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ABSTRACT

This study has established that human melanoma cells show a
continual defect

on chromosomal segregation.

in both cultured and fresh cells.

This feature was found

A majority of work described here

was performed on the human melanoma cell line designated MIRW.
line was derived from an axillary node of a 17 year old male.

This
The

culture has been grown as a monolayer for over eighteen months and is
now a permanent cell line.

Detailed chromosomal analysis has been

performed on MIRW and several of its clones.

Several cytogenetic

changes were observed: a wide chromosomal range with no modal number;
centric fission; chromosomal rearrangements and deletions.

To show

that these phenomena are not only present in cell culture, but relevant
to melanoma in vivo, fresh samples were analyzed.

Eight of the fresh

melanomas had sufficient mitotic activity to establish modality.

A

modal chromosome number was not found in any of the samples.
Abnormal chromosome segregation in fresh and cultured melanoma
cells has been suggested by several observations: a lack of modal
number, abnormal cell division as defined by the observation of
multiple segregations and anaphase bridges, electron micrographs
demonstrating multiple centrioles in MIRW, single colonies containing
different chromosome numbers, and banding studies showing no two
karyotypes to be alike.
Abnormal segregation was found to cause genetic heterogeneity.
It is proposed that the heterogeneity may be involved in the lack of
ix

X

therapeutic response in melanoma.
this hypothesis.

Drug studies were performed to test

Of the six drugs tested (adriamycin, actinomycin D,

BCNU, methotrexate, vincristine, and taxol), only actinomycin D was
effective in reducing cloning efficiency in soft agar.
responses changed drastically with time.

The drug

Although actinomycin D reduced

colony formation, cells from resistant colonies often reverted to
sensitivity when retested.

The instability of the drug response is

consistent with continuous abnormal segregation.
Human and mouse melanomas were compared. Detailed banding
analysis revealed that the mechanisms of cytogenetic change were quite
different.

Mouse cells contained few rearrangements and attained marked

aneuploidy by duplication of specific chromosomes.

Human melanomas

show a high degree of rearrangements and aneuploidy caused by abnormal
segregation.

CHAPTER 1

NATURE AND SCOPE OF THE IIWESTIGATION

Melanoma is one of the most metastatic and therapeutically
unresponsive malignancies.

By understanding the biology of mealnoma we

may be able to better treat the disease.

In our laboratory several

aspects of melanoma biology are under investigation by myself and
others.

Such questions as the effect of growth factors on cultured

cells, the use of hormones in effecting melanoma differentiation, and
the presence of viral particles are being addressed.

Cytogenetic

changes are an important part of the biology of melanoma.

Abnoirmal

karyology is a regular feature of the disease, although no specific
aberration has been noted.

One unique abnormality has been observed

in about two-thirds of the samples.
stable karyotype.

It is the lack of a constant or

Although this abnormality has been noted in

individual cases, its significance has not been established, nor has
the mechanism of its occurrence been investigated.

Previous studies

have made no attempt to correlate chromosomal heterogeneity and drug
response.
The majority of the research was done on a single human cell line
developed in the laboratory, MIRW.
on fresh human melanoma samples.

Experiments were also performed

The three murine melanoma lines were

a gift of B. Fuller (General Biology).

1

2
Initially the goal of this study was to fully characterize the
cytogenetics of these melanoma cell lines.
the karyology of the human line.

The primary emphasis lay in

When it was discovered that no modal

chromosome number could be determined for MIRW, several other lines of
investigation were undertaken.
questions:

These investigations address the

Was abnormal segregation occurring or were there many

separate aneuploid clones?

If abnormal segregation was occurring, what

is its effect on drug resistance?

Is abnormal segregation associated

with a defect in centrioles or spindle fibers?

Will drugs that affect

spindle fiber formation alter the distribution of chromosomes at
division?
Since murine melanoma has been used as a model for human melanoma
and a system for studying the effectiveness of new chemotherapeutic
agents, a series of cytogenetic analyses were conducted on three mouse
lines.

Comparison of the mechanism of aneuploidy in mouse and human

melanoma was made.
These studies were designed to address only the cytogenetic
features of melanoma.
basis of these events.

No attempt was made to analyze the molecular

CHAPTER 2

CYTOGENETICS ANALYSIS OF HUMAN MELANOMA

Introduction
As early as 1914 Theodor Boveri Oiolf 1974, p. 3) suggested that
chromosomal change was important in the etiology of cancer.

But not

until 1960 was the first specific chromosomal change associated with a
human neoplasm identified.

Nowell and Hungerford (1960) found the

Philadelphia (Ph') chromosome was present in the majority of chronic
myelocytic leukemia (CJIL).

At the time Ph' was described as -22q.

Not

until chromosomal banding was available was the Philadelphia chromosome
properly identified (Rowley 1973) as a translocation between chromosomes
22 and 9.
Since that time, many other specific chromosome changes have
been discovered.

Of these, the most convincing are:

1) partial or total

loss of a number 22 chromosome in meningiomas (Mark 1973); 2) the
presence of an extra band of medium fluorescence at the terminal end of
the long arm of one number 14 in Burkitt's lymphoma (Manolov and
Manolova 1972) or possibly only the loss of the fluorescent band from 8q
(Kaiser-McCaw and Hecht 1979); 3) a translocation in chromosome 14 in
non-Burkitt's lymphoma (Fukuhara and Rowley 1978); 4) the presence of a
translocation t(15;17) in acute promyelocytic leukemia (APL)
(Golomb et al. 1976); and 3) a translocation t(8;21) in acute

3
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myelocytic leukemia (AML) (Rowley and Potter 1976).

A few other chromo

somal changes have been observed in solid tumors, but less frequently.
With time,such changes as a triplication of segment Iq23-lq32 in breast,
colon, ovary, bladder, and cervical cancer (Kovacs 1978), D group
arrangements in endometrial carcinoma (Trent and Davis 1979), and a
deletion in the long arm of chromosome 6 in ovarian carcinoma (Trent
and Salmon 1979) may also become specific markers.
After determining that specific chromosome markers are not
present in most malignancies» the question to ask is whether or not
there are any discernible patterns.

The general impression gained using

conventional straining techniques is that even though there is no over
all pattern, several common features frequently occur.
Nearly every tumor is characterized by its modal chromosome
number which may fall anywhere within a wide range.

However, most modal

numbers fall into two groups, one situated around the diploid range and
the other in the triploid-tetraploid range.

Modal numbers of 37 or 38

are quite common in ovarian and breast cancers, but modes below this are
exceptional.

The upper limit on modal numbers may be about 156, as

seen in a primary seminoma (Martineau 1969).

Various degrees of poly

ploid have been observed elevating the chromosome number into the
hundreds (Sandberg et al. 1963, Bauke and Schoffling 1968).

Yet, simple

aneuploidy seems to be one of the most common changes (Granberg,

Gupta,

and Zech 1973).
Certain common features of karyotypes should be noted which are
somewhat independent of chromosome number.

The first is the presence of

5
marker chromosomes.

Large acrocentric markers have been described in

many different types of tumors (Atkin 1969, Benedict, Brown, and Porter
1971, and Kakati, Hayata, and Sandberg 1976).

Another, a large sub

metacentric marker was observed by Martineau (1966) in four testicular
tumors.

In many cases, though what may look like normal chromosomes

superficially may be abnormal marker chromosomes when examined and
compared on the basis of banding patterns.
The second notable feature is a tendancy toward changes in the
number of normal chromosomes.

Miles (1974) noted in his review of

chromosomal changes in human cancers that there was often a gain in the
more metacentric chromosomes, groups C, E, and F, and a deficit of the
more acrocentric chromosomes of groups B, D, and G.

Sex chromosomes,

especially the Y, were often observed to be missing (Sakurai and Sandberg
1976, and DiLeo et al. 1977).

Although some chromosomes have "dis

appeared", it is not known whether these chromosomes are totally lost
or merely rearranged.
The third interesting feature is the involvement of specific
chromosomes in rearrangements.

After reviewing 12 different tumor types

from more than 600 neoplasms, Levan, Levan, and Mitelman (1977) showed
that chromosomal aberrations clustered onto 10 of the 24 human chromo
somes.

Chromosome 1, due to its size and ease of identification has

been most explored.

Several papers have even been written attempting

to identify specific genes on this chromosome that might be related to
malignancy (Rowley 1977, 1978).

6
A few cancers do not contain some type of chromosomal aberration.
Also, chromosomal changes are not present in every example of a specific
malignancy.

Yet these cytogenetic changes play an important role in the

understanding and analysis of cancer, as they have been used as tools in
the detection of premalignancy, and for diagnosis and prognosis of many
cancers.
In certain tissues cytogenetic changes signal a premalignant
state.

These chromosomal changes can be present in disease states that

often develop into malignancies.

The most common of these changes occur

in various anemias which are often referred to as "preleukemia" due to
the high frequency of leukemia which often follows in these patients
(Nowell et al. 1976).

A partial deletion of 20q has been associated

with polycythemia vera (Reeves, Lobb, and Lawlor 1972) and refractory
anemia (Cohen, Ariel, and Dagan 1974) as well as 5q-(Sokal et al. 1975).
Chromosomal changes have also been informative in following the develop
ment of cervical dysplasia into invasive carcinoma.

A correlation

between the increased aneuploidy and the histological changes has been
demonstrated (Atkin and Baker 1969, and Spriggs 1974).

Aneuploidy has

also signaled malignant transformation in ovarian cancer (KnoerrGaertner et al. 1977), sporadic and familial colonic polyps (Mitelman
et al. 1974), and benign tumors of the nervous system (Mark 1974).
Chromosomal changes without disease s3nnptoms have also been
observed.

Kemp, Stafford and Tanner (1964) found the presence of a Ph'

chromosome in a patient who later developed CML.

Although these
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chromosomal changes may portend the onset of malignancy, it must be
remembered that not all non-malignant tumors which are aneuploid become
malignant (Atkin 1969; Mark 1974; and Spriggs 1974).
Chromosomal changes have also been a useful prognostic tool.

In

1968 I'Jhang-Peng et al. demonstrated that CML patients with the Ph'
chromosome had a mean survival of 42 months, whereas those patients with
out the marker had only a mean survial of 15 months.

These statistics

include those patients with Ph' variants with the more common Ph'
translocation.
malignancies.

The opposite effect has been demonstrated in other
Rowley (1976) found that the mean survival of AML

patients with normal karyotypes was 18 months as compared to 2 months
in those patients with abnormal karyotypes.

Within aneuploid tumors

of the breast, cervix, and ovary, those tumors with near diploid
complements have a better prognosis (Atkin 1974).
Karyotypic changes can also indicate the possibility of recur
rence or the onset of acute disease.

Falor and Ward (1976, 1978, and

Falor 1979) demonstrated that the tumor recurred in 32 out of 33
bladder cancers that contained a chromosomal marker, and in only 1 out
of 20 ^d-thout a marker.

Increased chromosomal changes in CML, such as

an increased number of Ph' chromosomes or the presence of il7 signal
the acute phase of the disease.

These changes often precede blast

crisis by 3-4 months (Krompotic, Lewis and Donnelly 1968).
Not only have cytogenetic changes been important in prognosis,
but they have affected the diagnosis in some malignancies. In 1970
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Benedict, Brown, Porter and Florentin diagnosed and removed a tumor as
benign meningioma.

It had a modal chromosome number of 38 with 3 markers.

Eighteen months later a malignant tumor with a similar karyotype re
curred.

This example demonstrates that chromosome analysis can be

used along with histopathology in determining malignancies.
At present there are two constituitive chromosomal anomalies
which can be viev^ed as diagnostic.

Hereditary retinoblastoma has a

very high penetrance in people with a 13q deletion (Orye, Delbeke, and
Vandenabeele 1974) and recently a second familial chromosomal anomaly
leading to renal cell carcinoma has been found.

Cohen et al. (1979)

found a balanced reciprocal translocation between chromosomes 3 and 8
in 10 family members.

The other 12 members were normal.

No family

member with renal carcinoma showed a normal karyotype. Due to the
translocation, three family members were diagnosed as having renal
carcinoma while they were asymptomatic.

Thus, the findings of the

translocation predisposes the person to a hereditary neoplasm.
The majority of cytogenetic information on malignancies has
been derived from hematopoietic tumors or effusions.

Systematic studies

on solid tumors have been sparce, due to the difficulty of obtaining
good chromosome preparations.

Only 10 to 15 percent of the samples yield

adequate material for cytogenetic analysis (Kakati and Sandberg 1978).
One of the tumors that can now be extensively studied is
melanoma, due to improved culturing techniques.

It is a tumor of neural

crest origin which is derived from melanin-producing cells called
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melanocytes; it is seen in all races of man and in many mammals as
well as lower animals (Clark et al. 1977).

The demographic and

epidemiologic data strongly indicate that light and its interaction with
genetic components such as fairness of complexion (Anderson, Smith and
McBride 1967; Wallace, Beardmore and Exton 1973) play a major role in
the increasing incidence of melanoma.

It has been established that

there has been a significant annual increase in the incidence of the
disease since 1923 (Lancaster 1956, Elwood etal. 1974, Elwood and Lee
1975, and Schniederman 1979).

Bronchogenic carcinoma in males is the

only malignancy that has been reported as having a greater rate of
increase (Elwood and Lee 1974).

Melanoma is not only increasing in

prevalence but it is also one of the most lethal, being one of the least
responsive malignancies to chemotherapy.
Chromosomal analyses has been performed on fresh melanoma
samples, both primary and metastatic tumors as well as cultured lines.
The cytogenetic analysis of melanoma was first described by T. C. Hsu in
1954.

He grew the cells in a monolayer culture and noted their

resemblance to fibroblasts.

Cells were then fixed for mitotic prepara

tions, and found to be near the diploid, with a few cells near tetraploid.
It is likely that the majority of cells in the diploid range
were actually normal fibroblast contaminants.

Since Hsu's study,

eighteen other investigators have published on the chromosomal aberra
tions associated with 76 cases of fresh and cultured melanoma.

