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ABSTRACT

By the time solid tumors are clinically cbserved, many chromosamal
changes are present. Observing tumors early in development and
following chramosame changes with the progression of tumors may help
determine if specific chromosame changes are associated with tumors at
different stages of development and if changes are dependent upon a
particular inducing agent. As one approach to studying this, silastic
disks were implanted subcutaneously into C3H female mice, and
fibrosarcomas developed at the site of the disks. The disks and
associated tissue were removed from 28 weeks post- implantation until
mature sarcomas were cbserved. The associated cells or tumors were
then both cultured and karyotyped, and direct chramosome preparations
were made from 80% of the tumors. G- banding analysis was performed to
loock for specific structural and numerical chromosamal changes, and C-
banding analysis was performed to look for hamogenecusly staining
regions (HSRs). In some cases the animals were treated with X rays
(2.5 Gy x 4), in addition to the disk, and the sarcamas analyzed for
chromosame changes. The chromosome numbers per cell varied fram 38 to
350 in all tumors analyzed. There were wide variations in chraomosame
mumber between sarcamas, with much less variation within a particular
sarcaoma. Double minutes (IMs) and HSRs, both indicative of gene
amplification, were present in many tumors at later stages of
development (longer times post- implantation of the disk). Consistent
chromosamal trends including duplications of chramosames 10, 16, and 19

weredasexvedinsarcanasfrunanimalsthatreoeivedboththedisk
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treatment and the disk + X ray treatment. Non- specific metacentric

chramosames were observed in many tumors from animals that received the

disk treatment alone, and of these 55% were isochramosames. Aneuploidy

was a very early change cbserved in all tumors analyzed. It occurred
even before a histological diagnosis of malignancy could be made with
confidence (personal cammmication, R. J. M. Fry).

Southern analysis of 8 tumor cell lines has shown no correlation

between the amplification of the c-myc, c-h-ras, c-raf, c-rel, c-mes,

c-myb, c-abl, c-erbA, c-erbB, and c-sis oncogenes and the presence of
IMs and/ or HSRs. However, Southern analysis has shown a correlation
between the presence of IMs and amplification of the multiple drug
resistance (MDR) gene. Cells containing IMs were more resistant to

methotrexate, cytosine arabinoside (ara C), actinomycin D, and

colchicine than tumor cells lacking IMs. The presence or absence of
MMs (and thus MDR) had no effect on the X ray sensitivities of these

fibrosarcoma cell lines.
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Human Studies

The presence of chromosamal changes in neoplastic cells has been
recognized for decades. In 1914, Boveri hypothesized that an abnormal
chromosame pattern was closely associated with the malignant phenotype
of the tamor cell (Boveri, 1914). Since then major advances in cell
culture and techniques for recognizing individual chromosames have
enabled Boveri's hypothesis to be tested. An important fact that has
emerged from recent cytogenetic studies is that the chramosamal
alterations that occur in tumor cells often are specific for a
particular tumor. The presence of chramosamal changes appears to be a
general phenamenon and thus provides convincing evidence for a
fundamental 1role of chromosomal abnormalities in the neoplastic
process. (Mitelman and Heim, 1986).

The analysis of chromosamal alterations in human leukemias can be
broken into three periods. The first period lasted fram 1960 to 1970.
During this period chromosamal alterations were abserved without
banding, and thus they include only mmerical changes and structural
rearrangements that resulted in a morphological change (LeBeau and
Rowley, 1986). The most important cbservation during this period was

the identification of what appeared to be a deletion of about half of



the long arm of a G-group chramosame in myeloid precursors in patients

with chronic myelogenous leukemia (CML) (Nowell and Hungerford, 1960).
It was not known whether chramosame 21 or 22 was involved. This
chramosame was termed the Philadelphia chromosame (or Phl), and this
observation led to a search for similar chramosame changes in other
types of leukemias and in lymphamas. However, these results were
disappointing since specific abnormalities were often present in
malignant cells from particular patients, but did not appear to be
consistent between patients with a particular lymphoid malignancy
(LeBeau and Rowley, 1986). Therefore, it was believed that the
Philadelphia chramosame was a unique example of a specific, consistent
karyotypic change.

The second period lasted from 1970 to 1980, and provided evidence
that the earlier assumptions were not correct. The apparent deletion
of chromosome 22 was shown to be a translocation between chromosames 9
and 22 (Rowley, 1973). With the advent of improved banding techniques,
other specific structural abnormalities were found to be associated
with specific leukemias and lymphamas. The G-banding technique,
whereby metaphase chromoscmes are treated with trypsin and stained with
Giemsa blood stain, produces chromosame specific banding patterns and
thus allows identification of specific chramosames (Seabright, 1971).
Furthermore, banding revealed that chromosame gains and losses were
frequently non-random in many lymphoproliferative diseases. It was
also observed during this period that specific chraomosamal

abnormalities corresponded with many subtypes of leukemias.



Several types of chramosamal abnormalities have been identified in
human leukemias and lymphomas. These include the gain of an entire
chramosame (such as +8 in acute non-lymphocytic leukemia), the loss of
an entire chromosame (such as -7 in acute non-lymphocytic leukemia),
the gain of a portion of a chramosame (such as 1l4g+ in B-cell acute
lymphocytic leukemia), and consistent translocations [such as the
£(9:22) (g34;q11) in CML and the t(8;14)(qe4;q32) in Burkitt lymphama
(Croce, 1987).] This diversity of chromosome alterations suggests
diversity in the ways genetic change may be related to malignant
transformation. The loss of all or part of a chramosame suggdests that
the loss of certain camponents that regulate cell growth may allow
recessive genes to be expressed. The gain of all or part of a
chromosame suggests that an increase in a gene product may also be
important for the malignant process. The presence of a translocation
suggests a more complex mechanism. Rearrangement of one or more genes
may alter gene regulation. For each type of aberration, certain
chramosames are preferentially affected. For example, the gain of
chramosame 8 or the loss of chromosame 7 are most cammon in lymphoid
malignancies (LeBeau and Rowley, 1986).

The third period ranges from 1981 to the present. During this
period, cytogenetic observations have been correlated with molecular
alterations. These molecular analyses, a great majority involving
oncogenes, will be discussed later.

Cytogenetic studies of solid tumors have lagged considerably behind
studies of the leukemias and lymphamas, and there are several factors

responsible for this. The majority of solid tumors have a very low



mitotic index, and the morphology of chromosames cbtained from solid
tumors is often more fuzzy than the chramosames abtained from leukemias
and lymphaomas (Sandberg and Turc- Carel, 1986). Additionally, in most
cases solid tumors contain mumerous chromosame changes at diagnosis,
making it quite difficult to ascertain if there is a primary, specific
cytogenetic change. Often, however, in leukemias and lymphamas only
one cytogenetic change is encountered at diagnosis. This is perhaps
due to the fact that the clinical signs of leukemias became apparent at
an earlier stage of disease than those of solid tumors. Thus, the
leukemic cells may be examined at a time when they contain only the
primary karyotypic change (Sandberg and Turc- Carel, 1987). However,
since solid tumor cells contain camplex structural and/or mmerical
chramosamal alterations, the primary karyotypic change may be masked.
Obviously, it is important to determine which of the plethora of
cytogenetic changes are intimately involved with tumor development.
The alterations should consist of two types: primary changes that are
directly irmvolved in neoplastic initiation and secondary changes that
may or may not influence tumor growth and progression (Mitelman and
Heim, 1986).

As with the leukemias and lymphamas, several classes of cytogenetic
change can be cbserved in solid tumor cells. These include the gain or
loss of an entire chromosame (such as +8 in colonic adenamas and -9 in
bladder adenocarcinamas), the gain or loss of part of a chrumosame
(such as 1g- in ovarian adenocarcinomas and 17g+ in colon
adenocarcinamas), and translocations ([such as t(12;16)(g31;qll) in

liposarcamas (Sandberg and Turc- Carel, 1987).] Metacentric marker




chramosames, double mimute chromosames (IMs), and hamogenecusly
staining regions (HSRs) (see pages 6 and 7 for further discussion) are
also often observed in solid tumor cells.

A nmuber of solid tumor cells oontain metacentric marker
chramosames, in particular, isochromosames (Atkin and Baker, 1988).
Same of these marker chromosames may be of sporadic or randam origin
and of little significance, while others may represent important steps
in the development of a particular tumor type. This would be
especially true of marker chramosames that occur with a high frequency
in particular tumor types. Isochromosames could perhaps produce an
effect through gene dosage since extra copies of these chromosame arms
would introduce provide extra gene copies. This would be especially
true where multiple copies of a particular isochromosome are present.
However other isochromosames, such as the i(llg) that is present in
bladder carcinamas may exert their effect through loss of material from
11p (Atkin and Baker, 1985). It is as yet unclear whether metacentric
marker chramosames are a primary karyotypic change involved in tumor
initiation or if they occur later in development and are perhaps
involved in progression. However the presence of two copies of i(12p)
as the only chromosamal abnormality in malignant teratamas of the
testis, suggests that this isochromosame could represent a primary
event in the production of this tumor (Gibas et al., 1984).

Double minutes and hamogeneously staining regions are cytological
manifestations of INA sequence amplification. These structures have
been cbserved in direct preparations fram tumors, in cell lines derived

from tumors, and in cells showing resistance to metabolic inhibitors.



These structures, however, are rarely cbserved in normal cells (Holden
et al., 1987).

Double minutes are acentric, extrachramosamal structures, that are
believed to be circular and to replicate approximately once per cell
cycle (Von Hoff et al., 1988). They range in size from 100 to 2000
kilobases (Wahl et al., 1984) and are believed to arise from
submicroscopic, extrachromosamal elements. These submicroscopic
elements are supercoiled and replicate autonamously. They were first
reported in tumor cell lines derived from patients who had not
undergone chemotherapy or radiation therapy and were found to contain
amplified myc oncogene (Von Hoff et al., 1988). Double minutes
themselves have been shown to contain myc (Alitalo, 1985; Bigner et
al., 1987), as well as numerous drug resistance genes (Wahl et al.,
1984), including the multidrug resistance gene (Larcher et al., 1988).

Hamogeneously staining regions exist as amplified areas of INA and
can be arranged as both inverted and direct repeats (Passanti et al.,
1987). They range in size from 250 to 1000 kilabase pairs (Von Hoff et
al., 1988) and stain uniformly in G-banded preparations (Garson et al.,
1987). Three major mechanisms have been proposed for the origin of
HSRs. ‘These are uptake of DNA from dead cells, multiple cycles of
unscheduled DNA synthesis followed by recombination (leading to
integration of the copies into the chrumosame) (Roberts et al., 1983),
and unequal crossing over (Holden et al., 1987). A great majority of
the data suggests that unequal crossing over between sister chramatids
and/or non-hamologous chromosames bearing HSRs could lead to the

amp-lification phenamenon observed with HSRs (Holden et al., 1987). As




with IMs, sane HSRs have been correlated with amplified oncogenes in
tumor cells. For example, N-myc has been implicated with HSRs present
in human neurcblastomas (Garson et al., 1987).

A number of theories involving gene amplification, regulation, and
mutation have been put forth to explain the role of chramosamal changes
in malignant disease. However, while each hypothesis incorporates same
of what is known about the neoplastic process, so far no model has been
successful in cambining and explaining all data fram the many

malignancies that have been studied.

Rodent Studies

Studies of experimentally induced rodent tumors indicate that the
same general types of chromosamal alterations that occur in human
tumors also occur in rodent systems. Thus, the loss of all or part of
a chramosame, the duplication of all or part of a chramosane,
translocations, IMs, and HSRs are all cbserved in rodent cancers.

The most camonly observed chromosamal alterations present in
murine leukemias and lymphamas are trisamies. In CS57BIy/6J mice 70% of
leukemias and lymphomas contain trisamy 15 whether or not the tumor is
induced by x-irradiation or chemical treatment. Also, trisamy 15 is
cbserved in 60% of preleukemic animals without overt disease (McMorrow
et al., 1987).

Chramosame gain (such as an additional copy of chramosame 1 in
mirine melanomas) (Kendal et al., 1987), partial chromosame loss (such
as a deletion of a small portion of chromosame 13 in transformed tumor
cells in culture) (Kodama and Sasaki, 1987), and double minute




chramosomes (in many solid tumor cell lines) (Cahilly-Snyder et al.,
1987) all occur in cells of muirine solid tumors. However, the most
frequent chramosamal aberration abserved in murine solid tumors is the
Robertsonian translocation (Dhaliwal et al., 1987) which appears as a
metacentric chromosame in mouse cells. These translocations between
two hawlogous or non-hamologous acrocentric chramosames might be
produced in two different ways. They could arise through misdivision
of a centromere during a previous mitosis or as a result of breakage
followed by rejoining of two hamologous centromeres that were lying
close to each other because of prior endoreduplication of the cell or
association of the hamologs. However the metacentric chromosames may
arise, it is possible that these translocations are important in either
muirine tumor initiation or progression since specific metacentric
marker chromosames occur in specific tumor types. For example, iso 8g
and iso 2q are preferentially cbserved in murine myxosarcamas and
appear to be related to metastatic potential (Dhaliwal et al., 1987).
In addition to the specific chromosamal changes that occur in
murine solid tumors, many chromosaomes are present in variable numbers.
Trisamy, tetrasamy, and pentasamy of autosames with apparently normal
morphologies are not uncommon. Furthermore, the loss of the Y
chramosame fram tumor cells in the male is not uncammon (Chaliwal et

al., 1987).



Buman Studies

Carcinogens and oncogenic viruses have DNA as their target.
Therefore, it seems likely that the carcinogenic process may irnvolve
alterations of one or more genes. The existence of cellular oncogenes
was first suggested from cbservations of retroviruses and RNA tumor
viruses. The tumorigenic potential of same of these viruses is due to
the presence of specific genes (oncogenes) in their genames. The
retroviral genes represent normal cellular genes that exist in an
altered form. These altered genes are termed cellular oncogenes (c-

onc) or proto- oncogenes (Karess and Hanafasa, 1981).

