+17,+18,+2",+21,-X, 
-X 

-4,+6,+7,+11,+12,-17,+19 

-4,+6,-6,+9,-12,-13,-13, 

Structural 

de I (6) (p12) 

t(1;?)(q44;?); del (1) (p12); del (3) 
(p12); de I (1") (p12); t (11;?) (q23;?); 
t(24;?) (p12;?) del (16) (pll); t(17;?) 
(pll:?) 

del (1) (p21); del (7) (p12); t(7;?) (p21;?); 
del (8)(q12); t(l";ll) (q26;q13): t(13;?) 
t (13:?) (pll;?) i (14q); i (16q) 

del (3) (q21): t(6;?) (q33;?) inv(7) (p16 

p22): t(8;?) (p23i?); i (9p); t(l1i3) (q23 
;p23); t(?;ll) (ll:?) (?;p14q23;?); t(13; 
?) (q34;?) 

del (1) (q11-p36: q22-qter); del (3) (q21); 
del(7)(p12); t(11;12) (cen;cen)j del(12) 

(q24) 

del (2) (q12); del (3) (p12); t(2;4) (q12, 
p16); t(6;?)(q27;?) t(9;?)(p22;?); del 
(12) (p11); t(l7;?) (q26;?) t(l8;?) (pll;?) 

N 
-...J 



Tumor 1.0. 

Hyperdiploid 

SF-539S 

Hypertriploid 

SF-188 

SF-126 

A-2781 

SF-253 

Modal 
Chromosome # 

(Range) 

61 (54-127) 

7f?J (48->4N) 

75 (41-124) 

77 (55->7N) 

83 (63->12N) 

Table 3. Con~lnued 

Clonal chromosomal abnormalities 

Numerical 

+1,-2,-4,-12,+15,-16,-17 
-17,+21,-X 

+3,+7,+12,+14,+15,+15, 
+16,+2f?J,-Y 

+3,+4,+4,+5,+6,+7,+7,+8, 
+8,-1f?J,+11,+11,+12,-13, 
-13,+14,+14,+14,+15,-17 
+18,+19,+2f?J,+2f?J,-Y 

-3,-3,-4,-4,-6,+S,vS,+7, 
-8,-9,+11,+11,-12,+13, 
+14,-18,-18,-19,-19,+2f?J 
+2f?J,-21,-21 

-l,-l,+3,+7,-8,+1f?J,+11 
+11,+13,-14,+16,-17,-17, 
+18,+21,+21,-22,-X,-Y 

Structural 

de 1(2) (q12); de 1(3) (p12); t(2;4) (q12; 
p1S); t(S;?) (q27;?); de 1(7) (q21); i (8q); 
del (12)(pll); t(12;?)(q24;?); t(17;?) 
(q25;?) 

i (lq); de 1(3) (p23); de 1(6) (q14); (OM) 

i (Sp); dup(7) (qll-q36) 

de 1(1) (p22); de I (3) (p23); t (8;?) (p22;?) 
de 1(9) (p13); de 1(7) (q31); de I (1f?J) (pll) j 

del (11) (pll) j t(12;?) (p12;?) j t(22;?) 
(p13j?) 

t(1;?)(p36j?); t(7j?)(p22j?)j t(7j?) 
(q3Sj?) 

N 
00 



Figure 2. Histograms summarlzlng the structural and numerical 
chromosome alterations observed in ten cases of human 
glial tumors. 

Upper: Distribution of gain (above the X-axis) or loss 
(below the X-axis) of single chromosomes in ten glial 
tumors. 

Lower: Distribution of alterations involving the short 
arm (above the X-axis) and the long arm (below the X-axis 
of single chromosomes in ten glial tumors. 
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Figure 2. Histograms summarlzmg the structural and numerical 
chromosome alterations observed in ten cases of human 
glial tumors. 
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Figure 3. G-banded karyotype from the gliosarcoma 5395. Arrows 
indicate clonal structural alterations. Unidentifiable marker 
chromosomes (U-mars) are placed in a row at the bottom. 
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Figure 4. G-banded karyotype from the anaplastic astrocytoma A-1207. 
Arrows indicate clonal structural alterations. U-mars are 
placed in a row at the bottom. 
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Figure 5. G-banded karyotype from the highly anaplastic astrocytoma 
SF-507. Arrows indicate clonal structural alterations. 
U-mars are placed in a ro,':! at the bottom. 
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G-banded karyotype from the highly anaplastic astrocytoma 
SF-268. Arrows indicate clonal structural alterations. 
U-mars are placed in a row at the bottom. Box in the 
lower left depicts clonal alterations of chromosome 7 from 
another cell. 



Figure 7. Giemsa stained metaphase spread from the glioblastoma 
multiforme SF-188. Arrows indicate the presence of 
mUltiple copies of double minute chromosomes. 
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Figure 8. Abnormalities of chromosome 7 and 11 in ten human glial 
tumors. Solid lines represent gain (to the right) and 
loss (to the left) of whole or structurally altered 
chromosomes. Brackets indicate those regions of each 
chromosome that were consistently overrepresented. 
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histogram of Figure 2. Hatched bars emphasize those chromosomes 

determined to be altered in a statistically significant fashfon as 

compared to all other chromosomes. As can be observed, alterations of 

chromsomes 1 and 7 were most frequently followed by alterations of 

chromosomes 3 and 11. 

Finally, only one of the ten cell lines (SF-ISS) contained 

cytological evidence of gene amplification in the form of double 

minutes (DMs) (Table 3, Figure 7). This cell line has previously been 

reported to contain DMs and to be amplified for the c-myc oncogene 

(35). 

Discussion 

As discussed in detail previously, the most frequently reported 

chromosome change associated with human gliomas is the gain or 

structural alteration of chromosome 7. Alterations of 7 were observed 

in 21 of 37 cases previously published (10,25,26,27,29,30,31). In 

this study, seven of the ten gliomas analyzed displayed gain of 

chromosome #7 (Table 3, Figure 2). In addition, six lines displayed 

structurally altered 7's. Although the breakpoints varied between 

cases, the segment 7p12-7q21 was overrepresented in all seven cell 

lines (Figure 8). 