Of the
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53 cases of fresh melanoma samples studied, 51 were metastatic to
various parts of the body (Hsu 1954; Ishihara, Moore, and Sandberg
1961; Spriggs, Boddington, and Clark 1962; Forteza Bover and Baguena
Candela 1966; Sandberg at al. 1967; Atkin and Baker 1969; Genes 1970;
Atkin 1971; Katayama et al. 1972; Witkowski and Zabel 1972; Berger
and Lacour 1973; Chen and Shaw 1973; Bluming, Khiroya and Vogel 1974;
Kakati, Song, and Sandberg 1977) and only 2 were primary leisons (Miles
1967; Whang-Peng, Chretien, and Knutsen 1970).
observed.

No sample was completely normal.

Several trends were

A few diploid or pseudo-

diploid cells were occasionally observed, but they were present in a
small minority of cells.

Tumors with gross aneuploidy often did not

contain a predominant stem line with a consistent modal number.

Of

the 53 samples, 18 contained no modal number or consistent karyotype,
14 had a predominant chromosome number, and 21 were unclassified due to
their low mitotic index.

One of the two primary lesions had no modal

number, but the modality of the other was not determined.
This feature of the consistent karyotype was only noted in a
few of the cases in which it occurred.

Most of this information was

extracted from chromosomal ranges, karyotypes, and other related
chromosomal data.

No recognition of this finding was made in reviews

comparing cytogenetic abnormalities in melanoma, although it can be
estimated to occur in the majority of human melanomas studied.
Although the karyotypes of many individual melanomas varied
considerably in chromosome number, the type of marker chromosomes
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present were consistent.

The number of markers varied drastically.

In

one case of Kakati's et al. (1977) the number of markers per cell
varied from 14 to 40.
these tumors:

Several common markers were observed among

giant submetacentric, metacentric, and acrocentric

chromosomes; an increase in acrocentrics of all sizes; and occasional
ring chromosomes.
one case each.

A telocentric and dicentric marker was observed in

Since most of these studies were prebanding, the

identity of the markers is unknown.

In the five banded cases performed

by Chen and Shaw (1973) and Kakati et al. (1977), rearrangements
involving chromosomes 1, 5, 8, 9, 11, and 12 were observed.

Chen and

Shaw (1973) found a marker with rearrangements involving possibly five
different chromosomes.

The majority of the early cases give fairly

incomplete results, since rearranged chromosomes could have been
mistaken for normal.
Changes in normal chromosome numbers were also observed.

As

in many malignancies, there was an increase in polyploidy (Chervonnaya
and Gladunova 1972) as well as alterations in the number of specific
chromosomes.

Two studies (Atkin and Baker 1969, and Berger and

Lacour 1973) analyzing 20 cases of melanoma found an overall decrease
in B, D, and G group chromosomes, including the loss of the Y chromo
some in males.
Similar chromosomal changes were also observed in the melanoma
cell lines.

Thirty-nine cell lines from 4 studies have been cytogenetic-

ally analyzed (Chen and Shaw 1974, Giovanella et al. 1976, and McCulloch
et al. 1976).

One study was able to compare the karyology of the fresh

tissue to its cell line (Chen and Shaw 1973), and found the chromosomal
aberrations stable.

It is particularly important to note that they

observed an increase in polyploidy in later passages of their cell
line but the markers were consistant.
The absence of a modal number was observed in 4 out of 10 cases
commented upon, although marked aneuploidy and pol3rploidy was observed
in all cases.
As with the fresh samples, large submetacentric and meta
centric markers were observed.

The morphology of the marker remained

constant,only their numbers fluctuated.

In the study by McCulloch et

al. (1976), an increase in C group chromosomes was observed as well.
The patterns of chromosomal change seen in melanoma cell lines
are similar to those seen in other cultured cells.
to parallel those seen in malignant transformation.

These changes appear
A few cells are

found to be karyotypically different than the stemline.

The number and

kind of stemline variants increases with continued passage in cell
culture.

This feature is also observed in metastases produced in vivo.

Increase aneuploidy has been associated with both late passages in
culture and metastatic growth.

The origin of these variants may be

traced to the stemline by the presence of a few common marker chromo
somes.
It is well accepted that cultured cells may be somewhat
different from their fresh counterparts, but they have proved invaluable
in the understanding of the basic properties of specific cell tj^jes
and malignancies.

For example, cultured cells have been extremely

important in answering question about the etiology of cancer.

Cells

have been analyzed for the various changes involved in transformation.

Materials and Methods

Cell Line Formation
MIRW is a permanent cell line developed in the laboratory of F.
Meyskens from a melanoma in an axillary node from a 17-year old white
male.

The tissue was minced and put in RPMI 1640 supplemented with 20%

FCS, penicillin, streptomycin, and neomycin.
adhere to the flask in a 37°C, CO2 incubator.

The cells were allowed to
At confluency, the

cultures were passed after a 10 minute treatment with Tyrodes solution.
At an early passage, the growth medium was changed to FIO + 20% FCS.
The cells have continued to grow and proliferated after approximately
18 months of subpassage.

Clonal Isolation
Due to the heterogeneous nature of MIRW, the cell line was
serially diluted for isolation of various clones.

Clonal isolation was

carried out at passage 18.
Procedure:
1.

Cells were diluted to less than 10 cells/ml in fresh
medium and plated in microtiter wells at 0.1 ml/well.

2.

Cells were then incubated at 37"C for one week.

3.

The forty clones that developed were transferred with
Tyrodes solution into small culture dishes and incubated
at 37°C in fresh FIO medium.

14
4.

After 4 days, the eighteen surviving clones were trans
ferred to culture flasks and maintained as separate clones
of the original MIRW cell line.

Fresh Melanoma Procurement
Melanoma samples were obtained at the time of a biopsy.

The

fresh tissue was teased into a single cell suspension in Hanks' Balanced
Salt Solution, the cells were counted and distributed by S.E. Salmon's
Drug Sensitivity Testing Center.

Chromosomal Analysis
Cells grown by three different techniques were used for chromo
somal analysis.

Fresh melanoma samples were 1) treated directly for

chromosomal analysis, 2) analyzed after proliferation as a monolayer,
and 3) analyzed following growth in agar.
enough tissue was available.

All techniques were used when

Only monolayer and agar culturing can be

used on cell lines.
Direct chromosomal analysis was performed on samples from 13
patients.

For this technique a single cell suspension was necessary

(Patton 1967).
Procedure:
1.

1-30 X 10^ cells were diluted to 10 ml in 10~^ M
Colcemid in FIO medium and incubated at 37°C for 16 hours.

2.

Cells were then removed from the culture flask by a 10 min
Tyrodes treatment, centrifuged at 1250 rpm for 5 min, and
supernatent decanted.

3.

Cells were resuspended in 0.075 M KCl at 37°C for 18 min.,
centrifuged, and supernatent decanted.

4.

Cells were resuspended in fresh cold fixative (1 part acetic
acetic acid: 3 parts methanol) and allowed to stand at
-20°C for at least 15 nin.

5.

Fixative was changed three times.

6.

Slides were prepared by either air dried or flame dried
methods.

7.

Preparations were stained with 2-4 percent Giemsa solution
for 3-10 min.

Agar colony chromosomal analysis was performed on 8 patient
samples, with 4 successes, and on several MIRW clones.

For this

technique, cells were grown in a single cell suspension.

Fresh tissues

were grown in an enriched agar bilayer system; cell line clones were
grown in the standard FIO medium with 20 percent FCS.

The chromosomal

recovery technique was a modification of that described by Trent (1979).
Procedure;
1.

For the fresh tissue bilayer system, two different
enriched FIO media were used (Hamburger and Salmon 1977).
The underlayer consisted of 0.5% agar in medium.

The

overlayer, which consisted of 0.3% agar in medivmi, contained
5
5 X 10 cells/ml.
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MIRW clones were seeded at 10 cells/ml

at the same agar concentrations.
2.

Cells were incubated for 2-14 days in a humidified 7.5%
CO2 environment.

3.

2 ml of 10

M Colcemid in medium was added to the plate and

incubated at 37°C for 16 hrs.
4.

The overlayer was gently resuspended and pulled off.

5.

Cells were centrifuged at 1250 rpm for 5 min and the supernatent decanted.

6.

Cells were resuspended in 0.075 M KCl at 37°C for 20 min.

7.

Cells were fixed in the manner previously described.

8.

Slides were prepared over steam.

MIRW colonies were also harvested for chromosomal analysis with
out incubation with Colcemid.

All other harvesting procedures were the

same.
Short term monolayer chromosomal analysis was performed on 14
patient samples with 9 successes and on several MIRW clones.

Monolayers

of patient samples were grown by allowing small tissue fragments to
adhere to the flask and proliferate to confluency.

MIRW and its clones

were tested for chromosome number at several subpassages.
Procedure:
1.

Upon confluency-, 10

Colcemid in fresh medium was added to

the culture and incubated at 37°C for 16 hrs.
2.

Cells were then harvested for chromosomal analysis by
the technique described for direct preparations.

All samples were scored for the number of chromosomes per metaphase spread.

Twenty-five metaphase figures were scored for as many

samples as possible.

Giemsa banding was attempted on any sample with an

adequate number of metaphase figures by a modification of the Sun, Chu,
and Chang (1973) technique.

Procedure:
1.

Preparations were incubated in 0.025 M K2HP0^ (pH 6.8) at
57"C for 10 min.

2.

Preparations were rinsed with dH20 and flooded with a
distilled H^O (dH^O) Giesma solution for 8-12 min.

3.

Preparations were then rinsed with dH20, air dried, and
coverslipped.

Standard and banded metaphase were photographed on Kodak HC 13536 film using an ASA of 25.

Karyotypes were constructed according to the

guidelines set by the International System for Human Cytogenetic Nomen
clature [ISCN] (1978).

Abnormal Chromosomal Segregation
As a result of the wide range in chromosomal number which was
observed in the MIRW clones and fresh melanoma samples, cells were 'ana
lyzed for irregular chromosomal segregation.
bilayer system.

Cells were grown in an agar

The agar retains all the products of'cell division of

a single cell in discrete colonies.
Once the growth reached the cluster or colony stage of at least
16 cells, the growth was arrested and dividing cells were analyzed.

Ana

phase bridges, multiple segregation poles, and multiple mitoses from a.
single colony with different genetic complements were scored.
abnormalities

The

were then photographed with Ectachrome 160 color slide

film.
To further analyze the problem of chromosomal segregation,
electron micrographs were made.

Multiple centrioles and irregular
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nuclear division were sought.

Cells from MIRW AlO were collected by

centrifugation and given to M. Krasovich for fixation, sectioning, and
examination.

The following procedures were all performed by Ms. Krasovich,

Research Associate, Department of Anatomy.
Procedure:
1.

The pellet was covered with 3% gluteraldehyde for 11/2 hrs.

2.

After fixation, the cells were placed in 2% osmium tetraoxide for 1 hr.

3.

The cells were then dehydrated in a series of ethanol solu
tions and embedded in Epon.

4.

Thin sections were cut on a Porter Blum MT-2 ultra microtome,
placed on copper grids, and stained with alkaline lead
citrate (Reynolds 1963).

5.

Sections were observed and photographed on a Philips EM300
electron microscope.

Chemicals
1.

RPMI 1640 medium (GIBCO)
20% fetal bovine serum, heat inactivated (FCS) (GIBCO)
penicillin, streptomycin, neomycin (GIBCO)

2.

Tyrodes solution, made according to GIBCO formulation.
8.0 g NaCl

0.05 g NaH2P0^

0.2 g KCl

1.0 g NaHCO^

0.2g GaGl2

0.02 g phenol red

0.1 g MgCl2

1.86 g NaEDTA
l.OJl dH20 at pH 7.4

3.

Nutrient mixture FIO (HAM) (GIBCO)
20% FCS, heat inactivated at 56°C (Flow Laboratories).
1% antibiotic antimycotic (GIBCO)

4.

Hanks Balanced Salt Solution (GIBCO).
10% FCS
1% penicillin and streptomycin

5.

Enriched underlayer medium
500 ml Flo (HAM)
100 ml FCS, heat inactivated
5 ml 2.2% sodium pyruvate
L-serine (21 mg/ml)
5 ml penicillin and streptomycin
5 ml glutamine (200 mM)

For plating, final additions were made immediately before use.
40 ml enriched FIO underlayer
10 ml 3% trypticase soy broth
0.6 ml asparagine (6.6 mg/ml)
0.3 ml DEAE Dextran (50 mg/ml)
6.

Enriched overlayer m.edium
100 ml FIO (HAM)
20 ml FCS
4 ml CaCl^ (100 ml-I)
2 ml insulin (100 units/ml)
1 ml vitamin C (30 mM)
1 ml penicillin and streptomycin
2 ml glutamine (200 mM)

20
For plating final additions were made immediately before use.
40 ml enriched FIO overlayer
0.6 ml asparagine (6.6 mg/ml)
0.3 ml DEAE Dextran (50 mg/ml)
-4
0.4 ml mercaptoethanol (5 x 10 M)
7.

Colcemid (GIBCO)

8.

Trypsin-Giemsa Solution
36.6 ml 0.25 M KH2P0^ (pH 6.8)
12.5 ml methanol
0.9 ml Giemsa (Fisher 6-146)
0.25 ml Trypsin-EDTA (lOx) (GIBCO)

9.

3% gluteraldehyde in 0.2 M sodium cacodylate buffer, pH 7.2.

10.

2% osmium tetroxide in 0.2 M sodium cacodylate buffer, pH 7.2.

11.

Alkaline lead citrate
8% uranyl acetate in H2O
lead citrate

Results

Chromosomal Analysis of MIRW and Its Clones
MIRW original cell line (AGO) was moderately melanotic (light
brown colored) and polymorphic even after many passages.

There were some

cells that were spindle-like, cuboid, and dendritic within the same
culture.

Neither the spindle-like or cuboid cells seemed to out-compete

the other.

The dendritic cells, which resemble nerve cells, were

probably terminally differentiating rather than proliferating.

Only a
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few were ever seen in each culture and they were never transferred.

With

time, melanin content was also variable; many cells became less melanotic
in late passages.

