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ABSTRACT

By the time solid tumors eure cliniccilly observed, many chrcinosctnal

changes are present. Observing tumors early in develcponent and

following chratroscroe changes with the progression of tumors may help

determine if specific chromoscsne changes are associated with tumors at

different stages of development and if changes are d^jendent v^xjn a

particular inducing agent. As one c^roach to studying this, silastic

disks were irapleinted subcutanecusly into C3H female mice, and

fibroscuroomas develcped at the site of the disks. The disks and

cissociated tissue were removed frctn 28 weeks post— implantation until

mature sarccmas were observed. The associated cells or tumors were

then both cultured and karyotyped, and direct chrcmosctne preparations

were made frcm 80% of the tumors. G— banding analysis was performed to

look for specific structural and numerical chromoscmal changes, and C—

banding analysis was performed to look for hcmogeneously staining

regions (HSRs). In seme cases the animals were treated with X rays

(2.5 X 4), in addition to the disk, and the sarcomas analyzed for

chrcroosome changes. The chrcmoscme nunbers per cell varied frcm 38 to

350 in all tumors analyzed. There were wide variations in chrcmoscme

mnrber between sarcomas, with much less variation within a particular

sarcoma. Double minutes (CMs) and HSRs, both indicative of gene

anplification, were present in itany tumors at later stages of

development (longer times post- implantation of the disk). CXmisistent

ciTromosonwi trends including duplicaticxis of chrcmoscmes 10, 16, and 19

were observed in sarccmas frcm animals that received both the disk
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treatment ard the disk + X ray treatment. Non- specific metacentric

chrcrooscnies were observed in niciriy tumors from animeils that received the

disk treatment edone, and of these 55% were isochrcinoscnies. Anet^jloidy

vras a very eeurly chcinge observed in eill tumors analyzed. It occurred

even before a histological diagnosis of malignancy could be made with

confidence (personal communication, R. J. M. Fry).

Southern analysis of 8 tumor cell lines hcis shewn no correlation

between the amplification of the c-mvc. c-h-ras, c-raf. c-r^, c-m^,

c-irtvfa. c-abl. c-ertA. c-erfaB. and c-sis oncogenes and the presence of

EMS and/ or HSRs. However, Southern analysis has shewn a correlation

between the presence of EMS and amplification of the multiple drug

resistance (MER) gene. Cells containing EMs were more resistant to

methotrexate, cytosine cU3binoside (eura C), actincmycin D, and

colohicine than tumor cells lacking EMS. Ihe presence or absence of

EMS (and thus MER) had no effect on the X ray sensitivities of these

fibrosarccma cell lines.
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CHAPTER 1

INTRCCUCnW

ChrcBaciscroe Changes and Cancer

Human Stxidies

The presence of chroroosaneil changes in neoplastic cells has been

recognized for decades. In 1914, Boveri hypothesized that an abnormal

chrcmoscsne pattern was closely associated with the malignant phenotype

of the tuitor cell (Boveri, 1914). Since then major advances in cell

culture and techniques for recognizing individual chrcmoscroes have

enabled Boveri's hypothesis to be tested. An inportant fact that has

emerged frcm recent cytogenetic studies is that the chronoscmal

alterations that occur in tumor cells often euTe specific for a

pcurticular tumor. The presence of chrcrooscnal changes appeeurs to be a

general phenomenon and thus provides oOTivincing evidence for a

fundamental role of chrcmoscmal abnormalities in the neoplastic

process. (Mitelman and Heim, 1986).

The ancilysis of chrcmoscmal alterations in human leukemicis can be

broken into three pjeriods. The first period Icisted from 1960 to 1970.

During this period chrcmoscmal edterations were observed without

banding, emd thus they inclix3e only numerical chcinges and structural

reeirrcingements that resulted in a morphologiccil change (LeBeau emd

Rowley, 1986). The most inportant observation during this period was

the identification of vhat cppecured to be a deletion of about half of



the lanq erai of a G-gnxp chratnosone in inyeloid precursors in patients

vd-th chronic inyelogenous leukemia (CML) (Ncwell eind Hungerford, 1960).

It was not known vhether chrorooscme 21 or 22 wzis involved. This

chranoscne was termed the Hiiladelphia chroraosone (or Ih^), euid this

observation led to a search for similcu: chrcrooscme changes in other

types of leukemicis and in lyitphcmas. However, these results were

disappointing since specific abnormalities were often present in

mcilignant cells from particuleir patients, hut did not appeeu: to be

cxjnsistent between patients with a particuleu: lynphoid meiligncincy

(LeBeau and Rowley, 1986). Therefore, it was believed that the

rhiladelphia chrcnosome was a vmique exanple of a ̂ jecific, consistent

karyotypic change.

The second period lasted from 1970 to 1980, and provided evidence

that the earlier assunptions were not correct. The apparent deletion

of chromosoarye 22 was shewn to be a translocation between chrxmosoroes 9

and 22 (Rowley, 1973). With the advent of irproved banding techniques,

other specific structural abnormalities were found to be eissociated

with specific leukemicis and lynphoroas. The G-^aanding technique,

vher^Ty metaphcise chromosomes cure treated with trypsin and stained with

Giemsa blood stain, produces chromosome specific banding patterns and

thus eillcws identification of specific chromosomes (Seabri^t, 1971).

Furthermore, banding revealed that chromosome gains and losses were

frequently roT-randcm in many lynphoproliferative diseases. It was

also observed during this pericxi that ^jecific chronoscmal

alxxDmalities cxjrrespcjnded with many subtypes of leukemias.



Several types of chromosoried abnonralities have been icJentified in

human leukemicis emd lyraphonBS. Hiese include the gain of an entire

chrcntoscnne (such eis +8 in acute ixan-lynphocytic leukonia), the loss of

em entire chranoscme (such eus -7 in acute non-lynphocytic leukemia),

the gain of a portion of a chrcmoscme (such as 14qf in B-cell acute

lynphocytic leukemia), and consistent translocations [such as the

t(9;22) (q34;qll) in CML and the t(8;14) (q24;q32) in Rirkitt lyirphana

(Croce, 1987). ] Ihis 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 chrcmoscme suf^ests that

the loss of certain oonponents that regulate cell grcwth may allow

recessive genes to be ejqjressed. The gain of all or part of a

chromosome suggests that cin increase in a gene product may also be

inportant for the malignant process. The presence of a translocation

suggests a more complex mechanism. Rearrangement of one or more genes

may edter gene regulation. For each type of aberration, certain

chronoscmes eure preferentieilly affected. For exairple, the gain of

chrxatnosome 8 or the loss of chromosome 7 are most common in lynphoid

malignancies (LeBeau and Rcwl^, 1986).

The third pericd ranges from 1981 to the present. IXiring this

period, cytogenetic observations have been correlated with molecular

cilterations. These molecular analyses, a great majority involving

cxicogenes, will be discussed later.

cytogenetic studies of solid tumors have lagged considerably behind

studies of the leukemias and lyitphcmas, and there are several factors

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



mitotic index, euid the morphology of chraroscmes obtained fron solid

tumors is often more fuzzy than the chrcciosates obtained from leukemias

and lynphomas (Sandberg eind Turc- Carel, 1986). Additionally, in most

cases solid tumors contain numerous chrorioscre changes at diagnosis,

making it quite difficult to ciscertain if there is a primary, specific

oytogenetic chcinge. Often, however, in leukemias and lynphcmas only

one oytogenetic change is encountered at diagnosis. This is perhaps

dn<a to the fact that the clinical signs of leukemias beccme apparent at

an earlier stage of disease than those of solid tumors. Thus, the

leukemic c«lls may be examined at a time when they contain only the

primary karyotypic change (Seindberg and Turc- Carel, 1987). Ifcwever,

since solid tumor cells contain ccnplex structured, and/or numerical

chrcmDsaral eilterations, the primary karyotypic change may be masked.

Obviously, it is important to determine vhich of the plethora of

cytogenetic changes are intimately involved with tumor development.

The ed.terations ^ould consist of two types: primary changes that are

directly involved in neoplastic initiation and seccaidary changes that

may or may not influence tumor growth and progressicxi (Mitelman and

Heim, 1986).

As with the leukemias and lyirphcmas, several classes of cytogenetic

change can be observed in solid tumor cells. These include the gain or

loss of an entire chromosome (such eis +8 in colonic adencmas and -9 in

cKdenocarcincmas), the gain or loss of part of a chrcmoscme

(such as Iq- in ovarian adenocarcincmas and 17qf in colon

adenocarcincmas), and translocations [such as t(12;16) (q31;qll) in

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



chrcnoscmes, double minute chronosates (EMS), euid horoogenecusly

staining regicais (HSRs) (see peiges 6 and 7 for further discussion) are

edso often observed in solid tumor oells.

A number of solid tumor oells contain metacentric marker

chrcmoscxnes, in particuleur, isochroriosores (AtJcin emd Baker, 1988).

Seme of these marker chranoscroes may be of ^xDradic or randan origin

and of little significance, viiile others may r^resent iitportant steps

in the development of a particular tumor type. Ihis wculd be

especicilly true of marker chranoscroes that occur with a hi^ frequency

in particular tumor types. Isochrcrooscroes could perhaps produce cm

effect throu^ gene dosage since extra copies of these chrorooscroe eurnis

would introduce provide extra gene copies. Ihis wculd be especicilly

true vhere multiple copies of a pcirticulcu: isochrorooscroe cune present.

Ifowever other isochrcrooscroes, such eis the i(llq) that is present in

bladder carcincmas may exert their effect throu^ loss of matericil frcro

lip (Atkin and Baker, 1985). It is as yet unclear vhether metacentric

marker chrcrooscroes cire a primary karyotypic change involved in tumor

initiation or if they occur later in develcproent and eire perh^is

involved in progression. Ifcwever the presence of two copies of i(12p)

eis the oily chrcrooscmal abnormality in maligncmt teratcroas of the

testis, suggests that this isochrorooscroe could r^resent a primary

event in the production of this tumor (Gibas et cil., 1984).

Double minutes and hcroogeneously staining regions are cytological

manifestations of ENA sequence amplification. These structures have

been observed in direct pr^>aratic*TS frcro tumors, in cell lines derived

frcro tumors, and in cells shewing resistance to metabolic inhibitors.



These structxires, however, 2une rarely observed in nonnEil cells (Holden

et al., 1987).

Double minutes zune acentric, extrachranoscral structures, that aue

believed to be circular and to r^licate approximately once per cell

cycle (Von Hoff et al., 1988). They range in size from 100 to 2000

kilcbases (Wahl et al., 1984) and are believed to arise frcxn

sufcmicrosccpic, extrachrorooscnal elements. These sufcriicrosccpic

elements eire siperooiled and r^licate autoncmcusly. They were first

retorted in tumor cell lines derived from patients vho had not

undergone chemotherapy or radiation therapy and were fcund to contain

anplified mvc oncogene (Von Hoff et al., 1988). Double minutes

themselves have been shewn to contain mvc (Alitalo, 1985; Bigner et

al., 1987), as well as numerous drug resistance genes (Wahl et sOl.,

1984), inclvxiing the raultidrug resistance gene (Larcher et eil., 1988).

Honogeneously staining regions exist eis anplified eirecis of ENA and

can be eunranged eis both inverted eind direct repeats (Passanti et eil.,

1987). They range in size fron 250 to 1000 kilcbase pairs (Von Ifoff et

cil., 1988) and stain uniformly in G-banded pr^sarations (Garson et al.,

1987). Three major mechanisms have been proposed for the origin of

HSRs. These Eire iprtake of ENA frcm dead cells, multiple cycles of

unscheduled ENA synthesis followed by reccnbination (leading to

inbegration of the copies into the chrcrooscroe) (Roberts et cd.., 1983),

eUTd unequal crossing over (Holden et eil., 1987). A great majority of

the suggests that unequal crossing over between sister chrcnnatids

and/or ncxi-homologous chroroosones beeiring HSRs cculd lead to the

anplification phenomenon observed with HSRs (Holden et al., 1987). As



with CMS, scroe HSRs have been correlated with airplified onoogenes in

tumor cells. For exanple, N-mvc has been inplicated with HSRs present

in human neuroblastcnas (Garson et al., 1987).

A nunber of theories involving gene eorplification, regulation, and

inutaticn have been put forth to explain the role of chronoscnal changes

in malignant disease. However, vhile each hypothesis incorporates sane

of vhat is known about the necplastic process, so far no model has been

successful in coribining and ejqjlaining all data fran the many

malignancies that have been studied.

Rodent Studies

Studies of ejqjerimentally induced rodent tumors indicate that the

same general types of chranosanal alterations that occur in human

tumors also occur in rodent systems. Thus, the loss of all or part of

a  chronosane, the di^jlication of edl or part of a chranosone,

translocations, CMS, and HSRs are all observed in rodent cancers.

The most conmonly observed chranosanal alterations present in

murine leukemieis and lyitphanas are trisanies. In C57BL/6J mice 70% of

laakemias and lymphanas contain trisary 15 vhether or not the tumor is

induced by x-irradiation or chemical treatment. Also, trisany 15 is

observed in 60% of preleukemic animals without overt diseeise (ffcfforrcw

et al., 1987).

Qironosoroe gain (such as an additional copy of chromosome 1 in

murine melananas) (Rendcil et al., 1987), partieil chromosome loss (such

as a deletion of a small portion of chromosome 13 in transformed tumor

cells in culture) (Kodama and Sasaki, 1987), and double minute



cliraDnoscraes (in inany solid tumor cell lines) (Cahilly-Snyder et ed.,

1987) all occur in cells of nurine solid tumors. However, the most

frequent dircrciscnal aberratiai observed in nurine solid tumors is the

RobertsCTiian translocaticm (Dhaliwal et ed., 1987) vAiich e^jpears as a

metacentric chroroosame in mouse cells. These translocations between

two horaologous or ncxi-hcmologous acrocentric cliranosanes mi^t be

produced in two different ways. They could arise throu^ misdivision

of a centrcmere during a previous mitosis or ais a result of breataige

followed by rejoining of two hcroologous centromeres that were lying

close to each other because of prior endorediplication of the cell or

cissociation of the homologs. However the metacentric chranoscroes may

arise, it is possible that these translocations cure inporteint in either

raurine tumor initiation or progression since ^lecific metacentric

marker chromoscmes occur in specific tumor types. For exaiiple, iso 8q

and iso 2q are preferentially observed in murine myxosarocmas and

appear to be related to metastatic potentied (Dhaliwal et al., 1987).

In addition to the specific chroroDscmal changes that occur in

murine solid tumors, many chromosomes are present in variable nunbers.