Oncogenes have Counterparts in Normal Cells

Viral (v-onc) and cellular (c-onc) oncogenes are highly conserved
and code for proteins that are involved in the control of cellular
differentiation and proliferation (Ascione et al., 1986) . The function
of same of the oncogenes is unknown; however, for many oncogenes a
function has been defined, and the functions of oncogenes terd to fall
into four classes (Ascione et al., 1981). These are growth factors,
growth factor receptors, transducing signals, and nuclear proteins, and
since these are involved in normal cellular growth, the alteration or
misregulation of oncogenes can lead to transformation.

Perhaps the most thoroughly described example in the growth factor
category is that of platelet derived growth factor (PDGF) and its

oncogenic equivalent c-sis. V-§i_sistheormgeneofthesimian




sarcoma virus. This virus contains only part of the c-sis gene and
uses viral genes for transcription and translation of the oncogene
product. The c-sis gene shows extensive sequence hamology with the
gene coding for POGF (Chiu et al., 1984), and c-sis exists as a B-B
dimer of PDGF, while PDGF itself exists as an o-B dimer. PDGF
stimilates tyrosine kinase activity (Nishimura et al., 1982) and in
&tr_’gtreaumtofoellswiﬂummadstoanimreaseinc—_f_o_s_
expression and in c-myc RNA (Helden et al., 1985). This suggests that
PDGF can induce expression of other genes and that c-sis could lead
cells to uncontrolled growth. Furthermore, it also indicates that same
oncogenes might be activated by other oncogenes.

The oncogene erbB is included in the growth factor receptor
category. Growth factors act by binding to cell surface receptors, and
the epidermal growth factor (EGF) receptor shows 89% sequence homology
with the v-erbB oncogene product. However, the v-erbB oncogene lacks
the extracellular EGF binding damain, while the cytoplasmic portion
containing the kinase domain is conserved (Dowrward et al., 1984).
Since the external binding damain provides regulation of kinase
activity, the lack of this damain may lead to constitutive expression
of kinase activity. The cells would behave as if EGF were always
present, and thus be constantly stimilated to grow and divide. V-erbB
isonlyoneofsevexalamcogeneprdteirsthatcznyﬂ:etyrosinekimse
domain, and it is to be expected that the other oncogene proteins that
alsocarrytmsedanainsmaybeshowntobehamlogwstovarious

growth factor receptors.
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H-ras and K-ras refer to the oncogenes of the Harvey and Kirsten
sarcama viruses, and are an example of the transducing signal category.
The H-ras protein localizes to the imner surface of the cell membrane,
binds GTP, and has GIPase activity (Shih et al., 1980). The H-ras
protein belongs to a family of mucleotide- binding G proteins, that are
involved in signal transduction from receptors on the outside of the
cell membrane to the adenylate cyclase system on the inside of the
membrane (Gilman, 1984). Also, the G proteins, and most probably the
ras proteins, are capable of initiating or suppressing signals
generated by the binding of a ligand to a receptor at the membrane.
Finally, c-ras genes from tumor DNAs code for proteins that have lost
the ability to be regulated by the cell, and this suggests that signal
transduction may be constitutive, with the cell behaving as if it were
constantly receiving a growth stimulus (McGrath et al., 1984).

Another way in which proto-oncogenes function in normal cells is as
nuclear proteins. The c-myc proto-oncogene is the cellular hamolog of
v-myc of the avian myelocytomatosis virus. The myc protein binds DNA,
and can positively and negatively regulate the expression of other
genes (Cole, 1986). Thus, c-myc expression appears to represent an
additional step in the cascade of events that starts with growth
factor/ receptor interaction, carries through the signal transduction
system, and leads to the activation that most likely occurs in the

mcleus.
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The Role of Oncogenes in Malignant Cells

Alterations involving cellular oncogene function are involved in
the carcinogenic process by disturbing normal cell growth mechanisms.
Alterations involving cellular oncogenes have been found in a variety
of tumors, and these alterations either alter the regulation or
structure of the oncogene. The three main mechanisms involved in
oncogene "activation" are specific mutations, tumor- specific
chramosamal aberrations, and gene amplification.

Mutations in the c-Ha-ras oncogene have been associated with
transforming activity in a human bladder carcinama cell line (Parada et
al., 1982). Hybridization studies have shown that the DINA sequences
responsible for transformation in this cell line are hamologous to the
c-Ha-ras gene (Der et al., 1982). Camparative sequence analysis
between the cell line and the normal c-Ha-ras clone revealed that there
was a base change of G to T at codon 12. This substitution resulted in
the protein product containing a valine in place of a glycine (Tabin et
al., 1982). Other studies have revealed that mutations that occur
within the ras family are conserved and involve either codon 12 or 61
(Taparowsky et al., 1983). Furthermore, the replacement of glycine at
position 12 by any residue, except for proline, leads to transforming
activities. Structural studies suggest that the loss of glycine 12 may
alter the conformation of the ras protein (McCormick et al., 1985).
Finally, the protein formed from the mutated ras gene has defective
GTPase activity. Since GTPase activity is required to terminate the
growth signal, the protein would not be capable of regulating its own
activity through GIP hydrolysis (McGrath et al., 1984).
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As discussed previously, specific chromosamal alterations occur in
many tumor types. In same cases, these alterations involve structural
or functional alterations of oncogenes. Two of the most thoroughly
characterized cases imvolve chronic myelogenous leukemia and Burkitt
lymphama.

The c-abl locus is located near the region of chramosame 9 that is
translocated to chromosame 22 in the formation of the Philadelphia
chramosame. The breakpoint on chramosame 22 clusters in a 5 Kb. area
termed the breakpoint cluster region or bcr (Groffen et al., 1984). In
COML cell lines the c-abl protein is abnormally large, and an abnormal 8
Kb. mRNA containing sequences from chramosame 22 is fused to the c-abl
transcript (Stam et al., 1985). The abnormal protein has protein
kinase activity like v-abl but unlike c-abl. The breakpoint on
chromosome 9 is not as specific as the breakpoint on chramosame 22 in
that no specific region is involved. However, the first exon of the
abl oncogene is always involved in the translocation (Groffen et al.,
1984) .

Camon features of Burkitt lymphaoma include translocations
involving chromosames 2, 14, and 22 with band g24 of chromosame 8. In
these cases the c-myc gene is translocated from chromosame 8 to
chramosome 14 near to the immmoglobulin heavy chain locus, fram 8 to 2
near to the immmoglabulin light chain (Igk) locus, or fram 8 to 22
near to the immnoglabulin light chain (Ig)) locus (Croce et al.,
1979). However, even though the breakpoints involved in Burkitt
lymphama appear to be hamogeneous at a cytogenetic level, molecularly
they are heterogeneous and thus lead to different structural
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alterations of the immmoglabulin and myc loci. However, the fact
remains that consistent chramosamal alterations are closely related to
oncogene changes. This molecular heterogeneity can be correlated to
myc mRNA expression in various Burkitt lymphoma patients. In same
patients, high levels of myc mRNA are cbserved, while in other cases
myc mRNA levels are lower than in control cells (Taub et al., 1984).
These data suggest that deregulation of myc expression, rather than
simply an increase, may be critical for myc activation, and thus
transformation, in Burkitt lymphama.

Oncogene amplification occurs in many tumor cells. As mentioned
previously, in most cases the presence of amplified oncogenes is
represented by double minutes and homogeneously staining regions. It
is likely that in same tumor types IMs and HSRs may involve as yet
unidentified oncogenes, and that amplification may represent a
mechanism that is involved in the establishment or progression of the

transformed phenctype by increased expression of the oncogene through
increased expression.

Rodent Studies

Oncogene studies in rodent systems have concentrated on molecular
transformation and activation as well as tumor progression and
metastasis. Guerreo et al. (1984) induced thymomas in mice with both
N- nitrosamethylurea and gamma radiation, and these tumors exhibited
activation of specific oncogenes dependent upon the inducing agent.
Tumors induced with the chemical carcinogen showed activation of N-ras,

and the radiation- induced tumors exhibited activation of K- ras.
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Furthermore, expression of the oncogene mRNA and protein products were

also increased. Also, when tumor DNA was isolated and transfected into
either NIH 3T3 cells or rat 2 cells, transformants from the chemically-
irducedttmormAsemibitedani:creaseinN-;a;stmnscriptsard
thosefrantheradiation—indwedumnrl}IAsemibitedanimreasein
K- ras transcription. It is possible that the increase in these
activated oncogene transcripts may be due to gene amplification, an
increase in the rate of transcription, or a more stable message
(Guerreo et al., 1984).

K- ras activation was also observed in rat tumors of varying
histological types that were induced by ionizing radiation (Sawey et
al., 1987). However, in contrast to the mouse thymomas, activation and
amplification of c- myc was cbserved in same tumors. Concurrent
activation of K- ras and c- myc was cbserved in 25% of tumors. The
tumors exhibiting concurrent activation of both oncogenes were all
clear cell carcinamas, whereas 80% of those exhibiting only K- ras

activation were squamous cell carcinamas, suggesting that activation of
particular oncogenes may be dependent on cell type (Sawey et al.,
1987) .

Not all radiation- induced malignant rodent cells exhibit K- ras
activation. Borek et al. (1987) did not observe activation of any
known oncogenes in NIH 3T3 cells that had been transformed with DNA
from x- irradiated hamster embryo cells. However, all transformants
appeared to exhibit activation of an as of yet unidentified oncogene.

A study of 150—cncqerminrm1ttmorigenicarﬂlowandhigh
malignant potential rat cells, suggests a canplex relationship between
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c-onc expression and tumor progression. When the nontumorigenic cells
were induced to differentiate, the levels of c-myb, c-abl, and c-H-ras
transcripts remained unchanged, the level of c—N-ras increased, and the
level of c-erbB decreased. Other c-onc genes (c—erbA, c-sis, c-fms, c-
fos, c-myc, and c-K-ras) were not detectable. When the three cell
types were proliferating at similar rates, c-mos was not expressed in
the nontumorigenic cell, c—fos and c-erbA were not expressed in the low
malignant cells, and c-erbB and c-sis were not expressed in the high
malignant cells. C-K-ras was increased in the highly malignant cells
and was barely detectable in the other cell lines (leibovitch et al.,
1986). ‘These data suggest that tumor progression can be associated
with decreased or increased expression of c-onc genes, but a direct
relationship with the c-onc gene expression cannot be established in
rodent systems.

In animal tumor systems progression to the metastatic phenotype has
also been examined in an attempt to establish a correlation with
increases or decreases in oncogene expression. Mouse lymphama cells
are tumorigenic but not metastatic until they express activated c-K-ras
(Vousden and Marshall, 1984). In Ableson virus- transformed mouse
lymphomas, v-abl oncogene was not expressed during progression
(Grurwald et al., 1982), suggesting that the loss of this oncogene may
have led to a loss of regulation. In same solid tumors ,such as murine
melancomas and fibrosarcomas, c-onc expression appears to be unrelated
to the metastatic phenotype (Kris et al., 1985). However, variations
in oncogene expression have been cbserved in N- methyl- N- nitrosourea-

induced metastatic mammary carcinomas in the rat (Sukumar et al.,
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1983). Southern analysis revealed that the primary tumors had a 10

times greater INA level of the c- H-ras gene than the metastases.
Although modifications in oncogenes or their expression are associated
with metastasis of same tumors, it is difficult to conclude that such
alterations are required for progression to or maintenance of the
metastatic phenotype. It is more likely that such oncogene changes
contribute in part to progression of murine solid tumors.

In rodent systems, as in human tumors, cytogenetic abnormalities
can be correlated with oncogene alterations. In sare murine
myxosarcomas a translocation between chromosames 6 and 15 is present.
In this case the proximal one-third (including the centramere) of
chramosame 6 is deleted. As a result of this translocation c-myc,
which normally resides on mouse chramosame 15, is placed in close
proximity to the Ig kappa light chain genes present on chramosame 6
(Banerjee et al., 1985). Also, translocations involving chramosame 15
with chromosame 12 and 15 with 6 occur in same murine B-cell leukemias
and lymphamas (Klein, 1983). Because of these translocations, highly
active Ig genes activate c-myc. Recent rodent studies have also
suggested that chromosomal alterations may play a role in suppression
of oncogenes during necplastic development. Studies by Oshimura et al.
(1988) have shown that the loss of one copy of chramosame 15 suppresses
neoplastic progression of ras- induced Syrian Hamster tumors. These
studies support the idea that the loss of chramosame 15 results in the
loss of a gene that suppresses a phenotypic change necessary for tumor
development.
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Multi Resistance

Human Studies

The use of chemotherapeutic agents for the treatment of cancer has
resulted in successful treatment for many patients. However, many
cancers do not respond to chemotherapy, and other cancers that do
initially respond later became resistant. Drug transport studies in
various multidrug-resistant (MOR) cell lines suggest that decreased
drug accumulation in the resistant cells results in part from an
increased rate of drug efflux (Chen et al., 1986). These studies have
led to the concept of an efflux pump responsible for the removal of
many naturally occurring cytotoxic drugs, such as plant alkaloids, from
multidrug-resistant cells. The most cammon biochemical characteristic
of miltidrug-resistant cells is the increased expression of a 170
kilodalton (Kd), trans-membrane glycoprotein, that is termed the p-
glycoprotein (Kartner et al., 1983; Corrmwell et al., 1986; Willingham
et al., 1987). The p-glycoprotein gene is amplified in multidrug-
resistant cell lines (Scotto et al., 1986), and this gene amplification
is accampanied by an increased expression of a 4.5 to 5.0 kilcbase p-
glycoprotein mRNA (Chen et al., 1986). It is speculated that this p-
glycoprotein may be directly involved in drug transport in multidrug-
resistant cells either as an efflux pump or by changing the
permeability of the 1lipid bilayer. P-glycoprotein consists of
approximately 2 equal parts that are hamologous to each other, and both
parts contain a hydrophilic and hydrophobic damain. Each hydrophobic
damain includes 6 transmembrane segments. The hypothesis that p-
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glycoprotein is directly involved in drug transport is supported by the
fact that the hydrophilic domains share 80% sequence hamology with
peripheral membrane camponents of bacterial transport systems (Chen et
al., 1986).