The heterogeneous phenotypes were also extended to

the chromosomal makeup of the cell line.
While counting chromosomes in over 50 metaphase of MIRW (AOO),
no modal number was found.
from 23 to 146.

The numerical chromosomal range (NCR) spanned

Several spreads were G-banded and karyotyped.

karyotypes were alike, but several similarities were found.

No two

Fig. la

was selected as an example of the chromosomal abnormalities found in the
MIRW cell line.

Many aberrations were seen in each metaphase.

Loss of

chromosomes were often seen as evident from the many spreads below
diploid.

Most of the chromosomal deletions were in groups A and C

(Denver Conference groups).

In many spreads, whole chromosomes were

absent, but in most spreads arms or portions of arms were missing.
most common losses were in 1, 3, 7, 8, 10, 15, and 17.
somes were missing in every karyotype.

The

The sex chromo

Several chromosomes 1, 2, 3, 5, 6,

7, 10, and 11 have undergone centric fission, where a biarm chromosome
splits at the centromere to form two separate telocentric chromosomes.
One or more of these arms or pair of arms were often missing, even in
spreads containing more than 46 chromosomes.

Centric fission was not

evident in every spread, a very few contained whole chromosomes of group
A, B, and C.

In early passages (3-5) a small portion of cells contained

whole chromosomes of group A and B,

and full-sized C chromosomes.

After passage 5 no spreads were found with whole A, B, or C chromosomes.
No visible change in cell morphology was observed with the chromo
somal shift.

In the majority of metaphase, most of the C group

Fig. 1.

G-banded karyotypes of MIRW AOO and clone A6.
(a) MIRW AOO at passage 13: 67, -XY, -1, -1, +lp, +lp, +lq,
+lq, +lq, -2, -2, +2p, +2p, +2p, +2q, +2q, -3, -3, +3p,
+3q, +3q, 2del(4)p(12), -5p,-5p, +2(5)(ql3), -6p, -6p,
-7, -7, +7p, +7p, +7q, +7q, -8p, -8p, 2del(9)(pl3), -lOp,
-lOp, -llq, -llq, 3del(12)(pl2), +14, +14, +16, +17, +17,
+19, marl, 2mar4, 2mar7.
(b)

MIRW A6: 73, -XY, 2del(l)(ql3), +lq, +lq, +lq, -2, -2,
+2p, +2p, +2q, +2q, -3, -3, +3p, +3q, +3q, 2del(4)p(12),
-5p, -5p, +3del(5)(ql3), -6, -6p, -7, -7, +8p, +7q, +7q,
-8, -8, del(9)(all), +9(pl3), -lOp, del(lO)(qll), -llq,
-llq, -12p, +12(pl2), +14, +14, +14, -17, +19, marl, 3mar2,
3mar3, 2mar4, 4mar5, mar6, 3mar7.
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chromosomes were missing portions of arms, usually in the short arms, as
in chromosomes 4, 6, 8, 9, 10, and 12 (Fig. 1).

Several rearrangements

such as translocations or inversions are probably present but are ex
tremely difficult to identify.

There are at least seven marker chromo

somes which cannot be identified as being derivatives of a specific
chromosome.

At least one was present in every spread.

The smaller

markers, M4-7 are probably portions of short arms but there are so few
bands they could not be positively identified.

The larger markers, Ml-3,

are probably rearrangements of several chromosomal segments; a wide
positive band from one chromosome and a negative band from another.

The

actual break points of the various chromosomes are shown in Table 1.
Although each karyotype was different, the breaks in the chromosomes
were consistent.

The chromosomal range and karyotype of MIRW were

checked at many passages and found to be similar at every examination.
The only exception is the loss the the cells with whole group A, B, and
C chromosomes after passage 5.
Since MIRW (AOO) was both phenotj^sically and chromosomally hetero
geneous, the cell line was serially diluted in microliter wells and
allowed to form clones from a single cell.

Sixteen clones, designated

Al-16 were isolated and identified by their cell morphology.

The clones

were characterized as being lightly melanotic or amelanotic and spindle
like, oval spindle-like, or cuboid.
three classes as shown in.Table 2.

The clone morphology fit into
In class I,cells were mostly cuboid

with a few spindle-like cells, all of which were lightly melanotic.
Class II had the same morphology only the cells were amelanotic.
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Table 1.

Chromosomal breakpoints of MIRW chromosomes

Chromosome number

Aberrations and break points

1

-1; del(l)(ql2)

2

cen

3

cen, del(3)(q.l2)

4
5

del(4)(pl2)
-5p; del(5)(ql3)

6

-6p

7

cen

8

-8p

9

del(9)(pl3); del(9)(qll)

10

-lOp; del(10)(qll)

11
12

-llq
-12p; del(12)(pl2)
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Table 2.

In vitro clones of MIRW:
variations.

morphological and chromosomal

Clone

Morphology

Original Chromosome Range

AOO

polymorphic

23-146

A1

III

22-53

A2

III

23-42 (76)

A3

I

29-38 (96)

A4

I

25-67

A5

II

(35) 41-84

A6

I

(36) 55-81

A7

I

23-41 (49,70)

A8

I

14-76

A9

II

AlO

III

32-56

All

III

26-91

A12

III

(30) 36-43

A13

I

(24) 51-88

A14

II

24-49

A15

III

32-49

A16

I

50-83

Morphology:

I.
II.

III.

27-55 (73)

cuboid, some spindle-like cells, lightly melanotic
cuboid, some spindle-like cells, amelanotic
oval spindle-like cells, amelanotic
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Class III was made up of oval spindle-like cells which were amelanotic.
In ten cultures both cuboid and spindle-like cells were present together,
but could be separated by their melanin content.
were only found in amelanotic cultures.

Oval spindle cells

To further characterize these

sixteen clones, 25 metaphase were counted from each clone, three passages
after isolation.
clones.

Table 2 describes the morphology and early NCR of the

As with MIRW AOO, no modal number was found in any of the

clones.
At this time it is necessary to explain why the terminology of
clone was used rather than the more traditional subline.

According to

ISCN (1978) for tumor cell populations, an in vitro stem-line refers to
the tumor line with the most frequent chromosomal constitution.

Since

MIRW AOO has no modal number the term stem-line was inappropriate;
original cell line or simply cell line was more accurate.

The absence

of modal numbers in any of the MIRW derivatives made the term sideline
or subline also inappropriate.

Due to derivation, the only accurate

term was clone, as defined by ISCN (1978, p. 59).

"A clone is a

population of cells derived from a single progenitor cell.

It is common

practice to infer clonal origin when a number of cells have the same or
related abnormal chromosome complement.

A clone is not necessarily

homogeneous."
All of the clones were again scored two or three passages later
and were found to have returned to the original NCR, still with no modal
number.
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Three clones, A5, A9, and AlO, were gro\m in agar without
Colcemid treatment to arrest cells in metaphase. Although only about
15 metaphase could be scored for the three clones tested, the NCR
resembled the original range.

Statistically the chromosomal ranges

could not be tested for a modal number, but no modal number appeared to
be present.
Selected clones were G-banded, karyotyped and analyzed for
similar markers.
and Fig. 2.

An example of A6, A9, and AlO are shoim in Fig. lb

Many of the chromosomal rearrangements were consistent

in all the clones including MIRW AOO.

The same chromosomes 1, 3, 7,

8, 10, 15, and 17 were frequently lost.
present in any

karyot3rpe.

Again, no sex chromosomes were

The most noticeable aberration was chromo

somal fission of chromosomes 1, 2, 3, 5, 6, 7, 10, and 11 with one or both
arms being present in a single cell.
seen in an unaltered form.

These chromosomes were never

Deletions in the same chromosome as MIRW

AOO were found in all the karyotypes analyzed.

Chromosomes 4, 5, 8, 9,

10, and 12 were missing portions or whole arms of genetic material.

The

break points are identical to those of MIRW AOO shown in Table 1.
Some of the same markers are present in each of the clones.
All seven markers are displayed in Fig. lb.
group
14.

Marker 1 is a C

size submetacentric chromosome; the long arm resembles a number

Marker 2 is near the size of a D group acrocentric or telocentric,

with two large G-positive bands.

Markers 3-6 are small metacentric

chromosomes between the size of group E and F.

They are most likely

made up of the short arms of some of the group C chromosomes, but their

Fig. 2.

G-banded karyotypes of MIRW clones A9 and AlO.
(a) MIRW AlO: 30, -XY, -Ip, -Ip, -2p, -2q, -3q, -3q, -4,
del(4)(pl2), -5p, del(5)(ql3), -6, -6, -7, -7p, -8, -8,
-9, -9, -10, -lOp, -llq, -llq, -12, del(12)(pl2), -13,
+14, +14, -15, -15, -17, -20, -21, mar2, mar4.
(b) MIRW A9; 30, -XY, -Ip, -Ip, -lql2, -2, -2p, -3p, -3p,
-4, -4, -5p, +5ql3, -6, -6p, -7, -7, -8, -8, del(9)(pl3),
del(9)(qll), -10, -10, -11, -llq, -12, del(12)(pl2),
+14, -15, -15, -17, -18, -18, -20, -22, -22, mar4, mar5,
mar7.
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origin is unidentified.
acentric fragment.

Marker 7 is a very small acrocentric or perhaps

The genetic makeup of all the markers cannot be

Identified, since there are probably multiple rearrangements in many of
the chromosomes.
No two karyotypes among or between clones were found to be
alike even though the chromosomal arrangements are consistent.

To

demonstrate the variability in each metaphase spread, karyotypes with
similar hyperdiploid numbers of MIRW AOO

and A6 were displayed together,

as well as A9 and AlO both having only 30 chromosomes.
duplications, and markers are different.

The deletions,

In Fig. 1, AOO has 67

chromosomes to A6's 73, yet there are more differences than just the
addition of six chromosomes.
two.

In AOO there are three 2p arms to A6's

The reverse is true of 5p.

group C.

There are several differences in

Chromosome arm Up is the only constant feature in the two

karyotypes.

In group E, AOO is tetrasomic for chromosome 17, whereas

A6 is monosomic.

The most striking difference in the two metaphase

is the number of markers:

AOO contains 5 markers with three different

constitutions; A6, on the other hand, contains 17 markers, at least one
of each of the seven different marker chromosomes.
Both A9 and AlO in Fig. 2 contain 30 chromosomes, but again are
quite different.

The p arm of chromosome 1 is completely absent in

AlO, where the p arm of 2 is absent in A9.
in AlO and nullisomic in A9.
to AlO.

Chromosome 4 is monosomic

A9 also contains an extra 5q as compared

Only, chromosome 12 is the same in both C groups.

The number of

D group chromosomes is the same, but the duplicated chromosomes are'

different.

Chromosomes 18 and 22 are absent in A9, whereas 21 is

nullisomic in AlO.

The marker chromosomes are also different.

has 2 markers, 2 and 4.

A9 has three markers, 4, 5, and 7.

AlO

These two

karyotypes, A9 and AlO which were chosen at random, further demonstrate
that even if two karyotypes have the same number, they do not necessarily
have the same chromosomal complement.

Chromosomal Analysis of Fresh Melanoma Samples
To reinforce the suggestion that the chromosomal aberrations
were not a phenomenon of cell culture but were relevant to melanoma in
vivo,

patient samples were also *:ested.

two melanoma patients were analyzed.

Metaphase spreads from twenty-

Mitotic activity was found in

twelve patient samples, eleven of which had at least one countable "
spread.

Chromosomal analysis was performed by direct, monalayer, and

agar techniques whenever possible.

All of these samples were from

metastatic disease.
Case 1;

RW (Figure 3a).

This patient was a 17-year-old white

male with prior treatment of BCNTJ, hydroxyurea, and DTIC.

Cells from

an axillary mass were tested by all three techniques and all demonstrated
mitotic activity.
was derived.

RW is the fresh tissue from which the MIRW cell line

Chromosomal counts were made on 63 cells.

As shown in

Table 3, there was a wide NCR of 19 to 138 which is the same as the
range of the cell line, 23 to 146.
observed.

As in MIRW no modal number was

Detailed analysis was performed on 15 metaphase spreads.

An example of a G-banded karyotype is shown in Fig. 3a.

Although no

31
Table 3.

Chromosomes from fresh human melanoma samples.
Chromosome Groups

Patient

Sex

Range

Source

RW

M

19-138(63)

DA

F

22-71 (32) D,M,C.

GR

F

24-51 (49) D,C.

JO

M

28-92 (25) M

+

-

CR

M

17-88 (21) D

-

+

SP

M

15-77 (41) D,M

DO

F

20-49 (30) M,C

MF

F

19-94 (25)

M

LU

M

48-130(9)

M

SH

M

45

(1)

M

LO

M

38

(1)

M

D,M,C

ABCDEFGXY

+,R

R

+,R

+

-,R
-

+

+

+

+

+

+

-

-

+

-

+

+

+

-

+

+

-

In D, direct preparation, Colcemid was added to cells immediately upon
arrival, then incubated overnight and treated for standard karyotypic
analysis.
In M, cells were first grown in a monolayer and then treated for chromo
somal analysis.
In C, cells xj-ere grown in an agar bilayer system before chromosomal
analysis.
+ = additional chromosomes; - = loss of chromosomes; R = rearrangements.
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two karyotypes were identical, several common features were observed.
The markers that were present were those most commonly found in a small
population of early passage I-HRW cultured cells.

Both normal group A,

B, and C were present although the numbers are abnormal.

There was an

increased number of A and C group chromosomes in several spreads.
Abnormal B chromosomes were seen; the 5p marker was observed in 2 of the
15 karyotypes.

In all of the spreads there was an increase of D chromo

somes, some of which were probably of another origin as in the centric
fission of groups A, B, and C in the MIRW cell line.

Due to the poor

banding of spreads, the true origin of the acrocentric or telocentric
chromosomes was not identified
submetacentric chromosomes

An increase of small metacentric and

was also observed.

As in the cell line,

the small .metacentrics and telocentrics may be products of Robertsonian
translocations and centric fission.

These small chromosomes included

marker 4 in at least one spread and marker 7 in at least 3 spreads.
These are the same marker

chromosomes as the MIRW cell line.

identified ring chromosome was present in one spread.