Trisaty, tetrasory, and pentasony of autoscmes with e^parently nonral

morphologies eure not uncommon. Furthermore, the loss of the Y

chromosome from tumor cells in the mcde is not unoomnon (Chaliwcd et

al., 1987).



tTta Ttole of Qncnaenes

Human Studies

carcinogens and onoogenic viruses have CNA as their target.

Therefore, it seems likely that the carcinogenic process may involve

cilterations of caie or more genes. The existence of cellular onoogenes

vas first suggested fran observations of retrwiruses and RNA tumor

viruses. The tumorigenic potential of sane of these viruses is due to

the presence of specific genes (oncogenes) in their genomes. The

retroviral genes r^resent nontal cellular genes that exist in an

altered form. These altered genes are termed cellular coxigenes (c-

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

ntwyfpnpc; have Oounterparts in Normal Cells

Viral (v-cnc) and cellular (c-aic) cxioogenes are hi^y conserved

and for proteins that eua involved in the control of cellular

differentiation and proliferation (Ascione et al., 1986). The function

of some of the onoogenes is unknown; however, for many oncogenes a

function has been defined, and the functions of onoogenes tend to fall

into four (Ascicxie et ed.., 1981). These are grcwth factors,

growth factor receptors, transducing signals, and nuclear proteins, and

since these are involved in normal cellular growth, the alteration or

misregulation of aioogenes can lead to transformation.

Perha^ the most thorou^y described exairple in the growth factor

category is that of platelet derived growth factor (PDGF) and its

onoogenic equivalent c-sis. V-sis is the onoogene of the Simian



virus. This virus contains only part of the c-sis gene and

uses viral genes for transcripticxi euTd translation of the onoogene

product. The c-sis gene shcMS extensive sequence honology with the

gene coding for PDGF (Chiu et al., 1984), and c-sis exists as a B-B

dimer of FD3F, vhile PDGF itself exists as an ot-B dimer. PDGF

stimolates tyrosine kincise activity (Nishiinura et clL., 1982) and in

vitro treatment of cells with PDGF leads to an increase in c-fos

e)g)ressiOTi and in c-mvc RNA (Ifelden et eil., 1985). This suggests that

PDGF can induce ejgjressicxi of other genes and that c-sis could lead

cells to uncontrolled growth. Furthermore, it ad.so indicates that scgtte

oncogenes mi^t be activated by other cncogenes.

The oncogene erbB is included in the growth factor rec^jtor

category. Growth factors act by binding to cell surface rec^jtors, and

the ̂ idermal growth factor (BGF) rec^)tor shews 89% sequence honology

with the v-erfaB oncogene product. However, the v-erfaB oncogene laoiks

the extracellvalar BGF binding domain, v^le the cytoplasmic portion

containing the kinase domain is ccxiserved (Downward et al., 1984).

Since the external binding domain provides regulation of kinase

acrt^ivity, the lack of this domain may lead to cxxistitutive ejqjression

of kineise activity. The cells would behave as if EGF were always

present, and thus be constantly stimulated to grow and divide. V-erbB

is only one of several oncogene proteins that carry the tyrosine kinase

domain, and it is to be expected that the other oncogene proteins that

also carry these domains may be shown to be homologous to various

growth factor receptors.
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H-ras and K-ras refer to the crcogenes of the Harvey and Kirsten

seuxxxna viruses, euid eure an exanple of the transducing sign2d category.

The H-ras protein localizes to the inner surface of the cell meanbrane,

binds G?rP, and has GTPase activity (Shih et al., 1980). The H-ras

protein belongs to a femiily of nucleotide- binding G proteins, that are

involved in signal transductioi frcm receptors on the outside of the

cell menibrane to the adenylate cyclase system on the inside of the

nertibrane (Oilman, 1984). Also, the G proteins, and most probably the

ras proteins, are Cc^jable of initiating or si^pressing signals

generated by the binding of a ligand to a rec^Jtor at the membrane.

Finally, c-ras genes from tumor CNAs 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 cis if it were

constantly receiving a growth stimulus (MoGrath et eil., 1984).

Another way in vhich proto-cncogenes functicxi in normal cells is eis

nuclear proteins. The c-mvc proto-oncogene is the celluleu: honolog of

v-mvc of the aviein nyelocytoroatosis virus. The mvc protein binds ENA,

eind can positively eind negatively regulate the expressicai of other

genes (CJole, 1986). Thus, c-myc e}q)ressicai e^pears to r^resent an

st^ in the cascade of events that starts with growth

factor/ rec^jtor interacticxi, carries throu^ the signed transduction

system, emd leeuis to the activation that most likely occurs in the

nucleus.

11



The Role of Oncxxtenes in Mai ionant Cells

Alterations involving oellulcir oncogens function sure involved in

the CEUx:inogenic process ty disturbing nomeLl cell growth meohcuiisms.

Alterations involving cellular oncogenes have been found in a variety

of tumors, and these alterations either edter the regulaticai or

structure of the oncogens. The three main mechanisms involved in

oncogens "activation" eure specific nutations, tumor- specific

chromosonal aberraticais, and gene anplificaticsi.

Mitations in the c-Ifcrras oncogene have been eissociated with

transforming activity in a human bladder carcinoma cell line (Parada et

cil., 1982). I^ridization studies have shewn that the ENA sequences

responsible for transformation in this cell line eure homologous to the

c-Ha-ras gene (Der et al., 1982). Ocrparative sequence analysis

between the cell line and the normal c-^Ia-ras clcxie revealed that there

was a base change of G to T at oodcn 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 mutaticxis that occur

within the ras family eune ccxiserved and involve either codon 12 or 61

(Taparows)qr et al., 1983). Furthermore, the replacement of glycine at

positicxi 12 by any residue, e»::^]t for proline, leads to transforming

activities. Structural studies suggest that the loss of glycine 12 may

alter the conformation of the ras protein (McOormicik et ed.., 1985).

Fincilly, the protein formed from the mutated ras gene has defective

GTTPase activity. Since GTPase activity is required to terminate the

growth signed, the protein would not be capable of regulating its own

activity throu^ GTP hydrolysis (McGrath et al., 1984).
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As discussed previously, specific chranoscnal adterations occur in

many tximor types. In sane cases, these alterations involve structural

or functioned edteratiais of oncogenes. IVro of the most thorcu^ily

characterized cases involve dironic nyelogencus leukemia and Burkitt

lyirphona.

Ihe c-abl locus is Icxated near the region of chranosome 9 that is

translocated to chrcrosome 22 in the formation of the Riiladelphia

chromosome. Ihe brea]<point on chrcmoscme 22 clusters in a 5 Kd. area

the breakpoint cluster region or bcr (Groffen et ed., 1984). In

CML cell lines the c-abl protein is alxiormally large, and an abnormal 8

Kb. mRNA containing sequences from chromosome 22 is fused to the c-^

transcript (Stam et al., 1985). Ihe aJaiormal protein has protein

kinase activity like v-abl but unlike c-abl. The breakpoint on

chrorosome 9 is not eis specific as the brea]q»int on chromosome 22 in

that no specific region is involved. However, the first exon of the

abl caicogene is cdways involved in the translocxitiai (Groffen et al.,

1984).

Common features of Burkitt lynphoma include translocations

involving chromosomes 2, 14, and 22 with band ̂ 4 of chromosome 8. In

these cas^ the c-mvc gene is translocated from chrcmoscme 8 to

chrcmoscme 14 near to the inmunoglcbulin heavy chain locus, from 8 to 2

necur to the innunoglobulin li^t chedn (I^) locus, or from 8 to 22

neeur to the innunoglobulin li^it chedn (Ig[/\) locus (Croce et al.,

1979). However, even thou^ the breakpoints involved in Rorkitt

lynphcma appear to be homogeneous at a cytogenetic level, molecularly

they are heterogeneous and thus lecid to different structural
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edteraticsns of the ianunoglcbulin and mvc loci. Hcwever, the fact

reaonains that consistent chrcnoscnal edteraticns eu?e closely related to

mcogene changes. Uiis moleculeur heterogeneity can be correlated to

myc niRNA expressicxi in various Buricitt lynphcma patients. In sane

patients, hi^ levels of mvc n®NA aune observed, vAiile in other ceises

mvc mI?NA levels are lower thcui in control cells (Taub et eil., 1984).

These data suggest that deregulation of myc ei^jressicn, rather than

simply an increase, may be criticcil for mvc activaticn, and thus

transformation, in Burkitt lyirphcma.

Oncogene airplification occurs in many tumor cells. As mentioned

previously, in roost cases the presence of aicplified cxicogenes is

r^resented by double minutes eind homogenecusly staining regioTS. It

is likely that in some tumor types EMS and KSRs may involve eis yet

unidentified oncogenes, and that arrplification may r^resent a

mechanism that is involved in the establishment or progression of the

transformed phenotype hy increased expressicsi of the oncogene thrco^

increased e}q}ression.

Rodent Studies

Oncogene studies in rodent systems have concentrated on molecular

transformation eind activation as well eis tumor progression and

metastasis. Guerreo et ed. (1984) induced thymomas in mice with both

N- nitrosanethylurea and ganina radiation, and these tumors esdiibited

activaticai of ^jecific oncogenes dependent the inducing eigent.

Tumors induced with the chemical carcinogen shewed activation of N-j^,

and the radiation- induced tumors esdiibited acrtivation of K- ras.
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Furthernore, ei5)ressicn of the oncxagene niRNA and protein products were

also increased. Also, when tumor DMA was isolated and transfected into

either NIH 3T3 cells or rat 2 cells, transfonnants from the dianically-

induced tumor EKAs exhibited an increase in N- ras transcripts and

those from the radiaticxi- induced tumor ENAs exhibited an increase in

K- ras transcription. It is possible that the increase in these

activated onoogene transcripts may be due to gene airplificatian, an

increase in the rate of transcripticMi, or a more stable message

(Guerreo et cil., 1984).

K- ras activation was eilso observed in rat tumors of varying

histological types that were induced by ionizing radiation (Sawey et

cil., 1987). However, in ccxTtrast to the mouse thymcmas, activation and

aitplification of c- myc was observed in seme tumors. Concurrent

activation of K- r^ and c- in^ was observed in 25% of tumors. The

tumors esdiibiting concurrent activaticn of both cnoogenes were all

oloa-r cell ceucinonas, vhereas 80% of those esdiibiting only K- ras

activaticn were squamous cell carcinomas, suggesting that activaticn of

particular cnoogenes may be dependent cn c«ll type (Sawey et al.,

1987).

Not all radiation- induced malignant rodent c»lls eidiibit K- ras

activation. Borek et al. (1987) did not observe activation of any

known cnoogenes in NIH 3T3 cells that had been transformed with CNA

from X- irradiated hamster embryo cells. However, all transformants

appeared to eadiibit aotivation of an as of yet unidentified cncogene.

A stixiy of 15 cxnc genes in nontumorigenic and low and hi^

malignant potential rat cells, suggests a complex relationship between
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c-cxyc e>5)ression and tumor progression. When the nontumorigenic cells

were induced to differentiate, the levels of c-®^, c-^1, and c-H-ras

transcripts renained imchanged, the level of c-N-ras increeised, and the

level of c-erbB decreased. Other c-onc genes (c-^bA, c-gis, c-fiis, c-

fos. c-mvc. and c-K-ras) were not detectable. When the three cell

types were proliferating at simileu: rates, c-roos was not e}^ressed in

the ncntuinorigenic cell, c-fos emd c-ertA were not expressed in the lew

meilignant cells, and c-erbB and c-sis were not eigiressed in the hi^

malignaint cells. C-K-ras was increcised in the hi^ily malignant cells

and was barely detectable in the other cell lines (Leibovitch et al.,

1986). These data suggest that tumor progressicxi can be associated

with decreased or increased e35)ressicxi of c-onc genes, hut a direct

relationship with the c-cax: 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 decrecises in onoogene e}g)ressicxi. Mcuse lyitphana cells

eu:e tumorigenic but not metastatic until th^ express activated c-K-ras

(Vousden and Marshall, 1984). In Ablesoi virus- transformed mouse

lynphomas, v-abl onoogene was not ejgjressed during progression

(Grunweild et al., 1982), suggesting that the loss of this onoogene may

have led to a loss of regulation. In some solid tumors ,sucdi as surine

roelcinonnas and fibrosarcomas, c—one e>^ression £^pears to be unrelated

to the metastatic phenotype (Kris et al., 1985). Hcwever, variaticns

in nxiogene eipressiCTi have been observed in N— methyl— N— nitrosourea-

induced metastatic manmary carcincroas in the rat (Sukumar et al.,
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1983). Southern emedysis reveeded that the primary tumors had a 10

times greater ENA level of the c- H-ras gene than the metastases.

Althou^ modifications in cnoogenes or their ei^ressicn are associated

with metastasis of seme tumors, it is difficult to conclude that such

edteraticxTS eure required for progression to or maintenance of the

metastatic phenotype. It is more likely that such onoogene changes

contribute in part to progressicxi of marine solid tumors.

In rodent systems, eis in human tumors, cytogenetic abnormalities

can be correlated with axxgene cdterations. In some marine

iryxosarcomas a translocation between chromosomes 6 eind 15 is present.

In this case the proxinal one-third (including the centromere) of

chromosome 6 is deleted. As a result of this translocation c-mvc.

vhioh normally resides on mouse chromosome 15, is placed in close

proximity to the Ig kappa li^t chain genes present c*i chromosome 6

(Banerjee et al., 1985). Also, translocations involving chromosome 15

with chromosome 12 and 15 with 6 occur in some murine B-oell leukemias

and lyraphomas (KLein, 1983). Because of these translocations, hi^y

active Ig genes activate c-mvc. Recent rodent studies have edso

suggested that chromosomal edteratiais may play a role in sv:?pression

of oncogenes during neopleistic development. Studies by Oshimora et al.