High levels of the MIR gene product are found in many apparently
normal human tissues. These include colon, kidney, liver, and adrenal
cells (Thiebaut et al., 1987). In tumor cells the amplification of the
MIR gene is often indicated cytologically by the presence of double
minute chromosames and hamogeneously staining regions. However, the
presence of double minutes and hamogeneously staining regions alone is
not sufficient to prove MDR amplification. These cytological
structures might also represent other amplified genes, such as
oncogenes. These cytological manifestations are often found in tumors
derived from the normal tissues that express high levels of the MDR
protein. Such tumors include adenocarcinomas of the colon and kidney,
hepatamas, and adrenocortical carcinamas (Thiebaut et al., 1987).
However same tumors, such as skin papillamas, are derived from normal
tissues that express little or no MDR gene product, but contain DMs
that correlate with MIR amplification (Larcher et al., 1988).

Same tumors, such as leukemias and lymphamas, express low or barely
detectable amounts of MIR gene product, and are sensitive to
chemotherapy. However other tumors, such as melanomas and lung
carcinomas, that are relatively resistant to chemotherapy also express
only low levels of MIR (Fojo et al., 1987). Furthermore, colon

carcinamas and neurcblastomas, both of which express high levels of
MDR, exhibit different responses to chemotherapeutic agents.
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Neurcblastomas are relatively sensitive, while colon carcinamas are
not. It remains to be determined whether the level of MIR expression is
sufficient to explain the drug resistant phenotype, or whether other
mechanisms are responsible for the resistance of tumor cells to

chemotherapy .

Rodent Studies

The majority of MR studies have been done on human cells; however,
it is known that the plasma membranes of hamster and mouse cell lines
that display multiple resistance to drugs have an increased expression
of a 170 Kd surface protein (Kartner et al., 1983). Also,increased MR
gene expression has been cbserved in mouse and Chinese hamster cells
that were resistant to mumerous drugs in culture. The mouse and

hamster gene share approximately 95% hamology (Scotto et al., 1986).

Similarities and Differences between Rodent and Human Tumors

Chromosomes and Oncogenes

The same general classes of chromosamal alterations occur in both
human and rodent tumors, and the majority of known oncogenes have been
mapped in both human and rodent systems. However, the examination of
particular tumor types indicates that while many cytogenetic and
oncogenic similarities exist between human and rodent malignancies, not
all individual tumor types contain similar alterations. For example,
in murine B~ cell leukemias and lymphamas t(15;12) and t(15;6) are

camon (Klein, 1983), while in Burkitt lymphoma, a human B-cell
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disorder, t(8;14) is cammonly cbserved (Croce et al., 1979). 1In the

cases of the murine translocations, c-myc , normally residing on mouse

chramosame 15, is activated through translocation to a location near to

immmnoglobulin genes. In Burkitt Lymphama, c-myc is translocated fram
chramosame 8 near to the immunoglobulin heavy chain locus on chramosame
22 and is activated. Thus, in these B- cell malignancies, very similar
chranosaomal and molecular alterations are observed between humans and
mice. Another similarity, although not as striking, is abserved when
camparing human and rodent myxosarcamas. A t(9;22) involving the
translocation of c-abl from chramosome 9 to chromosame 22 is adbserved
in the human tumor (Sandberg et al., 1988). Isochramosame 2 is
cbserved in the murine tumor (Dhaliwal et al., 1987), and c-abl is
again involved since this oncogene is located on chromosame 2 in the
mouse. However, t(6;15), eliciting the translocation of c-myc near to
the immnoglobulin kappa pramoter on chromosame 6, is also cammonly
ocbserved in murine myxosarcomas. Involvement of this oncogene has not
been reported in the human tumor.

In the case of same tumors, such as malignant melanoma and
mesothelioma, there appears to be no similarity between the human and
rodent tumors. In human melanomas t(1;17) and a deletion of 6q are
commonly ocbserved (Sandberg, 1988), while in the mouse trisamy of
chramosame 1 is observed. Thus, the chramosamal alterations cbserved
in melanomas of humans and mice are not even of the same general type.
Human mesotheliamas contain a deletion of chramosame 3p as their
consistent chromosamal alteration (Popescu et al., 1988), while

translocations involving chramosames 5, 10, and 13 are cbserved in rat
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mesotheliamas (Libbus and Craighead, 1988). Again, the chromosamal
alterations observed in the human and rodent are campletely different
even though the tumors are of the same histological type. It is
possible that the different chramosamal alterations alter cellular
functions that result in similar phenotypic responses, but this

hypothesis would require further research.

Multiple Drug Resistance

As was discussed earlier, expression of the multidrug resistance
gene is an important consideration in the treatment of human
malignancies even though it is not yet clear if the MIR phenotype is
fully responsible for a tumor's response to chemotherapy. There is 90%
hamology between the human and mouse MDR genes (Scotto et al., 1986),
and both species express the 170 kd. p- glycoprotein (Kartner et al.,
1983). Normal human tissues express MIR between 1 and 500 fold, where
1 has been defined as baseline expression (Fojo et al., 1987). For
example, skin, skeletal muscle, heart, and bone marrow all have
expression values between 1 and 5, while liver has a value of 25 fold,
kidney a value of 50 fold over baseline, and adrenal expresses MDR 500
fold over baseline. The normal function of MIR is unclear. However,
many MDR substrates are naturally occurring, charged ring structures
(Udea et al., 1987). These substances are found in plant seeds, and
perhaps animals could protect themselves from these substrates by
transporting them back into the lumen of the colan. If they did reach
the blood, they would be filtered and transported into the bile or

urine (Pastan and Gottesman, 1987). The function of MIR in the adrenal
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is quite unclear. However, the fact that MIR is expressed in human

adrenals, but not in rodent adrenals (Pastan and Gottesman, 1987) may

eventually provide further clues to the normal function of MIR.
Previous studies have indicated chromosamal, oncogenic, and

miltiple drug resistant similarities as well as differences between

human and rodent malignancies. It is therefore possible that specific

rodent tumor models may provide information about chramosamal
alterations in corresponding human tumors. Even if the animal tumor
models do not provide information on which specific human chramosame
might be involved, perhaps they may indicate the type of chramosamal

alteration important in causation or early development of the tumor.
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Summary

By the time solid tumors are clinically observed, many chramosome
changes are already present, and it is virtually impossible to
determine if any specific ones are cammon from tumor to tumor. Thus,
it is important to observe chrawsome changes early in tumor
development in order to determine whether these are involved in the
development of the tumor. We have utilized a system that makes this
possible. It essentially provides a "petri dish" in an animal that can
be removed at different times after it is implanted for evaluation of
the cells growing on it. Since the fibrosarcomas develop on the disk,
it is possible to analyze those cytogenetic changes that occur early in
the development of the tumor and to follow additional chromosome
changes that might be associated with the tumor's development. Scme
mice were treated with X rays in addition to the disks. The disks and
associated tissues were then removed from tumors at a very early stage
of development and at several subsequent times until mature sarcaomas
were abserved. Chromosamal analysis of both direct preparations of
sarcoma cells and of cultured cells derived fram the sarcamas showed
duplications of chromosames 10, 16, and 19 in cells fram tumors that
developed in mice that received both the disk alone as well as in those

mice that received the disk + X rays. Additionally, metacentric
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chramosames were observed in animals that received the disk alone.

Double minute chramosames were adbserved in 41% of all tumors analyzed,

while homogenecusly staining regions were present in 22% of tumors.

These gene amplifications were not ocbserved in all cells fram any

particular tumor.

Introduction
Foreign Body Induced Tumors in Human and Rodent Species

Tumors in humans and rodent species have been associated with non-
degradable foreign bodies have since the late 1800's (Ott, 1870). 1In
humans, both medical implants and foreign bodies acquired by accident,
such as bullets, induce chronic tissue reactions that involve scarlike
encapsulation of the foreign bodies. This condition may then lead to a
variety of types of neoplasms, predaminantly sarcamas. The latency
period of foreign body induced tumors in humans appears to range from
10 to 50 years (Bischoff, 1972).

Foreign bodies are much more tumorigenic in mice and rats than in
humans, and also induce tumors in dogs, but not in quinea pigs,
chickens, nor in hamsters. Studies of hybrid and inbred mice have
indicated that this species difference is most 1likely due to
genetically determined differences in macrophage activities that
influence tumor latency (Brand et al. , 1977). The majority of
foreign body induced tumors that arise in rodents are, as for humans,
sarcamas, and these appear as various histological types including

rhabdomyosarcamas, liposarcomas, reticulosarcomas, plasmocytamas, and,
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most frequently as fibrosarcomas. Most of the foreign body induced

sarcamas are camposed of cells that are poorly differentiated, and that

have a high mitotic rate and hyperchramatic nuclei. Also, many of the

tumors have areas of necrosis and hemorrhage (Johnson et al., 1970).

Properties of Tumorigenic Implants
Physical irritation, not chemical factors, appears to be

responsible for foreign body tumorigenesis. Foreign bodies of many
chemical campositions are able to induce murine tumors, provided that a
smooth, uninterrupted surface is present. If foreign bodies with rough
surfaces are used, latency increases (Bates and Klein, 1966).
Likewise, if the material is ground into a powder, or if it is
perforated with holes, no tumor develops (Bischoff and Bryson, 1964).
Also, the size and shape of the foreign body influences tumorigenicity
and latency period. Tumor frequency is directly proportional to the
surface area of the implanted foreign body; however, if multiple pieces
are implanted, with a surface area equal to one large piece, the

latency period increases (Brard et al., 1973).

The Mechanism of Foreign Body Tumorigenesis in the Mouse

Foreign bodies probably do not induce carcinogenic events per se
(Brand, 1982), but by stimulating proliferation of fibroblasts, they
can increase the likelihood of a spontaneocus event. The cellular
activity involved in foreign body tumorigenesis was described by Brand
(1982). Within 2 weeks after subcutaneous implantation of a plastic

disk in a mouse, granulocytes and monocytic macrophages infiltrate the
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implant site. The macrophages then settle on the implant surface and
form a monolayer. At this time a very thin membrane, consisting of
fibroblasts and collagen fibers, begins to develop around the implant.
Fibroblasts then cover the inner surface of the membrane and are
separated fram the outer surface of macrophages by capillaries that
have invaded the area. Between 4 and 8 weeks post-implantation of a
plastic disk, cellular infiltration and proliferation of macrophages,
gramulocytes, and fibroblasts, as well as capillary outgrowth, occur in
the tissue. At the implant surface, macrophages, giant cells, and
granulocytes predaminate. From 8 to 12 weeks post-implantation, there
are more fibroblasts in the tissue and collagen production increases,
while macrophages ard giant cells predominate at the implant surface.
Fram 12 to 28 weeks post-implantation, collagen is deposited in the
tissue, capillaries are no longer present, and macrophages are
inactivated. Inactive macrophages and a few giant cells are present at
the implant surface. After 28 weeks post-implantation, there is
contimued fibroblast proliferation and collagen deposition, and the

fibrosarcoma increases in size.

Chromosame Changes in Foreign Body Induced Sarcomas

Chramosamal analysis of murine foreign body induced sarcamas has
shown both structural and mumerical abnormalities. The most frequently
cbserved alteration was hyperdiploidy (Rachko and Brand, 1983;
Banerjee and Bates, 1966). G-banding analysis revealed that aneuploidy
in different tumors involved virtually every mouse chramosame, but that

no particular chramosame was involved consistently in foreign body-
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induced sarcamas (Banerjee ard Bates, 1966). Structural alterations,

especially metacentric chramosames, were also present. However, these

alterations were not specific, ocaurring with equal probability among
each individual chromosame (Rachko and Brand, 1983). Double minute

chramosames, of unknown identity amd origin, were also observed in

several foreign body induced murine sarcamas (Buoen and Brarnd, 1968).

Rationale for These Experiments

As has been previously discussed, alterations of chramosame
structure and/or number are associated with most, if not all, tumors.
By the time solid tumors are clinically observed, many chromosame
changes are present. Thus, to determine if specific chramosame changes
are associated with tumorigenesis, it is important to observe those
cytogenetic changes that are present in tumors early in development and
to follow chramosame changes with the progression of the tumors. 1In
addition, it is important to determine if such changes are dependent
upon a particular inducing agent. As an approach to studying this,
plastic disks were implanted subcutaneously into mice, and the disks
and associated tumor tissue were removed at various stages post-
implantation. Thus, chramosamal changes could be analyzed at various
stages of tumor development.
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Materials and Methods

Plastic Disk Implantation/ Removal (Sarcama Production)

Silastic, medical grade plastic disks (Dow Corning) measuring 14

mn. in diameter and 1 mm. thick were implanted subcutanecusly

(laterally) into C3;H female mice. Same mice, in addition to the disk
implant, received X ray treatments of 2.5 Gy, 4 times for a total
exposure of 10 Gy. These X ray treatments were absorbed to the skin
and subcutanecus tissue and were delivered at 3 day intervals, using a
Norelco MG 150 X ray unit. The X ray machine settings were 25 kv, 3.5
mA with a beam filtration of 0.01 mm. of alumium. The X rays were
delivered at a dose rate of 0.77 Gy/ min. at 32.5 am. from the filter.
Mice were restrained in a lucite holder that was centered under the
beam and rotated during exposure. The disks and associated tumor
tissue were palpated and then removed at one week intervals (regardless
of tumor size) from 28 weeks post-implantation of the disk (when a
capsule could first be observed around the disk) until mature sarcamas
were cbserved (approximately 53 weeks post-implantation). A general

flow diagram of the basic procedure is shown in figure 2.1.

Culturing Solid Tumors- The Spillout Technique

The method for separating cells for culture was modified fram that
described by Liebovitz (1986). The tissues associated with the disk
implants were placed in sterile petri dishes and were canpletely
covered with 1-15 medium (American Biooraginics) containing penicillin

(Squibb) (300 ug/ml), streptamycin sulfate (Lilly) (300 ug/ml),
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Figure 2.1. General procedure for chramosamal analysis of
sarcoma cells.
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amphotericin B (Sigma) (3 ug/ml), transferrin (Sigma) (0.005 ug/ml),
epidermal growth factor (Sigma) (0.01 ng/ml), and 15% fetal bovine
serum (Gibco). All necrotic areas, camective tissue, fat, and blood
vessels were cut away with sterile scissors. The tissue was washed in
a second petri dish containing L~15 medium and was then transferred to
a third petri dish containing the same media for disaggregation into 1
mm. cubes with sterile scissors. The medium surrounding the tissue
cubes was harvested with a 5 ml. pipette and transferred to a 15 ml.
sterile screw capped centrifuge tube. The fine minces were then
allowed to settle for 3 mimutes, and the supernatant over the settled
minces was transferred to another 15 ml. centrifuge tube. Both the
supernatant and fine minces were then washed 3 times in Hanks balanced
salt solution. The supernatant pellet and fine minces were cultured
separately in 5 ml. of L~15 in 25 mm. tissue culture flasks (Falcon).
Cultures were maintained in a 37°C. incubator humidified 95- 100% in

an atmosphere of 5% 0, in air.