The second most common numerical alteration previously reported 

in human glial tumors was the loss of chromosome #10. Several studies 

have reported that the loss of chromosome #10 was often accompanied by 

the gain of chromosome #7, and that an integral relationship exists 
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between alterations of these two chromosomes (9). Of the 37 cases 

reviewed, 16 displayed loss of #10, with 11 of these concomitantly 

displaying gain of #7. In this study, four of the ten cell lines 

displayed a loss of chromosome 10, with three of these also displaying 

a gain of #7. Of interest, in add'ition to chromosome #10 alterations, 

trisomy. tetr"somy, or gain of structurally altered chromosome #11's 

was observed in six of the seven cell lines which also displayed gains 

of chromosome #7 (Table 3, Figure 2). Gain of segment 11q13-q23 was 

common to all tumors with #11 alterations and also was found in the 

single cell line (SF-507) which did not'display a gain of chromosome 

#7 (Table 3). Of interest, the c-ets oncogene has been localized to 

chromosome #11q23-24 (36), and Rovigatti et al have reported on the 

amplification and rearrangement of c-ets in hematopoietic malignancies 

(37). However, at present, the exact relationship of alterations of 

chromosome l1q or deletions of #10 to the tumorigenic phenotype is 

currently undetermined. 

Two additional numerical alterations previously reported to be 

associated with human gliomas included loss of one or both of the sex 

chromosomes, and loss of chromosome #22 (9). Loss of the sex 

chromosomes is frequently reported in a number of solid tumors (10). 

Si x of the ten cell 1 i nes in our study di sp 1 ayed a loss of one or' both 

of the sex chromosomes, while only one of the ten cell lines displayed 

a loss of chromosome #22. 

Finally, additional numerical changes present in this series of 

tumors included loss of chromosomes #12 and #17 (five of ten cases), 

------------- ,---------------------------------
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and gain of chromosomes #11 and #20 (four of ten cases). These 

numerical alterations have not been reported as frequently associated 

with hUhlan gliomas, and the significance of these changes is unknown. 

In reviewing the previously reported structural alterations in 

human gliomas, the most frequently rearranged chromosomes are 

chromosomes #9) 1) 7») 3 and 11 (Table 1). A schematic represen

tation of breakpoints involved in structural chromosome alterations in 

gliomns is presented in Figure 5, with specific breakpoints described 

below. Bigner et al have recently suggested that the most "specific" 

structural alteration in human glial tumors involves the short arm of 

chromosome 9, and that a gene or group of genes important in glioma 

evolution may be located at this region (9). Structural abnormalities 

involving the short arm of chromosome #9 were only observed in two of 

the ten tumors examined in this study. Specifically, case SF-268 

contained an isochromosome of the short arm of #9, the second a simple 

deletion of the short arm of 9 (9p13) A-1207. 

In addition to chromosomes 7 and 9, other chromosomes commonly 

altered in human gliomas included chromosome #1 and #3. Alterations 

involving chromosomes #1 and #3 were each observed in 6/10 cases in 

this study, and #1 alterations have been reported for a number of 

other cancers, possibly suggesting an important role for this chromo

some in tumor progression (38,39). Bigner et al reported that nine of 

thirteen established glioma derived cell lines contained rearrange

ments involving chromosome #1. However, rearrangements involving #3 

were not frequently observed in either established cell lines or 



direct harvests (9). In this study, the breakpoints involving 

chromosomes 1 and 3 were not restricted to a specific region (Table 

III), although breakpoints in chromosome #3 primarily involved the 

short arm (region 3p12-23). 

Although the results of chromosome banding analysis of human 

glial tumors appear to reveal a nonrandom karyotypic profile, the 

significance of these chromosome changes remains to be determined. 

39. 

The most important question to be determined is, which, if any, of the 

nonrandom changes are of a germinal importance in tumorigenesis. It 

has been suggested that recurring alterations may be divided into two 

distinct groups. The first involves "primary changes" which are 

di rectly reo, ated to etiology. These changes are thought to be 

associated with the activation or modification of cellular oncogenes 

(40). For example, in chronic myelogenous leukemia (CML), the primary 

change is thought to be the translocation of the c-abl oncogene from 

chromosome #9 to chromosome #22. Other chromosomal changes which have 

been observed are then "secondary changes" which although are not the 

basic cause of the disease, are responsible for many of the biologic 

characteristics such as invasiveness, metastatic spread, and 

resistance to therapy (40). Determining the primary changes 

associated with solid tumors is difficult due to the numerous and 

complex chromosome alterations observed. This suggests that most 

solid tumors are at a late stage biologically when clinically 

evaluated (40). However, despite this difficulty, primary changes 



would be expected to be observed more often than secondary changes, 

and may be established based on frequency of occurrence. 
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With regard to assigning primary chromosomal changes to human 

glial tumors, combining the results from this study with previous 

reports suggests that alteration of chromosome 7 is clearly the most 

frequently observed change and is most likely to play an important 

role in genesis of cancers of the brain. Other less frequent 

karyotypic changes appear less likely to represent primary changes, 

and may be responsible for many of the secondary biologic changes 

present in these tumors. Once a sufficient number of glial tumors has 

been examined, and specific histopathologic subgroups within this 

tumor type have been characterized, it may become possible to 

establish "specific" chromosomal changes similar to those observed in 

the leukemias. 

Speculations that chromosomal alterations are intimately 

associated with the genesis of human cancers has arisen in large 

measure because of the now well established fact that a number of 

proto-oncogenes are located at the sites of recurring chromosome 

change (41,42,43). As presented above, presumably the·activation or 

alteration of certain human oncogenes is directly related to tumori

genesis. In contrast to a number of tumors which have been reported 

to display specific chromosomal rearrangements (40,8), no specific 

breakpoint site has been reported in human glial tumors. The 

potential role of chromosome 7 alterations in the etiology of human 

glial tumors has already been proposed, and extra copies of the 
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segment 7p12-q21 were observed in seven of the ten tumors examined in 

this study. Of interest, the epidermal growth factor receptor (EGFR) 

which shares structural homology with the protein product of the 

v-erb-B oncogene has been localized to band region 7p11-p13 (44,45). 