An un

The most striking

marker was a large metacentric chromosome which was present in seven
spreads either as a monosomic or disomic.

The chromosome is larger than

the group A chromosomes of the cell.
The G-banded karyotype of RW in Figure 3a has many aberrations.
As in many of the early MIRW passages, aberrant A, B, and C group
chromosomes were also present.

The p arm of chromosome 1 with

del(l)(ql2) is the same marker 1 as found in the cell line.
with del(3)(ql2) was present as well.

Chromosome 3

Centric fission of chromosome 6

Fig. 3.

G-banded karyotype of RW and similar markers found in DA.
(a) RW: 40, -XY, +del(l)(ql2), -2, del(3)(ql2), -6, -6p,
-7, -9, del(9)(qll), -10, -10, -11, -12, -15, -17,
-19, marl, 2mar2, 2mar4, mar7.
(b) left chromosome of pair from MIRW; right chromosome
of pair from DA.
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with the total loss of 6p was a consistent feature.

The presence of the

hat-like structure of 9p and markers 1, 2, 4, and 7, along with the
complete absence of sex chromosomes again emphasizes the conservation
of markers with cell culture.

Duplications and deletions of Ip, markers,

and 3, 7, 10, 15, 17, respectively, reiterate the correlation of fresh
RW to its cell line MIRW.
Most of the markers of RW, as in the MIRW cell line cannot be
positively identified, due to the difficulty of obtaining quality banded
preparations from tumor tissue.

C-banding was also attempted to demon

strate if the chromosomes were acrocentric

or telocentric.

Again

banding was difficult but C-positive areas were observed in several
chromosomes, confirming the presence of telocentric chromosomes in fresh
tissue of RW.
Case 2;

DA (Figure 4).

This 48-year old white female had a

metastatic melanoma groin lesion for which she had received prior treat
ment of actinomycin D and Tamoxifen.
Melphalan,.

She was later treated with

adriamycin, and hydroxyurea, but did not respond.

Chromosome studies were done twice with mitotic activity in
the second sample only.

The second sample was analyzed by all three

techniques, with 5 to 10 mitoses by direct and monolayer techniques,
and more than 10 analyzable

mitoses in the agar bilayer system.

Chromosomal counts were made on 32 cells which exhibit a range of 22 to
71 (Table 5).
level.

Again, no modal range was observed at any confidence

Twelve of the thirty-two spreads were analyzed in detail for
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consistent aberrations.

One karyotjrpe with only 23 chromosomes resembled

a haploid complement, yet no chromosome 1, 7, nor 20 were present.
only one B chromosome was present.
2, 6, 11, and 17.

Also,

A few metacentrics were duplicated;

All of the spreads contained an increased number of

small metacentric and submetacentric chromosomes as in MIRW and RW.
group chromosomes were found in only one-third of the cells.

A-

In those

cells, there occurred: 1 to 4 large acrocentric or telocentric markers,
a large increase in acrocentrics and small metacentric chromosomes, and
a decrease in C-group chromosomes.

The remaining two-thirds of the cells

had similar markers, however, no chromosome that resembled an A group or
sex chromosome was present.

Although the markers were consistent, no

two karyotypes were the same, as shown in Fig. 4.

Both karyotypes

contain thirty-five chromosomes, yet the number of each marker is dif
ferent.

These karyotypes were highly representative of the cells of DA.

Due to the extremely aberrant morphology and the poor banding, it was
necessary to arrange these karyotypes by the Denver Report (1960) format
of size and centromere location.

The true origin of the increased

acrocentric or telocentric chromosomes as well as the small metacentrics
is unknown.

It is quite possible that centric fission as in MIRW and

RW has occurred as well as complex translocations.

The few chromosomes

that did display good banding are compared to markers in MIRW.

Both

chromosomes 4 and 6q are shown in Fig. 3b, with MIRW on the left and DA
on the right.

The short arm of 4 has a deletion at 4pl2 in both samples

and chromosome 6 was broken at the centromere.

Very few of the other

chromosomes could be compared since only a very few chromosomes

Fig. 4.

Karyotypes of DA.
(a) DA:35, -XY
(b) DA:35, -XY
Both karyotypes have been arranged according to the Denver
Report (1960) by size and centromeric location due to the
extremely abnormal chromosomal constitution of DA.
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a

I

b
Fig. 4.

Karyotypes of DA.
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demonstrated quality G-banding.

However, the two aberrant chromosomes

4 and 6q of Fig. 3b show a strong similarity between RW and DA.
Case 3;

GR (Figure 5a).

This 36-year old female with melanoma

ovarian tumor mass was treated with DTIC, actinomycin D, and BCNU at
least 8 weeks before biopsy.
actinomycin D regime.

She had shown a slight improvement to the

Upon excision, cells were analyzed for chromo

somes by all three techniques.

Mitotic activity was present in both

the direct and agar colony assay.

The NCR was similar in both tech

niques although the direct preparation was much more informative, the
mitotic index was higher as well as having superior spreading.

The

range of the 49 spreads counted was from 24 to 51 with no apparent
modal number.
50 percent.

The confidence level for a Poisson distribution was only

This is the only patient with greater than 20 analyzed

spreads that fit a Poisson distribution at any confidence level.
Eight spreads were analyzed in detail, with several consistent
features.

A loss of B, E. and F group chromosomes were found in most

of the spreads.

Losses in at least one of these groups was found in

every spread analyzed.

A corresponding increase of G group chromosomes

was observed in 70% of the metaphase.
Figure 5a is a representative karyotype of GR.

It has been G-

banded although few of the bands are visible; the morphology has been
maintained.

In this near diploid cell there are 44 chromosomes.

Deletions of chromosomes 4, 7 and X were observed, as well as additions
of small acrocentric or telocentric markers.

The addition of G group

Fig. 5.

G-banded karyotypes of GR and JO.
(a) GR:

44, X, -4, -7, -7, i(9q), 2marl.

(b) JO:

45X, -Y, -5, -8, -10, -13, 4marl.
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chromosomes has been demonstrated already in MIRW cell line, RW, and DA,
the origin of which is unknown.
an isochromosome 9.

The strikingly abnormal chromosome is

Isochromosomes are fairly common in leukemias,

il7q being the most frequent (Rowley 1976).
Case 4:

JO (Fig. 5b).

This 24-year old male had melanoma

in his axillary nodes which was unresponsive to BCNU, DTIC, and hydro
xyurea.

Cells from biopsy of his malignant node were placed on plastic

and allowed to grow as a monolayer.
analyzed for chromosomal aberrations.

At confluency, the cells were
Of the 25 spreads counted, a

large range (28 to 92) was observed, with no apparent modal number.
The fuzzy morphology of most of the chromosomes made complete analysis
difficult, yet one common feature was observed.

There was, as seen

before, an increase of small markers, particularly the size of the F
and G group chromosomes.

No other common feature was observed.

Some

cells had deletions of A group chromosomes as in DA and RW, but without
the accompaniment of an increase in D group chromosomes or telocentrics.
In fact, a few had an increase in metacentric C group chromosome and a
decrease in D groups.
diploid cell of JO.

Figure 5b is a G-banded example of a pseudo-

The most obvious aberrations are the deletions

of the four chromosomes 5, 8, 10, and 13, and their substitution by
4 small marker chromosomes.

These chromosomes may contain portions

of the missing chromosomes, but a full genetic complement does not
appear to be present.

The Y chromosome does not appear to be con

tained in any of the markers.
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Case 5;

CR (Figure 6a).

prior to this study.

This 52-year old male had four biopsies

The first was not melanoma, but the patient

received BCG after surgery.

Three months later a second biopsy yielded

melanoma in the left axillary node.

Again BCG was administered.

third and fourth biopsies were from the left thigh.

The

In the six months

between biopsies a regime of DTIC and actinomycin D were given.
The patient did not respond to the chemotherapy.
Cells from the fourth biopsy were used for chromosomal analysis.
They were tested by both the direct and agar colony
direct preparation had mitotic activity.

assay, but only the

Chromosome counts from 21 cells

(Table 3) showed a wide range of 17 to 88 chromosomes per spread with
no apparent modal number.
detail.

Four spreads were able to be analyzed in

Three of the four were near diploid, having 42 to 48 chromo

somes with several outstanding features.

From one to three A chromosomes

were missing as were some C group chromosomes.

An increase of one or

two D group chromosomes, along with several G group additions were
observed.

The number of chromosomes in groups E and F varied.

Again

the increase of acrocentric or telocentric chromosomes was common, as
seen in MIRW, RW, DA, GR and JO before.
of CR with 4 chromosomes.

Figure 6a is a G-banded example

The deletions in group A left the cell

nullisomic for chromosome 2 and monosomic for 3.

The spread was

also monosomic for chromosomes 5, 9, 13, 14, 17, 18 and possibly Y.
Five markers were present:

2 large submetacentric, small metacentric,

and 2 G-group acrocentric chromosomes.
be unique.

All five markers appeared to

Fig. 6.

Karyotypes of CR and SP.
(a)

CR;

(b) SP:

41, X, -6, -2, -2, -5, -9, -13, -14, -17, -18,
marl, mar2, mar3, mar4, marS.
27, X, -1, -2, -3, -4, -5, -6, -10, -12, -5D,
-17, -18, -19, -20, -21.
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Case 6;:

SP (Figure 6b).

This 34-year old female with a mela

noma rectal mass had received prior treatment of DTIC, BCNU, and hyroxyurea with no response.

The excised mass was chromosomally analyzed by

all three techniques; however, mitotic activity was observed in only the
direct and monolayer preparations.

Of the 41 spreads counted, the

NCR was observed to be 15 to 71 with no modal number (Table 3).

Due to

poor morphology and spreading ability, only six metaphase figures could
be analyzed in detail.
observed.

No constant loss or gain of chromosomes was

In spreads containing a near

haploid number of chromosomes,

the distribution of chromosomes per group appeared to be near haploid.
The same feature was observed in near diploid cells.

None of the

cells containing near triploid complements could be analyzed in detail.
A few spreads contained

a slight excess of G group chromosomes, but

the phenomenon was not as consistent as all the other fresh melanoma
samples thus described.
Figure 6b shows a near haploid karyotype of SP with 27 chromo
somes.

There are many monosomic chromosomes 1, 2, 3, 4, 5, 6, 10, 12,

17, 18, 19, 20, 21, and X.

The D group was only represented by one

chromosome, the identity of which is unknown.

SP has no outstanding

karyotypic features in common with the previous 5 cases of melanoma.
Case 7:

DO.

This 54-year old female had two melanotic sites on

her left side, one on the groin and the other on her popliteal area.
She had received no prior treatment.
ed with DTIC with no response.

After the biopsies she was treat

Both tissues were teased into a single

cell suspension and allowed to grow as a monolayer and agar colonies.
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All four samples showed mitotic activity.

Twenty-two spreads were scored

from the popliteal area with a range of 34 to 49.
28 to 46 was found in the groin tissue.
no modal number was apparent.
at any confidence level.
were quite poor.

A similar range of

Although the numbers were small,

They did not fit a Poisson distribution

The chromosomal morphology of all the spreads

Chromatid arms were often separated making it difficult

to identify the location of the centromeres.

This combined with chromo

some stickiness made karyotyping infeasible.
Case 8;

MF.

This 61-year old female had a metastatic sternal

mass removed with no prior treatment.

Metaphase spreads were obtained

from the solid tumor tissue which was grown as a monolayer on plastic.
No diploid cells were seen.

Of the 25 spreads counted there was a

range of 19 to 94 with no apparent modal number.

Like DO, the chromo

some morphology was unsatisfactory for karyotypic analysis.

Chromatids

were both sticky and separated, making chromosome identification
impossible, but the lack of dipoid cells and wide range of chromosomes
per spread demonstrate an abnormal genetic complement.
Case 9;

LU (Figure 7).

This 37-year old male had received

no prior chemotherapy for his melanoma lesion on this arm.
biopsy, the cells were allowed for form a monolayer.
mitoses were observed with 9 countable spreads.
had a very wide NCR of 48 to 130.

Only 10 to 15

Those 9 spreads

No diploid cells were observed.

Three cells were analyzed in detail.
observed:

Upon

Two common features were

an increase of small G group chromosomes and a slight
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Karyotype of LU.
LU:

60, X, +3, +5 , +5, +9, +10, -11, +12, +14, -16, +19,
+4G, marl, 2mar2, mar3, 3mar4.

y

increase in A group

chromosomes.

Since banding could not be done on LU,

the identify of these additions could not be ascertained.
a karyotype of LU showing 60 chromosomes.

Figure 7 is

Although the cell contains a

near triploid number of chromosomes, the karyotype does not contain
three copies of each chromosome.

There were several trisomies of

chromosomes 3, 9, 10, 12, and 19, and monosomies of 11, 14, and 16
were present.
markers.
somes.

Four copies of number 5 were observed, as well as 11

The 11 markers contained multiple copies of 5 different chromo

It is possible that the Y chromosome is present in part in one

of the small acrocentric chromosomes.

If so, it would be the only

melanoma in this study with both sex chromosomes present.

LU does have

one outstanding chromosomal feature in common with most of the patient
samples.

There is a marked increase in small submetacentric and acro

centric chromosomes, the size of G group chromosomes.
Like RW, LU was cultured as a monolayer for several passages.
The cell morphology in culture was extremely interesting.

Not only were

the cells highly melanotic but were also very dendritic, resembling
nerve cells.

Although the tumor pathology was not available, the

cultured cells appeared to be highly differentiated.
counts correspond to the fresh tissue.

The chromosomal

Three counts of 51, 54, and 60

were within the hjrperdiploid range seen previously.

Full karyotypic

analysis was not conducted on these passage 4 metaphase figures.
Case 10:

SH.

This 59-year-old male had subcutaneous nodules,

which had not responded to DTIC chemotherapy.
a monolayer for chromosomal analysis.

The biopsy was grown as

Only one spread was observed in

the entire sample so no chromosomal trends can be identified.
observed metaphase was abnormal.

The one

Forty-five chromosomes were present,

but several chromosomes were involved in the abnormalties.