Metaphase Preparation From Cultured Tumor Cells
To obtain metaphase preparations fram tumor cell caultures,
colchicine was added to 75% confluent cell cultures at a concentration

-7

of 1 x 10 ° M. The cells were incubated at 37°C for 5 hours. Cells were

removed from flasks by scraping, centrifuged, resuspended in 10 ml. of
0.075 M KC1 and incubated at 37° for 20 minutes. The fixation, slide
preparation, and staining methods followed our standard procedure

(Brewen and Gengozian, 1971).
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Direct Metaphase Preparation From Solid Tumors
Direct metaphase preparations from the tissue associated with the

disk implants were obtained by mincing the tissue into 1 mm. pieces
with sterile scissors. These pieces were then incubated in 10 ml. of
dispersing solution [0.0025% trypsin (Sigma), 0.0025% collagenase
(Sigma), 0.001% hyaluronidase (Sigma), and 0.005% bovine serum allbumin
(Miles) dissolved in Hanks balanced salt solution] for 2 hours at roam
temperature with mild agitation. Colchicine was added at a
concentration of 1 x 10/ M, and the incubation was contimued for 1
additional hour (Aldaz et al., 1986). Cells were centrifuged,
resuspended in 10 ml. of 0.075 M KCl and incubated at 37° for 20
minutes. The fixation, slide preparation, and staining methods

followed our standard procedure (Brewen and Gengozian, 1971).

G- Banding and Karyotyping

To determine whether or not specific chromosamal alterations could
be correlated with different stages of tumor development, the metaphase
spreads (from cultured cells and/or direct preparations) were G-
banded. Slides between 1 ard 2 weeks old were microwaved for 2 minutes
and allowed to cool. The banding method was modified fram that
described by Seabright (1971). The cells were treated for 10 to 20
seconds with 0.02% trypsin/EDTA in phosphate buffered saline.
Immersion in 5% fetal bovine serum stopped the action of the trypsin.
The slides were rinsed with phosphate buffered saline and stained in 5%
Giemsa in Gurr buffer (pH 7.6) for about 6 mimites, until suitable

banding was obtained. Slides were then air dried and mounted in
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Permount. Karyotypes were arranged according to a standard mouse
namenclature system (Nesbitt and Francke, 1973).

C- Banding

To analyze cells for the presence of HSRs, slides were C- banded to
stain for centric heterochramatin, using a modification of the method
of Salamanca and Armendares (1976). Preparations were treated with 0.2
N HC1l for 30 mimutes at roam temperature. They were then treated with
0.07 N barium hydroxide for 7 mimutes at 37°C and incubated in 2X SSC
at 65°C for 1 hour. Slides were stained in 5% Giemsa stain for about
20 mimutes until suitable C- barding was obtained, air dried, and

mounted in Permount.

Results

Chromosomal Analysis of Sarcomas Induced by Disk Implantation
Table 2.1 lists the chramosamal trends that were cbserved in direct

preparations of cells from sarcamas that developed in animals receiving
disks. Tumors were obtained from 26 to 53 weeks post-implantation of
the disk, and the mmbers of chramosames per cell in different tumors
varied from 38 to 350. There were considerable variations in the
mmber of chromosames per cell between sarcamas with much 1less
variation within each sarcama. Generally, there was an increase in the
mmber of chromosames per cell as the time after disk implantation
increased. However, this was only a general trend, and did not hold
true for the 53 week sarcamas, where the mumber of chramosames per cell
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Table 2.1 Chramosamal Analysis of Sarcoma Cells that Developed in
Animals Receiving the Disk Treatment

Sarcoma # Weeks after # Chromosomes/Cell* % Cells Containing:
Implantation Mean Range IMs HSRs Metacentrics

88-7576 26 59 42-118 0 0 30
88-7983 31 63 46-81 0 0 30
88-7984 31 58 41-100 0 0 40
85-11424 34 58 38-120 0 0 40
85-11365 34 52 41-59 0 0 50
85-11420 36 62 41-92 0 0 30
85-11409 38 66 52-85 32 0 0
85-11486 38 67 52-116 40 0 0
85-11426 40 70 45-113 0 0 80
85-11485 40 69 44-89 40 0 40
87-215 42 77 40-94 45 0 80
86-7638 42 80 42-95 45 0 30
86-1504 43 83 50-200 0 36 100
85-11364 43 84 41-119 0 0 0
85-11333 44 117 90-161 0 44 30
85-11305 48 159 102-195 0 0 80
85-11304 50 288 287-290 75 0 0
85-11391 50 301 252=350 70 0 0
87-296 53 42 40-48 0 0 100
87-297 53 71 60-77 0 50 60

* a minimm of 25 metaphases (direct preparations) per tumor

were scored
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was much lower than expected. The two 53 week sarcomas analyzed had
means of 42 and 71 chromosomes per cell respectively. If the general
trend held, greater than 300 chramosames per cell would have been
expected in these tumors.

Double minute chromosomes and homogenecusly staining regions, both
indicative of gene amplification, were present in 50% of the sarcamas
analyzed, and these structures were abserved in tumors at later stages
of development (based on the time post- implantation of the disk.
Between 32% and 78% of the cells in a particular sarcoma contained IMs
and HSRs (Table 2.1). Additionally, 80% of these sarcomas contained at
least 1 metacentric chromosame, that was easily observed due to the
fact that the normal mouse karyotype contains only acrocentric
chromosames.

Representative distributions of the chromosome number per cell for
different tumors are shown in figure 2.2 (a 34 week post-implantation
tumor), figure 2.3 (a 36 week post-implantation tumor), figure 2.4 (a
40 week post-implantation tumor), figure 2.5 (a 42 week post-
implantation tumor), and figure 2.6 (a 43 week post-implantation
tumor). Again it can be seen that as the time after disk implantation
increases, the mumber of chramosames per cell generally increases.
Furthermore, as the time post- implantation increases, the range of
chramosames per cell generally increased. Also, it appears that more
than one population of cells may be present in some sarcomas, and it is
possible that a non-clonal tumor origin might account for the lack of
contimious chramosamal distributions. This is not unprecedented since

Reddy and Fialkow (1984) acbserved a small number of cases of non—clonal
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Figure 2.2. Chromosamal distribution of sarcoma 85-11424, a 34
week post-implantation tumor fram a mouse that
received the disk implant alone.
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Figure 2.3. Chramosamal distribution of sarcoma 85-11420, a 36
week post-implantation tumor from a mouse that
received the disk implant alone.
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Figure 2.4. Chramosamal distribution of sarcoma 85-11485, a 40
week post-implantation tumor from a mouse
that received the disk implant alone.
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Figure 2.5. Chramosamal distribution of sarcoma 87-215, a 42
week post-implantation tumor from a mouse that
received the disk implant alone.
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Figure 2.6. Chromosamal distribution of sarcoma 85-11364, a 43
week post-implantation tumor from a mouse that
received the disk implant alone.
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development in foreign body- induced murine sarcamas.  G-banding

analysis revealed that there were many different karyotypes for the
different tumors and within a tumor. However, same alterations
consistently occurred in particular sarcamas, and in many cases these

changes were observed in several of the sarcamas fram animals that

received the disk treatment alone (Table 2.2). The most cammon
chromosaomal alterations (those present in 50% or more of cells
analyzed in a particular tumor) were multiple copies of chramosames 10
and 16 , as well as metacentric chramosames that were present in 75% of
sarcamas. Multiple copies of chramosame 16 were present in 50% while
multiple copies of chramosame 10 were present in 66% of the sarcamas
analyzed. The multiple copies of chramosame 10 included trisamy in 17%
of tumors, tetrasamy in 25% of tumors, and pentasamy in 17% of tumors.
In all tumors analyzed that contained multiple copies of chramosame 10
(66%), trisamy 10 was most frequently cobserved. Overall, 92% of the
tumors analyzed contained metacentric chramosames, and although these
metacentrics were not identical between tumors, only four chromosames
were involved. These were chromosomes 4, 15, 17, and 19. Isochromosame
19 was present in 58% of the sarcamas, while metacentrics involving
(4;17), (4:15), and (1;17) were present in 17%, 17%, and 8% of tumors
analyzed, respectively. Metacentric chramoscomes were abserved in
tumors at all stages of development; however, isochramosame 19 was
present in earlier tumors, while (4;15), (4:17), and (1;17) were
ocbserved in later tumors. Other alterations that were common (present
in 25- 49% of cells analyzed in a particular tumor) were mullisomy 8 in

42%, trisamy 5 in 33%, and trisamy 7 in 17% of sarcaomas analyzed.
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Table 2.2 Fregquent Chramosome Changes in Tumors from Animals
Receiving the Disk Treatment Alone

# Weeks after

Chramosame Alterations

Sarcoma Implantation Most Common Less Cammon
>50% of cells 25%+49% of cells

85-11424 34 iso 19 mullisomy 8
tetrasamy 16 trisamy 10

85-11365 34 iso 19 nullisamy 8
trisamy 10
tetrasamy 16

85-11420 36 iso 19 nulliscmy 8
trisamy 10 trisamy 5
tetrasamy 16

85-11426 40 iso 19 millisamy 8
trisamy 10 trisamy 5
trisamy 16

85-11485 40 iso 19 nullisamy 8
trisamy 10 trisamy 5
trisamy 16 trisamy 7

trisamy 9

87-215 42 iso 19 nullisamy 8

trisamy 10 trisamy 5
trisamy 7

86-7638 42 metacentric (4;15) ——

85-11364 43 trisamy 10 -—
tetrasamy 19
pentasamy 16

86-1504 43 metacentric (4;17) Del 1q
trisamy 10 3 unidentified
pentasany 19 markers

85-11333 44 metacentric (4:17) —
trisamy 10
tetrasamy 19

85-11305 48 metacentric (4;:15)
monosany X

87-296 53 metacentric (1;17) —
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Trisomy 9 was observed in one tumor (8%) and a deletion of 1 was

present along with 3 unidentified marker chromosomes in cells from one
other tumor. Representative G- banded karyotypes are shown in figure
2.7 (a 34 week post- implantation tumor), figure 2.8 (a 36 week post-
implantation tumor), figure 2.9 (a 40 week post— implantation tumor),
figure 2.10 (a 42 week post- implantation tumor), figure 2.11 (a 43
week post- implantation tumor), figure 2.12 (a 43 week post-
implantation tumor), figure 2.13 (a 48 week post- implantation tumor),

and figure 2.14 (a 53 week post- implantation tumor).

Chromosomal Analysis of Sarcomas Induced By Disk + X ray Treatment
Table 2.3 lists the chromosomal trends that were observed in cells

from sarcomas that developed in animals that received the disk + X ray
treatment. Tumors were cbtained from 18 to 60 weeks post-implantation
of the disk, and the number of chromosomes per cell in different tumors
ranged from 38 to 102. As with the sarcomas from animals receiving the
disk treatment alone, there were considerable variations in the number
of chromosomes per cell between sarcomas with much less variation
within each sarcoma. The early cell "nubs" that initially formed
around the disk implants (18 to 34 weeks post-implantation) consisted
of cells with low chramosome mumbers, close to the normal 40. Again,
there was an increase in the mean number of chromosomes per cell as the
time after disk implantation and X rays increased and DMs were cbserved
in 50% of sarcomas, while HSRs were observed in 25% of sarcomas
analyzed. No metacentric chromosames were observed in sarcomas that

developed in animals that received the disk + X ray treatment.
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Figure 2.7. Karyotype of sarcama 85-11424, a 34 week post-
implantation tumor from a mouse that received

the disk implant alone.




51



Figure 2.8. Karyotype of sarcoma 85-11420, a 36 week post-
implantation tumor from a mouse that received
the disk implant alone.
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Figure 2.9. Karyotype of sarcama 85-11485, a 40 week post-
implantation tumor fram a mouse that received
the disk implant alone.
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Figure 2.10. Karyotype of sarcoma 87-215, a 42 week post-
implantation tumor fram a mouse that received
the disk implant alone.
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Figure 2.11. Karyotype of sarcama 85-11364, a 43 week post-
implantation tumor from a mouse that received
the disk implant alone.







Figure 2.12. Karyotype of sarcama 86-1504, a 43 week post-
implantation tumor from a mouse that
received the disk implant alone.
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Figure 2.13. Karyotype of sarcoma 85-11305, a 48 week post-
implantation tumor from a mouse that received
the disk implant alone.
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Figure 2.14. Karyotype of 87-296, a 53 week post-implantation
tumor from a mouse that received the disk
implant alone.
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Table 2.3 Chromosamal Analysis of Sarcama Cells that Developed in
Animals Receiving the Disk + X Ray (2.5Gyx4) Treatment

Sarcoma # Weeks after # chrcxr\osan%(Cell* % Cells Containing:
Implantation Mean Range IMs HSRs Metacentrics
87-176 18 40 39-41 43 0 0
86-7644 34 41 40-42 0} 0 0
86-7645 34 44 38-46 0 0 0
87-214 38 47 37-78 0 20 0
86-7643 42 59 42-86 0 20 0
88-7804 42 61 41-76 0 0 0
86-7661 44 65 44-71 0 30 0
86-7660 44 69 52-130 52 0 0
86-7667 46 69 40~-102 52 0 0
87-231 52 65 50-96 0 40 0
87-233 52 65 45-78 (0] 48 0
87-211 60 68 39-80 50 0 0
87-213 60 71 69-94 78 0 0

* a minimum of 25 metaphases (direct preparations) per tumor

were scored
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Representative distributions of the number of chramosames per cell

are shown in figure 2.15 (a 34 week post-implantation tumor), figure
2.16 (a 42 week post- implantation tumor), and figure 2.17 (a 44 week
post- implantation tumor). Again, more than one population of cells
can be observed in the later (42 and 44 week post- implantation)
tumors, while an early tumor (34 weeks post- implantation) has a near
diploid chromosame campliment. As the time after disk implantation
and X ray treatment increased, the range of the mumber of chromosames
per cell broadened. For exanple, a 34 week tumor had a range of 40- 42
chramosaomes per cell (pseudodiploid campliment), while a 60 week tumor
had a range of 39- 80 chromosames per cell.