Also, recent work has detailed the altered expression of EGFR in human 

glial tumors, [primarily through gene amplification (46,47,48)], with 

extra copies of the EGFR gene resulting in enhanced EGFR expression. 

No reports have yet presented evidence that a gain of a single normal 

copy of a proto-oncogene (e.g. c-erb-B) plays a significant role in 

tumorigenesis. In the following section, the results of studies 

correlating altered expression of EGFR with alteration of chromosome 7 

in human glial tumors will be presented. 

Finally, the presence of double minutes (DMs) has been a 

consistent finding in human glial tumors for almost 25 years (11). In 

fact, the finding of OMs may be the most common alteration observed in 

human gliomas, occurring in as high as 50% of these tumors. Double 

minutes provide cytological evidence for DNA sequence amplification 

(49) and represent one mechanism by which oncogene expression may be 

readily altered (50,51). The high frequency of amplification events 

is perhaps second only to neuroblastoma (52,53,54). Based upon 

studies of other tumor systems (55,56), the frequency of DMs observed 

in glial tumors may be of significant biologic and clinical 

importance. In this study, only one of ten tumors displayed DMs 

(Table 3). Molecular biologic examination revealed that amplification 

and rearrangement of the c-myc cellular oncogene had occurred in this 
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glioblastoma multiforme (SF-188) (35). In contrast, in a recent study 

by Leiberman et al (46), a significant proportion (N40%) of primary 

human glioblastomas were suggested to demonstrate amplified copies of 

the EGFR gene. As will be presented in the following chapter, despite 

the observation of enhanced numbers of EGFR's, none of the cell lines 

examined evidenced amplification of the EGFR gene. 

It is becoming increasingly clear that in spite of the large 

number of chromosomes involved in structural alterations, human glial 

tumors demonstrate recurring sites of chromosome alteration. Further, 

I believe the diverse profile of chromosome alterations in glial 

tumors may in fact define subsets of g'lial-derived tumors in a fashion 

analogous to the clinical subgroups of the leukemias (5,7). Studies 

investigating the cellular heterogeneity in human glial tumors may 

help to clarify the complex pattern of chromosome change reported for 

these tumors. However, based upon current evidence, it is reasonable 

to conclude that alterations of chromosome #7 are the most prevalent 

change associated with human glial tumors and that they in fact may 

play an important role in tumorigenesis of the brain. 



CHAPTER 3 

CORRELATION OF OVEREXPRESSION OF EPIDERMAL GROWTH 

FACTOR RECEPTOR (EGFR) WITH ABNORMALITIES OF CHROMOSOME 7 

Introduction 

Retroviral oncogenes were found to be derived from cellular 

proto-oncogenes and apparently constitute a part of the normal human 

cellular growth regulatory and metabolic pathways [(Bishop, 1983) 

(57)]. Following the discovery of recurring chromosomal abnormalities 

in malignant cells of most neoplasias, 1t has been shown that a number 

of proto-oncogenes are located at the sites of recurring chromosomal 

change (40). The best documented examples include the c-myc oncogene 

involved in the translocation t(8;14) in Burkitt's lymphoma (58), and 

the c-abl oncogene involved in the translocation t(9;22) leading to 

the PhI chromosome in chronic myelogenous leukemia (59). It has been 

suggested that the positioning of these relatively inactive proto

oncogenes near promoter or activating sequences leads to constitutive 

or deregulated synthesis (60,61,62). Accordingly, it has become of 

great interest to determine whether oncogenes located at the sites of 

recurring c~romosome change are altered or translocated, possibly 

contributing to tumorigenesis. 

The epidermal growth factor receptor (EGFR) is a product of a 

proto-oncogene thought to contribute to malignant transformation by 

43 
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quantitative overexpression, effectively bypassing normal constraining 

influences on cell growth (63,64,65,66). The EGFR is a transmembrane 

glycoprotein which displays intrinsic tyrosine kinase activity lead'ing 

to autophosphorylation at tyrosine residues (65,66,67,68). This 

protein shares a strong sequence homology with the product of the 

avian erythroblastosis virus v-erbB oncogene (69). Avian erythroblas

tosis virus has been shown to produce both sarcomas and erythroblasto

sis in chickens, as well as to transform cells in culture (70,71). 

EGFR overexpression has been found in a wide range of human tumors 

including epi~ermofd cancers (72-77), pancreatic carcinomas (78), 

breast cancers (79,80), bladder tumors (81), ovarian, cervical and 

renal carcinomas (82), and of relevance to this study meningiomas and 

gliomas (46,47,48). 

The mechanisms responsible for overexpression of the EGFR 

appear to be both qualitative and quantitative. It has been suggested 

that translocation, rearrangement, and most frequently amplification 

of the EGFR gene is responsible for its overexpression in epidermoid 

malignancies (78). In contrast, in pancreatic carcinomas the elevated 

EGFR mRNA levels appear most likely to be the result of gene 

rearrangement as amplification of EGFR has not yet been detected (79). 

Finally, Liebermann et al (46), have suggested that as many as 40% of 

human glial tumors overexpress EGFR via amplification of the EGFR 

gene. Detailed studies of EGFR overproduction are necessary to under

stand the mechanisms which regulate its expression and function. 
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This section will describe the characterization of a panel of 

EGFR expressing human glial tumor cell lines by both cytogenetic and 

molecular biologic techniques. As mentioned above, human glial tumors 

have already been reported to overexpress EGFR, most commonly in 

association with amplification of the EGFR gene. Also as discussed 

previously, the most frequent cytogenetic change associated with human 

glial tumors is alteration of chromosome 7 (the locus of the EGFR 

gene). The intent of this portion of my dissertation was to determine 

if a correlation exists Letween EGFR gene rearrangement, 

amplification, or overexpression and the observed alterations of 

chromosome 7. 