There were

deletions of an A and E group chromosome and an addition in group D.
Both sex chromosomes appeared to be present.
Case 11:

LO.

This 58-year old male received BCG prior to the

resection of his melanotic brain mass.
given.

No subsequent treatment was

Like SH, LO tissue was also grown only as a monolayer with the

same mitotic response, one metaphase spread.
were present.

Thirty-eight chromosomes

Due to inferior chromosome morphology, the identity of

the missing chromosomes was not determined.

Summary of Karyology in Fresh Melanoma Cells
Twenty-two different patients were tested using 3 techniques,
making a total of 39 samples analyzed.

Of the three techniques, 6 out

of 12 showed mitotic activity by direct analysis, 10 out of 17 by
monolayer, and 5 out of 10 by soft agar assay.
superior for chromosomal analysis.

No method appeared to be

Those cultures with high mitotic

activity were usually able to proliferate under all three conditions.
The chromosomal morphology did appear to be better in cells grown
in agar, yet the spreading quality of these metaphase was inferior.
Both direct and monolayer preparations ran the complete gambit in
quality of chromosomal morphology and spreading.

Overall, no technique

was found to enhance mitotic activitv or chromosomal analysis.

Of the seven patient samples which could be analyzed in detail
several trends xjere observed.

The most common abnormality observed was

an increase in small acrocentric chromosomes near the G group size.
This was seen in at least some spreads of all seven and usually in all
metaphase from a single patient.

Due to their small size and poor band

ing ability the origin of these markers remains unknown.

In addition to

this increase, there was an increase in other acrocentric or telocentric
chromosomes of a size near or larger than chromosomes of group D.

The

loss of A groups chromosomes and sex chromosomes were also seen in over
half the samples.

The loss of metacentric chromosomes may be involved

with the increase in D group chromosomes.

This suggests the occurrence

of centric fission in these chromosomes similar to that seen in the MIRW
cell line.

The loss of sex chromosomes also was observed in MIRW.

the male samples, the Y chromosome was consistently missing.
both sex chromosomes were lost.
X was missing from the cell.

In

In RW

In the female samples, at least one

It is possible that portions of these

chromosomes are present, but the intact chromosome was not.

Abnormal Chromosomal Segregation
Wide NCR were observed in both MIRW and its clones and fresh
tissue, suggesting continued abnormal segregation rather than many
aneuploid clones.

To further demonstrate the abnormal segregation,

cells from MIRW A5 and AlO were gro\m in an agar bilayer system where
all the products of division from a single cell are held together in
discrete colonies.
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Cells were analyzed for irregular mitoses and chromosomal
segregation.

Figure 8 is a composite of the outstanding segregation

abnormalties seen in MIRW clones.

Multiple poles of segregation shown

in Fig. 8a and b were seen several times.

Since the genetic makeup of

each of the segregating groups is probably unique, the term genome is
used here to refer to the genetic material which will segregate to a
single nucleus.

In Fig. 8a, the genome is divided into six.

The center

large aggregate probably represents two genomes, when observed by focus
ing on three different planes.

The next cell, b, rather resembles a

pollen mother cell, with four genomes segregating in a common cytoplasm.
In all these examples the chromosomes were still within a single cell
membrane, so there should be no confusion of spread overlap.

Bridges

were often seen during anaphase, leading to chromosome loss or breakage.
Figure 8c shows an anaphase bridge; the number of chromosomes segregating
to the two poles is extremely uneven.

No only do chromosomes often

segregate into more than two genomes, but when they segregate, the number
can be extremely different.

Figure 8d is an example of irregular ana

phase which leads to chromosomal loss.

The four chromosomes in the

center may not have been enclosed in either cell membrane and thereby
lost.

Figure 8e combines the features of c and d.

There is both an

anaphase bridge and a few chromosomes near the bridge that may have been
lost if the cell had been allowed to continue division.
another anaphase lag or bridge.

Figure 8 is

These examples were not the only

abnormal mitoses that were observed.

Telophase, with partial membrane

separation were also observed with bridges or lags.

Many colonies with

Fig. 8.

Abnormal chromosome segregation in MIRW cell line.
(a) Multiple genomes segregating in one cell.
(b) Four genomes segregating in a common cytoplasm.
(c)

Anaphase bridge with uneven chromosomal segregation.

(d) Late anaphase with chromosomal fragments.
(e) Late anaphase with bridge and chromosomal fragment
(f) Anaphase bridge with fairly even chromosome distribu
tion.

Cells were plated in agar bilayer system where all the
products of a single cell division are held together in
discrete colonies. They were then analyzed for abnormal
segregation.
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Fig. 8.

Abnormal chromosome segregation in HIRH cell line.

multiple mitoses were also observed that appeared to have different
chromosomal numbers.
To reinforce the idea that the segregation problem was not an
artifact of cell culture but was, indeed, relevant to melanoma ^ vivo,
patient samples were also tested.

It has already been demonstrated

(Table 3) that at least eight of the melanomas analyzed had wide chromo
somal ranges displaying no modal number.

Only the samples in which at

least twenty spreads were counted were said to have no modal number.
Although several of these samples have a more narrow NCR than MIRW, none
of them show any modal number.
Poisson distribution.
or

These same samples were tested for a

They were also tested for a mean of 46 chromosomes

a shift of the mean from the norm.

distribution at a 95% confidence level.

None of the samples fit a Poisson
In fact, only one, GR, fits

at any confidence level, and then only at 50%.

To fully determine

statistically that no modal number is present, at least one-hundred
spreads would have been scored.

This number increases with increased

chromosomal range, and the possibility of multiple modal numbers.

Due

to the lower mitotic index and poor morphology of many of the spreads,
it was not possible to analyze one-hundred spreads for any patient
sample.

Although the number of metaphase is statistically inadequate,

there appears to be no modal number in any of the eight samples which
were tested.

Further observations of abnormal segregation were made

on agar preparations of fresh cells.

Similar anaphase figures such as

bridges have been observed (Fig. 9).

Although these figures were

less frequent in fresh tissue, it was probably due to the apparent
lower mitotic indices.

Colonies with multiple mitoses were observed.

51

Fig. 9.

Anaphase of MIRW and GR.
The left hand anaphase is of MIRW and the right hand
anaphase is of the fresh melanoma GR.
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Metaphase that appeared to have different chromosome numbers were present
in a single colony.

This reemphasizes the point that in many melanomas

two cells derived from a single cell have different genomes.
Further cytological evidence for abnormal segregation was demon
strated by electron micrographs of MIKW AlO,

In Fig. 10a, the cell is in

late anaphase. As in the light micrographs of Fig. 8, the chromosomes
are segregating late.

The cell membrane between the daughter cells is

already forming although all the chromatin has not segregated.

As in

Fig. 8d, some of the genetic material may be lost.
The cellular basis for multiple poles of segregation as seen in
Fig. 8a and b can be attributed to multiple centrioles.

Figure 10b

demonstrates the presence of three centrioles in a single cell.

Although

three centrioles was the maximum number observed, this number was seen in
many sections.

Unlike most normal cells, at least one centriole was

present in almost every section.

Usually zero or one centriole is

observed, occasionally both centrioles are present.

The fact that

centrioles are observed in almost every section, and many of these with
the abnormal number of three, leads to the conclusion that an increased
number of centrioles may be fairly common in this line.

Discussion
The cytogenetic abnormalities which were observed remained con
sistent in both fresh and cultured melanoma.

This study demonstrates

that the same rearrangements and chromosomal ranges found in RW were
also found in its cultured line MIRW.

Such aberrations as the presence
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Fig. 10.

Electron micrographs of HIRl\T cell l i ne.
(a)

Hitotic cell in late anaphase, magnified 7100 x .

(b)

Interphase cell with three centrioles in the
center, magnified 25,000 x .
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of a 5p marker, increases in D and G group chromosomes, and wide NCR
of 19 to 138 and 23 to 146, respectively, were observed in both
preparations.
Three major cytogenetic aberrations were found to occur in human
melamona.

These abnormalities included chromosomal rearrangements,

abnormal numbers of apparently normal chromosomes, and abnormal chromo
some segregation.

Multiple rearrangements were best observed in the

marker chromosomes of DA, RW, and MIRW.

The karyotypes of DA are almost

unrecognizable as human, because of the many telocentric chromosomes.
Of these, 6q was demonstrated to occur in DA and RW, and MIRW.

Telocen

tric chromosomes were also observed by Forteza Bover and Baguena Candela
(1966) in another fresh melanoma culture.

These aberrations probably

occurred by the process of centric fission which is considered to be an
unstable event leading to chromosomal loss (White 1973). Indeed, some
of the arms were lost in some cells of these lines.

The first suggestion

that telocentric chromosomes could not exist in nature was by Navashin
in 1916.

Evidence for the existence of stable telocentric chromosomes

in both plant and animals does exist (Darlington and LaCour 1950, Marks
1957, Strid 1968, Southern 1969, Fregda and Bergstrom 1970, and Takagi
and Sasaki 1974).
observed in man.

Only 6 examples of telocentric chromosomes have been
Two were stable changes involving chromosomes 7

(Hansen 1975) and 4 (Dallapiccola, Mastroiacova, and Gandini 1976).
The other four cases were unstable with a high degree of mosaicism
(Therman et al. 1963,

Atkins and Feingold 1969; Sinha, Pathak, and Nora

1972, and Guanti and Maritato 1978).

All were associated with disease

or abnormality.

But the mechanism which allows centric fission to occur

is the same one that gives rise to isochromosomes, which are fairly
common in malignancies.

Such an isochromosome, 9q, was observed in GR.

Another, il7q, is a common feature in CML patients (Rowley 1977).
Acrocentric and metacentric markers were in RW, DA, CR, JO, and
GR.

Similar morphologic markers were observed in other cases (Ishihara

et al. 1961, Sandberg et al. 1967, Chen and Shaw 1973, and McCulloch
et al. 1976).

Ring chromosomes were observed in RW in this study and

Forteza Bover

and Baguena Candela (1966) and Chen and Shaw (1973).

The

ring of RW was not a stable feature as it was in Chen and Shaw's study.
It is not known whether these morphologically similar markers are
genetically similar or not.

Banding was exceedingly difficult on these

tumor chromosomes, so the makeup of the markers is still unknown.

A few

well-banded preparations, however, did identify several chromosomes which
were consistently involved in chromosomal aberrations.
somes were rearranged in MIRW, DA, and CR.

Group A chromo

Levan et al. (1977) and

Rowley (1977, 1978) have identified chromosome 1 as a commonly aberrant
chromosome.

It has been speculated that many of these aberrant

chromosomes contain genes for nucleic acid metabolism.

The possible

changes in nucleotide biochemistry brought on by these rearrangements
may be important in understanding transformation.

It appears more likely

that these changes reflect fragile sites in chromosomes and are
coincidental to nucleic acid metabolism.

It may be that nucleic acid

genes are over-represented on the genetic map due to the presence of
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appropriate

mutants.

At present the significance of these aberrations

can only be attributed to their use in prognosis, diagnosis and under
standing chromosomal change.
The loss or gain of normal or apparently normal chromosomes is
consistently observed.

Most change in chromosome numbers are due to

marked aneuploidy rather than polyploidy as evident in every karyotype
in this study, although increased polyploidy was observed.
chromosomes are more frequently lost:

Several

5, 7, 9, 10, 17, X and Y.

information is somewhat contradictory to earlier findings;

This

a decrease

in B, D, and G groups (Atkin 1974), and an increase in C group chromo
somes (Giovanella et al. 1976).

A decrease in B chromosomes and the

loss of the Y was observed, yet a marked increase in D and G group
chromosomes was common in the melanomas in this study (Table 3).

It is

possible that this increase is a result of centric fission discussed
above.

The loss of sex chromosomes is a common occurrence in all

malignancies (Sandberg and Sakuri 1973, Vass and Sellyei 1973, Whittaker,
Davies and Khurshid 1975, Hays et al. 1976, and DiLeo et al. 1977).

It

has also been noted as a phenomenon of aging (Pierre and Hoagland
1971).

Many of the genes found on the sex chromosomes may not be

necessary in sexually mature adults.

Such changes in chromosomal makeup

as centric fission, complex translocations, and gross aneuploidy, are
not tolerated under normal conditions, but can be maintained in malig
nancies.
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The third and most striking abnormality seems to be unique to
certain melanomas:

continued abnormal segregation.

The lack of normal

chromosome segregation has been demonstrated in several ways:

1)

No

modal number was apparent in the MIRW cell line, its 16 clones and
several fresh samples, 2) Anaphase bridges and lags were present in MIRW
clones and several fresh samples,

3) Multiple poles of segregation were

common in MIRW clones, 4) Single colonies containing mitotic cells with
different genetic constitutions were observed, and 5) Electron micorgraphs disclose the presence of an increased number of centrioles in
many MIRW cells.
The modal ranges were assessed and of the nine cases in this
study which could be analyzed for modality, all of them were segregating
abnormally.

They had wide NCR with no consistent karyotjrpe.

Cells

having the same chromosome number did not contain the same chromosomal
constituents.

Similar observations have been made or inferred from

other studies (Forteza Bover

and Baguena Candela 1966, Miles 1967,

Sandberg et al. 1967, Whang-Peng et al. 1970, Katayama et al. 1972,
Witkowski and Zabel 1972, Bluming et al. 1974, Chen and Shaw 1974,
McCulloch et al. 1976, and Kakati et al. 1977).

These studies, com

bined with this investigation, showed no modal number in at least 60
percent of the melanoma samples.

Proof of modality or lack of

modality often requires that hundreds of cells be scored.

Since this is

usually impossible due to the low mitotic activity of these cells,
other techniques were employed in this study to fully determine the
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source of karyotypic variation.

Other melanoma studies have been

limited to karyology.
Irregular anaphase were observed in the form of anaphase bridges
in both MIRW and a few fresh samples.

Such features as anaphase bridges

were first described by McClintock (1951).

These figures were formed

when dicentric chromosomes segregate to the two cell division poles.
Bridges have also been observed with chromosomal stickiness.