(1988) have shown that the loss of one copy of chromosome 15 si^presses

neoplastic progression of ras- induced Syrian Hamster tumors. These

studies si^^port the idea that the loss of chromosome 15 results in the

loss of a gene that suppresses a phenotypic change necessary for tumor

development.
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Mill 1-1 drug Resistance

Human Stiifl-ieg

The use of chemotherc^jeutic agents for the treatment of cancer has

resulted in successful treatment for marry patients. Hcwever, many

cancers do rxjt respond to chemotherepy, ernd other cancers that do

initicd.ly respond later becxire resistant. Drug tran^xirt studies in

Vcurious multidrug-resistant (MER) csell lines surest that decrecised

chrug acxumulation in the resistant cells results in peurt fran ein

incaneased rate of drug efflux (Chen et eil., 1986). These stajdies have

led to the cxsnc^xt of an efflux pump respcxisible for the removal of

many naturally cxxarring cytotcjxic drugs, such as pleint alkaloids, from

multidrug-resistcint cells. The most cxranai biochemical chcuac±eristic

of multidrug-resistant calls is the increased ejpressicxi of a 170

kilcxialtxjn (Rd), trans-membrane glycxprotein, that is termed the p-

glycxprotein (Kartner et eil., 1983; Oomwell et eil., 1986; Willin^iam

et al., 1987). The p-glyccprotein gene is anplified in multidrug-

resistant cell lines (Scotto et al., 1986), and this gene amplification

is acxxmpanied by an increased expression of a 4.5 to 5.0 kilcbase p-

glycxjprotein miRNA (Chen et al., 1986). It is maculated that this p-

glycxprotein may be directly involved in drug transport in roulticJrug-

resistant either as an efflux punp or by changing the

permeability of the lipid bilayer. P-glycxprotein consists of

approximately 2 equad peurts that aua hcnologcus to each other, and both

paurts cantain a hydrcphilic amd hydrophobic dcnain. Each hydropbchic

dcroain includes 6 transmenbrane segments. The hypothesis that p-
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glycxprotein is directly involved in drug tran^xDrt is si^jported ty the

fact that the hydrophilic domains share 80% sequence hanology with

peripheral membrane ocBopcments of bacterial tran^xart systems (Chen et

al., 1986).

Hi^ levels of the MCR gene product are found in many apparently

normal huanen tissues. These include colon, kidney, liver, and adrenal

cells (Thi^Daut et eil., 1987). In tumor cells the airplificaticxi of the

MCR gene is often indicated cytologiceLlly by the presence of double

minute chrcmoscmes and homogeneously staining regions. However, the

presence of double minutes eind homogeneously staining regions eilone is

not sufficient to prove MCR anplificaticn. These cytologiccil

structures mi^t edso r^resent other amplified genes, such as

oncogenes. These cytologiceil manifestations are often found in tumors

derived from the nonral tissues that eiqiress hi^ levels of the MCR

protein. Such tumors include adenocarcincroas of the colon and kidney,

h^jatonas, and adrenocortical carcinomas (Thiebaut et al., 1987).

However some tumors, such as skin pc¥)illomas, are derived from normal

that e3g)ress little or no MCR gene product, hut contain CMs

that correlate with MCR anplificaticn (larcher et clL., 1988).

Some tumors, such as leukemias and lynphcmas, express lew or barely

detectable amounts of MCR gene product, and are sensitive to

chemotherapy. However other tumors, such as melanomas and lung

carcinomas, that are relatively resistant to chemotherepy also express

only low levels of MCR (FOjo et al., 1987). Furthermore, colon

riqinninrwias euid neuTcblcistomcis, both of vAiich express hi^ levels of

MDR, exhibit different re^xnses to chamotherepeutic agents.
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Neuroblcistanas eupe relatively sensitive, vAiile colon <arcincims eure

not. It resnains to be rxaH vAiether the level of MER e^^ression is

sufficient to explain the drug resistant phenotype, or viiether other

mechanises eune re^xxTsible for the resistance of tumor cells to

cheanotherapy.

Rodent Studies

Ihe majority of MER studies have been dcxie 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 MER

gene es^ression has been observed in mouse and Chinese hamster cells

that were resistant to numerous drugs in oulture. The mouse and

hamster gene share approximately 95% horoology (Scotto et eil., 1986).

similaT-jties and Differences between Rodent and Human Tumors

Chromosomes and Onooqenes

The same general classes of chromosomal alterations occur in both

human and rodent tumors, and the majority of known oncogenes have been

mapppd in both human and rodent systems. However, the examination of

particular tumor types indicates that vhile many cytogenetic and

OYxsgenic similarities exist between human and rodent malignancies, not

all individual tumor types contain similar alterations. For exanple,

in mirine B- cell leukemias and lynphcmas t(15;12) and t(15;6) are

ccranai (KLein, 1983), vhile in Burkitt lynphcma, a human B-cell
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disorder, t(8;14) is ocranonly observed (Crooe et 1979). In the

cases of the nurine translocations, c-mvc , normEdly residing on incuse

chrcnosone 15, is activated thrcu^ translocaticn to a location near to

inirunoglobulin genes. In Burkitt lynfjhcma, c-mvc is translocated fron

chrcroosane 8 near to the innunoglobulin heavy chain locus on chrcmoscme

22 and is activated. Huis, in these B- cell malignancies, very similar

chrcinosanal and molecular edteraticns are observed between humans and

mice. Another similarity, althcu^ not as striking, is observed vhen

comparing human and rodent nyxosaroomas. A t(9;22) involving the

translocation of c-abl from chromosome 9 to chrcroosome 22 is observed

in the human tumor (Sandberg et eil., 1988). Isoohrcmoscme 2 is

observed in the murine tumor (Ehaliwal et al., 1987), and c-abl is

again involved since this aioogene is located c*i ohrcroosome 2 in the

mouse. However, t(6;15), eliciting the translocation of c-mvc near to

the imnunoglobulin kappa promoter on chromosome 6, is also commonly

observed in murine nyjoosarocmas. Involvement of this oncogene has not

been r^iorted in the human tumor.

In the case of some tumors, such as malignant melanoma and

mesothelioma, there appears to be no similarity between the human and

rodent tumors. In human melanomas t(l;17) and a deleticxi of 6q are

oonmonly observed (Sandberg, 1988), vAiile in the mouse triscmy of

chromosome 1 is observed. Ihus, the chroroosonal adterations observed

in melanomas of humans and mice are not even of the same general type.

Human mesotheliomas contain a deletion of chromosome 3p as their

cmsistent chromoscmeil alteraticxi (Popescu et ad., 1988), viiile

translocations involving chromosomes 5, 10, and 13 are observed in rat
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mesothelicmas (Lihbus emd Ccai^iead, 1988). Agedn, the chraaosonal

edterations observed in the human euid rodent are cxiipletely different

even thou^ the tumors are of the same histological type. It is

possible that the different chrcraosonal alterations adter cellular

functions that result in similar phenotypic re^xxises, tut this

hypothesis would require further research.

Multiple Drug Resistance

As was discussed earlier, ej?)ressicn of the nultidrug resistance

gene is an inportant COTsideraticxi in the treatment of human

malignancies even thou^ it is not yet cleeu: if the MCR phenotype is

fully responsible for a tumor's response to chemotherapy. There is 90%

hcmology between the human and mouse MCR genes (Scotto et al., 1986),

and both species express the 170 kd. p- glycoprotein (Kartner et eil.,

1983). Normcil human tissues express MCR between 1 and 500 fold, vhere

1 has been defined as baseline expressicxi (Fojo et al., 1987). For

exairple, skin, skeletal muscle, heart, and bone rarrcw eill have

ej^iression vcilues between 1 and 5, while liver has a Vcdue of 25 fold,

kidney a Vcilue of 50 fold over baseline, and adrenad eipresses MCR 500

fold over baseline. The nomal function of MCR is uncleeur. However,

nany MCR substrates eu?e naturally occurring, chau?ged ring structures

(Udea et al., 1987). These substances are found in plant seeds, and

pertieps animals could protect themselves from these substrates by

tran^x)rting them back into the lumen of the colon. If they did reach

the blood, they would be filtered euid transported into the bile or

urine (Fastan and Gottesman, 1987). The function of MCR in the adrenal
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is quite unclear. However, the fact that MER is esqiressed in human

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

eventucilly provide further clues to the normal function of MER.

Previous studies have indicated chrcmoscnal, cncogenic, and

multiple drug resistant similarities as well as differences between

human and rodent malignancies. It is therefore possible that ̂ jecific

rodent tumor models may provide informaticn about chrcnioscinal

alterations in corresponding human tumors. Even if the animal tumor

models do not provide informaticxi chi viiich specific human chrcroosone

mi^t be involved, perhaps they may indicate the type of chrorioscmal

alteration iirportant in causaticn or early development of the tumor.
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CHAPTER 2

CHRCMDSCME CHANGES IN MDUSE FIBR0SARC3CMAS

Sunimarv

By the time solid tumors are cliniczilly observed, many chrcnosome

changes are already present, and it is virtucilly inpossible to

detemiine if any specific ones are ocrimon from tumor to tumor. Thus,

it is iirportant to observe chromosome changes early in tumor

develcpnent in order to determine v^ether 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 additicaial chrorooscme

changes that mi^t be associated with the tumor's development. Some

mice were treated with X rays in addition to the disks. Ihe disks and

associated tissues were then removed from tumors at a very early stage

of development and at several subsequent times until mature sarcomas

were observed. Chromosomal analysis of both direct pr^jarations of

sarcoma cells and of cultured cells derived from the sarcomas shewed

dL?)lications of chromosomes 10, 16, and 19 in cells from tumors that

developed in mice that received both the disk alam as well as in those

mice that received the disk + X rays. Additionally, metaoentric
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ciircrooscBjes were observed in aninals that received the disk cdone.

Double minute chranoscmes were observed in 41% of 2dl tumors anedyzed,

vAiile homogeneously staining regions were present in 22% of tumors.

Ihese gene airplifications were not observed in all cells from emy

pctrticular 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). In

humans, both medical implants and foreign bodies acquired by accident,

such as bullets, induce chronic tissue reactions that involve scarlike

enc^)sulation of the foreign bodies. Ihis condition may then lead to a

variety of types of neoplasms, predominantly sarcomas. The latency

period of foreign body induced tumors in humans appears to range from

10 to 50 years (Bisohoff, 1972).

Foreign bodies are much more tumorigenic in mice and rats than in

humans, and also induce tumors in dogs, but not in guinea pigs,

chickens, nor in hamsters. Studies of hybrid and inbred mice have

indicated that this ^)ecies difference is most likely due to

genetically determined differences in macrophage activities that

influence tumor latency (Brand et slL. , 1977). Ihe majority of

foreign bocfy induced tumors that arise in rodents are, as for humans,

sarcomas, and these appear as various histological types including

rhabdorayosarcomas, liposarcomas, reticulosarcomas, plasmocytomas, and,
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most frequently as fibrosarocmas. Most of the foreign bocfy induced

sarooroas are ccrposed of cells that are poorly differentiated, and that

have a hi^ mitotic rate and hyperchranatic nuclei. Also, many of the

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

Properties of Tumoriaenic Implants

Physical irritation, not chemical factors, appears to be

responsible for foreign bcx^ tumorigenesis. Foreign bodies of many

chemic:al conpositions eue able to induioe 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 pcwder, or if it is

perforated with holes, no tumor develops (Bischoff eind Bryson, 1964).

Also, the size emd shape of the foreign bcxfy influences tumorigenicity

and latency period. Tumor frequency is directly proporticMTal to the

surface eurea of the inplanted foreign bocfy; hcwever, if multiple piecoes

are inplanted, with a surface area equal to caie large piece, the

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

The Mechanism of Foreign Bcxiv Tumorigenesis in the Mouse

Foreign bcxlies probably do not induc^e c^cuxinogenic events per se

(Brand, 1982), but by stinulating proliferaticxi of fibroblzists, they

can increase the likelihood of a ^x^itanecxis event. The cellular

activity involved in foreign body tumorigenesis Wcis described by Brand

(1982). Within 2 weeks after subcutaneous inplantaticn of a plastic

disk in a mouse, granulocytes and moiocytic macrophages infiltrate the
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iirplant site. Ihe nacrophages then settle en the inoplant surface and

form a mcaiolayer. At this time a very thin membrane, consisting of

fibroblasts and collagen fibers, begins to develop around the iitplant.

Fibroblasts then cover the inner surface of the membrane and are

s^arated from the outer surface of macrophages by capillaries that

have invaded the eurea. Between 4 and 8 weeks post-irplantation of a

plastic disk, cellular infiltration and proliferaticxi of macrophages,

granulocytes, and fibroblasts, as well as capillary outgrowth, occur in

the tissue. At the inplant surface, macrophages, giant cells, and

granulocytes predominate. From 8 to 12 weeks post-iirplantation, there

are more fibroblasts in the tissue and collagen production increases,

vhile macrophages and giant cells predominate at the inplant surface.

From 12 to 28 weeks post-inplantation, collagen is d^xasited in the

tissue, capillaries are no longer present, and macrophages are

inactivated. Inactive macrophages and a few giant cells are present at

the inplant surface. After 28 weeks post-inplantaticxi, there is

continued fibroblast proliferation and collagen d^xjsition, and the

fibrosarcoma increases in size.

Chromosome Charges in Foreign Body Induced Sarcomas

Chrcmosomal analysis of nurine foreign bocfy induced sarcomas has

shewn both structural and numerical abnormalities. The most frequently

observed alteration was hyperdiploidy (Rachto and Brand, 1983;

Banerjee and Bates, 1966). G-banding aneilysis revealed that anaploidy

in different tumors involved virtual ly every mouse chrcmosome, but that

no particular chrcmosome was involved consistently in foreign body-

27



induced saroGnas (Banerjee and Bates, 1966). Structural alteratic^,

especicdly netacentric chrcnosones, were also present. HcMever, these

cdteraticxTS were not specific, occurring with equal probability amcxTg

each individual chrcnosone (Rachko and Brand, 1983). Double minute

ehrcnosones, of unknown identity and origin, were adso observed in

several foreign body induced nurine sarccroas (Buoen and Brand, 1968).

Rationale for These Experiments

As has been previously discussed, adteraticns of chrcnnoscRte

structure and/or number are associated with most, if not zdl, tumors.

By the time solid tumors are clinically observed, many chromosome

changes are present. Thus, to determine if specific chromosome changes

are associated with tumorigenesis, it is inportant to observe those

cytogenetic changes that are present in tumors early in developient and

to follow chromosome changes with the progressioi of the tumors. In

addition, it is inportant to determine if such changes are d^jendent

vpon a particular inducing agent. As an approach to studying this,

plastic disks were inplanted subcutaneously into mice, and the disks

and associated tumor tissue were removed at various stages post-

inplantaticm. Thus, chromoscmcil changes could be analyzed at various

stages of tumor developnent.
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MateriaLls and Methods

Pleistic Disk Inplantation/ Ranoval fSarccra Producrtion)

Silastic, medical grade plastic disks (Dew Ooming) measuring 14

ran. in diameter and 1 ran. thick were inplanted subcutaneously

(laterally) into C3H female mice. Seme mice, in addition to the disk

inplant, received X ray treatments of 2.5 Gy, 4 times for a total

ejqxasure of 10 Gy. These X ray treatment:s were absorbed to the skin

and subcutaneous tissue and were delivered at 3 day intervals, using a

Norelco M3 150 X ray unit. The X ray machine settings were 25 kv, 3.5

mA with a beam filtratiOT of 0.01 ran. of aluminum. The X rays were

delivered at a dose rate of 0.77 Gy/ min. at 32.5 cm. frcm the filt:er.