Materials and Methods 

lodi nat i on of Epi derma 1 GY'owth Factor 

Reverse phase high performance liquid chromatography purified 

a-EGF which was prepared from mouse submaxillary glands was iodinated 

by a modification of the chloramine-T method to a specific activity of 

80-120 uC/ug (83). Purified a-EGF (10 ug) was dissolved in 1% acetic 

acid (10 ul), and mixed with 0.05M sodium phosphate buffer (35 ul and 

pH 7.2) and 2 mCi 125Nal isotope (10 ul; NEN). Chloramine-T (20 ul; 

4ug/ul) was then added and the admixture was agitated and allowed to 

react for three minutes at room temperature. The reaction was stopped 

by the sequential addition of sodium metabisulfite (10 ul; 0.8 mg/ml) 

and bovine serum albumin (20 ul; 1 mg/ml). Free 125Nal was then 
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separated from 125NaI bound to EGF by applying the final mixture to a 

sephadex G-25 column. 

125I-EGF-Binding Studies and Scatchard Analysis 

Time point binding assays were first performed in order to 

determine the time at which maximum binding occurred. Binding studies 

were carried out in triplicate on subconfluent cultures (75-80%) grown 

on 35 mm dishes (Falcon). Cells were washed once with binding medium 

followed by incubation at 40 C in binding medium containing varying 

concentrations of labeled ligand between 0.5-150 ng. Nonspecific 

binding, determined in the presence of excess unlabeled EGF (1-6 ug: 

Collaborative Research Inc.) never exceeded 5% of total binding. 

Incubations were stopped by washing cells five times in Hanks l 

balanced salt solution containing 0.1% bovine serum albumin. The 

cells were solubilized 1n 0.5M NaOH, and the amount of radioactivity 

was determined by a gamma counter. 

Binding medium (pH 7.4): 

Incomplete a-mem culture medium 

Bovine serum albumin (Fraction V) 

HEPES (N-2-Hydroxyethylpiperazine-N 1
-

2-ethanesulfonic acid) 

Isolation of High-molecular Weight DNA 

100 ml 

100 mg 

480 mg 

Isolation of DNA was accomplished using a modification of the 

procedure of B11n and Stafford (84). Human glial tumor cultures were 

grown to confluency in Falcon T-75 culture flasks. The culture medium 



47 

was removed and monolayer cultures were washed two times w1th sterile 

phosphate buffered saline (pH 7.2). Then"5.0 mls of DNA isolation 

buffer was added to each flask followed by the addHion of 100-200 

ug/ml of Proteinase K (BRL). The flasks were then incubated at 370 C 

for 3-13 hours. The DNA suspensions were then collected in Falcon 50 

ml graduated conical tubes to which an equal volume of phenol was 

added. The suspension was mixed with gentle agitation for 20-30 

minutes at room temperature. The phases were then separated by 

centrifugation at 3500 rpm for 5 minutes at 270 C. The upper (DNA 

containing) layer was transferred to a clean 50 ml conical tube and an 

equal volume of chloroform:isoamyl alcohol (24:1) was added. The 

suspension was again mixed with gentle agitation for 20-30 minutes, 

followed by centrifugation at 3500 rpm for 5 minutes at 270 C. The 

upper layer was again transferred to a clean 50 ml conical tube and 40 

ug/ml of heat inactivated ribonuclease A (BRL) was added, and the 

suspension was incubated at 370 C overnight. Phenol and chloroform:

isoamyl alcohol extractions were then repeated as described above. 

The DNA was then precipitated by adding 2.5 volumes of cold 100% 

ethanol and vigorously mixed. The precipitated DNA was then 

transferred to a sterile 1.5 cc Eppendorf tube and dried for 15 

minutes in vacuo. DNA was then allowed to solubilize for 14-16 hours 

in 100-200 ul of sterile TE (pH 8.0). Final DNA concentrations were 

then determined by the 4', 6-Diamidino-2-phenylindole-2HCI (DAPI) 

fluorimetric method (85). 



Biologicals and Regents: 

1. Phosphate buffered 
NaCl 
KCl 
Na2HP04 
KH2P04 

saline: 
137mM 
2.7mM 
8.1mM 
1.5mM 

2. DNA isolation buffer (pH 8.0): 
NaCl 100mM 
Tris HCl 20mM 
SDS 1% 
(sodium dodecyl sulfate) 

3. TE (pH 8.0): 
Tris-HCl (pH 8.0) 10.0 mM 
EDTA 1.0 mM 
(disodium ethylene diamine tetracetate) 

Digestion of DNA with Restriction Endonucleases 
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An admixture of 10 ug of DNA, 20 ul of lOX digestion buffer, 

180 ul of sterile distilled water, and 200 units of restriction enzyme 

(BRL) were combined in a 1.5 cc Eppendorf tube. The reaction mixture 

was incubated for 14-16 hours at 370 C in a waterbath. Five 

microliters of the reaction mixture was electrophoresed using 0.8% 

agarose stained with ethidium bromide to ascertain the effectiveness 

of the digestion. Following confirmation that the DNA was completely 

digested, 0.5M EDTA was added to 10 mM final concentration, followed 

by the addition of 2/3 volume of 5M ammonium acetate and 2 volumes of 

cold 100% ethanol. The mixture was then refrigerated for 1-2 hours 

followed by centrifugation for 10-20 minutes. The supernatant was 

carefully decanted, followed by the addition of 500 ul of cold 70% 

alcohol. The DNA suspension was then centrifuged for 10-20 minutes 

and the 70% alcohol carefully decanted. Finally, DNA was dried in 
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vacuo for 15 minutes and then was solubilized in 15-20 microliters of 

Tris-EDTA (pH 8.0) overnight. DNA concentration was then redetermined 

by the DAP! fluorimetric method (85). 

Agarose Gel Electrophoresis and Southern Blotting 

Ten micrograms per sample well of digested DNA in TE was 

prepared for electrophoresis by adding 5 ul of loading buffer and 

adding dH20 to a total volume of 20 ul. The samples were applied to 

the gel and resolved by standard 0.8% agarose gel electrophoresis in 

Tris-borate buffer (pH 8.0). Following electrophoresis, the gel was 

stained with a 0.5 ug/ml ethidium bromide solution for 15 minutes. 

The DNA on the agarose gel was then visualized by UV fluorescence. 

After the completion of electrophoresis, the DNA was 

transferred from the agarose gel to Gene Screen Plus nylon membrane 

(NEN) by a modification of the method of Southern (86). The gels were 

first placed in transfer solution for 30 minutes, with gentle 

agitation. The DNA was then transferred to the nylon membrane by 

capillary blotting in transfer solution. First the gel was placed on 

a wet blotting paper (3M) and covered with the nylon membrane. The 

membrane was covered sequentially with 2 sheets of wet blotting paper, 

a 3 inch stack of paper towels and finally a 0.5 Kg weight. 