Beadle

(1932) found a gene in maize which caused chromosomes to stick together
during meisois so that at anaphase I, the chromatids stretched and broke
as they migrated.

These plants were male sterile and had streaked

chlorophyll-deficient leaves.
deficiencies.

These features were probably due to

Chen and Shaw (1973) also noted an increase of anaphase

bridges in their study of melanomas.

In that case, the presence of

anaphase bridges was probably associated with the stable ring chromo
some.

In this study, ring and dicentric chromosomes were rare but the

anaphase bridges observed could have been caused by chromosome stickiness.
This phenomenon could explain the chromosomal breaks and loss in the
melanoma.

If the stress is placed on the centromere of the segregating

chromatids, centric fission may also occur.
Abnormal segregation has also been demonstrated by asynapsis
or desynapsis.

Synapsis mutants have been reported in several plants

and drosophila (Gaul 1954).

In these cases, chromosomes either do

not pair properly nor separate prematurely during division.

This

mechanism has been associated with pairing of homologous or partially
holologous chromosomes (Riley 1958 and Sears and Okamoto 1958).

It is
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possible that the chromosomal rearrangements which occur in melanoma
cause pairing difficulties which yield different aneuploid daughter
cells.
Multiple genomes segregating in a common cytoplasm were also
observed, many with uneven distribution of chromatin.

A somewhat

similar feature was described by Clark (1940) in maize as divergent
spindles.

He saw occasional misdivision associated with sterility.

The cytologic basis for MIRW was demonstrated by the electron micro
scopy which showed the presence of multiple centrioles.

The structures

are often not even present in some thin section normal cells.

When

they are observed, there is usually one, and occasionally two, in a
single section.
several cells.

In MIRW, three centrioles were found in sections from
More may actually be present in the cells.

It cannot

be determined if the genomes will segregate individually or not.

A cell

as shown in Fig. 8a may form six mononucleated cells, two polynucleated
cells, two large mononucleated cells, or any viable combination.
Abnormal centriole number and morphology have been observed in certain
endocrine tumors (Kovacs et al. 1974, Horvath and Kovacs, 1975, 1976,
1977 and Horvath, Kovacs, Ezrin 1976).

They include such features as

multiplicity and incomplete development.
The most dramatic proof of continually abnormal segregation is
the presence of individual colonies with multiple metaphase, each with
a unique chromosomal complement.
tions.

This has several important implica
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First, the use of the word "clone" must be clarified.

Clas

sically, all the cells from a single progenitor (a clone) were considered
to be genetically uniform.

But in tumor biology where some genetic

instability is present, homogeneity is not necessarily present (ISCN
1978).

The variation is usually thought to be small, a few cells may

carry an extra chromosomal rearrangement which in turn may lead to the
production of new aneuploidy sublines.

In these studies we have

used the methods of stem cell biology to establish clones, yet their
extremely heterogeneous nature and continual genetic changes does not
fit the standard notion of a clone.

The MIRW clones and fresh melanomas

described are truly clones by the ISCN (1978) definition.
defined as a cell population derived from a single cell.

The term was
This study

suggests that thinking may need to be altered to reflect that one
colony may equal one clone but it does not necessarily mean that the
cells of that clone are genetically uniform in the presence of abnormal
segregation.
Secondly, it implies risks may be involved in the use of melanoma
as a model system for solid tumors.

Continuous abnormal segregation

does appear to occur in other melanomas but it has not been described
in other tumors.

It should also be cautioned that observations of

constant characters such as melanin content may not imply Renetic homo
geneity.

Third, chromosomal counts, as used in other studies, may not

be sufficient information to prove the lack of modality.

Other

observations such as abnormal anaphase, electron micrographs, and clonal
analysis in agar may be necessary.

Lastly, continual abnormal chromo

some segregation may play an important role in the unresponsiveness of
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melanoma to chemotherapy.

If different genetic complements are being

generated with every division, the likelihood of some cells being
resistant to a specific drug may be much higher in such a heterogeneous
population.

CHAPTER 3

DRUG STUDIES IN MIRW

Introduction
The drug studied were performed on the clones of MIRW to test
if the chromosomal heterogeneity affected the drug response of the
individual clones to six antineoplastic agents.

Drugs were chosen with

different mechanisms of action and suitable for ^ vitro use.
Adriamycin is a bios3mthetic analog of the antibiotic daunorubicin which also has antitumor activity (Arcamone, Cassnelli et al.
1969, Arcamone, Franceschi et al. 1969, and DiMarco, Gaetani and
Scarpinato 1969).

Its antitumor activities prove adriamycin to be more

effective than daunorubicin on L1210 leukemia (Sandberg et al. 1970),
Erlich ascites tumors, and sarcomas (DiMarco et al. 1969).

The main

biochemical effect of adriamycin is concerned with nucleic acid
synthesis.

It intercalates into DNA, thereby inhibiting transcription

(DiMarco 1967).

The inhibition of RNA synthesis is thought to occur

by steric hindrance and template disordering.
also cause other abnormal features such as:

The same mechanism may

1) a decrease in mitotic

activity, 2) cell cycle delay in G^^ and S, 3) cell death in early S
(Vigl977), and 4) chromosomal damage (DiMarco 1975, and Newcome and
Littlefield 1975)
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The next drug tested was 1, 3, bis(2-chloroethyl)-l-nitrosoursea
(BCNU).

It is a synthetic chemical with a wide range of effectiveness

against experimental tumors (Skinner et al. 1960, and Skipper et al.
1964).

Its biochemical effects have been studied in L1210 ascites and

solid tumors.

BCNU is incorporated into purines, thereby inhibiting DNA

and RITA synthesis.

It alkylates at the 7 position of guanine (Schabel

et al. 1963, Lee, Lijinsky and Magee 1964, and Magee and Lee 1964).
BCNU has a short half-life of about half an hour, which suggests
that cytotoxicity is probably due to a progressive reaction with cellular
constituents such as the gradual disappearance of precursors whose
further information is prevented by the drug (Livingston and Carter 197 0).
It has been shown to be significantly effective against Hodgkin's
disease (DeVita et al. 1965 and Lessner 1968) and brain tumors (Walker
and Hurwitz 1970, and Wilson, Boldrey and Enot 1970).

It has not been

extremely effective against melanoma, although in combination with DTIC
there has been an increase in responses (Bellet et al. 1979).
Resistance to alkylating agents such as adriamycin and BCNU
appears to be caused by one of three mechanisms:

1) decreased uptake,

2) an increased excision repair, 3) inactivation by increased amounts
of sulfhydryl groups (Hutchison and Schmid 1976).
Actinomycin D (Act D) forms a stable complex with DNA, thereby
inhibiting DNA-dependent RNA synthesis.

Ribosomal RNA is preferentially

affected at low concentrations (Lindell 1976).

As the concentration

increases , all species of RNA are affected, and then DNA synthesis is
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eventually inhibited (Reich 1964, Schwartz, Sodergren and Ambaye 1968).
The drug is more cytotoxic in proliferating cells, secondary to prolonged
retention during S phase which leads to inhibition of RNA systhesis
(Kessel and Wodinsky 1968).

Drug resistance to act D has been associated

with poor uptake and drug retention in both DMBA murine sarcoma
(Schwartz et al. 1968) and mouse leukemia (Kessel and Wodinsky 1968).
In human malignancies act D has been a valuable chemotherapeutic agent in testicle tumors, trophoblastic malignancies, soft
tissue carcinoma, and Wilms' tumor (Mackenzie 1966).

It has also been

used in adjuvant therapy with surgery, radiation, and other chemo-.
therapies. Conflicting results have been found with act D in the treat
ment of melanoma.
23 patients.

Golomb et al. 1967 used act 1) to induce remission in

None of them responded.

On the other hand, Molander and

Oropeza (1969) had 16 out of 24 patients respond favorably to the drug.
Also, actinomycin D has been tested on 16 human melanomas ^ vitro
using the soft agar assay developed by Hamburger and Salmon (1977).

The

responses ranged from completely sensitive to completely resistant
(Meyskens et al. 1979).
Methotrexate has been used clinically for more than 30 years,
first with acute childhood leukemia and now with a variety of malignancies
(Livingston and Carter 1970).

Its effectiveness stems from its affect

on nucleic acid precursor synthesis.

The critical reactions which are

inhibited are the biosynthesis of thymidylic acid from deoxyuridine
5'-monophosphate, and the biosynthesis of inosine acid, the precursor
in de novo purine biosynthesis.

In human leukocytes, it appears that

DNA synthesis is more sensitive to methotrexate than RNA synthesis
(Winzler, Williams and Best 1957, and Wells and Winzler 1959), demon
strating that th37midylic synthesis is the major pathway which is affected.
In mouse leukemias methotrexate has been shown to block ^vivo incor
poration of deoxyuridine into DNA in sensitive cells, yet no significant
change in nucleotide incorporation occurred in resistant lines (Roberts
and Wodinsky 1968).

Resistance to methotrexate has also been observed

when the rate of dihydrofolate reductase synthesis and activity was
increased (Fischer 1961, Hakala, Zakrzewski and Nichol 1961).

The rate

of uptake has also been correlated with resistance (Hakala 1965, Kessel,
Hall and Roberts 1965).

Clinically, methotrexate appears to be more

effective in combination with other drugs, such as prednisone (Krivit
et al. 1966).
Vincristine is an alkaloid extracted from a periwinkle plant.
Vinca rosea (Johnson et al. 1960).

It arrests cells at metaphase in

both normal and leukemic cells (Cardinali, Cardinali and Enein 1963)
with no effect on cellular respiration, glycolysis and rate of nucleic
acid nor protein sjmthesis at these same concentrations (Johnson et al.
1963).

At slightly higher concentrations vincristine has two mechanisms

of action:

1) reversibly arrests cells in mitosis by binding to the

precursors of spindle fibers, 2) inhibits RNA synthesis through DNA
dependent RNA pol}anerase (Creasey 1968).
Clinically, vincristine has been shown to be a potent anti
tumor agent against acute l3rmphocytic and myelocytic leukemias in
children and solid tumors (George and James 1963, Selawry and Hananian
1963).

It also produces short responses as a single agent against

neuroblastoma, Wilms' tumor and rhabdomyosarcoma (Livingston and
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Carter 1970).

Vincristine is also a good drug to use in combination

since there is little overlap of toxicity with other drugs.

It has,

however, been fairly ineffective against melanoma (Reitemeier, Moertel,
and Blackburn 1964, and Bellet et al. 1979).
The last antitumor agent used in this study was taxol.

At

present it is being considered for clinical use based on its activity
against P388 leukemia and B16 melanoma (Fuchs and Johnson 1978).

This

compound was first isolated from the bark of the western yew, Taxus
brevifolia (Wall and Wani 1967, Wani, Taylor and Wall 1971).

Schiff,

Fant and Horwitz (1979) demonstrated that taxol promotes microtubular
formation in vitro by stabilizing the tubulin subunits.

Fuchs and

Johnson (1978) on the other hand, have shown that taxol, like vinca
alkyloids, poisons mitotic spindles and increases mitotic indices.

The

drug also inhibits division of exponentially growing HeLa cells at
various concentrations, most likely by a metabolic block at G2 or M.
At the same concentrations DNA, RNA, and protein synthesis were not
significantly altered (Schiff et al. 1979).

If the spindle fibers are

the key to the abnormal segregation seen in fresh and cultured
melanoma cells, one might expect the NCR per metaphase to be altered
by incubation of these cells with such drugs as vincristine and taxol.
All the drugs discussed above, except taxol, have been used
clinically, although none of them have been extremely effective against
melanoma.

Approximately 50 percent of all melanoma patients develop

surgically incurable metastatic disease (Bellet et al. 1979).

The
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incidence has also been reported to be increasing annually (Elwood and
Lee 1975).

Therefore, any further understanding of the response of

melanoma cells to chemotherapy is of increasing importance.

Materials and Methods
All drug studies were performed on isolated clones of MIRW.
Six clones were selected on the basis of their morphology and orginal
NCR;

A3, A5, A6, A9, AlO, and A15.

Colony Assay
The original MIRW line and 6 clones were tested for drug
resistance by the soft agar colony assay.

All studies are done in

triplicate and repeated within 12 passages.

Controls without drugs

were run xd.th each experiment.
Actinomycin D, adriamycin, BCNU (1,3 bis(2 chloroethyl)l-nitrosourea), and methotrexate were all tested at 3 dilutions for both one
hour and continuous exposure.
Procedure:
1.

Cells were suspended in FlO medium at a concentration
3
of 10 cells/ml and exposed to 3 dilution of drug.

2.

Cells were divided into 2 groups; one for continuous
exposure and one for one hour.

3.

Cells with continuous exposure were plated in the overlayer of 0.3% agar in medium on an underlayer of 0.5%
agar in medium plus FCS.
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4.

Cells with one hour exposure were incubated at 37°C and
then washed once with phosphate buffer and resuspended in
fresh medium.

5.

3
Cells were then plated at 10 cells/ml in the same bilayer
system as for continuous exposure.

6.

All plates were allowed to dry for 30 min and then incubated
at 37°C in a humidified, 7.5% CO2 environment for 6 days.

7.

The plates were then scored on an inverted microscope for
the number of colonies which contained greater than 20 cells.

8.

Cloning efficiency was scored according to percent control.

9.

Due to the sensitivity of the cells to actinomycin D, each
culture was also run at 10^ cells/plate.

All other proce

dures were the same.

Cell Kill versus Arrest
A3, A6, A9, and A15 were exposed to adriamycin and actinomycin
D 4-5 passages after clonal isolation.

Cells were removed from the

flasks by a 10 min treatment with Tyrodes solution, centrifuged, and
resuspended in fresh medium.
All experiments were carried out in triplicate with controls
grown in the absence of the drug.
Procedure:
1.

25 ml flasks were seeded at 3 x 10^ cells for A9 and
0.75 X 10^ cells for A3, A6, and A15.
allowed to adhere for 2-5 hrs. at 37°C.

The cells were

2.