Mice were restrained in a liK;ite holder that was centered under the

beam and rotated during ej^xssure. The disks and associated tumor

tissue were palpated and then removed at one we^ intervals (regardless

of tumor size) from 28 weeks post-inplantation of the disk (vhen a

capsule could first be observed around the disk) until mature sarconas

were observed (e^roximately 53 weeks post-inplantatiai). A general

flew diagram of the basic procedure is shewn in figure 2.1.

Culturino Solid Tumors- The Soillout Technique

The method for separating cells for culture was modified frcm that

described by Li^xvitz (1986). The tissues associated with the disk

implants were placed in sterile petri dishes and were completely

covered with I/-15 medium (American Biooraginics) containing penicillin

(Squibb) (300 ug/ml), streptomycin sulfate (Lilly) (300 ugt/^),
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Figure 2.1. General prcxsedure for chrcraoscinal analysis of
sarccxna cells.
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an^ihotericln B (Sigma) (3 ug/ml), transferrin (Sigma) (0.005 vig/ml),

^idermal grcwth factor (Sigma) (0.01 ng/ml), and 15% fetcil bovine

serum (Giboo). All necxotic areas, CGmective tissue, fat, and blood

vessels v^ere 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. Ihe 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 minutes, and the si?)ematant over the settled

minces was transferred to another 15 ml. centrifuge tube. Both the

si:^)ematant and fine minces were then washed 3 times in Hcinks bcilanced

salt solution. The st5)ematant pellet and fine minces were cultured

separately in 5 ml. of Ir-15 in 25 ran. tissue culture flasks (Falcon).

Cultures were maintained in a 37 °C. incubator humidified 95- 100% in

an atmo^Jhere of 5% CO2 in air.

Mptaphase Preparation Front Cultured Tumor Cells

To obtain met^iiase pr^jarations fran tumor cell cultures,

oolohicine was added to 75% OOTifluent cell cultures at a omcentration

-7
of 1 X 10 M. Ihe cells were incubated at 37°C for 5 hours. Cells were

removed frccn flasks by screwing, oentrifuged, resuspended in 10 ml. of

0.075 M KCl and incubated at 37° for 20 minutes. The fixaticxi, slide

pr^>aration, and staining methods followed our standard procedure

(Brewen and Gengozian, 1971).
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Direct Metanhase Preparaticyi Fran Solid Tumors

Direct meta^iiase preparations frcn the tissue associated with the

disk iirplants were obtained by mincing the tissue into 1 nm. pieces

with sterile scissors. Ihese pieces were then incubated in 10 ml. of

di^)ersing solution [0.0025% trypsin (Sigma), 0.0025% oollagenase

(Sigma), 0.001% hyalxiroiidase (Sigma), and 0.005% bcrvine serum edtumin

(Miles) dissolved in Harics balanced Sedt solution] for 2 hours at roan

tenperature with mild agitaticxi. Oolchicine was c>dded at a

—7
concentration of 1 x 10 M, and the incubation was continued for 1

additional hour (Aldaz et al., 1986). Cells were centrifuged,

resuspended in 10 ml. of 0.075 M RCl and incubated at 37° for 20

minutes. The fixation, slide pr^araticxi, and staining methods

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

G- Bandincr and Karvotvpinc

To determine viiether or not qiecific chrcinoscroal alteraticais could

be correlated with different stages of tumor development, the metaphase

^reads (from cultured cells and/or direct preparaticns) were G-

banded. Slides between 1 and 2 we^ old were micrcwaved for 2 minutes

and edlowed to cool. The banding method was modified from that

described by Seabri^t (1971). The cells were treated for 10 to 20

seconds with 0.02% trypsiiyEDIA in phosphate buffered Sciline.

Inmersicn in 5% fetal bovine serum stepped the action of the trypsin.

The slides were rinsed with pho^tete buffered scdine and stained in 5%

Gieansa in Gurr buffer (pH 7.6) for about 6 minutes, until suitable

banding was obtained. Slides were then edr dried and mcunted in
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Permount. Karyot^pes were arranged according to a standard mouse

ncntenclature system (Nesbitt and Francke, 1973}.

C- Banding

To analyze cells for the presence of HSRs, slides were C- banded to

stain for centric heterochrcraatin, using a nodificatioi of the method

of Salamanca and Annendares (1976). Preparations were treated with 0.2

N HCl for 30 minutes at room temperature. They were then treated with

0.07 N bariiM hydroxide for 7 minutes at 37°C and incubated in 2X BSC

at 65°C for 1 hour. Slides were stained in 5% Giemsa stain for about

20 minutes until suitable C- banding was obtained, air dried, and

mounted in Permount.

Results

Chromosomal Analysis of Sarcomas Induced bv Disk Implantation

Table 2.1 lists the chroraoscnal trends that were observed in direct

preparations of cells from sarcomas that developed in animals receiving

disks. Tumors were obtained from 26 to 53 weeks post-implantation of

the disk, and the numbers of chromosomes per cell in different tumors

varied from 38 to 350. There were considerable variaticns in the

number of chromosomes per cell between sarcomas with mtxh less

variaticMi within each sarcoma. Generally, there was an increase in the

number of chromosomes per cell as the time erfter disk implantation

increcised. However, this was only a genered trend, and did not hold

true for the 53 week sarcomas, vhere the number of chromosomes per cell
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Table 2.1 Qircnoscmal Analysis of Sarocroa Cells that Developed in
Animals Receiving the Disk Treatment

Sarcxana # Wee]os after # Qiromoscroes/Cell* % Cells Containing;
Implantation Mean Rame EMs 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 inimmum of 25 metaphases (direct pr^jarations) per tumor
were scored
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was much Icwer than expected. The two 53 week sctrcamas analyzed had

means of 42 and 71 chrorooscmes per cell respectively. If the general

trend held, greater than 300 chranoscmes per cell would have been

ej^jected in these tumors.

Double minute chrorooscxnes and hcroogeneously staining regions, both

indicative of gene arplification, were present in 50% of the sarocmas

analyzed, and these structures were observed in tumors at later stages

of developanent (based on the time post- iirplantation of the disk.

Between 32% and 78% of the cells in a particular sarcoma contained EMs

and HSRs (Table 2.1). Additionally, 80% of these sarcomas contained at

least 1 metacentric chromoscare, that Wcis easily observed due to the

fact that the normal mouse karyotype contains only acrocentric

chromoscxnes.

R^resentative distributions of the chrcjnosome number per cell for

different tumors are shewn 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 number of chrcmosomes per cell generally increases.

Furthermore, as the time post- implantation increases, the range of

chromosones per cell generally increased. Also, it appears that more

than one pcpulation of cells miay be present in some sarcomas, and it is

possible that a non-clonal tumor origin mi^t account for the lack of

continuous chrctnoscmal distributions. This is not urprecedented since

Pedcfy and Fialkcw (1984) observed a small number of cases of non-clonal
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Figure 2.2. Chrcnosonal distributicxi of sarooroa 85-11424, a 34
week post-iirplantation tumor fron a mouse that
received the disk inplant alcne.
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Figure 2.3. Qircmoscmal distribution of sarcoma 85-11420, a 36
week post-inplantation tumor from a mouse that
received the disk iirplant alcaie.
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Figure 2.4. Qiromoscxnal distribution of sarcxsna 85-11485, a 40
week post-inplantation tumor fran a mouse
that received the disk implant alone.
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Figvore 2.5. Qircmosonal distribution of saroana 87-215, a 42
week post-inplantaticxi tumor frcm a mouse that
received the disk inplant alone.
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Figure 2.6. Qironiosatnal distribution of sarcxxna 85-11364, a 43
week post-inplantation tumor from a mouse that
received the disk inplant alone.
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develcpment in foreign body- induced marine saaxxmas. G-banding

analysis oneveciled that there wea?e many different kaoryotypes for the

different tumors and within a tumor. Hcwever, sane alterations

consistently occurred in particular saroonas, and in maiTy cases these

changes were observed in several of the sarxxmas faxm animals that

received the disk treatment edcne (Table 2.2). The most conmon

chronosonal alterations (those present in 50% or more of cells

analyzed in a particular tumor) were irultiple copies of chmnosanes 10

and 16 , cis well eis metacentric chranosanes that weone present in 75% of

sarccrnas. Multiple copies of chrxxnosone 16 were present in 50% vhile

multiple ccpies of chronosone 10 were present in 66% of the sarxxmas

analyzed. The multiple copies of chrxxnosone 10 inclxoded trisany in 17%

of tumors, tetrasany in 25% of tumors, and pentascny in 17% of tumors.

In all tumors aneilyzed that cortained multiple copies of chrxxnosone 10

(66%), trisonY 10 was most frequently cbserved. Overall, 92% of the

tumors analyzed contained metacentric chrxxnosones, and eilthou^ these

metacentrics were not identical between tumors, oily four chronosones

were ior/olved. These wei:e chronosones 4, 15, 17, and 19. Isochrxxnosone

19 vras present in 58% of the sarxxmas, vhile metacentrics involving

(4;17), (4;15), £Uid (1;17) v^ere present in 17%, 17%, and 8% of tumors

analyzed, orespectively. Metacentric chronosones were observed in

tumors at all stages of development; however, isochrxxnosone 19 was

present in earlier tumors, vhile (4;15), (4;17), and (1;17) were

observed in later tumors. Other alterations that weore oouuon (present

in 25- 49% of cells aneilyzed in a particular tumor) were nullisoY 8 in

42%, triscniy 5 in 33%, and trisony 7 in 17% of sarxxmas analyzed.
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Table 2.2 Frequent Chrcnosate Changes in Tumors frcm Animals
Receiving the Disk Treatment Alone

Sarcoma

# Weeks after

Implantation
Chrcmosoroe Alteraticy>s

Most Ocmncyi Less Ooninai

f>50% of cells) f25%->49% of cells)

85-11424

85-11365

85-11420

85-11426

85-11485

87-215

86-7638

85-11364

86-1504

85-11333

85-11305

87-296

34

34

36

40

40

42

42

43

43

44

48

53

iso 19
tetrasciriy 16

iso 19

trisony 10
tetrasccy 16

iso 19

triscry 10
tetrascny 16

iso 19

triscny 10
triscry 16

iso 19

triscry 10
triscny 16

iso 19

triscny 10

metacentric (4;15)

triscny 10
tetrascny 19
pentascny 16

metacentric (4;17)
triscny 10
pentascny 19

metacentric (4,*17)
triscny 10
tetrascny 19

metacentric (4;15)
mcxxiscny X

metacentric (1;17)

nulliscny 8
triscny 10

nulliscny 8

nulliscny 8
triscny 5

nulliscny 8
triscny 5

nulliscny 8
triscny 5
triscny 7
triscny 9

nulliscny 8
triscny 5
triscny 7

Del Iq
3 vinidentified

markers
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Triscjtny 9 was csbserved in one tumor (8%) and a deletion of 1 was

present along with 3 unidentified marker chramosomes in cells from one

other tumor. Representative G- banded karyotypes are shewn in figure

2.7 (a 34 week post- inplantation tumor), figure 2.8 (a 36 week post-

inplantation tumor), figure 2.9 (a 40 week post- inplantation tumor),

figure 2.10 (a 42 week post- inplantation tumor), figure 2.11 (a 43

week post- inplantation tumor), figure 2.12 (a 43 week post-

inplantation tunor), figure 2.13 (a 48 week post- inplantation tumor),

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

Chromosamal Analysis of Sarccroas Induced By Disk + X ray Treatment

Table 2.3 lists the chroinoscjnal trends that were observed in cells

from sarcomas that developed in animals that received the disk + X ray

treatment. Tumors were obtained from 18 to 60 weeks post-inplantation

of the disk, and the number of ehrtanosomes 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 weeJcs post-inplantation) consisted

of cells with low ohromoscme numbers, close to the normal 40. Again,

there was an increase in the mean number of chromosomes per cell as the

time after disk inplantation and X rays increased and EMs were observed

in 50% of sarcomas, vdiile HSRs were c±»served in 25% of sarcomas

analyzed. No metaoentric chromosomes were observed in sarcomas that

developed in animals that received the disk + X ray treatment.
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Figure 2.7. Karyotype of sarcxma 85-11424, a 34 week post-
inplantation tumor fron a mouse that received
the disk inplant alone.

50



'  fi t

1  2 3 4 5

'  M fii: 8
^  7 8 9 10

• ̂ !? ■ II A§:

12 13 14 15

16

Figure 2.

Xt'.i •' iS «* I*
17 18 19 XX

51



Figure 2.8. Kacyotype of sarcoama 85-11420, a 36 week post-
inplantation tumor from a mouse that received
the disk inplant alone.
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Figure 2.9. Karyotype of seircana 85-11485, a 40 weeik post-
inplantation tumor from a mouse that received
the disk implant alcxie.
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Figure 2.10, Karyotype of sarcoma 87-215, a 42 week post-
inplantation tumor from a mouse that received
the disk iirplant eilme.
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Figure 2.11. Karyotype of saroana 85-11364, a 43 week post-
iirplantation tunor fran a mouse that received
the disk iirplant alone.
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Figure 2.12. Karyotype of saroana 86-1504, a 43 week post-
inplantation tumor frcm a mouse that
received the disk iirplant alone.

60



f

w  i*"

t* r* •I !
•  • •*

10

i'lUr Sfi!;

11 12 13 14 15

M
 • { I?;:»

*  «•
• .■* ,■•

16 17 18 19 XX

!\ •

Figure 2.12

61



Figure 2.13. Karyotype of sarcjcna 85-11305, a 48 week post-
inplantatlCTi tumor fram a mouse that received
the disk implant eilone.
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Figure 2.14. Karyotype of 87-296, a 53 week post-iirplantation
tumor from a mouse that received the disk

implant eilone.

64



Si

V

• ̂

•• •

8  9 10

i •• * 1 • • • • *

Figure 2.14

65

11 12 13 14 15

❖■I' -

16 17 18 19 XX



Table 2.3 Qircmoscannal Analysis of Saroana Cells that Developed in
Animals Receiving the Disk + X Ray (2.5Gyx4) Treatment

Sarcoma # Weeks after i Chromoscmes/Cell* % Cells Containing;
Implantation Mean Range EMs 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 miiumum of 25 metaphases (direct pr^jarations) per tumor
were scored
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R^resentative distributions of the nuirber of chrocioscnes per cell

are shown in figure 2.15 (a 34 week post-inplantatiOTi tumor), figure

2.16 (a 42 week post- irplantatiOTi tumor), and figure 2.17 (a 44 week

post- iirplantation tumor). Again, more than one population of cells

can be observed in the later (42 and 44 week post- irplantation)

tumors, vAiile an early tumor (34 weeks post- irplantation) has a near

diploid chrcmosome compliment. As the time after disk iirplantation

eind X ray treatment increased, the range of the nuirber of ohrcmosanes

per cell broadened. For example, a 34 week tumor had a range of 40- 42

chromosomes per cell (pseudodiploid conpliment), vhile a 60 week tumor

had a range of 39- 80 chromosomes per cell.