Approximately 300 ml of transfer solution was used for a 16 hr 

transfer. Following the transfer of the DNA, the membrane was placed 

in neutralizing solution for 15 min and then allowed to dry at room 

temperature for 1 hour. 



so 
Biologicals and Reagents: 

1. Tris borate buffer (pH 8.2S): 
Tris-borate 0.089M 
Boric acid 0.089M 
EDTA 0.002M 

2. Transfer solution: 
NaOH 0.4M 
NaCl 0.6M 

3. Neutralizing solution: 
Tris-HCl (pH 7.0) O.SM 
NaCl 1. OM 

EGFR Probe DNA 

The following probes were utilized for molecular hybridization: 

pE7 EGFR (kindly provided by Dr. Glen Merlino, NCI/NIH, Bethesda, MD), 

A-21 EGFR (kindly provided by Dr. Murray Korc, Depart.ment of Internal 

Medicine, University of Arizona, Tucson, AZ), the ;heB EGFR (kindly 

provided by Dr. Jorge Filmus, Ontario Cancer Institute, Toronto, 

Ontario, Canada), the pHFpa-3'UT human actin gene (kindly provided by 

Dr. Peter Gunning, Stanford University School of Medicine, Palo Alto, 

CA), and the PMC41-SPP human c-myc probe (kindly provided by Dr.Robert 

Gallo, NCI/NIH, Bethesda, MD). The PMC41-SPP c-myc oncogene probe is 

a 2.0Kb cDNA clone which codes for an internal portion of the human 

c-myc gene (87). The pheB probe is a 2.SKb cDNA clone which codes for 

an internal portion of the human EGFR gene (88). The pE7 probe is a 

1.8Kb partial cDNA clone of the human EGFR gene (89). The A-21 probe 

is a 783bp partial cDNA clone isolated from A431 epidermoid carcinoma 

cell which encodes 1 portion of the S' promoter region and includes 

the first exon region (90). The actin probe is a 460bp partial cDNA 
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clone of the human fibroblast p-actin gene (91). Radiolabeling of 

EGFR probes was performed following the technique of Feinberg and 

Vogelstein (92). DNA (20-30 ng) was labeled overnight at room 

temperature by the addition of the following reagents: (i) H20 (to a 

total volume of 50 ul); (ii) 10 ul of oligo-labeling buffer (92); 

(iii) 2 ul of (10 mg/ml) bovine serum albumin (Sigma); (iv) DNA in 

agarose (up to 32.5 ul); (v) 5 ul of 32p-dATP (l.2mCi/0.12ml; S.A. 

3200Ci/mmole) (ICN); (vi) 2 units of the large fragment of Escherichia 

coli DNA polymerase I (BRL). The reaction was stopped 'by the addition 

of 200 ul of stop buffer (92). 

Membrane Hybridization 

Nylon membranes were prehybridized for 4-18 hours at 650C in 

sealed plastic bags containing prehybridization mixture. After 

prehybridization, the labelled probe was added, and hybridization was 

carried out for 12-18 hours at 650 C. After hybridization membranes 

were washed 3-4 times with 0.1 x SSC at 550 C for 1.5 hours. 



Biologicals and Reagents: 

1. Prehybridization mixture: 
SET (20X) 20.0% 
Dextran S04 10.0% 
NaPP 0.1% 
(sodium pyrophosphate) 
SDS 1.0% 
(sodium dodecyl sulfate) 
Heparin (50 mg/ml) 5.0mg/10ml 
Salmon sperm DNA 1.0 mg/10ml 

2. 20X SET: 
NaCl 
Tris-HCl (pH 7.8) 
EDTA 

3. 20X SSC (pH 7.0): 
NaCl 
Sodi urn citrate 

Autoradiography 

3.0M 
0.4M 

20.0mM 

175.3g 
88.2g 

Membranes were autoradiographed with Kodak X-OMAT AR film and 

DuPont Cronex intensifying screens at -70oC for 1-3 days. The film 

was then processed in Kodak X-OMAT developer and fixer. 

Elution of Probes from Hybridized Membranes 

In order to reprobe a given membrane, membrane bound probe was 

eluted by the procedure of Graham et al (93). The membrane was washed 

in a 96% formamide solution containing 0.01 M Tris and 0.01 M EDTA at 

600C for 30 minutes, followed by rinsing in 2XSSC. The membranes were 

autoradiographed to verify removal of the probe. The membranes wel'e 

rewashed if substantial residual probe remained bound to the membrane. 
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Isolation of total cellular RNA 

Isolation of total cellular RNA was accomplished using slight 

modification of the procedure of Glisin et al (94). Human glial tumor 

cultures were grown to confluency in Falcon T-75 culture flasks. The 

culture medium was removed and monolayer flasks were washed two times 

with sterile phosphate buffered saline** (pH 7.2), followed by the 

addition of 2.5 mls of RNA lysis buffer to one T-75.flask. The cells 

were incubated briefly at 370C until lysls was complete. The cell 

lysate was then transferred to successive flasks from the same cell 

line following the same incubation procedure. The cell lysate from 

the final flask was relnoved and 1 g CsCl was added and vortexed gently 

to dissolve the CsCl. The lysate was then layered onto a 1.0 ml 

cushion of 5.7M CsCl in O.lM EDTA (pH 7.5) in a Beckman SW50.1 

pollyallomer tube. The lysate was centrifuged at 35,000 rpm for 12 

hrs at 200C. The supernatant was discarded and the remaining RNA 

pellet was dissolved in 0.6 ml of TE with 0.05% SDS. Seventy 

microliters of 5M NaCl was added, followed by reprecipitation with 3 

volumes of cold absolute ethanol and storage at -200C. 

Reagents: 

RNA lysis buffer: 
Guanidine isothyocyanate 8.0M 
Tris-HCl (pH 7.6) 2.0mM 
p-Mercaptoethanol 40.0mM 

**All RNA solutions were made up with 0.1% diethylpyrocarbonate 

treated water. 