As with the tumors that developed in animals receiving the disk
implant alone, G- banding analysis of cells fram disk + X ray treated
animals revealed mmerous chromosame changes. However, again, same of
these changes were consistent in several tumors. The most cammon
chromosame alterations (those present in 50% or more of cells analyzed
from a particular tumor) include multiple copies of chramosame 10 in
100% of the sarcomas analyzed, multiple copies of chramosame 16 in 57%
of the sarcomas, and multiple copies of chromosame 19 in 71% of tumors.

The multiple copies of chromosame 10 existed as trisamy 10 (71%), and
tetrasomy 10 (28%). The multiple copies of chromosame 16 also existed
as trisomy 16 (43%) and tetrasamy 16 (14%) as did the multiple copies
of chromosame 19 (57% trisamy and 14% tetrasamy). However, the multiple
copies of chromosome 19 were not present as isochramosames. In fact,
no metacentric chromoscmes were cbserved in animals receiving the disk

+ X ray treatment. Other cammon alterations (occurring in 25% to 49%
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Figure 2.15. Chromosamal distribution of sarcama 86-7644, a 34
week post-implantation tumor from a mouse that
received the disk + x ray treatment.
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Figure 2.16. Chromosomal distribution of sarcama 86-7643, a 42 week
post-implantation tumor from a mouse that received the
disk + x ray treatment.
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Figure 2.17. Chromosomal distribution of sarcoma 86-7661, a 44 week
post-implantation tumor from a mouse that received the
disk + x ray treatment.
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of cells analyzed from a particular tumor) include monosamy X in 43%

of sarcamas and nullisamy 18 and trisamy 16 in 14% of tumors analyzed
(Table 2.4). Representative G- banded karyotypes are shown in figures
2.18 (a 34 week tumor), 2.19 (a 42 week tumor), and 2.20 (a 44 week

tumor) .

Reinjected Cells
In order to determine whether or not the presence of IMs was

related to tumorigenesis, 1,000,000 cells of each of 7 tumor cell
lines (with or without IMs) were injected subcutanecusly into both
thighs and the intrascapular region of C;H female mice. For each cell
line 3 mice were utilized. Cell lines injected that contained DMs were
88-1363, 88-7704, 88-7577, and 87-213. Cell lines lacking IMs were 87-
214, 88-7804, and 88-7576. Animals were checked for tumor growth 2
times each week, and time to tumor between mice receiving different
injections was compared. When tumors were observed, animals were
sacrificed by cervical dislocation, tumors were removed and cultured
(as described in the Materials and Methods section: Culturing solid
tumors- the spillout technique), and direct metaphase preparations were
also obtained from the tissue (as described in the Materials and
Methods section: Direct metaphase preparations from solid tumors). At
least 25 metaphase spreads per tumor were analyzed and chramosane
number and the presence or absence of [Ms were campared with the parent
cells.

Table 2.5 shows the results from experiments designed to determine

whether or not the presence of IMs has any effect on the time to tumor.
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Table 2.4 Frequent Chramosame Changes in Tumors fram Animals
Receiving the Disk + X Ray(2.5Gyx4) Treatment

# Weeks after Chramosame Alterations
Sarcoma Implantation Most Cammon less Common
(250% of cells) (25%+49% of cells)
86-7664 34 trisamy 10 mullisamy 18
monosamy X
86-7645 34 trisamy 10 monosamy X
86-7643 42 trisamy 10 monosamy X
trisamy 16
trisamy 19
86-7661 44 tetrasamy 10 —
trisamy 16
trisamy 19
86-7660 44 tetrasamy 10 —
trisamy 16
trisamy 19
86-7667 46 trisamy 10 trisamy 16
trisamy 19
87-233 52 trisamy 10 -—
tetrasamy 16
tetrasamy 19

75



Figure 2.18. Karyotype of sarcama 86-7644, a 34 week post-
implantation tumor fram a mouse receiving the
disk + x ray treatment.
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Figure 2.19. Karyotype of sarcama 86-7643, a 42 week post-
implantation tumor from a mouse receiving the
disk + x ray treatment.
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Figure 2.20.

Karyotype of sarcoma 86-7661, a 44 week post-
implantation tumor from a mouse receiving the
disk + x ray treatment.
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Parent sarcomas 88-7804, 88-7704, and 88-7577 were themselves produced

by reinjecting cells from passages 2, 6, and 8 of tumor 87-296,
respectively. Also, parent sarcama 87-1363 was produced by reinjecting
passage 3 cells from sarcoma 87-213. Thus, the corresponding tumors
that developed (2° tumors) are from reinjected- reinjected cells. It
appears that the "2° tumors®, derived from the "parental tumor cells",
had essentially the same time to tumor regardless of whether or not IMs
were present in the parental tumor cells. Tumors derived fram parent
cells containing IMs had an average time to tumor of 3 weeks, while
tumors derived fram parent cells lacking IMs had an average time to
tumor of 2.9 weeks. The range and average rnumber of chromosames per
cell remained essentially the same in the parent cells and the
corresponding 2° tumor cells. No IMs or metacentrics were detected in
the 2° tumors derived fram parent cells that did not originally
contain these structures, but metacentrics persisted in 2° tumors when
a metacentric was present in the parent cells. Also, interestingly,
IMs observed in the parent cells were not present in the correspording
2° tumor cells. It is possible that some sort of selective pressure,
originally responsible for the IMs, was not present under the
reinjection conditions. Banding analysis, that has not yet been done,
will be necessary to determine if any specific chramosames were

preferentially conserved, lost, or rearranged in the 2° tumors.
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Conclusions and Di ion

The chramosome mumbers per cell in different tumors varied fram
38 to over 300, and there was a wide variation in chromosame number
between sarcomas, but much less variation within a particular sarcama.
Generally, there was an increase in chromosame mumber per cell as time
post-implantation increased. In all tumors analyzed, chromosamal
abnormalities were observed before a histological diagnosis of
malignancy could be made with confidence (personal cammmnication, R. J.
M. Fry). DMs were cbserved in 36% of tumors and HSRs in 24%, most
often in tumors at later stages of development.

Sarcomas that developed on the disks in x-irradiated animals
have a lower mean chromosame mmber per cell than sarcamas that
developed in mice containing the disk alone. For example, the 34 week
post- implantation tumors that developed in animals treated with the
disk alone had a mean chromosome muber of 55, while the 34 week post-
implantation tumors from the animals that received the disk + X ray
treatment had a mean of 43 chromosames per cell. This difference is
even more apparent in 44 week tumors where the mean mmbers of
chramosames per cell were 117 and 67, respectively. This suggests that
perhaps same type of selection is occurring following the X ray
treatment.

Duplications of chromosames 10, 16, and 19 were cbserved in tumors
that developed in both animals treated with the disk alone and those
treated with the disk + X ray. In the case of the animals treated with

the disk alone, the duplication of chramosome 19 was often present as
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an isochromosame 19. While metacentric chramosames were never abserved
in tumors from animals that received the disk + X ray treatment, they
were often cbserved in animals that received the disk. These included
metacentrics involving (4:;17), (1:;17), and (4:;15) as well as the
isochromosame 19. Additionally, mullisomy 8, trisamy 5, and trisamy 7
were observed in 50% of disk alone tumors, while monosamy X was
ocbserved in 38% of disk + X ray tumors. The prevalence of metacentric
chramosames in the tumors from animals receiving only the disk suggests
that they may be important in tumor development, perhaps by an
alteration of the regqulation of the genes on the involved chrumosames.
Also, the presence of IMs in 36% and HSRs in 24% of tumors suggests
that the DNA that is amplified may have an influence on tumor
development or maintenance. Identification of the amplified sequences
in these structures could reveal important information and will be
discussed later.

Although consistent chraomosome trends were acbserved, there was no
clear evidence for the involvement of a specific chramosamal
alteration in the initiation or progression of the tumor. Due to
technical limitations, the earliest sarcamas analyzed were 26 weeks
post- implantation from animals that received the disk alone and 18
weeks post- implantation from animals that received the disk + X ray.
Both 18 and 26 weeks are fairly late into the developmental process of
the tumor, and it is thus possible that specific alterations were
involved in the formation of the fibrosarcomas and were not detected.
It is hypothesized that the disk implant is not itself directly

tumorigenic but that it stimulates cell proliferation (Brand, 1982).
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If this is the case, chromosamal alterations could result from

segregation errors at a mumber of points in a mmber of different
cells, leading to a mixed population of tumor cells with diverse
karyotypes. This might imply that disk- induced mouse fibrosarcamas
are multicellular, rather than monoclonal in origin (Reddy and Fialkow,
1984). In this way, diverse karyotypes might be abserved, and the
presence of consistent chromosame trends might be due to cells with
selective growth advantages. The fact that differences in disk vs.
disk + X ray induced tumor chramosome campliments were abserved also
implies that a variety of cells are initiated. Same fraction of these
cells may be X ray sensitive and thus may not contribute to the
karyotypic diversity observed in the disk only tumors.

It is also possible that the macrophages that are so prevalent
around the disk might form sufficient amounts of free radicals that
could interact (either randomly or non- randamly) with the chramosames
to produce alterations. A causal relationship between specific
chramosomal alterations and tumor formation in this sarcama system has
not yet been demonstrated, and this is in agreement with much of the
published literature describing chromosamal alterations in rodent tumor
systemns.

Reports of asbestos- induced solid tumors in rats indicated
translocations in 12 of 15 tumors studied (Libbus and Craighead,
1988). These translocations all involved chromosames 5, 10, and 13,
indicating that specific chromosamal alterations might be involved in
asbestos- induced rat tumors. However, translocations were not

cbserved in all tumor cells, and many tumor cells contained apparently
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randam structural and mmerical alterations. Furthermore, studies by
Kendal et al. (1987) suggest that chromosamal abnormalities in murine
melanomas cell lines may be related to metastasis rather than to tumor
induction. Although numerous, apparently randam, structural and
mmerical changes were present in all cells analyzed, two specific
chramosamal alterations were associated with a more metastatic
phenotype. These were extra copies of chromosome 1 and an unidentified
metacentric marker chromosame.

A terminal deletion of chromosame 13 was involved in the X ray-
induced transformation of mouse embryo fibroblast cells in vitro
(Kodama and Sasaki, 1987). 17 of 24 transformants analyzed contained
this deletion that was apparently necessary for the formation of foci.
However, the deletion alone was not sufficient to provide for
tumorigenicity, indicating that this chromosamal alteration may be only
in part responsible for the transformation of these cells. Finally,
karyotypic analysis of vinylacetate polymer- induced sarcamas in mice
failed to reveal any specific chromosamal alterations (Rachko and
Brand, 1983). Although no particular chramosamal characteristic could
be identified as being specific to foreign body- induced sarcamas,
Rachko and Brand most freguently observed ploidy deviations in
chramosames 1, 6, 7, 13, 15, 18, and 19. However, these changes were
in fully developed tumors and thus may not represent primary changes.
It is, however, interesting that mouse chramosame 19 was also
consistently involved in the ploidy alterations from the plastic disk-
induced sarcamas described in this chapter.
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It is still possible that karyotypic changes and tumor induction
are two separate phenamena, such that the chramosamal alterations are a
consequence of tumor induction or progression. However, it is prubable
that the consistent trends that were abserved here and in the published

literature are not entirely random, but are related to tumor initiation

and progression.
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THE ROLE OF ONCOGENES IN THE FIBROSAROOMA SYSTEM

Summary

Sauthern analysis was used to determine whether or not the presence
of double minutes, hamogeneously staining regions, and metacentric
chramosomes could be correlated with the amplification or rearrangement
of any of 10 oncogenes in tumor cell INA. The oncogenes examined were
c- myb, c-h-ras, c-rel, c-raf, c-abl, c-erbA, c-erbB c-gis, c-myc, and
c-mos. IMNA was isolated fram fibrosarcamas, and normal mouse cell DNA
was used as a control. No amplification of the DNA of these oncogenes
was observed in any of the tumor cell lines, and thus no correlation
between oncogene amplification and the presence of IMs or HSRs could be
established. Also, no correlation could be drawn between the presence

of metacentric chramosames and oncogene rearrangement.

_IntrédLion

Since the discovery of drug resistance in eukaryotic cells,
amplification of specific genes has been associated with many adaptive
responses of cells to envirommental stress (Schimke, 1982; Pohjanpelto
et al., 1985). Cytogenetic abnormalities, such as double minutes and
hamogeneously staining regions, were originally found in cells that had

been selected for drug resistance (levan et al., 1968; Biedler and

Spengler, 1976). However, both IMs and HSRs have also been cbserved in
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metaphase preparations of cancer cells before the start of
chemotherapy. Cellular oncogenes have been shown to be amplified in
many tumors, and these amplified oncogenes can, in many cases, be
correlated with the presence of IMs and/or HSRs (Bigner et al., 1987;
Meltzer et ai., 1987) These include the amplification of c-myc in a
human colon carcinoma (Quinn et al., 1979). In these tumor cells, c-
myc was amplified approximately 30 fold, and the c-myc copies were
mapped to double minutes. Similarly, amplified c-ki-ras oncogenes were
mapped to IMs and HSRs in a mouse adrenocortical tumor (Schwab et al.,
1983). Not all oncogene amplification, however, manifests itself as
IMs or HSRs. For example, c-myc is amplified between 8 and 32 fold in
same colon carcinamas in the absence of any observable cytogenetic
abnormalities. Also, in same cases oncogene amplification is
accampanied by a rearrangement of the particular oncogene involved
(Collins and Groudine, 1982; Ullrich et al., 1984). However, oncogene
alterations and chromosomal abnormalities do not correlate in all
tumors. For example, in acute myeloid leukemia, the only oncogene
amplified was c-myc (located on human chramosame 8) even though the
only chraomosomal alteration present was trisamy 6 (Alitalo et al.,
1986) .