As with the tumors that developed in anirrals receiving the disk

irplant alone, G- banding analysis of cells from disk + X ray treated

animals revealed numerous chromosome changes. However, again, some of

these changes were consistent in several tumors. The most common

chromosome alterations (those present in 50% or more of cells analyzed

from a particular tumor) include multiple cxpies of chromosome 10 in

100% of the sarcomas analyzed, multiple cxpies of chromosome 16 in 57%

of the sarcomas, and multiple cxpies of chromosome 19 in 71% of tumors.

The multiple copies of chromosome 10 existed as triscmy 10 (71%), and

tetrasomy 10 (28%). The multiple cxpies of chromosome 16 2d.so existed

as triscmy 16 (43%) and tetrasomy 16 (14%) as did the multiple cxpies

of chromcjsome 19 (57% triscmy emd 14% tetrasoriy). However, the multiple

cxpies of chromosome 19 were not present as isochrcnosomes. In fact,

no metacentric chromosomes were observed in animals receiving the disk

+ X ray treatment. Other cxxtmcai alterations (cxxurring in 25% to 49%
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Figure 2.15. Chronoscroal distributiOTi of saroona 86-7644, a 34
week post-iirplantation txnnor fron a mouse that
received the disk + x ray treatment.
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Figure 2.16. Oircnioscinal distribution of sarccma 86-7643, a 42 week
post-iirplantation tumor fron a mouse that received the
disk + X ray treatment.
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Figure 2.17. Chromosonal distxilxitic»i of sarccnia 86-7661, a 44 week
post-iirplantation tumor from a incuse that received the
disk + X ray treatment.
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of cells analyzed from a particulzur tumor) include mmoscriy X in 43%

of saroonas and nullisoDty 18 and triscny 16 in 14% of tumors analyzed

(Table 2.4). Representative G- banded Icaryot^^pes are shewn in figures

2.18 (a 34 week tumor), 2.19 (a 42 we^ tumor), and 2.20 (a 44 week

tumor).

Reiniected Cells

In order to determine v^iether or not the presence of CMs was

related to tumorigenesis, 1,000,000 cells of each of 7 tumor cell

lines (with or without EMs) were injected subcutaneously into both

thi(^is and the intrascc^xilar regicxi of C3H female mice. For each cell

line 3 mice were utilized. Cell lines injected that contained EMs were

88-1363, 88-7704, 88-7577, and 87-213. Cell lines lacking Elfe were 87-

214, 88-7804, and 88-7576. Animals were checked for tumor grcwth 2

times each week, and time to tumor between mice receiving different

injections was ccnpared. When tumors were observed, aninals 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 roetapha.se preparations were

cilso obtained from the tissue (eis described in the Materieils and

Methods sectiOTi: Direct met^hase preparaticxis from solid tumors). At

least 25 metapheise spreads per tumor were analyzed amd chrcmoscme

number and the presence or absence of EMS were ccnpared with the parent

cells.

Table 2.5 shows the results from eoqieriments designed to determine

vhether or not the presence of EMs has any effect on the time to tumor.
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Table 2.4 Frequent Chrcrosane Changes in Tumors from Animals
Receiving the Disk + X Ray(2.5Gyx4) Treatnaent

Sarcoma

# Weeks after

ImDlantation

Chrcmosome Alteraticyis

Most Ocmmon Less Oommon

r>50% of oells^ f25%-^49% of cells)

86-7664 34 triscny 10 nullisoty 18
monosoty X

86-7645 34 trisGBoy 10 monosoty X

86-7643 42 trisomy 10
trisoty 16
triscny 19

monosoty X

86-7661 44 tetrascny 10
triscty 16
triscry 19

86-7660 44 tetrasaty 10
triscty 16
trisoty 19

86-7667 46 triscty 10
trisoty 19

trisoty 16

87-233 52 trisoty 10
tetxasoty 16
tetrasoty 19
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Figure 2.18. Karyotype of sarocma 86-7644, a 34 week post-
iitplantaticxi tumor fron a incuse receiving the
disk + X ray treatment.
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Figure 2.19. Karyotype of saroona 86-7643, a 42 week post-
iitplantatiai tximor fram a mouse reoeiving the
disk + X ray treatment.
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Figure 2.20. Karyotype of saroona 86-7661, a 44 week post-
implantation tumor frcm a mouse receiving the
disk + X ray treatment.
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Parent sarcxxnas 88-7804, 88-7704, and 88-7577 were themselves produced

by reinjec±ing cells fron passages 2, 6, and 8 of tumor 87-296,

respectively. Also, parent saroana 87-1363 was produced by reinjecting

passage 3 cells from sarcana 87-213. Ihus, 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 viiether or not CMs

were present in the parental tumor cells. Tumors derived from pcirent

cells containing EMs had an average time to tumor of 3 weeks, while

tumors derived from parent cells lacking EMs had an average time to

tumor of 2.9 weeks. The range and average number of chromosomes per

cell remained essentially the same in the parent cells and the

corresponding 2° tumor cells. No EMs or roetacentrics were detected in

the 2° tumors derived from parent cells that did not originally

contain these structures, but metacentrics persisted in 2° tumors vAien

a metacentric was present in the parent cells. Also, interestingly,

EMs observed in the parent cells were not present in the corresponding

2° tumor cells. It is possible that some sort of selective pressure,

originally responsible for the EMS, was not present under the

reinjection conditicaTs. Banding aneilysis, that has not yet been done,

will be necessary to determine if any ^jecific ciircmoscroes were

preferentially conserved, lost, or rearranged in the 2° tumors.
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CoTclusions amd Discussion

The chrcroosane numbers per cell in different tumors varied from

38 to over 300, and there was a wide variation in chrcinoscne number

between Scurccmas, but much less veuriaticxi within a particailcur sarcxma.

Generally, there was an increase in chrcnoscnne number per cell eis time

post-implantation increased. In all tumors anedyzed, chrocioscral

abnormalities were observed before a histological diagnosis of

malignancy could be made with confidence (personal ooninunication, R. J.

M. Fry). EMs were observed in 36% of tumors and HSRs in 24%, most

often in tumors at later stages of development.

Sarcoaras that developed on the disks in x-irradiated animals

have a lower mean ohromosome number per cell than sarcomas that

developed in inice containing the disk edcne. For example, the 34 week

post- implantation tumors that developed in animals treated with the

disk alone had a mean ohromosome nuntoer of 55, vhile the 34 week post-

implantation tumors from the animals that received the disk + X ray

treatment had a mean of 43 chromosomes per oell. Ihis difference is

even more apparent in 44 week tumors vhere the mean numbers of

chrcroosoroes par oell were 117 and 67, re^jectively. Ihis suggests that

pserhapa some typa of selectiai is occurring following the X ray

treatment.

IXplications of chromosomes 10, 16, and 19 were observed in tumors

that developed in both animals treated with the disk edaie and those

treated with the disk + X ray. In the case of the animals treated with

the disk zdone, the diplication of chromosome 19 was often piresent as
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eUl isochroroosome 19. While metaoentxic cSirxxnoscnes were never observed

in tumors frcci euiinals that received the disk + X ray treatment, they

were often observed in aninals that received the disk. These included

metacentrics involving (4;17), (1;17), and (4;15) as well as the

isochrorioscme 19. Additionally, nullisocy 8, triscmy 5, and triscmy 7

were observed in 50% of disk edcne tumors, vAiile mcaioscry X was

observed in 38% of disk + X ray tumors. The prevalence of metacentric

chrcnoscnes in the tumors from animals receiving only the disk suggests

that they may be inportant in tumor developnent, perhaps by an

edteration of the regulation of the genes cxi the involved ohromosomes.

Also, the presence of EMs in 36% and HSRs in 24% of tumors su^ests

that the CNA that is airplified may have an influence on tumor

developnent or maintenance. Identification of the amplified sequences

in these structures could reveal inportant information and will be

Althou^ consistent ohrcroosome trends were observed, there was no

clear evidence for the involvement of a ^)ecific chrcmoscmal

alteration in the initiation or progression of the tumor. Dae to

technical limitations, the earliest seuxxxocis aneilyzed were 26 weeks

pcjst- implantation frcm enimals that received the disk cilone and 18

weeks po3st- implantation from animals that received the disk + X ray.

Both 18 and 26 weeks are fairly late into the developmental prooess of

the tumor, and it is thus possible that specific alterations were

involved in the formation of the fibrosarxxmas and were not detected.

It is hypothesized that the disk implant is not itself directly

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

segregaticai errors at a nunober of points in a number of different

cells, leading to a mixed population of tumor cells vd.th diverse

karyot^pes. Hiis mi^t imply that disk- induced mouse fibrosaroomas

are multicellular, rather than monoclonal in origin (Reddy and Fieilkcw,

1984). In this way, diverse karyotypes mi^t be observed, and the

presence of consistent chranosome trends mi^t be due to cells with

selective growth advantages. The fact that differences in disk vs.

disk + X ray induced tumor ohrorooscroe corpliments were observed clLso

implies that a variety of cells are initiated. Some fraction of these

cells nay be X ray sensitive and thus may not ccmrtribute to the

karyotypic diversity observed in the disk cxily tumors.

It is also possible that the macrophages that are so prevalent

around the disk mi^t form sufficient amounts of free radiccils that

could interact (either randoimly or ncxi- randomly) with the ohromosomes

to produce edteratiais. A causal relationship between ^jecific

chromosomal eilterations and tumor formation in this sarcoma system has

not yet been demonstrated, and this is in agreement with much of the

published literature describing chromosomal edteraticns in rodent tumor

systems.

R^rts of asbestos- induced solid tumors in rats indicated

translocations in 12 of 15 tumors studied (Libbus and Crai^iead,

1988). These translocations all involved chromosomes 5, 10, and 13,

indicating that specific chromosomal 2dterations mi^t be involved in

eisbestos- induced rat tumors. However, translocations were not

observed in eill tumor cells, and many tumor cells contained apparently
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randan structural and numerical edteraticns. Furthermore, studies ty

Kendal et al. (1987) suggest that chromosanal abnormalities in raurine

melanonas cell lines may be related to metastasis rather than to tumor

inductiai. Althcu^ numerous, apparently randan, structural and

numerical changes were present in all cells analyzed, two specific

chrcmosanal adterations were associated with a more metastatic

phenot^pe. These were extra copies of chrcrooscme 1 and an unidentified

metacentric marker chranosane.

A terminal deletion of chranosane 13 was involved in the X ray-

induced transformation of mouse esiibryo fibroblaist cells jji vitro

(Kbdama and Sasaki, 1987). 17 of 24 transformants aneilyzed contained

this deletion that was apparently necessary for the formation of foci.

Hcwever, the deletion ailone was not sufficient to pirovide for

tumorigenicity, indicating that this chronosaneil alteration may be only

in part responsible for the transformatioi of these cells. Finally,

karyotypic analysis of vinylacetate polymer- induced sarcanas in mice

failed to reveail any ^jecific chronosanal adteratiois (Rachko and

Brand, 1983). Althcu^ no particular chronosanal characteristic could

be identified as being specific to foreign body- induced sarcanas,

Rachko and Brand most frequently observed ploidy deviations in

chranosanes 1, 6, 7, 13, 15, 18, and 19. However, these changes were

in fully developed tumors and thus may not r^resent primary changes.

It is, hcwever, interesting that mouse chronosonte 19 was also

consistently involved in the ploidy alterations from the plastic disk-

induced sarcanas described in this chapter.
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It is still possible that karyotypic changes and tumor inducticai

are two s^iarate phenomena, such that the chrcnoscnal alterations are a

ocnseguenoe of tumor induction or progression. HcMever, it is probable

that the ccx^istent trends that were observed here and in the published

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

and progressicxi.

88



C31APIER 3

THE RDIE OF CWOOGEWES IN THE FIBROSARCXWA SYSTEM

SumTBrv

Scuthexn analysis was used to determine viiether or not the presence

of dcuble minutes, hanogeneously staining regions, and metaoentric

chronosanes cculd be correlated with the anplification or rearrangement

of einy of 10 oyxgenes in tumor cell ENA. The oncogenes examined were

c- in\t>. c-h-ras. c-rel. c-raf. c-abl. c-ertA. c-erfaB c-sis. c-mvc. and

c-mos. ENA was isolated from fibrosarccnas, and normal mouse cell ENA

was used as a control. No amplification of the ENA of these cncogenes

was observed in any of the tumor cell lines, and thus no correlation

between oncogene amplification and the presence of EMs or HSRs could be

establii^ed. Also, no correlation could be drawn between the presence

of metacentric chranosanes and oncogene rearrangement.

Introduction

Since the discovery of drug resistance in ®akaryotic cells,

amplification of specific genes has been associated with many adaptive

respcxises of cells to environnentcil stress (Schimike, 1982; Pohjarpelto

et ed., 1985). Cytogenetic abnormalities, such as double minutes and

hcniogaieously staining regions, were originally found in cells that had

been selected for drug resistanoe (Levan et ed., 1968; Biedler and

Spengler, 1976). However, both EMs and HSRs have edso been observed in
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metaphase preparaticais of canoer cells before the start of

chenotherapy. Cellvilar onoogenes have been shown to be amplified in

nany tumors, euid these arplified orxxigenes can, in many cases, be

(Correlated with the presence of Qfe and/or HSRs (Bigner et al., 1987;

Meltzer et al., 1987) Ihese include the airplificaticn of o-mvc in a

human (colon (carcinaia (Quinn et al., 1979). In these tumor cells, c-

irtvc was airplified approximately 30 fold, and the (c-nivc copies were

mepped to double minutes. Similarly, aitplified c-ki-ras cxTcxjgenes were

m^ped to His and HSRs in a mouse adrencxcortical tumor (Scdiwab et al.,

1983). Not all oncxgene amplification, hcwever, manifests itself as

CMS or HSRs. For example, c-mvc is amplified between 8 and 32 fold in

scroe (colon carcincrvas in the absence of euiy observable cytcjgenetic

abnormalities. Also, in some cases oncogene amplification is

acxxmpanied by a rearrangement of the particular oncxcgene involved

(CJollins and Grtcudine, 1982; Ullrich et ed., 1984). Ifowever, cxKcogene

alterations and chrontoscnal abnormalities do not correlate in all

tumors. For example, in acute inyeloid leukemia, the only cncogene

amplified was o-mvc (Icxated cmi human chrcmoscme 8) even thou^ the

only chromoscnal edteration present was triscry 6 (Alitalo et al.,

1986).