RNA Dot Blot Anal~ 

Total cellular RNA was quantitated by spectrophotometric 

measurement at a wavelength of 260 nm**. Once the quantity of RNA was 

determined, the desired amount of RNA (1.25-20 ug) was dissolved in 

100ul of H20 followed by the addition of 300 ul of a solution of 6.15M 

formaldehyde and lOX SSC. The RNA solution was incubated at 450C for 

15 min and then loaded onto the dot blotter (Mini fold II, Schleicher & 

Schuell, Inc.). The sample wells were washed with 400 ul of lOX SSC 

solution. The nitrocellulose filter was allowed to dry at room tem

perature and then it was baked in an oven at 800C in vacuo for 2 hours. 

Membrane Hybridization 

RNA bound nylon and nitrocellulose membranes were prehybridized 

for 2 hrs at 450C in sealed plastic bags containing prehybridization 

mixture. Followin~ prehybridization, the labelled probe was added and 

hybridization was carried out for 12-18 hrs at 450 C. After 

hibridization, membranes were washed 3-4 times with O.lX SSC at 450 C 

over a period of 2 hours. 

Biologicals and Reagents: 

1. RNA prehybridization mixture: 
Deionized formamide 50.0% 
NaHP04 0.6M 
NaCl 0.58g 
SDS 1.0% 
Dextran S04 10.0% 
Salmon sperm DNA 100 ug/ml 
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(**An optical density reading of 1 at 260 nm wavelength corresponds 

to approximately 40 ug/ml for single stranded RNA). 



Autoradiography 

Autoradiography was carried out as described previously for 

Southern blots. 

Results 

EGF Binding Chracteristics 

Human glial tumors were previously screened for specific EGF 

binding sites at the University of California, San Francisco, using a 

125I-EGF binding assay at 4oC. Binding of EGF was determined relative 

to the epidermoid carcinoma cell line A431, which has previously been 

shown to contain approximately 2.0 X 106 receptors per cell (95). The 

highly anaplastic astrocytoma (SF-268) bound a high amount of EGF 

relative to A431, while the other glial tumors bound substantially 

less under the same conditions. However, all of the glial tumors 

examined bound at least a twofold higher amount of EGF as compared to 

the normal brain cell line SF-183. Results from glial tumors (SF-126, 

SF-210, SF-253, SF-268, A1207, and A2781), the EGFR amplified cell 

line (A431), and the early passage normal brain cell line (SF-183) are 

shown in Table 4. Quantitation of the number of cell surface EGF 

receptors present in the SF-268 glial tumor was determined by 125I-EGF 

binding assay at 40C. Maximal binding to SF-268 occurred at 6 hr at 

this temperature (Figure 9, Inset). Binding studies with increasing 

concentrations of 125I-EGF (0.5-150 ng) were then carried out for 6 

hrs, and Scatchard analysis (96) of these saturation data revealed an 

estimated receptor number and Kd for SF-268 of 5.8 x 105 receptors per 
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cell and a Kd of 0.8 x 10-9M, respectively (Figure 9). A similar Kd 

was recently reported by Filmus et al for the human astrocytoma cell 

line SK-MG-3 (48). 

Cytogenetic Properties of EGFR Overexpressing Glial Tumors 

56 

Complete cytogenetic analysis of each of the six glial tumors 

is presented in Table III. Clonal numeric alterations present in at 

least 4/6 cell lines include gain of chromosome 7 (6/6 tumors), and 

gain of chromosome 11 (4/6 tumors). In addition to numeric 

alterations of chromosomes #7 and #11, numerous clonal structural 

alterations were observed in each of the EGFR overproducing tumors. 

However, only three chromosomes were found to be involved in at least 

4/6 cases. Deletion, translocation, or inversion of chromosome #7 was 

the single most frequent site of structural alteration (6/6 tumors). 

Pictorial documentation of chromosome #7 alterations in each of the 

six tumors is presented in Figure 10. Structural alterations of 

chromosomes #1 and #11 were observed in 4/6 cases. 

Southern Blot Analysis 

Using cDNA probes (pE7 and pheB) to c-erb-B all six tumors were 

screened for amplification and/or rearrangement of the EGFR gene. DNA 

extracted from each of the tumors was digested with either EcoRI or 

HindIII, and Southern Blot analysis was performed. None of the six 

tumors demonstrated significant ()2-fold) amplification of the EGF 

receptor gene. Equal amounts (10ug) of HindIII digested DNA were 

cop robed with the human c-myc eDNA probe DM141 and the human EGFR gene 
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probe pheB (Fig. 11). The results show that in comparison to the A431 

cell line, which has previously been shown to be amplified 

(approximately 20 fold) (95) none of the glial brain tumors analyzed 

displayed significant amplification of the EGFR gene. The SF-188 

glioblastoma multi forme has previously been reported to be amplified 

for the c-myc gene but was determined not to be amplifi-ed for the 

EGFR, and therefore served as a negative control (35). In a separate 

experiment, serial dilutions (10, 5 and 2.5 ug) of EcoRI digested SF-

268 DNA were compared to 10 ug of DNA of the A431 epidermoid cell line 

and 10 ug of the SF-l88 glioblastoma multiforme. Figure 12 confirms 

that significant amplification of the EGFR gene occurs in the A431 

cell line, but is not detected in the SF-268 cell line. Comparing 

EcoRI digested DNA from all six tumors (Figure 13), only very slight 

differences (most likely related to minor loading error) are observed 

between all six glial tumors. Also rearrangement of the EGFR gene was 

not detected in any of the six tumors. Of further interest, 

utilization of a cDNA probe r'ecognizing the terminus of the EGFR mRNA 

(A21) demonstrated again that none of the six tumors contained 

rearrangements of the EGFR gene. DNA digested with Bam HI, NdeI, and 

SstI, and probed with the A21 probe failed to detect any rearrangement 

for the EGFR gene greater than 4 Kb from the 5' end of the gene. 