Drugs at 3 dilutions (0.033 tig/ml, 0.0067 yg/ml, and
0.0033 yg/ml) or Adriamycin (0.067 yg/ml, 0.0067 yg/ml,
and 0.0033 yg/ml) were added to the cultures and incubated
at 37° for 48 hrs.

3.

The adherent cells were removed with a 10 min treatment
with Tyrodes solution, counted, and tested for viability
with trjTJan blue.

4.

Triplicates were pooled, counted, and plated in an agar
bilayer system containing FIO medium plus 20% FCS.

5.

Cells were grown in an agar bilayer with an underlayer of
0.5% agar in FIO + 20% FCS medium and an overlayer of 0.3%
agar in medium which includes the cells.

All drug dilutions
t/

and controls were plated in triplicate at 750-1500 cells per
plate and incubated in the absence of drugs for 6 days in a
humidified, 7.5% CO2 environment.
6.

The plates were then scored with an inverted microscope for
the number of colonies which contained greater than 4 cells.

7.

Cloning efficiency was scored according to percent control:

avg. number of colonxes for sample
r
7
:
7
f—t
avg. number of colonies for control

—°

x

r, ^ .
100% = % Control

Drug Resistant Revertants
Drug resistant MIRW AlO colonies x^ere tested for revertants
by two different techniques.

Procedure:
1.

Cells were grown in a soft agar bilayer system in the
presence of 0.067 yg/ml adriamycin or 0.033 yg/ml
actinomycin D, as described previously.

2.

After six days, resistant colonies were picked from the
agar with a capillary tube and grown in a monolayer
in microtiter wells.

3.

Half the colonies were groxm in FIO medium alone and half
in 0.067 ug/ml adriamycin or 0.033 pg/ml actinomycin D in
medium.

4.

Surviving colonies were passed twice, until enough cells
were available for replating.

5.

Surviving colonies were then plated, in triplicate, in the
presence of 0.067 yg/ml adriamycin or 0.033 yg/ml acti
nomycin D by the bilayer agar system described previously,

6.

Controls without drug were plated for each surviving colony.

7.

At the end of 6 days, the plates were scored on an inverted
microscope for the number of colonies over 20 cells.

8.

The revertant rate was scored by percent control.

9.

The continually exposed colonies and those grown without
drugs for 3 subpassages were compared by Kruskal-Wallis
one-way variance test.

Vincristine
MIRW clone A6 was treated with four dilutions of vincristine
sulfate.

A control without the drug was run simultaneously.
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Procedure:
1.

Flasks were seeded with 3 x 10^ cells.

2.

-9
Vincristine V7as added at final concentrations of 10 M,
10~^^, 10"^\, and 10~^^M.

3.

Cells were incubated at 37°C for 6 days.

4.

10

Colcemid in fresh medium was added to the cells which

were then incubated for an additional 16 hrs,
5.

Cells were then harvested for chromosomes according to
methods described previously.

6.

For each drug concentration and control, 25 metaphase were
scored for the number of chromosomes present.

Only spreads

with fewer than 5 overlaps were counted,

Taxol
MIRW clone AlO was treated T<rith 6 dilutions of taxol.

A control

without drug was run simultaneously.
Procedure:
1.

Flasks were seeded with 7,5 x 10^ cells.

2.

Taxol was added at a final concentration of 100 pM, 50 yM
10 yM, 5 yM, 0.025 yM, and 0.05 yM.

3.

Cells were incubated at 37°C for 48 hrs.

4.

Cells were removed from the plastic with a 10 min
treatment with Tyrodes solution, counted, and tested for
viability with trypan blue.

Cells were then harvested for chromosomes as described
previously.
Slides were made and scored for mitotic index and the
number of chromosomes per metaphase.

25 spreads with few

overlaps were scored for the control and each dilution.

Medium-nutrient-mixture FIO (HMI) (GIBCO)
20% fetal bovine serum (FCS) (Flow Laboratories) heat
inactivated at 56°C for 30 min.
1.5% antibiotic antimycotic (GIBCO)
Tyrodes solution—made according to GIBCO formulation.
Phosphate buffer—21.44g Na2HPO^*7H20
2.6g KH^PO^
9.0g NaCl in 1 liter dH^O
Adriamycin (Adia Laboratories, Inc)(Doxdrubicin Hydro
chloride) stock 1 pg/ml in 0.9% NaCl frozen at -80°C, all
further dilutions made in medium immediately before use.
BCNU (1,3 bis(2 chloroethyl)-l-nitrosourea) (Bristol)
reconstituted in absolute ethanol and then diluted to
1.1 mg/ml in dH20 and frozen at -80°C.

All further

dilutions were made in medium immediately before use.
Metrotrexate (Lederle) stock 25 mg/ml stored at room
temperature, all further dilutions made in medium
immediately before use.

73
7.

Colcemid—(GIBCO) 10 yg/ml stored at A°C.

8.

Trypan blue (GIBCO)

9.

Vincristine sulfate (Oncorin) (Eli Lilly & Co),
reconstituted in saline provided.

All further dilutions

made in medium immediately after use.
10.

Taxol—(NSC 12593) powder stored at -80°C in dessicant.
The powder was first dissolved in 0.5 ml ethanol and then
diluted with medium.
before use.

All dilutions were made immediately

This experimental drug was supplied by the

Developmental Therapeutics Program, Chemotherapy, NCI.

Results

Colony Assay
Four drugs with different modes of action were used to test
if the mechanism of killing was important in melanoma.

Adriamycin at

the concentrations used in these experiments intercalates into DNA,
thereby causing strand breakage (Kusyk and Hsu 1976, and Vig 1977),
chromosomal stickiness and fragmentation (Vig 1971, and Newsome
and Littlefield 1975), and cell death at S phase (Kim and Kim 1972).
Actinomycin D at the 0.0033-0.01 yg/ml concentrations inhibits
rDNA transcription in vivo (Lindell 1976), and at slightly higher
concentrations it selectively suppresses DNA-directed RNA
s3mthesis due to RNA polymerase interference (Reich 1964).

Metho

trexate interferes with with nucleic acid metabolism by inhibiting
dihydrofolate reductase which is required for de novo synthesis of
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purines and thymidylate (Barranco etal. 1964, and Chabner and Young
1973).

BCNU is S specific, it interferes with the rate of DNA and

RNA s3Tithesis (Wheeler and Alexander 1964,.Wheeler and Bowden 1965,
1968, and Singer et al. 1968).

This drug also may effect the

synthesis of proteins necessary for cell division (Berranco and
Humphrey 1971).
The three concentrations of each drug were chosen for the
following reasons:

1) at least one concentration of every drug is

attainable iii vivo. 2) their metabolic activity has been well
documented at the chosen ranges, and 3) they correspond with the
concentrations used for ^ vitro studies of patient samples.
Each of the four drugs were tested for continuous and one
hour exposure, because some of the drugs, such as adriamycin and BCNU
can cause cell cycle blocks which can be overcome with time or are
cell cycle specific.

Since the cells were not synchronized, such

differences in cell kill or cell proliferative capacity could be
distinguished by using short and long exposure times.
Due to the heterogeneity of the MIRW clones caused by the
abnormal chromosomal segregation, many growth properties changed
with each testing.

Since drug sensitivity was measured by changes

in clonogenicity, the change in cloning efficiency was assessed
serially.

Table 4 shows the erratic changes in the cloning

efficiencies with time in the MIRW cell line and 6 of its clones.
The cloning efficiency of the original line remains somewhat constant
at about 3.8 percent, but all the clones change dramatically with

Table 4.

Clone

Changes in cloning efficiency of MIRW clones with time.

Change in Cloning Efficiency (%)

Passages

AGO

4.0->-4.2-^3.6->-3.2

10

A3

3.3

12

A5

17.8 -> 8.9 -V 14.6

A6

11.2 ^ 15.6

A9

8.0

AlO

34.0 ->• 26.5

A15

14.7 ->• 6.0

20.9

4.7 -v 6.4^
6.5^

19.9

8.7 -> 13.3
8.7

10
12

15.4^
12.2 ^ 7.9^

11.5 ^ 12.2 -s- 18.0^

Cloning was computed by:
No. of colonies on control plate
No. of cells plated
Changes are statistically significant.

11
10
12
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time.

The testing was carried out over about 12 passages so cloning

efficiency measurements were taken approximately every third passage.
As demonstrated in Table 4, there is no consistent pattern of change.
Clones A6, A9, and A15 appear to be steadily increasing, but there are
exceptions, as seen in the second entry of A15.

Cloning efficiencies

of A3, A5, and AlO were completely erratic fluctuating from such cloning
efficiencies as 3.3 to 20.9 percent.

To normalize

for the changing

cloning efficiencies in the drug sensitivity assays, triplicate control
plates were run with every trial.
All four drugs were tested in the same manner.

Triplicate plat

ing of continuous and one-hour exposures to three drug concentrations
were repeated at different passages.
Adriamycin.

Each drug is discussed separately.

Adriamycin gave a full range of drug sensitivity

from 1 to 136 percent control in the different clones.

Figure 11a

shows the response of continuous exposure to the drug on four different
clones.

At the lowest concentration adriamycin reduced AGO clono-

genicity to about 5 percent of control, whereas the same concentration
enhanced the proliferative capacity of A9 to 136 percent of control.

In

this particular set of experiments, the concentration of the drug had
little effect.

The same decrease in clonogenicity was obtained x^ith all

three dilutions.
The response of each clone was not consistent.

There was

often a significant difference in response of a specific clone reaction
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Fig. 11.

Continuous drug exposure of HIRW clones.
(a) Adriamycin, (b) Actinomycin D, (c) Hethotrexate,
and (d) BCNU.
Cells were plated in an agar bilayer system at 3 different drug concentrations and allowed to grow for one
week before scoring for percent control.
Squares: MIRW AOO; closed circles: Al5; open circles:
AlO; triangles: A9.

to adriamycin with time.

As seen in Table 5, clone A9 is resistant to

all three concentrations of continuous adriamycin, and later is sensi
tive.

The opposite is true of AlO.

Table 6 shows the total change

of drug sensitivity of adriamycin with time.

Three clones, AOO, A3 and

AlO became more resistant; 3 clones A5, A6, and A15, had no change;
and one, A9, became more sensitive.

These data demonstrate that con

tinuous exposure to adriamycin may be effective at any one given time
on a specific cell population, but this response could change at any
time.
One hour exposure to adriamycin was ineffective.

The largest

reduction in clonogenicity was only 57 percent of control.

Figure 12

is highly representative of the responses of the different clones, with
over half the cells retaining their proliferative capacity.
shows how variable the cells* reaction to adriamycin was.

Table 5

Clone A6

becomes more resistant at low concentrations, shows no change at
intermediate concentration, and is more sensitive at the high concentra
tions.

A15 gave the opposite results.

Table 6 shows 3 clones that

became more sensitive with time, but the increase in sensitivity still
did not reduce the clonogenicity below the 50 percent control level.
Actinomycin D.

Actinomycin D was the only drug to which the

clones were consistently sensitive.

With continual exposure at 0.0033

yg/ml, no colonies were formed (Fig. lib).
0.0067 ug/ml.

Usually it was effective at

Clonogenicity was reduced by at least 70 percent.

These
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Table 5.

Clone

Change of drug sensitivity with time in MIRW clones.

Adr
0.0033 yg/ml

Act D
0.0033 yg/ml

BGNU
0.02 yg/ml

HC

Mtx
0.0033 t^g/jnl
HC

AGO

SR

RR

SR

SR

A3

SS

SR

SO

GO

A5

RO

GR

SS

SS

A6

RG

RO

GG

RG

A9

OS

GO

GR

RR

AlO

GG

OS

RS

GR

A15

SS

SR

RR

GR

0.0067 yg/ml

0.0067 yg/ml

HC

HC

HC

HC

AGO

GS

RG

GG

GG

A3

SG

SO

SR

GR

A5

GG

GG

RG

SR

A6

GO

GS

GG

RG

A9

SS

GR

GR

RR

AlO

GR

SO

GG

RR

A15

00

GS

GR

RR

0.067 VLg/ml

0.033 yig/ml

0.06 ug/ml

0.033 ug/ml

0.2 ug/ml

0.33 yig/ml

H^

HC

HC

H^

AGO

SR

PR

SO

SR

A3

SR

SO

SG

GR

A5.

RS

GG

GR

SR

A6

SG

GG

GG

RS

A9

SS

GG

GO

SR

AlO

GR

GO

GG

GR

A15

RO

SO

SR

RR

R = increased resistance
G = no change
S = increased sensitivity
H = 1 hour exposure to drug
C = continuous exposure to drug
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Table 6.
Clones

Total change of drug sensitivity with time in MIRW clones.
Adr

Act D

BCNU

Mtx

H

C

H

D

H

C

H

C

Abo

S

R

0

R

S

0

S

R

A3

S

R

0 0

S

0

0

R

A5

R

0

S

0

0 0

S

R

A6

0

0

0 0

0 0

R

S

A9

S

S

0 0

0

R

R

R

AlO

0

R

0 0

0 0

0

R

A15

R

R/0

s 0

0

R

R

H = 1 hour exposure, C = continuous exposure,
S = increased sensitivity, 0 = no change.

R

R = increased resistance,

Fig. 12.

One-hour drug exposure of MIRW clones.
(a) Adriamycin, (b) Actinomycin D, (c) Methotrexate,
and (d) BCNU.
Cells were incubated in 3 different concentrations for
one hour and then plated in an agar bilayer system and
allowed to grow for one week before scoring for percent
control.
Squares: MIRW AOO; closed circles: A15; open circles:
AlO; triangles: A9.
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One-hour drug exposure of MIRH clones.
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concentrations not only reduced the proliferative ability of the cells,
but also caused cell death.

TJhen counting resistant colonies at all

three concentrations, the only cells that remained on the plate were
those that retained their proliferative capacity.

It is possible that

actinomycin D lysed the remainder of the plated cells.
The reaction of each clone did change with various concentra-'
tions (Table 5).

Some clones became more resistant and others more

sensitive at each concentration.

But, overall, as shown in Table 6,

there is no change in the total drug response.

All clones remain

sensitive to continuous exposure to actinomycin D at 0.033-0.0667yg/ml.
Unlike continuous actinomycin D, one hour exposure was com
pletely ineffective.