Sin(ce EMs and HSRs were observed in many of the mouse fibrcsarccmas

analyzed in our studies, and since many tumors cxxttained metacsentric

chrcmoscroes, the possibility of the amplificaticxi and/or rearrangement

of cxxc(cgenes was ej^ilored. The oncogenes (c-mos. <c-raf. c-H-ras. and c-

sis, were chcssen because they have a sarccna virus as their prototype

virus. Additicxally, cc-mos has been mapped to mouse chrcmosome 4
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(Direadglll, 1988) and c-sis to chrcmosane 15 (Kbzak et ed., 1983).

Both cdircnosones 4 and 15 were involved in the formation of metaoentric

chranoscres, thus suggesting a possible rearrangement of these

caxxigenes. Cie onoogenes c-ertA (Zabel et ed., 1984) emd c-erfaB

(Silver et al., 1985), which are both located on mouse chrcmoscroe 11,

were analyzed because they have been shewn to induce sarocroas in

chicikens. C-mvb was analyzed since it me^ to chrcmoscroe 10 (Sheiness

and Gardinier, 1984), and vhole copies of chroroosoroe 10 were di^jlicated

in many of the sarcomas analyzed. The c-mvc and c-abl onoogenes, which

map to mouse chrcmosoroes 15 (Crews et ed., 1982) and 2 (Goff et ed.,

1982) respectively, because they eure airplified or reeurcanged in some

human tumors (Quinn et cd., 1979; Selden et ed., 1983). Furthermore,

the presence of c-myc on chrcmoscroe 15 again indicated the possible

recirrangement of this oncogene with the formaticxi of the 4,*15

metacentric chrorooscme. C-rel. vhose chrcmosoroal location and precise

function are vmkncwn, was chosen because it is believed to be related

to c-raf whose prototype virus is a sarcoma virus.

Materials and Methods

CNA Isolation from Cultured Tumor Cells

The following procedure is a modificaticxi of Maniatis (1982). In

order to extract ENA from sarcoma cell lines 87-296 (0% of cells

containing CMs or HSRs), 87-297 (0% of cells ocxrtaining EMs and 50%

containing HSRs), 87-176 (43% of cells oontedning EMs and 0%

containing HSRs), 87-231 (0% of cells ccxitaining EMs and 40% containing
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HSRs), 87-233 (0% of cells containing CMs and 48% containing HSRs),

86-7643 (40% of cells contedning EMs and 0% containing HSRs), 85-7645

(0% of cells cOTtaining EMs and 0% HSRs), and 87-7660 (52% of dpUp

containing EMs and 0% ccxTtaining HSRs), cells fran 10 confluent T-75

tissue culture fleisks (per cell line) were resnnoved screwing with a

rubber policeman. (Only two of these cell lines contained netacentric

ciircnoscmes. These were 87-296 [100% of cells containing a (1;17)] and

87-297 [60% of cells containing an unidentified netacentric].) The

cells were then pooled and were centrifuged for 5 minutes at 2000 RFM.

The pellet was then suspended in 10 milliliters (ml.) of solution H,

containing 0.5 molar (M) sucrose, 25 millimolar (itM) potassium

chloride, 0.5 nM ^ermidine, 0.15 nM ^ermine, 2nM EETA, and 0.5irM

BGflA. This mixture was then hcnogenized in a tissue homogenizer with a

teflon pestle until viscosity was achieved and stringy elanaents were

observed (approximately 10 min.). This mixture was then centrifuged

for 10 min. at 2000 RFM, amd the pellet ccxitaining nuclei was

resuspended in 10 ml. of solution H containing 5% Triton X-100. This

mixture was then centrifuged for 10 min. at 2000 RIM, and the pellet

was resuspended in 2 ml. of TIO-EIO-NIOO containing 10 nM Tris, 10 itM

EDIA, and 100 irM NaCl. Ei^t ml. of Hirt's solution (0.01 M Tris^Cl

pH 7.6, 10 nM EEIEA, and 1% SES) at 65°C was added in order to lyse the

nuclei. The sanple was then mixed until it was gelatinous (a few

seccmds), and was then digested with 1 ml. of prcnase (20 mg./ml.) at

55°C ovemi^t. One ml. of NaCl was then added, and the sanple was

agitated at 37"C to clear the turbidity generated by the salt. In

order to remove protein, the sanple was extracted 2 with 8 ml. of
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phenol at pH 7.0, and then onoe with chlorofom. The aquecus phase

from the chloroform extracticxi 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 ENA fibers that

formed at the ethanol-aqueous interface were then spooled out and were

frozen in 95 % ethanol ovemi^t. To remove excess water, the ̂ xx3led

ENA was then lyophilized for 30 minutes to insure that the ENA was

thorou^ily in solutiai. To remove RNA, two ml. of TlO-ElO-^100 was

added, and the saiiple was incubated at room tajnperature for 30 minutes.

The gelatinous ENA was treated with FNAse A (5 mg./ml.) for 1 hour at

37°C. The sairple was then treated with proteinase K (10 mg./ml.) for 1

hour at 37 °C. eind was then extracted 2 times with 4 ml. of

phenol/chlorofomv/ isoamyl alcohol (25/25/1) to remove more protein and

thus further puri^ 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 KFM. The pellet wsis

lyophilized for 30 min. to remove excess water eind was resuspended in

200 microliters of TE buffer at pH 7.4, contedning lOmM Tris-Cl (pH

7.4) and ImM EETA (pH 8.0) for storage. The final conoentration and

purity of ENA was mecisured on a spectrophotcmeter at 260nit/ 280nm.

ction Enzvms Diciest. ENA Precipitation and Electrcchoresis

Ten micrograms of tumor cell ENA was digested with 20 units of EcoiRI

(ERL) at 37'C. ovemi^t. twerrtY 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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saitple was incubated for 5 min. at -80°C. Hie sairple was then

oentrifuged in a microoentrifuge for 10 minutes. The pellet was rinsed

2 times with 1 ml. of 75% ethanol, and was lycphilized 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 EDIA), and 10

microliters of 3% brcitphenol blvje/20% glyoerol were added in

pr^iaration for agarose gel electrophoresis. The sairples were then

incubated for 2 min. at 65°C. and were loaded onto horizcxitcil, 0.7%

agarose (BRL) gels. The gels were run at 30 volts for 48 hours to

achieve clean s^)aration of the vhole gencmic ENA. A Hindlll cut,

CNA marker (BRL) was used as a molecular wei^t standard. After the 48

hours, the gel was stained with ethidium branide (0.1% solution) cind

was examined under an ultraviolet li^t. The gel was then treated with

0.23! HCl for 30 min. in order to neutralize the ethidium brcmide in

pr^aration for gel transfer (Maniatis, 1982; modified)

Southern Blotting

The tumor CNA on the gel was transferred onto a nylon membrane

(Zetabind) using the Southern blotting technique (Southern, 1975). The

transfer was acocrplished in 0.4M sodium hydroxide ovemicht at rocm

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 nylcn membrane was washed for

1 hour in O.IX SSC/0.5% SDS at 65°C. It was then treated with

hybridization soluticxi containing 50% deionized fcamamide, 6X SSC, and

0.25% non-fat dry milk for 1 hour at 42°C.
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PrePEuratiOTi of Oncoaene Probes

Plasmids cxxTtaining desired onciogene sequences were cbtadned frcni

the American IVpe Culture Collection, except for mvc and roos

vAiich were ccninercially pr^^ared (ERL). Ihe plasmids were digested at

37 °C. ovemi^t with the appropriate restriction enzymes that would

release the oncogene ENA from the plasmid. Ihe specific plasmids and

restricticxi enzymes utilized are listed in Table 3.1. The sanples were

then ethanol precipitated and were loaded onto a 5% acrylamide (ERL)

gel. 0X174 was used as a molecular wei^t marker, and the gel was

run at 300 volts for 2 hours. Ihe gel was then stained with a 0.1%

solution of ethidium bromide and the desired bands were cut from the

gel. Ihe bands containing the oncogene ENA were then placed in

microcentrifuge tubes and were ground with a teflcxi pestle. Six

hundred microliters of ENA extracticxi buffer containing 0.5M ammonium

acetate, InM EDIA, 5irM magnesium acetate, and 0.1% SI}6 were added. Ihe

samples were then mixed until a uniform vhite 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.). Ihe extraction

was repeated , and the samples were lyophilized for 10 minutes. Ihe

oncogene ENA fragments were resuspended in IE buffer and were ready for

Nick translation.

Nick Translation and Membrane Hybridization

Ihe oncogene ENA fragments were nick translated. Ihe reaction

mixture cxntained 5 32P (dCTP), 5 microliters 5X Nick buffer
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TABI£ 3.1

PIASMIDS AND RESTRICITC^l ENZYMES OTIUZED TO OBTAIN DESIRED
O^OOGENE ENA FRAOffiNTS

Plasmid Restriction Enzyme Size of

Insert (kb)
Size of

Vector (kb)

pnyb EcqRI 1.2 4.3

pHa-ras EcqRI/PvuII 0.7 2.1

pkwlOlrel EcqRI 0.87 4.3

pl71raf EcoRI/Aval 1.1 2.8

pHBlabl Hindlll/BantfCC 0.51 4.0

pAEPst.45erbA PstI 0.45 4.3

pAEBam.SerbB BaitiHI 0.5 4.3

pv-sis PstI 1.2 4.3
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(Amersham), 1 micxogram c3noogene ENA, 2.5 micaroliters E.cx)li CNA

polymerase I, and 9 microliters water. The reaction mixture was

incubated at 15°C. for 1.5 hours. 0.2M EDIA was added to stop the

reaction, and the labeled onoogene ENA was separated fron

uninoorpoirated nucleotides with a Nick-column (Itonnacia) packed with

sephadex G-30 (Maniatis, 1982). The probe was denatured boiling for

5 min., and an amount of probe equivalent to 1,000,000 counts per

minute (CEM, as determined by Cherenkov radiation on a scintillation

counter) was added to the hit)ridizaticxi soluticxi for each 10 ug. of ENA

that had been loaded onto the original gel. The membrane was exposed

to this probe/ h^hridization soluticKi at 42 °C. ovemi^t.

The nylon membrane was washed with lOX SSC/50% deicxiized formamide,

followed 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

e^qjosed to Kodak X-CMat X ray film in a Kodak X ray e}^X3sure holder

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

ENA Isolation from Cultured Tumor Cells

ENA pr^>cu:aticxts were obtained from cultured tumor cells. The

ENA was of good quality having an A 260/280 ratio of 1.8 eind was not

sheared (see uncut ENA in lanes 6- 10 of figure 3.1). Figure 3.1 shows

an ethidium bromide stained agarose gel containing both ENA that had

been cut with EooRI emd uncut ENA. Lanes 1-5 represent cut ENA of

sarcoma cell lines 87-296, 87-297, 87-7660, 21-1661, and a normal mouse
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Figure 3.1. Ethidium brcanide stained agarose gel of EcoRI cut
(lanes 1-5) and uncut (lanes 6-10) fibrosarcoma ENA.
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cell ENA control (cJerived from the heart and lung of a normal C3H

female mouse), reflectively. lenes 6-10 represent the unait ENA of the

same cell lines. It is evident that the restriction enzyme EcoiRI was

effective in cutting the tumor ENA.

Preparation of Onooqene Probes

An ethidium brcndde stained acrylamide gel shewing the sfjaration

of axxDgene ENA inserts fron pleismid ENA is shewn in figure 3.2. Lane

1 rfresents a 0X174 ENA molecular wei(^t marker, vAiile lanes 2-9

rfiresent the onoogenes mvfa. h-ras. rel, raf. abl. erbA. ertoB. and sis.

Mvc and mos fragments were ccratiercially prepared (BRL). These cxicogene

ENAs were removed from the plasmid ENA using the restricticn enzymes

listed in table 3.1. The lower band in each lane rfresents the

oncogene insert, vhile the vpper (and larger) band in each lane

rfiresents the plasmid ENA. These cxioogene ENAs were then purified

fron the gel and were nick translated and used eis probes in Southern

aneilysis eis described in the Matericils eind Methods section. Results of

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

Absence of Oncoaene Amplification or Rearrangement

Figures 3.3, 3.4, and 3.5 are representative of the Southern

aralyses that were obtained. The 23.7 Wd. band in figure 3.3

represents the mvc gene. In edl lames, those containing tumor ENA

(lanes 1-5) and the one containing the normal control ENA (lane 6), the

bands are of the same intensity, indicating no mvc anplification.

Also, cxily one band is present, and it is present at the same location,
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Figure 3.2. Ethidiuni brcmide stained acarylamide gel shewing
separation of oncogene ENA inserts from plasmid
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Figure 3.3. Southern analysis of tumor CNA using the myc pn±ie.
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Figure 3.4. Southern analysis of tumor ENA using the raf probe.
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Figure 3.5. Southern analysis of tumor CNA losing the rel prx±)e.
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indicating no in^ rearrangement. In figure 3.4 lane 1 represents a

molecular wei^t marker, lanes 2-5 tumor DMA, and lane 6 control ENA

probed with raf. The 4.26 kb. band indicates no anplification or

rearrangement of raf. In figure 3.5 (for rel) lanes 1-4 represent

tumor ENA, and lane 5 r^resents control ENA. Again, no anplification

or rearrangement of the rel onoogene was observed. In fact, as shewn

in table 3.2, irregardless of the presence or absence of either EMs or

HSRs, no anplification or rearrangement of any of the 10 oncogenes

examined was observed.

Conclusions and Discussion

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

there is no correlation between the anplification of c- mvb. c-h-ras.

c-raf. c-rel. c-abl. c-erbA. c-erfaB. c-sis. c-mvc. and c-mos and the

presence of double minutes and/or HSRs. Also, no correlation was

observed between oncogene anplification or rearrangement and the

presence of metacentric ohrcmosoroes. Ihus, it appears that in these

mouse sarcomas the anplification and rearrangement of the selected

oncogenes are of little or no inportance in fibrosarcoma develcpment.

It is pxjssible that an extensive search for changes in other oncogenes

mi^t reveal anplification or rearrangements that may correlate with

EMs, HSRs, and/or metacentric chromosomes. It is also possible that

such a search would reveal no anplification or rearrangement.

Furthermore, it is quite likely that oncogene changes that do not

manifest themselves thou^ oytogenetic change may be present. Ihis
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possibility has not been ruled out. It is edso possible that the CMs

and Ha?s may r^resent a new, unidentified onoogene, such as that

observed in mouse 3T3 cells (Cahilly- Snyder et al., 1987) and in

transformed NIH 3T3 and C3IV101/2 cells (Borek et eil., 1987), or that

these cytogenetic alaiormalities may not represent the same aiiplified

ENA sequence. Ihese possibilities were not explored since the most

likely cncogenes to be involved were examined. Instead, edtemative

ejqjlemations were ej^lored emd will be described in che^ster 4.