EGFR mRNA Analysis 

Dot-blot analysis of total RNA from three of the six glial 

tumors (SF-268, A1207, A2781) was probed with pE7 and compared to 



58 

serial 1:2 dilutions of A431 (which exhibits a marked overabundance of 

EGF receptor mRNA) , and to human placental RNA (Figure 14). The 

leve'ls of EGF receptor mRNA for the glial tumors tested were 

approximately equal to placental mRNA level~r with none of the tumors 

tested displaying receptor levels compared to the A431 cell line. 
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Table 4. Specific binding of EGF relative to A431 for glial tumors 

Source of Protein determination Binding of EGF 
Cell 1 i ne Cells relative to A431 (%) relative to A431 (%) 

SF-126 GM 1.8 40.2 ' 

SF-210 GM 2.1 20.9 

SF-253 GM 2.0 15.0 

SF-268 HAA 0.5 83.2 

A-1207 MoAA 1.1 24.1 

A-2781 Ependymoma 0.7 26.0 

SF-183 Normal brain 0.4 7.2 

A-431 Epidermoid tumor 1.0 100.0 

GM = Glioblastoma multiforme; HAA = Highly anaplastic astrocytoma; 
MoAA = Moderately anaplastic astrocytoma 
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Figure 9. Scatchard plot of the SF-268 glial tumor. Analysis of these 
data by the method of Scatchard revealed approximately 
5.8 X 105 cell surface epiderm_~ growth factor receptors 
per cell and a Kd of 0.8 X 10 M. Inset: Time course 
binding assn'S for the SF-268 tumor indicating that maximum 
binding of I-EGF occurred at 6 hours. 
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Figure 10. Pictorial documentation of chromosome 7 alterations in each of the six EGFR 
overexpressing glial tumors. 
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Figure 11. Southern blot analysis of cellular DNA eoprobed with the 
EGFR eDNA pheB and human eDNA c-mye probes. 
High-moleeualr weight DNA was isolated, and 10ug was 
digested with Hindlll restriction endonuclease. 
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Figure 12. Southern blot analysis of cellular DNA isolated from 
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SF-188 cells, A431 cells, and SF-268 cells. High-molecular 
weight DNA was isolated, SF-188 and A431 (10ugL SF-268 
( 10, 2.5, and 1 ug L and digested with EcoR I and analyzed 
by Southern blot hybridization to the EGFR eDNA probe 
pE7. 
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Figure 13. Southern blot analysis of cellular DNA isolated from the 6 
EGFR overproducing cell lines. High-molecular weight 
DNA was isolated. and 10ug was digested with EcoRI and 
analyzed by Southern blot hybridization to the EGFR 

eDNA probe pE7. 
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Figure 14. Dot blot analysis of total cellualr RNA. Serial 1:2 
dilutions of total RNA (10ug in each initial well) was 
spotted onto nitrocellulose filter and probed with the 
EGFR cDNA probe pE7. 
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Discussion 

As discussed in the previous chapter, overexpression of the EGF 

receptor in association with amplification of the EGF receptor gene 

has been reported for a number of glial brain tumors (46,47,48). 

Increased number of EGFR's has been reported for a variety of human 

tumors from both primary biopsy samples and cultured cell lines (72-

82). Consequently, it has been suggested that an overabundance of 

EGFR's may be characteristic of several human cancers and play an 

important role in tumorigenesis. 

Results presented in this study revealed that in comparison to 

a cell line established from normal brain tissue, six different human 

glial tumors overexpress EGF receptor. All six tumors displayed 

alterations of chromosome 7 in association with enhanced expression of 

EGFR. Of these six tumors, none exhibited amplification or rearrange

ment for the EGF receptor gene or an overabundance of EGF receptor 

mRNA to account for increases in EGF receptor numbers. In contrast to 

numerous studies reporting significant amplification of the EGF 

receptor gene in association with enhanced expression of the receptor, 

our results suggest that brain tumors may overexpress EGFR via several 

different mechanisms. 

A number of recent reports have suggested that a correlation 

exists between abnormalities of chromosome 7 and EGF receptor 

overexpression. In melanoma cells, a correlation between an increase 

in the number of copies of chromosome 7p [reported to be commonly 
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observed in advanced melanoma (97)] and enhanced expression of the EGF 

receptor was observed (98). Structural alterations involving the 

short arm of chromosome 7 in association with enhanced expression of 

EGF receptor has been reported in A431 cells (99). Similarly, 

chromosomal analysis of pancreatic carcinoma cell lines has revealed 

that alteration of chromosome 7p is associated with an overabundance 

of EGF receptors (79). In the present study, all six cell lines 

contained additional copies of chromosome 7. All six cell lines 

additionally exhibited structural alterations involving chromosome 7. 

However, only three of six involved the band region near 7pll-13, the 

locus for the EGF receptor gene. All of these ce n 1 i nes di d conta" n 

additional copies of this region suggesting that this region is 

overrepresented in glioma cell lines displaying enhanced expression of 

EGF receptors. The SF-268 cell line determined to contain 5.8 x 105 

receptors per cell, exhibited an inversion in the short arm of 

chromosome 7 involving bands p15 and p22. This structural alteration 

may contribute to enhanced expression in this cell line, while 

increased dosage may be sufficient to account for the low levels of 

overexpression in the other cell lines. All of the cell lines did, 

however, exhibit additional chromosomal alterations, as described in 

the previous chapter. The only other detectable chromosomal change 

common to all six cell lines was the gain of region 11q13-q23. This 

region has previously been reported to be associated with leukemia and 

lymphoma (37) and may play an important role in tumorigenesis in this 

group of neoplasms. 



68 

The relationship between EGF receptor and cell growth indicates 

that increased concentration of receptors leads to enhanced growth. 

In a study us1ng clonal variant A431 cells containing different 

numbers of EGF receptors, Kawamoto et al demonstrated that an optimal 

number of active EGF receptors results in maximum cell growth, whereas 

greater or lesser numbers of act1vated receptors resulted in signifi

cantly poorer growth (94). The hyperproducing cell lines A431 and 

MDA-468, determined to have approximately 2.0 x 106 receptors (80,95) 

are growth inhibited by increasing concentrations of EGF (48,100). In 

comparison the SK-MG-3 astrocytoma cell line, with an estimated number 

of EGF receptors equal to 2.8 x lOS, was stimulated by the same 

concentrations of EGF which inhibited A431 and MDA-468 cells (48). Of 

interest, the SF-268 cell line studied in this report, with an 

est1mated 5.8 x 105 EGF receptors per cell, was unaffected by the same 

concentrations of EGF (101). These results suggest that the EGF 

receptor in this cell line may be altered, possibly as a result of the 

observed structural alteration involving the short arm of chromosome 7 

near the locus of the EGF receptor gene [inv(7)(p15;p22)]. 