Since IMs and HSRs were abserved in many of the mouse fibrosarcamas
analyzed in our studies, and since many tumors contained metacentric
chramosames, the possibility of the amplification and/or rearrangement
of oncogenes was explored. The oncogenes c-mos, c-raf, c-H-ras, and c-
sis, were chosen because they have a sarcama virus as their prototype

virus. Additionally, c-mos has been mapped to mouse chramosame 4
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(Threadgill, 1988) and c-sis to chramosame 15 (Kozak et al., 1983).

Both chramosames 4 and 15 were involved in the formation of metacentric
chramosames, thus suggesting a possible rearrangement of these
oncogenes. The oncogenes c-erbA (Zabel et al., 1984) and c-erbB
(Silver et al., 1985), which are both located on mouse chramosame 11,
were analyzed because they have been shown to induce sarcamas in
chickens. C-myb was analyzed since it maps to chramosame 10 (Sheiness
and Gardinier, 1984), and whole copies of chramosame 10 were duplicated
in many of the sarcamas analyzed. The c-myc and c-abl oncogenes, which
map to mouse chromosames 15 (Crews et al., 1982) and 2 (Goff et al.,
1982) respectively, because they are amplified or rearranged in some
human tumors (Quinn et al., 1979; Selden et al., 1983). Furthermore,
the presence of c-myc on chramosame 15 again indicated the possible
rearrangement of this oncogene with the formation of the 4;15
metacentric chromosame. C-rel, whose chromosamal location and precise
function are unknown, was chosen because it is believed to be related

to c-raf whose prototype virus is a sarcama virus.
Materials and Methods

DNA Isolation from Cultured Tumor Cells

The following procedure is a modification of Maniatis (1982). In
order to extract DNA from sarcama cell lines 87-296 (0% of cells
containing IMs or HSRs), 87-297 (0% of cells containing IMs and 50%
containing HSRs), 87-176 (43% of cells containing DMs and 0%

containing HSRs), 87-231 (0% of cells containing IMs and 40% containing
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HSRs), 87-233 (0% of cells containing IMs and 48% containing HSRs),
86-7643 (40% of cells containing IMs and 0% containing HSRs), 85-7645
(0% of cells containing DMs and 0% HSRs), and 87-7660 (52% of cells
containing IMs and 0% containing HSRs), cells from 10 confluent T-75
tissue culture flasks (per cell line) were removed by scraping with a
rubber policeman. (Only two of these cell lines contained metacentric
chramosames. These were 87-296 [100% of cells containing a (1;17)] and
87-297 [60% of cells containing an unidentified metacentric].) The
cells were then pooled ard were centrifuged for 5 minutes at 2000 RPM.
The pellet was then suspended in 10 milliliters (ml.) of solution H,
containing 0.5 molar (M) sucrose, 25 millimolar (mM) potassium
chloride, 0.5 mM spermidine, 0.15 mM spermine, 2mM EDIA, and 0.5mM
BGTA. This mixture was then hamogenized in a tissue hamogenizer with a
teflon pestle until viscosity was achieved and stringy elements were
abserved (approximately 10 min.). This mixture was then centrifuged
for 10 min. at 2000 RPM, and the pellet containing muclei was
resuspended in 10 ml. of solution H containing 5% Triton X-100. This
mixture was then centrifuged for 10 min. at 2000 RPM, and the pellet
was resuspended in 2 ml. of T10-E10-N100 containing 10 mM Tris, 10 mM
EDTA, and 100 mM NaCl. Eight ml. of Hirt's solution (0.01 M Tris-HCl
pH 7.6, 10 mM EDTA, and 1% SDS) at 65°C was added in order to lyse the
muclei. The sample was then mixed until it was gelatinous (a few
seconds), and was then digested with 1 ml. of pronase (20 mg./ml.) at
55°C overnight. One ml. of SM NaCl was then added, and the sample was
agitated at 37°C to clear the turbidity generated by the salt. In
order to remove protein, the sample was extracted 2 times with 8 ml. of
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phenol at pH 7.0, ard then once with chloroform. The agueocus phase

from the chloroform extraction was placed into a 50 ml centrifuge tube,
and 25 ml. of 95% ethanol (-20°C) was layered onto this aqueous phase
by gently pouring onto the inside of the tube. The DNA fibers that
formed at the ethanol-aqueous interface were then spooled out and were
frozen in 95 % ethanol overnight. To remove excess water, the spooled
DNA was then lyophilized for 30 mimutes to insure that the DNA was
thoroughly in solution. To remove RNA, two ml. of T10-E10-N100 was
added, and the sample was incubated at room temperature for 30 minutes.
The gelatinous INA was treated with RNAse A (5 mg./ml.) for 1 hour at
37°C. The sample was then treated with proteinase K (10 mg./ml.) for 1
hour at 37°C. and was then extracted 2 times with 4 ml. of
phenol/chloroform/ isoamyl alcohol (25/25/1) to remove more protein and
thus further purify the sample. Four ml. of 95% ethanol (-20°C.) was
then added, and the sample was incubated for 10 min. at -80°C. before
undergoing centrifugation for 10 min. at 7000 RPM. The pellet was
lyophilized for 30 min. to remove excess water arnd was resuspernded in
200 microliters of TE buffer at pH 7.4, containing 10mM Tris—Cl (pH
7.4) and 1mM EDTA (pH 8.0) for storage. The final concentration and

purity of INA was measured on a spectrophotometer at 260rm/ 280rm.

Restriction Di ipitation, and El oresis

Ten micrograms of tumor cell INA was digested with 20 units of EcoRI
(BRL) at 37°C. overnight. twenty microliters of 20% potassium acetate
solution was then added, and the sample was mixed by vortexing. Two
hundred fifty microliters of 95% ethanol (-20°C.) was added, and the
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sample was incubated for 5 min. at -80°C. The sample was then
centrifuged in a microcentrifuge for 10 mimutes. The pellet was rinsed
2 times with 1 ml. of 75% ethanol, and was lyophilized for 10 minutes.
Forty microliters of TE buffer, 5 microliters of TBE buffer (containing
0.089 M Tris-borate, 0.089 M boric acid, and 0.002 M EDTA), and 10
microliters of 3% bromphenol blue/20% glycerol were added in
preparation for agarose gel electrophoresis. The samples were then
incubated for 2 min. at 65°C. and were loaded onto horizontal, 0.7%
agarose (BRL) gels. The gels were run at 30 volts for 48 hours to
achieve clean separation of the whole genomic INA. A HindIII cut,

DNA marker (BRL) was used as a molecular weight standard. After the 48
hours, the gel was stained with ethidium bromide (0.1% solution) and
was examined under an ultraviolet light. The gel was then treated with
0.25M HCl for 30 min. in order to neutralize the ethidium bromide in

preparation for gel transfer (Maniatis, 1982; modified)

Sauthern Blotting
The tumor DNA on the gel was transferred onto a nylon membrane

(Zetabind) using the Southern blotting technique (Southern, 1975). The
transfer was accamplished in 0.4M sodium hydroxide overnight at roam
temperature and pressure. After the transfer, the membrane was washed
2 times for 15 min. each with 2X SSC, that contained 0.3M sodium
hydroxide and 0.03M sodium citrate. The nylon membrane was washed for
1 hour in 0.1X SSC/0.5% SDS at 65°C. It was then treated with
hybridization solution containing 50% deionized formamide, 6X SSC, and

0.25% non-fat dry milk for 1 hour at 42°C.
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Preparation of Oncogene Praobes

Plasmids containing desired oncogene sequences were obtained from
the American Type Culture Collection, except for myc and mos
which were cammercially prepared (BRL). The plasmids were digested at
37°C. overnight with the appropriate restriction enzymes that would
release the oncogene INA fram the plasmid. The specific plasmids and
restriction enzymes utilized are listed in Table 3.1. The samples were
then ethanol precipitated and were loaded onto a 5% acrylamide (BRL)
gel. OX174 INA was used as a molecular weight marker, and the gel was
run at 300 volts for 2 hours. The gel was then stained with a 0.1%
solution of ethidium bromide and the desired bands were cut fram the
gel. The bands containing the oncogene INA were then placed in
microcentrifuge tubes and were ground with a teflon pestle. Six
hundred microliters of INA extraction buffer containing 0.5 ammonium
acetate, 1nM EDTA, 5mM magnesium acetate, and 0.1% SDS were added. The
samples were then mixed until a uniform white color was observed.
Samples were incubated at 37°C. for 15 min., centrifuged for 5 min.,
and the pellet was washed with 95% ethanol (-=20°C.). The extraction
was repeated , ard the samples were lyophilized for 10 minutes. The
oncogene DNA fragments were resuspended in TE buffer and were ready for
Nick translation.

Nick Translation and Membrane Hybridization
The oncogene INA fragments were nick translated. The reaction

mixture contained 5 32P (dCTP), 5 microliters 5X Nick buffer
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TABLE 3.1

PLASMIDS AND RESTRICTION ENZYMES UTILIZED TO OBTAIN DESIRED
ONCOGENE DNA FRAGMENTS

Plasmid Restriction Enzyme Size of Size of
Insert (kb) Vector (kb)
pryb EcoRL 1.2 4.3
pHa-ras EcoRI/Pvull 0.7 2.1
pkwlOlrel EcoRT 0.87 4.3
pl71lraf EcoRI/Aval 1.1 2.8
pHBlabl HindIIT/BamHI 0.51 4.0
PAEPst.45erbA  PstI 0.45 4.3
PAEBam. 5erbB BamHI 0.5 4.3
pv-sis PstI 1.2 4.3
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(Amersham), 1 microgram oncogene DNA, 2.5 microliters E.coli INA

polymerase I, and 9 microliters water. The reaction mixture was
incubated at 15°C. for 1.5 hours. 0.2M EDTA was added to stop the
reaction, and the labeled oncogene INA was separated from
unincorporated muclectides with a Nick-column (Pharmacia) packed with
sephadex G-30 (Maniatis, 1982). The pruobe was denatured by boiling for
5 min., and an amount of probe equivalent to 1,000,000 counts per
minute (CPM, as determined by Cherenkov radiation on a scintillation
caunter) was added to the hybridization solution for each 10 ug. of DNA
that had been loaded onto the original gel. The membrane was exposed
to this probe/ hybridization solution at 42°C. overnight.

The nylon membrane was washed with 10X SSC/50% deionized formamide,
followed by 5X SSC/ 0.1%SDS at 50°C., 0.2X SSC/ 0.1% SDS at 50°C., 2X
SSC/ 0.1% SDS, 2X SSC, 20X SSC, and finally 0.2X SSC. The membrane was
exposed to Kodak X-Mat X ray film in a Kodak X ray exposure holder

for 4 to 7 days at -80°C. and was then developed.

Results

DNA Isolation from Cultured Tumor Cells
INA preparations were obtained from cultured tumor cells. The

INA was of good quality having an A 260/280 ratio of 1.8 and was not
sheared (see uncut DNA in lanes 6- 10 of figure 3.1). Figure 3.1 shows
an ethidium bromide stained agarose gel containing both INA that had
been cut with EcoRI and uncut INA. Lanes 1-5 represent cut INA of

sarcaoma cell lines 87-296, 87-297, 87-7660, 87-7667, and a normal mouse
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Figure 3.1. Ethidium bromide stained agarose gel of EcoRI cut
(lanes 1-5) and uncut (lanes 6-10) fibrosarcoma DNA.
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cell DNA control (derived fram the heart and lung of a normal C3H

female mouse), respectively. lanes 6-10 represent the uncut INA of the
same cell lines. It is evident that the restriction enzyme EcoRI was

effective in cutting the tumor INA.

Preparation of Oncogene Probes

An ethidium bromide stained acrylamide gel showing the separation
of oncogene DNA inserts from plasmid DNA is shown in figure 3.2. Iane
1 represents a ¢X174 INA molecular weight marker, while lanes 2-9
represent the oncogenes myb, h-ras, rel, raf, abl, erbA, erbB, and sis.
Myc and mos fragments were cammercially prepared (BRL). These oncogene
DNAs were removed from the plasmid DNA using the restriction enzymes
listed in table 3.1. The lower band in each lane represents the
oncogene insert, while the upper (and larger) band in each lane
represents the plasmid DNA. These oncogene DNAs were then purified
from the gel and were nick translated and used as probes in Southern
analysis as described in the Materials and Methods section. Results of

experiments utilizing these DNA fragments can be found in table 3.2.

Absence of Oncogene Amplification or Rearrangement
Figures 3.3, 3.4, and 3.5 are representative of the Southern

analyses that were obtained. The 23.7 kb. band in figure 3.3
represents the myc gene. In all lanes, those containing tumor INA
(lanes 1-5) and the one containing the normal control INA (lane 6), the
bands are of the same intensity, indicating no myc amplification.

Also, only one band is present, and it is present at the same location,
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Figure 3.2. Ethidium bromide stained acrylamide gel showing
separation of oncogene INA inserts from plasmid DNA.
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Figure 3.3. Southern analysis of tumor DNA using the myc probe.
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Figure 3.5. Southern analysis of tumor DNA using the rel probe.
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indicating no myc rearrangement. In figure 3.4 lane 1 represents a

molecular weight marker, lanes 2-5 tumor DNA, and lane 6 control INA
probed with raf. The 4.26 kb. band indicates no amplification or
rearrangement of raf. In figure 3.5 (for rel) lanes 1-4 represent
tumor DNA, and lane 5 represents control DNA. Again, no amplification
or rearrangement of the rel oncogene was cbserved. In fact, as shown
in table 3.2, irregardless of the presence or absence of either IMs or
HSRs, no amplification or rearrangement of any of the 10 oncogenes

examined was cbserved.

Conclusions and Discussion

From the data obtained in these experiments, it is evident that

there is no correlation between the amplification of c- myb, c-h-ras,

c-raf, c-rel, c-abl, c-erbA, c-erbB, c-sis, c-myc, and c-mos and the

presence of double minutes and/or HSRs. Also, no correlation was
observed between oncogene amplification or rearrangement and the
presence of metacentric chramosames. Thus, it appears that in these
mouse sarcomas the amplification and rearrangement of the selected
oncogenes are of little or no importance in fibrosarcoma development.
It is possible that an extensive search for changes in other oncogenes
might reveal amplification or rearrangements that may correlate with
Ms, HSRs, and/or metacentric chramosames. It is also possible that
such a search would reveal no amplification or rearrangement.
Furthermore, it is quite likely that oncogene changes that do not

manifest themselves though cytogenetic change may be present. This
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possibility has not been ruled out. It is also possible that the DMs

and HSRs may represent a new, unidentified oncogene, such as that
observed in mouse 3T3 cells (Cahilly- Snyder et al., 1987) and in
transformed NIH 3T3 and C3H/101/2 cells (Borek et al., 1987), or that
these cytogenetic abnormalities may not represent the same amplified
DNA sequence. These possibilities were not explored since the most
likely oncogenes to be involved were examined. Instead, altermative
explanations were explored and will be described in chapter 4.