Double minute ehrtxnoscmes and honogeneously staining regions have

been observed in many experimental systems involving selection for drug

resistance in cell culture. However, in ncnselective conditicxis (vhen

the drug is removed from culture) the cytogenetic manifestaticxis of ENA

amplification are lost (Schimke et al., 1981). In the fibrosarcxma

system, the EMs and HSRs persisted in culture for 5 to 10 passages

after vhich they were no longer observed. Ihus, it is possible that

even thou^ these tumors were never exposed to drugs, the EMs and HSRs

may r^resent seme type of drug resistance gene.

Whatever the source of the EMS and HSRs, it is probable that the

amplified ENA sequence or gene is inportant to the establishment,

development, or persistence of the tumor in vivo, since they were

present in such a hi^ percentage of the fibroscuccnas emalyzed.
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CHAPTER 4

IHE RDI£ OF IHE MJEIIPIE ERX5 RESISTANCE GENE IN FIBRDSAROCMAS

Sumnaiv

Southern analysis and cell survived studies were performed on

fibrosarcxma cells oontcdning or lacking EMs in order to determine if

the EMs were cytological manifestations of multiple drug resistance

(MER) gene amplificaticMi. X ray survival studies were also done to

determine if the presence of EMs had any effect an the response to x-

irradiation. Southern analysis with the MER probe reveeded that cell

lines containing EMs had detectable MER ENA, vAiile in those cells

laciking EMs no hybridizaticxi was observed with the MER probe. Drug

survival studies indicated that those cell lines containing EMs were

generally resistant to AraC, methotrexate, actinortycin D, and

colohicine relative to the cells lacking EMS and to the normal

controls. Cells from different fibrosarcomas exhibited a variety of

sensitivities to X rays, but these sensitivities could not be

correlated with the presence or absence of EMs in the different cell

lines.

Introduction

In our studies, the presence of double minutes and homogeneously

staining regions could not be correlated with onoogene asplification.
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However, EMs and IBRs had been correlated with anplification of the

multiple drug resistance (MCR) gene in other tumors (Sootto et al.,

1986; Pastan and Gottesman, 1987).

Double minute chronoscmes have been observed in mouse skin

pc^illcroas ^Auch did not correlate with oncogene anplification.

However, these EMs were eventxally shewn to be cytologiccil

manifestaticMTS of MER anplification (Larcher et al., 1988). Also, many

normal human tissues such as liver, kidney, and adrenal express MER in

hi^er thcui expected levels (Fojo et £lL., 1987). Furthermore, it hcis

recently been determined that the 170 Kd transmenbrane glycoprotein

transport system re^xxisible for raultidrug resistance is functicaiing in

non-selected, non-resistant dog kidney cells in culture (NeyfaJdi et

al., 1988).

When cells in culture are selected for resistance to a specific

drug, for exanple, the resulting surviving cells are not caily resistant

to the selecting drug but are also cross- resistant to other drugs

(Pastan and Gottesman, 1987). Studies with hamster cells have shewn

that this type of multiple drug resistance is accapanied ty a decrease

of intracellular drug accumulation and an increase in the 170 Kd

transmembrane glyccprotein (Kartner et al., 1983). Studies involving

drug vptake and releetse kinetics have revealed that the selected cells

had acquired the ability to purp drugs out of the cells. Ihe MER gene

product ccxifers resistance to such diverse drugs as adrianycin,

actincnycin D, colchicine, and vinblastine. However, a few drugs, such

ets methotrexate, AraC, cyclophosphamide, and blecnycin, seem to be able

to overcome multiple drug resistance by adlcwing the chemicals to
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acxunulate within the otherwise resistant cells (Pastan and Gottesman,

1987).

Althcu^ the fibrosarocna cells had not been es^xosed to chemiccil

agents, it was plavisible that MCR ainplificaticMi mi^t be involved in

the generaticxi of CMS and HSRs. In order to investigate this possible

correlation between MCR anplificaticn and EMs, both Southern analysis

and cell survival studies were dene with various sarccxna cell lines

ccHTtaining or lacking EMS. NOrnal mouse heeirt/lung cells were used as

controls. Drug survival studies eaiployed actinanycin D and colchicine

(for vhich MER is r^jorted to confer resistance) and methotrexate and

AraC (for vhich MER is r^xorted not to ccxifer resistance). X ray

survival studies were also performed to investigate any possible

connection between EMs and resistanoe to X rays.

Materials and Methods

The MER Sequence

The MER sequence (frcm a Chinese hamster fibroblast cell line) in

plasmid p5L-18 (Scotto et eil., 1986) was kindly provided by Dr. Peter

Melera (The tSiiversitY of Maryland Cancer Center, Baltimore, MD.).

This Chinese hamster sequence is reported to share ^proxiinately 90%

hcmology with both the mouse and human MER sequence.

Scale Preparaticyi of the MER Plasmid

In order to obtain sufficiently pure quantities of the MER

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

selected frcn anpicillin agar plates, and plasmid CMA was extracted

from a 5 liter ovemi^t culture of transformants via the alkaline

lysis procedure (Maniatis, 1982). The closed circular ENA was then

purified by centrifugation to eguilihrium in a cesium chloride-

ethidium brcriide gradient (Maniatis, 1982). The sample was then

extracted with water saturated N- butanol, resu^ended in TE buffer,

and ethanol precipitated for further purificaticxi. Ten micrograms of

the purified ENA 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 ̂ jpropriate fragments in order to verify the integrity of

the purified EIC^.

Use of the MER Plasmid as a Probe

Methods utilized for ENA isolation from cultured tumor cells,

restriction enzyme digest, ENA precipitation, electrophoresis. Southern

blotting, and membrane hi^ridizaticxi are the same eis those described in

detail in the Materials and Methods secticxi of C2iapter 3. The method

for nick translaticxi is also the same as described in ch^Jter 3 exc^t

that the purified MER ERA was used instead of oncogene ERA.

Drug Survival Experiments

SurvivEd studies were done to determine whether the presence of EMs

had an effect cai cell survival in the presence of various drugs.

Sarccma cell lines used were 88-7804, 87-214, and 88-7576 (adl lacking

EMS, althou^ 87-214 does contain an HSR) and 87-1363 , 88-7704 , 88-
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7577, and 87-213 (all ocsntaining EMs). Normal fibroblasts (passage 3)

cxiltured fran minoed sanples of heart and lung frcm a normal C3H female

mouse were used a cortrol.

Cells were removed frcm petri dishes with 0.05% trypsin, diluted in

L- 15 media, and counted on a hemocytaneter. Various nuntoers of cells

(as determined fron previous plating efficiency studies) were plated on

60 mm. tissue culture dishes (Falcon) in media containing methotrexate

(Sigma), colchicine (Sigma), actinccycin D (Sigma), or Ara C (Sigma).

Uie different nuittoers of cells plated were dependent i:pon dose and were

selected in order to yield e^roximately 100 colonies per plate. The

concentrations of each drug were 0 ug/ ml, 0.001 ug/ ml, 0.01 ug/ ml,

0.1 vg/ ml, 1.0 ug/ ml, or 10 ug/ ml, and each treatment was cxsxJucted

in triplicate. Plates were incubated undisturbed for 7 days in a 37 °C

incubator humidified 95- 100% in an atmoephere of 5% OO2 in air. The

plates were then fixed with 70% ethanol at roan terrperature 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 disseching

microscope. Each colcxiy was assumed to r^resent a single surviving

C3ell.

X Rav Survival Experiments

Survival studies were also performed in order to determine vhether

or not the presence of EMs had an effect on cell survival etfter

treatment with X- irradiation. Cells were removed from tissue culture

di.shes with 0.05% trypsin, diluted L- 15 in media, and cxjunted with a
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henocytcnteter. Different rusobers of cells (depending v^xxi dose) were

again plated, as determined by prior plating efficiency studies, onto

60 ina. tissue culture Hishtag (Falcon). Three plates were used for each

dose group. The plates were incubated for 4 hours at 37 'C to allcw

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 Gesnini Industrial X ray imit was used. The machine settings

were 250 KV., 10 mA. with a beam filtration of 1 ran. of eiluminum. Cell

cultures were centered vmder the beam and rotated during e^qDOsure. The

plates were incubated undisturbed for 10 days in a 37° C incubator

humidified 95- 100% in an atmosphere of 5% OO2 in air. The plates were

fixed with 70% ethanol at rocm teaiperature 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 microsccpe, and each of these colonies

was assumed to r^resent a single surviving cell.

TaTTfg t^cale Preparaticxi of the MCR Plasmid

An ethidium brcmide stained agcirose gel shewing ENA fragments fron

the MER plasmid obtained after cesium chloride purificaticai is shown in

Figure 4.1. The left- hand lane represents a 123 base pciir ladder

(standard) vhile the ri^t - hand lane represents the purified MER

plasmid cut with Pstl. The e^ropriate fragments of 411 base pedr and

88 base pair fragments were observed in the purified MER plasmid. This
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Figure 4.1 Ethidium Bromide stcdned agaroee gel shewing the 411 base
pair and 88 base pair fragments from the MER plasmid cut
with Pst I.
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indicated that the purified ENA could be used as a probe for the MER

sequence in the fibrosarccma ENA.

Southern Analysis with the MER Probe

Figure 4.2 represents a Southern blot anedysis of tumor cell ENAs

containing EMs, HSRs, or neither. Lanes 1- 5 (87-213, 85-11304, 85-

11409, 87-176, 87-211) r^resent ENA from tumor cell lines that

contained EMS, and lanes 6- 10 (86-7643 , 86-7661, 87-231, 87-233 , 87-

297) r^resent ENA from tumor cell lines that contained HSRs.

10- 15 (88-7576, 88-7804, 86-7644, 86-7645, 87-213pl6) represent ENA

from cell lines that contained neither EMs or HSRs. A band at

^roximately 1 }±». is present in lanes 1, 2, 4, and 5 ̂ oh all

contain ENA from cell lines containing EMS. No band was observed in

lane 3 even thou^ 32% of the cells from tumor 85-11409 contained EMs.

No hjioridization was observed in any of the lemes r^resenting cell

lines containing HSRs or in lanes r^resenting cells cxxitaining neither

EMs or HSRs. Lane 15 contains ENA from tumor 87-213 after 16 passages

in culture.

Drug Survival stndipg

Survived curves of various seunooma cells treated with oolcbicine,

actinontycin D, Ara C, and methotrexate are shown in figures 4.3, 4.4,

4.5, and 4.6, respectively. C3ell lines containing EMS (87-1363, 88-

7577, 88-7704, 87-213) were resistant to colohicine at all

COToentrations tested. (ENA from cell lines 87-1363, 88-7577, and 88-

7704 was not examined for MER amplificaticxi). Cell lines from sarcoma
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Figure 4.2 Southern Analysis of tumor cell ENAs containing CMs,
HSRs, or neither probed with the MCR probe
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Figure 4.3 Survival Qjrves of fibrosaroona cells (containing or lacking
CMS) in the presence of Oolchicine. Cell lines containing
CMS were 87-1363, 88-704, 88-7577, and 87-213, vdlile cell
lines lacking CMs were 88-7804 , 87-214 (ccaitained HSR), and
88-7576.

123



Colchicine

o-

0.001

■O 87-1363 A-
• 87-214 A-

■A 88-7804 ■-
-A 88-7576 V-
-□ 88-7577 T-

'■ 88-7704
•V 87-213
■T normal

0.001 0.01

c
o

u
D

0.1cn

A
D 0.01
(/)

A

\ A

1 .0

[/xg/ml]

Figure 4.3

124



Figure 4.4 Survival CXirves of fibrosaroona cells (containing or lacking
EMis) in the presence of Actinarysin D. Cell lines
containing CMs were 87-1363, 88-704, 88-7577, and 87-213,
v^le cell lines lacking CMs were 88-7804, 87-214 (contained
HSR), and 88-7576.
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Figure 4.5 Survival Curves of fibrosarocma cells (containing or
lacking EMS) in the presence of Ara-C. Cell lines
containing EMS were 87-1363, 88-704, 88-7577, and 87-213,
\diile cell lines lacking EMS were 88-7804, 87-214
(contained HSR), and 88-7576.
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Figure 4.6 Survival Curves of fibrosarxxna cells (oraitaining or
lacking EMs) in the presence of Methotrexate. Cell lines
containing CMs were 87-1363, 88-704, 88-7577, and 87-213,
viiiile cell lines lacJdng EMs were 88-7804, 87-214
(contained HSR), and 88-7576.
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87-214 were clLso resistant to oolciiicine, and edthou^ these cells did

not contain CMs, they did contain an HSR. However, the MER status of

87-214 is not known. Sarccna cell lines containing neither EMs or HSRs

(88-7804, 88-7576) were nudi more sensitive to colchicine compared to

the resistant cell lines at concentrations of 0.1 ug/ ml and greater.

Ihe fibroblasts cultured from normal mouse heart and lung tissue were

more sensitive to colchicine than the cell lines containing EMs or

HSRs, but less sensitive than sarcoma cell lines lacking these abnormal

cytogenetic structures.

As with the colchicine treatments, cell lines caitaining EMs were

more resistant than sarcoma cell lines lacking EMs at ccaxsntrations of

0.1 ug/ ml and greater of actinorycin D and Ara C. Ihe cell line

containing the HSR was also resistant to actinortycin D and Ara C,

althou(^ the MER 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 actincrycin D and Ara C than sarcoma cell

lines cc»itaining EMs and the HSR but less sensitive than sarcoma cell

lines lacking both of these structures.

Survival studies with methotrexate were not as concliasive as the

studies with the other drugs. Ifcjwever, the sarcoma cell lines lacking

both Elfe eind HSRs appear to be more sensitive to methotrexate at

ccaioentraticxTs of 0.1 ug/ ml and greater as conpared to normal cells

and cell lines ccxTtaining either EMs or the HSR.
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X Ray Survival Studies

Data frcm X ray survived studies are shown in figure 4.7. The

saroona cell lines esdiibited 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 chranosonal changes)

or with the presence or absence of EMs. For exaitple, cell lines

containing CMs had ID50S of 4.6 Gy (87-1363), 3.8 Gy (88-7704), 2.6

(88-7577), and 3.6 Gy (87-213), vhile cell lines lacking EMs had IJD50S

of 4.0 Gy (88-7804), 3.4 Gy (87-214/ also had HSR), and 0.65 (88-

7576). Normal fibroblasts cultured frcm heart and Ivmg tissue had an

IjD5o of 3.4 (^. Thus, it e^pears that there is no specific correlation

between the presence of Effe and sensitivity to X rays.