Gene amplification is the best described, and most commonly 

reported mechanism underlying EGF receptor enhanced expression. 

Utilizing cDNA probes for the EGF receptor gene, a 20-fold amplifi

cation was detected in both A431 (95) and MDA-468 cells (80). The 

SK-MG-3 astrocytoma cell line exhibited an 8-fold amplification of the 

EGF receptor gene (48). Additionally, EGF receptor gene rearrangement 

accompanying amplification in A431 (95) and a number of other squamous 
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cell carcinomas (77) has been suggested as a general mechanism for the 

overproduction of the EGF receptor. A rearrangement of the EGF 

receptor gene was not detected in the SK-MG-3 cell line (48). 

However, Leibermann et al reported that two of four human glial tumors 

determined to be amplified for the EGF receptor gene, also evidence 

rearrangement for the gene (46). However r gene rearrangement often 

accompanies amplification, and is considered a byproduct of the 

amplification event. In this study, EGF receptor amplification was 

not detected in any of the six cell lines studies. Southern blots of 

DNA from the six cell lines digested with several restriction 

endonucleases and sequentially probed with cDNA fragments corres

ponding to several regions of the EGFR gene failed to detect any 

significant ()2-fold) amplification. Further, Southern blot analysis 

failed to detect any EGF receptor rearrangements in any of the cell 

lines. 

In a further attempt to provide direct evidence for the 

underlying mechanism responsible for increased EGF receptor number in 

human glial tumors, EGF receptor mRNA levels were examined. Recent 

studies of mRNA levels in EGF receptor overproducing pancreatic 

carcinoma cell lines revealed that receptor numbers tended to parallel 

EGF receptor mRNA levels (79). Dot blot analysis of three of six 

human glial tumors studied revealed that EGF receptor mRNA levels were 

approximately equal to EGFR mRNA placental tissue levels. The 

observed levels of mRNA did not, however, parallel the estimated dif

ferences in EGF receptor numbers for these three cell lines. 
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Considerable attention has recently been directed toward under

standing cellular processing of the EGF receptor. Studies indicate 

that EGF binds to the EGF receptor and the EGF receptor complex is 

then brought into the cell by receptor-mediated endocytosis (102). In 

a majority of the cell types studied, the internalized EGF is rapidly 

degraded within lysozomes or other acidic organelles (102). In recent 

studies of rat pancreatic acini (103) and of a pancreatic carcinoma 

cell line (104), it was discovered that EGF was not readily degraded 

in these cell types. Further studies of the pancreatic carcinoma cell 

line indicated that following internalization, EGF is released by the 

cells into the incubation medium, and then rebinds to the cell surface 

(104). It was suggested that release of bindable EGF represents a 

novel mechanism for enhancing the local availability of this growth 

factor, and for modulating the activation and disposition of the cell

surface EGF receptor in pancreatic cancer cells (105). 

In another recent study of three hyperproducing EGFR cell 

lines, Gamou et al found that the half-life of the EGF receptor in the 

one hyperproducing cell line which did not exhibit EGF receptor gene 

amplification and increased mRNA levels was much longer than the other 

two cell lines (106). Their results suggested that increased EGF 

receptor numbers in this cell line are related to regulation of 

receptor degradation. These studies suggest that post-translational 

mechanisms may account for enhanced EGF receptor expression in human 

cancer. These alternative mechanisms may represent a previously 



unrecognized means for increasing the number cell surface EGF 

receptors in human glial tumors. 
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Regardless of the mechanism responsible for the enhanced 

expression of EGF receptor in these cell lines, all six exhibited 

abnormalities of chromosome 7 suggesting that the gene coding for this 

receptor may playa role in tumorigenesis of human glial brain tumors. 



CHAPTER 4 

SUMMARY 

The intent of this dissertation was to cytogenetically analyze 

a panel of human glial tumor cell lines in order to determine the 

recurring sites of chromosomal change associated with this group of 

neop 1 asms, and to further estab 1 ish a c·orre 1 ati on between 

abnormalities of chromosome 7 and overexpression of EGFR in human 

glial tumors. Cultures established from several different glial tumor 

cell types displayed a number of common chromosomal alterations. The 

most striking and consistent alteration observed was gain of whole 

and/or structurally altered chromosome 7. Other commonly observed 

alterations included gain of chromosome II, and loss of chromosomes 

12, 17, and the sex chromosomes. Common structural alterations 

additionally involved chromosomes I, 3, and 11. Thus, the karyotypic 

profile of human glial tumors is not a random one, but involves 

several characteristic and unique chromosome alterations which 

eventually may prove useful to establishing the causative backgrounds 

in this group of neoplasms. 

A correlation between EGFR overproduction and abnormalities of 

chromosome 7 was established. Alterations included gains of whole or 

structurally altered chromosome 7 in all 6 EGFR overproducing cell 

lines. 
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Southern blotting failed to detect either gene amplification or 

rearrangement for the EGFR gene using a number of EGFR cDNA probes. 

Analysis of mRNA in 3 of 6 lines revealed mRNA levels approximately 

equal to placental EGFR mRNA levels. Slight differences were detected 

between the 3 lines but did not parallel EGFR numbers. Further 

investigation into the mechanisms responsible for EGFR overproduction 

is necessary to understand the regulation and expression of this 

growth factor. 

In reflection, the study of human glial tumors by cytogenetic 

and molecular biologic techniques warrants further analysis. Detailed 

cytogenetic analysis of a sufficiently large number of glial tumors 

should allow for the determination of primary chromosome changes 

within subgroups of this tumor type leading to potentially valuable 

information regarding diagnosis, prognosis, and etiology. I suggest 

that alterations of chromosome 7 play an important role in the genesis 

or progression of human glial tumors, possibly by effecting 

quantitative overexpression of the EGF receptor. 
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