Double minute chromosames and hamogeneously staining regions have
been ocbserved in many experimental systems involving selection for drug
resistance in cell culture. However, in nonselective conditions (when
the drug is removed from culture) the cytogenetic manifestations of DNA
amplification are lost (Schimke et al., 1981). In the fibrosarcoma
system, the IMs and HSRs persisted in culture for 5 to 10 passages
after which they were no longer cbserved. Thus, it is possible that
even though these tumors were never exposed to drugs, the IMs and HSRs
may represent some type of drug resistance gene.

Whatever the source of the IMs and HSRs, it is probable that the
amplified DNA sequence or gene is important to the establishment,
development, or persistence of the tumor in vivo, since they were

present in such a high percentage of the fibrosarcomas analyzed.
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THE ROLE OF THE MULTIPLE DRUG RESISTANCE GENE IN FIBROSAROOMAS

Summary

Southern analysis and cell survival studies were performed on
fibrosarcoma cells containing or lacking IMs in order to determine if
the IMs were cytological manifestations of multiple drug resistance
(MIR) gene amplification. X ray survival studies were also done to
determine if the presence of IMs had any effect on the response to x-
irradiation. Southern analysis with the MDR probe revealed that cell
lines containing IMs had detectable MDR INA, while in those cells
lacking IMs no hybridization was dbserved with the MIR probe. Drug
survival studies indicated that those cell lines containing IMs were
generally resistant to AraC, methotrexate, actinamycin D, and
colchicine relative to the cells lacking IMs and to the normal
controls. Cells from different fibrosarcamas exhibited a variety of
sensitivities to X rays, but these sensitivities could not be
correlated with the presence or absence of IMs in the different cell

lines.

Introduction

In our studies, the presence of double mimutes and hamogenecusly

staining regions could not be correlated with oncogene amplification.

112



However, Ms and HSRs had been correlated with amplification of the

miltiple drug resistance (MDR) gene in other tumors (Scotto et al.,
1986; Pastan and Gottesman, 1987).

Double minmute chromosames have been observed in mouse skin
papillamas which did not ocorrelate with oncogene amplification.
However, these IMs were eventually shown to be cytological
manifestations of MR amplification (larcher et al., 1988). Also, many
normal human tissues such as liver, kidney, and adrenal express MIR in
higher than expected levels (Fojo et al., 1987). Furthermore, it has
recently been determined that the 170 Kd transmembrane glycoprotein
transport system responsible for multidrug resistance is functioning in
non-selected, non-resistant dog kidney cells in culture (Neyfakh et
al., 1988).

When cells in culture are selected for resistance to a specific
drug, for example, the resulting surviving cells are not only resistant
to the selecting drug but are also cross- resistant to other drugs
(Pastan and Gottesman, 1987). Studies with hamster cells have shown
that this type of multiple drug resistance is accampanied by a decrease
of intracellular drug accumilation and an increase in the 170 Kd
transmembrane glycoprotein (Kartner et al., 1983). Studies involving
drug uptake and release kinetics have revealed that the selected cells
had acquired the ability to pump drugs out of the cells. The MR gene
product confers resistance to such diverse drugs as adriamycin,
actinamycin D, colchicine, and vinblastine. However, a few drugs, such
as methotrexate, AraC, cyclophosphamide, and bleamycin, seem to be able
to overcame multiple drug resistance by allowing the chemicals to
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accumilate within the otherwise resistant cells (Pastan and Gottesman,

1987).

Although the fibrosarcama cells had not been exposed to chemical
agents, it was plausible that MIR amplification might be involved in
the generation of IMs and HSRs. In order to investigate this possible
correlation between MIR amplification and IMs, both Southern analysis
and cell survival studies were done with various sarcama cell lines
containing or lacking IMs. Normal mouse heart/lung cells were used as
controls. Drug survival studies employed actinamycin D and colchicine
(for which MDR is reported to confer resistance) and methotrexate and
AraC (for which MR is reported not to confer resistance). X ray
survival studies were also performed to investigate any possible

connection between IMs and resistance to X rays.

Materials and Methods

The MDR Sequence
The MIR sequence (from a Chinese hamster fibroblast cell line) in

plasmid p51~18 (Scotto et al., 1986) was kindly provided by Dr. Peter
Melera (The University of Maryland Cancer Center, Baltimore, MD.).
This Chinese hamster sequence is reported to share approximately 90%

hamology with both the mouse and human MDR sequence.

lLarge Scale Preparation of the MIR Plasmid
In order to obtain sufficiently pure quantities of the MR

sequence for nick translation,the MIR plasmid was transformed into E.
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coli MV1190 using the method of Maniatis (1982). Transformants were

selected fram ampicillin agar plates, and plasmid DNA was extracted
from a 5 liter overnight culture of transformants via the alkaline
lysis procedure (Maniatis, 1982). The closed circular INA was then
purified by centrifugation to equilibrium in a cesium chloride-
ethidium bromide gradient (Maniatis, 1982). The sample was then
extracted with water saturated N- butanol, resuspended in TE buffer,
and ethanol precipitated for further purification. Ten micrograms of
the purified INA was cut with 10 units of PstI (BRL) for 1 hour at
37°C., run on a 2% agarose gel, stained with ethidium bromide, and
analyzed for appropriate fragments in order to verify the integrity of

the purified DNA.

Use of the MIR Plasmid as a Probe

Methods utilized for INA isolation fram cultured tumor cells,
restriction enzyme digest, DNA precipitation, electrophoresis, Southern
blotting, and membrane hybridization are the same as those described in
detail in the Materials and Methods section of Chapter 3. The method
for nick translation is also the same as described in chapter 3 except

that the purified MR INA was used instead of aoncogene INA.

Drug Survival Experiments

Survival studies were done to determine whether the presence of IMs
had an effect on cell survival in the presence of various drugs.
Sarcoma cell lines used were 88-7804, 87-214, and 88-7576 (all lacking

IMs, although 87-214 does contain an HSR) and 87-1363, 88-7704, 88-
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7577, and 87-213 (all containing IMs). Normal fibroblasts (passage 3)
cultured from minced samples of heart and lung fram a normal C3H female
mouse were used a control.

Cells were removed from petri dishes with 0.05% trypsin, diluted in
I~ 15 media, and counted on a hemocytameter. Various mumbers of cells
(as determined from previous plating efficiency studies) were plated on
60 mm. tissue culture dishes (Falcon) in media containing methotrexate
(Sigma), colchicine (Sigma), actinamycin D (Sigma), or Ara C (Sigma).
The different mumbers of cells plated were dependent upon dose and were
selected in order to yield approximately 100 colonies per plate. The
concentrations of each drug were 0 ug/ ml, 0.001 ug/ ml, 0.01 ug/ ml,
0.1 wg/ ml, 1.0 g/ ml, or 10 ug/ ml, and each treatment was conducted
in triplicate. Plates were incubated undisturbed for 7 days in a 37°C
incubator humidified 95- 100% in an atmosphere of 5% 00, in air. The
plates were then fixed with 70% ethanol at roam temperature for 15
minutes, stained with 15% Giemsa blood stain (Carolina Biological) in
water for 30 minutes, rinsed with water, and allowed to air dry.
Colonies of 50 cells or greater were then counted under a dissecting
microscope. Each ocolony was assumed to represent a single surviving
cell.

X Ray Survival Experiments

Survival studies were also performed in order to determine whether
or not the presence of IMs had an effect on cell survival after
treatment with X- irradiation. Cells were removed from tissue culture
dishes with 0.05% trypsin, diluted L~ 15 in media, and counted with a
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hemocytameter. Different mumbers of cells (depending upon dose) were
again plated, as determined by prior plating efficiency studies, onto

60 mm. tissue culture dishes (Falcon). Three plates were used for each
dose group. The plates were incubated for 4 hours at 37 °C to allow
cells to recover from trypsinization. The cells were then X-
irradiated with 0, 1, 2, 3, 4, 6, or 8 Gy at a dose rate of 1 Gy/ min.
A 320 KVp Gemini Industrial X ray unit was used. The machine settings
were 250 kV., 10 mA. with a beam filtration of 1 mm. of aluminmum. Cell
cultures were centered under the beam and rotated during exposure. The
plates were incubated undisturbed for 10 days in a 37° C incubator
humidified 95- 100% in an atmosphere of 5% 00, in air. The plates were
fixed with 70% ethanol at roam temperature for 15 min., stained with
15% Giemsa stain (Carolina Biological) in water for 30 min., rinsed
with water, and allowed to air dry. Colonies of 50 cells or greater
were counted under a dissecting microscope, and each of these colonies

was assumed to represent a single surviving cell.

Results
large Scale Preparation of the MIR Plasmid

An ethidium bromide stained agarose gel showing DNA fragments from
the MIR plasmid cbtained after cesium chloride purification is shown in
Figure 4.1. The left- hand lane represents a 123 base pair ladder
(standard) while the right - hand lane represents the purified MR
plasmid cut with PstI. The appropriate fragments of 411 base pair and
88 base pair fragments were cbserved in the purified MIR plasmid. This

117




Figure 4.1 Ethidium Bromide stained agarose gel showing the 411 base
pair and 88 base pair fragments fram the MDR plasmid cut
with Pst I.
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indicated that the purified DNA could be used as a probe for the MIR

sequence in the fibrosarcama INA.

Southern Analysis with the MDR Probe
Figure 4.2 represents a Southern blot analysis of tumor cell DNAs

containing IMs, HSRs, or neither. 1lanes 1- 5 (87-213, 85-11304, 85-
11409, 87-176, 87-211) represent INA fram tumor cell lines that
contained IMs, and lanes 6- 10 (86-7643, 86-7661, 87-231, 87-233, 87-
297) represent INA from tumor cell lines that contained HSRs. ILanes
10- 15 (88-7576, 88-7804, 86-7644, 86-7645, 87-213plé) represent INA
from cell lines that ocontained neither Ms or HSRs. Abandat_
approximately 1 kb. is present in lanes 1, 2, 4, and 5 which all
contain INA from cell lines containing IMs. No band was abserved in
lane 3 even though 32% of the cells from tumor 85-11409 contained IMs.
No hybridization was cbserved in any of the lanes representing cell
lines containing HSRs or in lanes representing cells containing neither
IMs or HSRs. Iane 15 contains INA from tumor 87-213 after 16 passages

in culture.

Drug Survival Studies

Survival curves of various sarcama cells treated with colchicine,
actinamycin D, Ara C, and methotrexate are shown in figures 4.3, 4.4,
4.5, and 4.6, respectively. Cell lines containing DMs (87-1363, 88-
7577, 88-7704, 87-213) were resistant to colchicine at all
concentrations tested. (INA fram cell lines 87-1363, 88-7577, and 88-

7704 was not examined for MIR amplification). Cell lines from sarcama
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Figure 4.2 Southern Analysis of tumor cell DNAs containing IMs,
HSRs, or neither probed with the MDR probe
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Figure 4.3 Survival Curves of fibrosarcama cells (containing or lacking
IMs) in the presence of Colchicine. Cell lines containing
IMs were 87-1363, 88-704, 88-7577, and 87-213, while cell
lines lacking IMs were 88-7804, 87-214 (contained HSR), and
88-7576.
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Figure 4.4 Survival Curves of fibrosarcama cells (containing or lacking
IMs) in the presence of Actinamysin D. Cell lines
containing IMs were 87-1363, 88-704, 88-7577, and 87-213,
while cell lines lacking IMs were 88-7804, 87-214 (contained
HSR) , and 88-7576.
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Figure 4.5 Survival Curves of fibrosarcama cells (containing or
Cell lines

lacking IMs) in the presence of Ara-C.
containing IMs were 87-1363, 88-704, 88-7577, and 87-213,

while cell lines lacking IMs were 88-7804, 87-214
(contained HSR), and 88-7576.
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Figure 4.6 Survival Curves of fibrosarcama cells (containing or
lacking IMs) in the presence of Methotrexate. Cell lines
containing IMs were 87-1363, 88-704, 88-7577, and 87-213,
while cell lines lacking IMs were 88-7804, 87-214
(contained HSR), and 88-7576.
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87-214 were also resistant to colchicine, and although these cells did
not contain IMs, they did contain an HSR. However, the MIR status of
87-214 is not known. Sarcama cell lines containing neither IMs or HSRs
(88-7804, 88-7576) were much more sensitive to colchicine campared to
the resistant cell lines at concentrations of 0.1 ug/ ml and greater.
The fibroblasts cultured from normal mouse heart and lung tissue were
more sensitive to colchicine than the cell lines containing DMs or
HSRs, but less sensitive than sarcama cell lines lacking these abnormal
cytogenetic structures.

As with the colchicine treatments, cell lines containing Ms were
more resistant than sarcoma cell lines lacking IMs at concentrations of
0.1 ug/ ml and greater of actinamycin D and Ara C. The cell line
containing the HSR was also resistant to actinaomycin D and Ara C,
although the MIR status of this cell line is not presently known (see
chapter 5 for future studies). Normal mouse heart/ lung cells were
once again more sensitive to actinamycin D and Ara C than sarcaoma cell
lines containing Ms and the HSR hut less sensitive than sarcama cell
lines lacking both of these structures.