Oonclusions and Discussion

The presence of double minutes in 4 of 5 fibrosarocroa cell lines

correlated with ENA h^hridization of the MER gene probe, thus

indicating airplification of the MER gene in these cells. In one cell

line (85-11409) ccaitaining EMS, no hybridization of cellxilar ENA with

the MER probe was observed. Bowever, OTily 32% of these cells contained

Effe, and it is possible that either not enou^ cells contained EMs or

that these particular EMs were not large encu^ to exhibit

hihridization at the level of sensitivity of Southern anedysis. On the

other hand, these Effe mi^t not represent anplificaticsi of MER. No

hybridization was observed for cell lines containing HSRs or for cell

lines that did not contain EMS or HSRs. Kurticularly interesting is
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Figure 4.7 Survival Curves of fibrosarxxma cells (containing or
lacking EMs) after treatment with X rays. Cell lines
containing Hfe were 87-1363, 88-704, 88-7577, and 87-213,
vAiile cell lines lacking CMS were 88-7804, 87-214
(contained HSR), and 88-7576.
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the fact that no h^laridization was observed in ENA feon sarocroa 87-213

after 16 passages in culture. 78% of the cells fron early passages of

sarocra 87-213 contained CMs; however, as often is observed with these

fibrosaroona cells in culture, after 16 passages none of the cells

analyzed ccaitained EMs. Thus, viien the EMs were no longer observed

hjlDridizaticai to the MER prcbe was no longer observed. This lends

further si^jport to the conclusion that the Ete are cytological

manifestations of anplification of the MER gene.

Data frcm the drug survival studies si^jport the Southern analysis

data suggesting that EMs represent MER anplification. Cell lines

containing EMs were significantly more resistant to colchicine,

actincnycin D, Ara C, and methotrexate at conoentraticns of 0.1 ug/ ml

or greater than were cell lines lacking EMs. However, one cell line

(87-214) that contained an HSR was edso resistant to the drugs, even

thou^ no hi^ridization with the MER probe was observed in other

saroonas containing HSRs. It is however possible that 87-214 would

have MER aitplificaticMi, eilthou^ this has not yet been shown.

Ihere are two broad classes of chemical agents that must be

considered vhen discussing MER, those agents to vhich cells expressing

MER are resistcint and those eigents to vhich cxells expressing MER are

sensitive. Acrtincnycin D and caxlchicine belcxig to the first class,

vhile Ara C and methotrexate belong to the second (Pastan and

Gottesman, 1987). Ihe drug survived exqxeriments employing the

fibrosarcoma cxell lines suggest, as expected, that cell lines with MER

anplificaticxi are resistant to actinomycin D and cxxlchicine. However,

fibrosarccna cell lines cxntaining EMs were also resistant to Ara C and
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also ejdiibited a sli^t resistance to methotrexate. Ihe e^^parent

discrepcincY between these data euid the published literatxire mi^t be

due to the possibility that edl of the EMs in each cell line may not be

cytological nanifestations of MER aitplification. Furthermore, there is

evidence that nultidnig resistance is not due to a single gene. MER

genes appear to be part of a raultigene family, and tMO or more full-

length cENA sequences have been isolated from the mouse (Qros et al.,

1987) and human (VanDerBliek et eil., 1987) gencnies. Ihus, it is

possible that different "meaiibers" of the ntiltigene family may be

induced by a particuleir drug in different cell lines. If this were the

case, various responses might be observed with one particular drug in

different cell lines esqjressing MER.

Ihe normal fibrcblasts were more sensitive to the drugs tested than

sarcoma cell lines containing EMS and less sensitive than sarcoma cell

lines lacMng EMs. Ihe ir>creased sensitivity conpeuned to EM containing

lines is most likely due to the fact that the normal cells eure not

e}5)ressing anplified MER. In the absence of MER anplification, the

tumor cells could be more sensitive than normal cells because other

factors such as unstable karyotype or altered ENA r^>air would play a

role.

Ihe fibroscurcomcis analyzed erfiibited varying respcxises to x-

irradiation. Ifcwever, few conclusiois can be drawn from the survival

curves themselves since the shc^)es of the curves may be due, in part,

to technical difficulties such 2is cell clunping. A clunp of cells

would need only one survivor to form a colony, and thus, auduficiadly

hi^ survivals mi^t be observed. It cem be concluded hcwever, that
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the X ray responses did not correlate with chronosoroe number or

specific karyot^ic changes. Also, the presence or absence of EMs did

not e^3pear to influence sensitivity to X rays. NO correlation would be

e>5)ected if the Effe cue indeed indicative of MER anplification. The p-

glycoprotein is purported to function as a punp that does not eillcw

aocunulatiai of numerous chemical agents inside the cell (Fojo et eLL.,

1985), and thus wculd not seem to be involved in resistance to X-

irradiation.

Even thcu^ the fibrosarcoma cells had not been exposed to chemical

agents, either in the mouse during tumor development or in culture, the

MER gene appears to be amplified in tumor cells cOTitaining EMs. This

is not ccnpletely uneipected since many normal tissues eis well as

tumors have been found to express MER (Fojo et al., 1987). Thus, "MER"

may be a sort of misnomer since the protein probably serves a function

in normal cells. It is likely that the formation of EMs is not a

primary st^ in fibrosarccma formaticxi but is involved in or a

consequence of progression. This is sipported by the fact that EMs

occurred only in tumors at later stages of development. Also, in

secondary tumors formed by reinjecticxi of parent cells containing EMs

(see ch^jter 2) no EMs were observed in the cells analyzed. It is also

possible that MER in the fibrosarocmas 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 (Herbennan and Ortaldo, 1981), and increased drug resistance

was associated with both an increased resistance to NK cytotoxicity and

increased p- glycoprotein ejpression (Woods et al., 1988). If p-
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glycxrprotein does actually function as an efflvK punp, preventing

intracellular accumolaticn of seme cytotoxic drugs, it is also possible

that the MER gene product could also control the intracellular

accumulation of cytotoxic factors produced by NK cells. In fact, it

has been reported that the cytotoxic potential of NK cells was reduced

in proporticxi to the level of p- glycoprotein in target cells (Woods et

clL., 1988). Therefore, it is possible that in this fibrosarooma

system, the MCR anplificaticxi is a response to the NK cells of the

immune system. Therefore, if the fibrosarocmas were not removed from

the mouse until death, autopsy mi^t reveal a greater number of

metastases in animals vhose tumors ccntained EMs compared to animals

vdiose tumors did not ccxitain these structures.
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CHAPTER 5

SIMIARY

The original objectives of this study were to follow chrcmoscnie

changes during fibrosarocma progression, to determine if specific

chrcmosane or oncogene changes were associated with saroanas at

peirticular stciges of develcpraent, euid to determine if specific

Ghrcmoscme changes were dependent vpon the agent that induced the

tumor. These studies are presented in chepters 2 and 3. Generally, as

the time post- iirplantation of the disk increeised, the number of

ehrcrooscmes per cell increased in tumors fron the animals receiving the

disk as well as those receiving the disk + X ray treatments. The mean

chrcmoscme number per cell was Icwer (at conparable times post-

iirplantation of the disk) in sarocmas fron animals that received the

disk + X ray treatment ooipared to tumors frcm suiimals that received

the disk edone. CMs and HSRs were observed in many of the tumors

analyzed, and were predominantly present in tumors at later stages of

development. IXplications of chrcmoscmes 10, 16, and 19 were present

in tumors frcm animals treated with the disk + X ray and those with the

disk alone. Metacentric chrcmoscmes were observed only in tumors that

developed in animals that received the disk alone. The most frequently

observed metaoentrics were (4;17), (1;17), (4;15), and isochrcroosome

19.

Consistent chromosomal "trends" were observed; however, no

pcu±icular chrcmosonal alteration could be identified as being an
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initiad and perhaps causative event in tumor fonnaticn. Also, no

^jecific chrcnoscroal adterations could be correlated with peurticular

stages of tumor developnent. EMs and HSRs were present in many tumors

at later stages of develcponent, suggesting the ijiportanoe of gene

anplificaticn in the later stages of neqplastic progression. It is

likely that the EMs, however, are not neaessauy for tumor maintenaixe

since 2° tumors formed via injection of parental cells containing EMs

did not themselves contain double minute chrorooscces. Ihe only

chrcmoscme change that was ^)ecificadly associated with the inducing

agent was the formaticai of metacentric chrcraoscines. These structures

were observed only in tumnors from animals that received the disk edone.

However, no one specific metacentric ohrorooscme was observed in edl

tumors containing these structures.

Any relationship between the production of i^jecific ohromosoroal

abnormalities and the formaticn of the fibrosarccmas is uncertain. The

karyotypic inconsistencies of individual tumors suggest that more is

involved in malignant transformation than a single primary ohrcniosonal

lesion. However, Hayflick emd Moorhead (1961) observed ohrcroosoinal

alterations associated with the earliest stages of transformation of

human cjells in culture. It is quite probable that the chrcmosonal

edteraticns are involved in the developnent of the fibrosaroonias. It

is feasible that each oytogenetic alteration cxuld produce a metabolic

change in the cell, such that the numerous chrorooscinal changes in

fibrosarooroa cells could be re^xnsible for a plethora of as yet

unidentified metabolic alaionnalities.
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Becavise EMs and HSRs were observed in tumors particularly at later

stages of develcponent, e}g}eriinents were dme to investigate if these

r^resented anplificaticxi of onoogenes. Several of the cnoogenes

investigated had been nic^ped to chromoscmes involved in the edteraticns

seen in sarcxmas or were associated with sarccina viruses. Chapter 3

describes studies involving cncogene analysis of c-mvt). c-h-ras. c-raf.

c-rel. c-abl. c-ertA. c-erfaB. c-sis. c- and c-roos. Examination of

these CTKXigenes throu^ Southern analysis yielded no correlation

between the presence of CMS ancVor HSRs and cncogene amplification.

Also, there was no correlatioi between cncogene rearrangement and the

presence of metacentric chrxmoscxnes.

Since CTioogene amplificaticai did not appear to be related to the

presence of EMs or HSRs in sarccmas, the possible involvement of the

multiple drug resistance gene was investigated. Chc^Jter 4 describes

these studies. Southern analysis utilizing an MER probe revealed a

positive correlaticai between the presence of EMs emd amplification of

the MER sequence. Also, drug survival studies suggested that sarccina

cell lines COTtaining EMs (and crnie cell line contedning an HSR) were

resistant to ara C, methotrexate, actincmycin D, and colchicine

relative to sarccma cells lacking EMs. Normal mouse fibroblasts, used

as a ccmtrol, had drug sensitivities greater than sarccma cell lines

containing EMs and less than sarccma cell lines lacking EMS. These

results were generally consistent with the Southern h^lnridizatian

studies indicating that the EMS were qytological manifestations of MER

amplification.
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X ray survival studies reveeded that cells frcni various tumors had

a variety of sensitivities to X- irradiation. Hcwever, these

sensitivities did not correlate with the presence or absence of EMs or

with karyotypic changes. Ihus, it g^:pears as if the EMs present in the

fibrosarccna cells do indeed represent anplificaticn of the MER

sequence even thou^ the tumors held not been eiqxssed to emy MER-

incSucing agents either in vivo or in vitro prior to the survival

studies. However, cis is described in che^jter 4, this airplification is

possibly an imraunologiccil response to the cytotoxic agents produced by

natural killer cells.

Althou^ these studies indicate that chrcmoscnial changes occur

rather early in the neoplastic process, it still cannot be deterrnined

vhether cu^ r^resent the primary neopleistic event. Furthermore, in

spite of the fact that a non- randcm pattern of chrcroosanal trends was

observed, the way in vAiich these changes coitribute mechanistically to

the neoplastic process cannot be fully ei?)lained. It is possible that

each cytogenetic change produces at least one alteraticn of a cellular

process. Thus, as a result of chroiiosatial alterations normal cellular

growth and function could be cdtered. 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 (PFX3E) to identify specific translocation (metacentric)

brea]qx3ints. PFGE is an electrophoretic method for the s^iaraticxi of

large EMA molecules cxi agarose gels (Schwartz and Cantor, 1984).

Rearrangements or translocations that move a ENA sequence of 5 x 10®
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bp. or greater are cytogeneticedly visible. Detection of rearranged

segiiences throu^ standard Southern blotting is difficult, since only a

sanall porticai (e^roximately 1%) of a chrcraoscne can be scanned with a

given gel (Sandberg et al., 1988). PFGE can scan 20% to 40% of a

chrcraoscne in a given gel, thus greatly increasing the chances of

detecting a breakpoint. In fact, the size range of molecules resolved

well by PPGE falls into the gap between standard Southern blotting and

cytogenetic cinalysis (Sandberg et ed., 1988).

Southern blots pr^jared frcm PFXSE gels could be used to generate

Icuge sccde restricticai maps (Iferrraann et al., 1987), emd these maps,

ccnstructed using several closely linked probes, could span a

chroraosorae band. Thus, PFiGE could be useful in identifying specific

breakpoints involved in translocations, and rearrangeraents that eppear

cytogenetically identical could be examined for heterogeneity at the

molecular level. For exaitple, it would be possible to determine if the

isochrcraoscrae 19s observed in various tumors were derived frcm the same

molecular rearrangement.

Future eiperiments should also involve further MCR studies. First,

drug survival curves and Southern analysis should be performed on

additicsTcd tumor cell lines ccxTtsdning HSRs to determine if the HSRs

are in fact involved in the MER phenotype. Also, scrae mice should be

edlowed to die of their fibrosarccmas, and autopsies should concentrate

on metastases. If MER aitplificaticn is affecting the ability of

natural )d.ller cells to fi^t metastatic potential, the animals vhose

tumor cells contained CMS (MCR anplificaticn) would possibly have more

metastases than aninals vhose tumor cells did not contain MCR
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emplificatlcai. Furthermore, it would be interesting to isolate the

CMS, transform sensitive tumor cell lines vdth these EMs, and determine

if the transformed cells would beocme resistant, more tumorigenic, or

more metastatic than cells before transformation.

Kicwledge of ̂ jecific ciuxroosanal and nolecular changes involved in

mouse fibrosarccmas may eventually lead to a better understanding of

human fibrosarccmas. If the j^jecific brea}qx)ints involved in the mouse

tumor cell translocatiois could be elucidated, identificaticn of

homologous sequences in humcins could provide clues eis to the location

of preferential brea]<points in human sarcomas. Also, a more ccnplete

understanding of the role of MCR amplification in the tumor cell lines

may provide information about the cellular processes responsible for

neoplastic progressic*i and neoplastic potential. Ultimately,

cytogenetic and molecular studies of animal solid tumors may help to

provide knowledge that could serve as a si;pplement to conventional

histological diagnosis and prognosis, and thus improved management of

human solid malignai>cies.
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