Survival studies with methotrexate were not as conclusive as the
studies with the other drugs. However, the sarcama cell lines lacking
both IMs and HSRs appear to be more sensitive to methotrexate at
concentrations of 0.1 ug/ ml and greater as compared to normal cells

and cell lines containing either IMs or the HSR.
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X Ray Survival Studies

Data fram X ray survival studies are shown in figure 4.7. The
sarcama cell lines exhibited a variety of sensitivities to X-
irradiation; however, these sensitivities could not be correlated with
karyotype (see Tables 2.1, 2.2, 2.3, and 2.4 for chramosamal charges)
or with the presence or absence of IMs. For example, cell lines
containing IMs had LDggg Of 4.6 Gy (87-1363), 3.8 Gy (88-7704), 2.6 Gy
(88-7577), and 3.6 Gy (87-213), while cell lines lacking DMs had LDsqg
of 4.0 Gy (88-7804), 3.4 Gy (87-214/ also had HSR), and 0.65 Gy (88-
7576). Normal fibroblasts cultured from heart and lung tissue had an
IDgo of 3.4 Gy. Thus, it appears that there is no specific correlation

between the presence of IMs and sensitivity to X rays.

Conclusions and Discussion

The presence of double mimutes in 4 of 5 fibrosarcama cell lines
correlated with DNA hybridization of the MR gene probe, thus
indicating amplification of the MIR gene in these cells. In one cell
line (85-11409) containing IMs, no hybridization of cellular INA with
the MIR probe was cbserved. However, only 32% of these cells contained
IMs, and it is possible that either not enough cells contained IMs or
that these particular IMs were not large enouwh to exhibit
hybridization at the level of sensitivity of Southern analysis. On the
other hand, these IMs might not represent amplification of MDR. No
hybridization was abserved for cell lines containing HSRs or for cell

lines that did not contain IMs or HSRs. Particularly interesting is
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Figure 4.7 Survival Curves of fibrosarcama cells (containing or
lacking IMs) after treatment with X rays. Cell lines
containing IMs were 87-1363, 88-704, 88-7577, and 87-213,
while cell lines lacking IMs were 88-7804, 87-214
(contained HSR), and 88-7576.
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the fact that no hybridization was adbserved in INA from sarcoma 87-213
after 16 passages in culture. 78% of the cells fram early passages of
sarcoma 87-213 contained IMs; however, as often is cbserved with these
fibrosarcama cells in culture, after 16 passages none of the cells
analyzed contained IMs. Thus, when the IMs were no longer ocbserved
hybridization to the MDR probe was no longer cbserved. This lends
further support to the conclusion that the DMs are cytological
manifestations of amplification of the MIR gene.

Data fram the drug survival studies support the Southern analysis
data suggesting that IMs represent MDR amplification. Cell lines
containing IMs were significantly more resistant to colchicine,
actinamycin D, Ara C, and methotrexate at concentrations of 0.1 ug/ ml
or greater than were cell lines lacking IMs. However, one cell line
(87-214) that contained an HSR was also resistant to the drugs, even
though no hybridization with the MDR probe was observed in other
sarcamas containing HSRs. It is however possible that 87-214 would
have MDR amplification, although this has not yet been shown.

There are two broad classes of chemical agents that must be
considered when discussing MIR, those agents to which cells expressing
MR are resistant and those agents to which cells expressing MIR are
sensitive. Actinamycin D and colchicine belong to the first class,
while Ara C and methotrexate belong to the second (Pastan and
Gottesman, 1987). The drug survival experiments employing the
fibrosarcama cell lines suggest, as expected, that cell lines with MDR
amplification are resistant to actinomycin D and colchicine. However,

fibrosarcama cell lines containing IMs were also resistant to Ara C and
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also exhibited a slight resistance to methotrexate. The apparent

discrepancy between these data and the published literature might be
due to the possibility that all of the IMs in each cell line may not be
cytological manifestations of MIR amplification. Furthermore, there is
evidence that multidrug resistance is not due to a single gene. MR
genes appear to be part of a miltigene family, and two or more full-
length cINA sequences have been isolated from the mouse (Gros et al.,
1987) and human (VanDerBliek et al., 1987) genames. Thus, it is
possible that different "members" of the mltigene family may be
induced by a particular drug in different cell lines. If this were the
case, various responses might be abserved with one particular drug in
different cell lines expressing MIR.

The normal fibroblasts were more sensitive to the drugs tested than
sarcoma cell lines containing IMs and less sensitive than sarcama cell
lines lacking IMs. The increased sensitivity campared to IM containing
lines is most likely due to the fact that the normal cells are not
expressing amplified MDR. In the absence of MIR amplification, the
tumor cells could be more sensitive than normal cells because other
factors such as unstable karyotype or altered DNA repair would play a
role.

The fibrosarcomas analyzed exhibited varying responses to x-
irradiation. However, few conclusions can be drawn from the survival
curves themselves since the shapes of the curves may be due, in part,
to technical difficulties such as cell clumping. A clump of cells
would need only one survivor to form a colony, and thus, artificially

high survivals might be cbserved. It can be concluded however, that
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the X ray responses did not correlate with chromosame mumber or

specific karyotypic changes. Also, the presence or absence of IMs did
not appear to influence sensitivity to X rays. No correlation would be

expected if the IMs are indeed indicative of MIR amplification. The p-

glycoprotein is purported to function as a pump that does not allow
acamulation of mmerous chemical agents inside the cell (Fojo et al.,
1985), and thus would not seem to be irwvolved in resistance to X-
irradiation.

Even though the fibrosarcoma cells had not been exposed to chemical
agents, either in the mouse during tumor development or in culture, the
MIR gene appears to be amplified in tumor cells containing Ms. This
is not camwpletely unexpected since many normal tissues as well as
tumors have been found to express MIR (Fojo et al., 1987). Thus, "MIR"
may be a sort of misnamer since the protein probably serves a function
in normal cells. It is likely that the formation of IMs is not a
primary step in fibrosarcoma formation but is involved in or a
consequence of progression. This is supported by the fact that DMs
occurred only in tumors at later stages of development. Also, in
secondary tumors formed by reinjection of parent cells containing IMs
(see chapter 2) no IMs were cbserved in the cells analyzed. It is also
possible that MDR in the fibrosarcamas is involved with the
metastatic potential of the tumor cells. Natural killer (NK) cells
have been shown to play an important role in the prevention of
metastases (Herberman and Ortaldo, 1981), and increased drug resistance
was associated with both an increased resistance to NK cytotoxicity and

increased p- glycoprotein expression (Woods et al., 1988). If p-
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glycoprotein does actually function as an efflux pump, preventing
intracellular accumilation of same cytotoxic drugs, it is also possible
that the MR gene product could also control the intracellular
accumilation of cytotoxic factors produced by NK cells. In fact, it
has been reported that the cytotoxic potential of NK cells was reduced
in proportion to the level of p- glycoprotein in target cells (Woods et
al., 1988). Therefore, it is possible that in this fibrosarcama
system, the MDR amplification is a response to the NK cells of the
immne system. Therefore, if the fibrosarcamas were not removed from
the mouse until death, autopsy might reveal a greater number of
metastases in animals whose tumors contained IMs campared to animals

whose tumors did not contain these structures.
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CHAPTER 5

The original abjectives of this study were to follow chramosame
changes during fibrosarcoma progression, to determine if specific
chramosame or oncogene changes were associated with sarcamas at
particular stages of development, and to determine if specific
chramosome changes were dependent upon the agent that induced the
tumor. These studies are presented in chapters 2 and 3. Generally, as
the time post- implantation of the disk increased, the mmber of
chramosames per cell increased in tumors from the animals receiving the
disk as well as those receiving the disk + X ray treatments. The mean
chramosome mumber per cell was lower (at camparable times post-
implantation of the disk) in sarcamas fram animals that received the
disk + X ray treatment campared to tumors from animals that received
the disk alone. IMs and HSRs were cbserved in many of the tumors
analyzed, and were predominantly present in tumors at later stages of
development. Duplications of chramosames 10, 16, and 19 were present
in tumors from animals treated with the disk + X ray and those with the
disk alone. Metacentric chromosames were abserved only in tumors that
developed in animals that received the disk alone. The most frequently
cbserved metacentrics were (4:;17), (1:;17), (4;15), and isochramosame
19.

Consistent chromosamal "trends" were observed; however, no

particular chromosomal alteration could be identified as being an
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initial and perhaps causative event in tumor formation. Also, mno
specific chramosamal alterations could be correlated with particular
stages of tumor development. IMs and HSRs were present in many tumors
at later stages of development, suggesting the importance of gene
amplification in the later stages of neoplastic progression. It is
likely that the IMs, however, are not necessary for tumor maintenance
since 2° tumors formed via injection of parental cells containing Ms
did not themselves contain double mimite chromosames. The only
chramosome change that was specifically associated with the inducing
agent was the formation of metacentric chromosames. These structures
were observed only in tumors from animals that received the disk alone.
However, no one specific metacentric chromosame was abserved in all

Any relationship between the production of specific chromosamal
abnormalities and the formation of the fibrosarcamas is uncertain. The
karyotypic inconsistencies of individual tumors suggest that more is
involved in malignant transformation than a single primary chramosamal
lesion. However, Hayflick and Moorhead (1961) observed chramosamal
alterations associated with the earliest stages of transformation of
human cells in culture. It is quite probable that the chramosamal
alterations are involved in the development of the fibrosarcamas. It
is feasible that each cytogenetic alteration could produce a metabolic
change in the cell, such that the mumerous chromosamal changes in
fibrosarcama cells could be responsible for a plethora of as yet

unidentified metabolic abnormalities.
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Because IMs and HSRs were cbserved in tumors particularly at later
stages of development, experiments were done to investigate if these
represented amplification of oncogenes. Several of the oncogenes
investigated had been mapped to chramosames involved in the alterations
seen in sarcamas or were associated with sarcama viruses. Chapter 3
describes studies involving oncogene analysis of c-myb, c-h-ras, c-raf,
c-rel, c-abl, c-erbA, c-erbB, c-sis, c- myc, and c-mos. BExamination of
these oncogenes through Southern analysis yielded no correlation
between the presence of IMs and/or HSRs and ancogene amplification.
Also, there was no correlation between oncogene rearrangement and the
presence of metacentric chramosames.

Since oncogene amplification did not appear to be related to the
presence of IMs or HSRs in sarcamas, the possible involvement of the
miltiple drug resistance gene was investigated. Chapter 4 describes
these studies. Southern analysis utilizing an MR probe revealed a
positive correlation between the presence of IMs and amplification of
the MIR sequence. Also, drug survival studies suggested that sarcaoma
cell lines containing IMs (and one cell line containing an HSR) were
resistant to ara C, methotrexate, actinamycin D, and colchicine
relative to sarcama cells lacking IMs. Normal mouse fibroblasts, used
as a control, had drug sensitivities greater than sarcama cell lines
containing DMs and less than sarcoma cell lines lacking DMs. These
results were generally consistent with the Southern hybridization
studies indicating that the [Ms were cytological manifestations of MIR

amplification.
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X ray survival studies revealed that cells fram various tumors had
a variety of sensitivities to X- irradiation. However, these
sensitivities did not correlate with the presence or absence of IMs or
with karyotypic changes. Thus, it appears as if the IMs present in the
fibrosarcama cells do indeed represent amplification of the MR
sequence even though the tumors had not been exposed to any MDR-
inducing agents either in vivo or in vitro prior to the survival
studies. However, as is described in chapter 4, this amplification is
possibly an immunological response to the cytotoxic agents produced by
natural killer cells.

Although these studies indicate that chramosamal changes occur
rather early in the neoplastic process, it still cannot be determined
whether any represent the primary neoplastic event. Furthermore, in
spite of the fact that a non- randam pattern of chramosamal trends was
observed, the way in which these changes contribute mechanistically to
the neoplastic process cannot be fully explained. It is possible that
each cytogenetic change produces at least one alteration of a cellular
process. Thus, as a result of chramosamal alterations normal cellular
growth and function could be altered. In this system, as well as in
human solid tumors, future studies will need to concentrate on the
interaction between cytogenetic and molecular changes.

Possible future studies involve the utilization of pulse field gel
electrophoresis (PFGE) to identify specific translocation (metacentric)
breakpoints. PFGE is an electrophoretic method for the separation of
large INA molecules on agarose gels (Schwartz and Cantor, 1984).
Rearrangements or translocations that move a DNA sequence of 5 X 106
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bp. or greater are cytogenetically visible. Detection of rearranged
sequences through standard Southern blotting is difficult, since only a
small portion (approximately 1%) of a chrumosame can be scanned with a
given gel (Sandberg et al., 1988). PFGE can scan 20% to 40% of a
chramosame in a given gel, thus greatly increasing the chances of
detecting a breakpoint. In fact, the size range of molecules resolved
well by PFGE falls into the gap between standard Southern blotting and
cytogenetic analysis (Sandberg et al., 1988).

Southern blots prepared from PFGE gels could be used to generate
large scale restriction maps (Herrmann et al., 1987), and these maps,
constructed using several closely linked probes, could span a
chramosome band. Thus, PFGE could be useful in identifying specific
breakpoints involved in translocations, and rearrangements that appear
cytogenetically identical could be examined for heterogeneity at the
molecular level. For example, it would be possible to determine if the
isochromosame 19s abserved in various tumors were derived from the same
molecular rearrangement.

Future experiments should also involve further MIR studies. First,
drug survival curves and Southern analysis should be performed on
additional tumor cell lines containing HSRs to determine if the HSRs
are in fact involved in the MIR phenotype. Also, same mice should be
allowed to die of their fibrosarcomas, and autopsies should concentrate
on metastases. If MDR amplification is affecting the ability of
natural killer cells to fight metastatic potential, the animals whose
tumor cells contained MMs (MDR amplification) would possibly have more
metastases than animals whose tumor cells did not contain MR
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amplification. Furthermore, it would be interesting to isolate the
IMs, transform sensitive tumor cell lines with these IMs, and determine
if the transformed cells would became resistant, more tumorigenic, or
more metastatic than cells before transformation.

Knowledge of specific chramosamal and molecular changes involved in
mouse fibrosarcamas may evemtually lead to a better understanding of
human fibrosarcomas. If the specific breakpoints involved in the mouse
tunor cell translocations could be elucidated, identification of
hamologous sequences in humans could provide clues as to the location
of preferential breakpoints in human sarcamas. Also, a more camplete
understanding of the role of MIR amplification in the tumor cell lines
may provide information about the cellular processes responsible for
neoplastic progression and neoplastic potential. Ultimately,
cytogenetic and molecular studies of animal solid tumors may help to
provide knowledge that could serve as a supplement to conventional
histological diagnosis and prognosis, and thus improved management of

human solid malignancies.
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