As sho\m in Fig. 12b, the decrease in clono-

genicity was only slight.
control.

The greatest reduction was 39 percent

There is some fluctuation in the concentration effect of

actinomycin D, but for the most part there was little change with time
(Tables 5 and 6).
Methotrexate.

The MIRW clones responded to continuous metho

trexate exposure in a manner similar to that seen with adriamycin.

Fig.

11c shows methotrexate to be fairly effective with continuous exposure
at 0.33 yg/ml, however, the graph is not representative of the response
of the clones.

In most clones there was a full range of responses, from

0 to 80 percent control.

These responses were not consistent as

demonstrated in Table 5.

Clone 5A became more sensitive at low

concentrations, but was more resistant at the high concentration.
opposite effect was observed in Clone A6.

Table 6 shows the total

The

change of sensitivity to methotrexate with time.
became more resistant at the second testing.

All but one clone

The response of clone A6

indicates that the cells can become more sensitive.
strate two major points:

The data demon

1) methotrexate consistently produced some

reduction in clonogenicity (at least 20 percent), 2) continuous exposure
to methotrexate may be effective at any one given time on a specific
cell population, but this response could change at any time.
One hour exposure of methotrexate showed fairly similar results
as continuous exposure.

A full range of responses are observed, but

the responses can change at any time.

As with adriamycin, the same

concentration can cause a great decrease in proliferative capacity as
well as an increase over control.

All concentrations of methotrexate

that were used resulted in increased clonogenicity in the original cell
line (Fig. 12c).

These same concentrations showed variable responses

with other clones.

As shown in Tables 5 and 6, the clones fluctuate

from resistant to sensitive and vice versa, both with time and with
various concentration changes.
BCNU (l,3bis(2chloroethyl)-l nitrosourea).
in decreasing the proliferative capacity of MIRW.
the responses are highly variable.

BCIIU was ineffective
As shown in Fig. lid,

One concentration of continuous

exposure may reduce clonogenicity dramatically, but in another, high
concentrations produce no effect (A9).

In some cases BCNU increased

the proliferative capacity of the clone.
responded variably with time.

The same clones also

Although overall most of the clones did
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not change their responses to continuous BCNU, at the same concentration
they may become more resistant or sensitive (Table 5).
One hour exposure of BCNU was fairly ineffective at any con
centration used.

The maximum reduction in clonogenicity was 30 percent

control (Fig. 12d).

Again, BCNU was able to enhance colony formation

in some clones as well as kill in others.

There was little fluctuation

in concentration effect of BCNU or total change with time (Tables 5 and
6).

Not only did BCNU not consistently decrease clonogenicity in MIRW,

but its effectiveness is likely to change at any given time or con
centration.

Cell Kill versus Cell Arrest
A known quantity of cells from A3, A6, A9, and A15 were exposed
to three different concentrations of adriamycin or actinomycin D for
48 hours.

The cells were plated in agar without the drugs to see if

the surviving cells still retained their proliferative capacity.
Clone A6 was chosen as a representative example of the type of
responses seen.

Figure 13a represents the percent control of cell

survival from this clone after a 48 hour incubation with either
adriamycin or actinomycin D.

Figure 13b demonstrates the cells' ability

to proliferate after the drug is removed.
Adriamycin on the average killed 50% of the cells after 48
hours.

The drug was most effective against A15, yet 35% of the cells

were still viable at the end of the 48 hour treatment.

Figure 13a is

highly representative of all 4 clones tested for adriamycin sensitivity.
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Fig. 13.

Cell kill versus cell cycle arrest in MIRW clones.
(a) Cell survival after 48 hours drug exposure,
(b) colony forming ability after 48 hour drug
exposure.
Cells were grown for 48 hours in the presence of the
drugs, tested for viability and then plated in an
agar bilayer system and scored for their ability to
form colonies.
Open circles;

Adriamycin; closed circles: Actinomycin D
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The lowest concentration of 0.0033 yg/ml was extremely ineffective with
only about 30 percent of the cells being sensitive.

Of the cells that

did survive the adriamycin treatment, many were able to proliferate
after removal of the drug.

In most clones, as in Fig. 13b, at least

50 percent of the cells were capable of proliferating to the colony
stage of 20 cells.

Even at the highest concentration of 0.067 yg/ml

about 25 percent of the cells maintained their proliferating capacity.
Overall adriamycin

was ineffective as an antitumor agent on the 4 MIRW

clones tested.
Actinomycin D had a much more potent effect on the MIRW clones
than adriamycin.

As shown in Fig. 13a, and all other clones, greater

than 50 percent of the cells were killed after the 48 hour exposure to
the drug.

At the highest drug concentration (0.033 yg/ml), most clones

had less than 5 percent survival; one clone, A3, had 18 percent survival
at the same concentration.

Of the few cells that did survive the drug

treatment, most of them were eventually killed without dividing.
Figure 8b demonstrated that even at the lowest concentrations about
25 percent of the cells maintained their proliferative capacity, dropping
to less than 2 percent at 0.033 yg/ml.

The cells that did not pro

liferate were lysed; only cells that formed colonies were seen at the
end of the six day incubation period.

Thus, actinomycin D can cause

complete or near complete cell kill at 0.033 yg/ml after a 48 hour drug
exposure by either direct kill or a cell cycle arrest that cannot be
overcome.

Drug Resistant Revertants
Since the clones did not respond as most cell lines to various
drug treatments, fluctuating unpredictably between resistance and
sensitivity with each testing, further studies were necessary to
demonstrate that these cells could easily change from sensitive to
resistant and the reverse.

To test if drug resistant colonies would

retain their phenotype, resistant colonies were replated and tested
again for revertants.
Both adriamycin and actinomycin D resistant colonies were
selected and grown in either media or media plus the drug.

At the end

of three passages all surviving colonies were tested for their revertant
frequencies to drug sensitivity.

The results are shown in Table 7.

All the clones are designated by their location in the microtiter wells
such as 4H, and whether they were grown in media alone, Adr

or Act ,

*4"
or in media plus the drug, Adr .
Eight adriamycin resistant colonies were continually grown in
the presence of the drug.

I-Jhen these colonies were tested for their

revertant frequencies, the responses ranged from 54 to 143 percent of
control.

Of the nine resistant colonies grown without adriamycin for

three passages, 11 to 683 percent control were able to form colonies
when tested for drug sensitive revertants.

Comparing the two sets of

culturing techniques by the Kruskal-Wallis analysis, no statistical
difference was found.

Although the frequency of revertants that were

Adr"*" had a narrower range, the difference was due primarily to one
clone.

Even the one extreme case of Adr

9E did not cause a
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Table 7.

Colony
Number

Reversion frequency of in vitro adriamycin and actinomycin D
resistant clones.

Percent
Control

Colony
Number

Percent
Control

Colony
Number

Percent
Control
+

Adr"^ 3F

57

+

5

Adr" lOA

120

+

19

Act

IOC

0.4

Adr"^ 4C

54

+

7

Adr

lOE

60

+

3

Act

IIB

2.0 ± 1

Adr"*" 5F

67

+

4

Adr

lie

16

+

3

Act

lOB

1.0 ± 0.8

Adr"*" 4H

143

+

32

Adr

9F

53

+

10

Act

lie

0.8

0.8

Adr"*" IH

103

+

8

Adr" HE

121

+

11

Act

12C

0

0

Adr"*" 3G

70

+

8

Adr

8A

66

+

10

Act

llA

0

Adr"^ 2B

58

+

1

Adr

9E

683

+

46

Adr"*" 3H

125

+

33

Adr

lOH

116

+

17

Adr

lOG

11

+

5

+

0.4

0

Each of the clones above were isolated as individual resistant colonies.
Those designated Adr"*" were resistant to adriamycin and allowed to
proliferate in the continuous presence of 0.067 yg/ml adriamycin. Those
designated Adr" were also resistant to adriamycin when isolated but were
grown for 3 generations in the absence of the drug prior to testing for
revertants. Act" clones were actinomycin D resistant colonies which
were treated similarly to Adr". All the drug resistant clones were
allowed to proliferate for 3 generations before testing for revertant
frequencies. To test for reversion to drug sensitivity, all 8 Adr"^
clones, 9 Adr" clones, and 6 Act"clones were plated in triplicate in the
presence of the drug and with individual controls without the drug.
At the end of one week, revertant frequencies were measured as a per
centage of control.
All 8 Adr clones were tested against 9 Adr clones by a Krusal-Wallis
1-way variance test to see if there wa| difference in revertant frequen
cies caused by the culturing method (x = 0.2502, significance = 0.6169).

statistical difference in the sampling.

Both testing methods showed

that resistant cells could revert to sensitivity at an extremely high
rate.

Adr"^ 4C had a revertant frequency of 46 percent; half the cells

that were able to proliferate were sensitive to adriamycin.

Adr

lOG

is an even more extreme example of loss of the resistant phenotype,
11 percent of the cells were able to retain their drug resistant
property, giving the cells an 89 percent reversion frequency.
In some clones, the cells were able to use adriamycin to a
proliferative advantage.

Not only did Adr"^ 4H or Adr

9E retain their

resistant phenotype, but they were able to use the drug to increase
their clonogenicity.

Thus we see a few clones with greater than 100

percent clonogenicity.
Actinomycin D resistant colonies were treated in the same manner
as adriamycin resistant colonies.
ferent.

Yet the outcomes were rather dif

Due to the high sensitivity of MIRW clones to actinomycin D,

the resistant colonies had to be isolated on two occasions.

At the

first experiment forty resistant colonies were transferred into media
plus actinomycin D and 24 into fresh media alone.
grew in the microtiter wells.

None of the colonies

When the experiment was repeated, again

no colonies grown in the continued presence of the drug survived, and
only six colonies cultured in fresh media alone vrere recovered.

The

six were tested for continued drug resistance to actinomycin D after
three passages.

They were found to be as sensitive as the original

clones, with only 0 to 2 percent surviving a second actinomycin D
treatment.

As Table 7 demonstrates, the observed resistance to acti

nomycin D was certainly not stable.
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Efforts to recover resistant colonies that would survive con
tinuous actinomycin D treatment were attempted three more times with no
success.

Therefore, no comparison can be made between the two modes

of testing as in adriamycin resistance.
The results of the two sets of experiments demonstrate a lack
of stable resistance to both adriamycin and actimonycin D, regardless of
testing methods.

Although the cells have a much higher reversion

frequency to actinomycin D sensitivity, both tjrpes of resistant phenotypes are readily reverted.

Vincristine
Vincristine sulfate had no effect on the chromosomal segregation
at any concentration tested. There was no statistical difference at the
95 percent confidence level.
tion are shown in Table 8.
metaphase.

The chromosomal ranges for each concentra
At 10

vincristine will arrest cells at

At lower concentrations there appears to be no effect on

growth and metaphase segregation.

Taxol
The drug concentrations of taxol were chosen according to their
effects on HeLa cells.

Schiff et al. (1979) has shown that at 0.24 yM

division is inhibited; 50 nM to 50 yM decreased the lag time for microtubular assembly.
than

Concentrations slightly greater than 50 yM and less

0.25 yM were tested to find the limits of the drug effects.
Taxol, at the six concentrations tested, was shown to have no

effect on the chromosomal segregation or mitotic index of MIRW AlO as
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Table 8.

Effects of vincristine sulfate on chromosome distribution
of MIRW.

Drug Concentration

Chromosomal Range

(M)
0.0

9-100

10-^

6- 79

10"^^

6-142

10"^^

8- 75

10"^^

6- 77
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shown in Table 9.

There was no significant difference at any concentra

tion at the 95 percent confidence level.

The chromosomal range of 11 to

88 was unchanged by the application of taxol.

Discussion
Two general conclusions can be made.

The first is that only

actinomycin D was effective as a chemotherapeutic agent against MIRW.
The other drugs can occasionally cause cell death and decreased prolif
eration as shown by a 43 percent stimulation of growth in Adr"*" 4H and
583 percent stimulation of growth in Adr

9E.

Secondly, drug responses

changed with time in either direction.
All of the drugs except actinomycin D were ineffective at
reducing the proliferative capacity of the clones.

Each of these drugs

showed some sensitivity at least once, but these responses were not
maintained.
exposure.

None of the drugs were effective with only one hour

This resistance could be caused by several factors;

cell

cycle specificity, lack of drug uptake or retention, structural
alteration, increased repair systems, drug inactivation, and increased
substrate.
Two of the drugs are somewhat cell cycle specific, adriamycin
and BCNU.

Both can cause death or cell arrest in S phase.

In the

48 hour drug experiment, it was demonstrated that adriamycin either
never affected the cells or it caused a cell block that the melanoma
cells were able to overcome.

Even when the exposure time was long

enough to include the S phase of all the proliferating cells, very
few cells were affected when treated with adriamycin or BCNU,
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Table 9.

Effects of taxol on chromosome distribution and mitotic
index of MIRW.

Drug
Concentration

Chromosomal
Range

Mitotic
Index (%)

Total Viable Cells
(xl06)

(yM)
0.0

14-81

535

2.67

0.05

15-79

475

2.74

0.25

15-78

586

3.48

5

13-88

422

1.36

10

12-81

414

2.34

50

11-72

364

1.96

100

12-74

766

1.11
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and methotrexate can occur either by altering the rate of uptake or the
drug retention (Hakala 1965, Kessel et al. 1965, Kessel and Wodinsky
1968, Schwartz et al. 1968, and Hutchinson and Schmid 1976).

Cell to

cell interaction and membrane alterations have long been associated with
the malignancies.

Innumerable protein-lipid changes as well as receptor

sites could be involved in uptake or retention of these drugs.
mechanism for resistance could be tested by autoradiography.

This

Cells

grown in the media with labeled drugs would be tested for the presence
and location of various drugs within the cells.
If the drug was able to accumulate in the cell, it may still be
ineffective.

For the drugs that effect DNA by intercalation, it is

possible that the chromosomal structure has been altered, such that
these agents no longer intercalate as easily.

Or, perhaps those damaged

areas can be more readily repaired by a more active excision repair
system.

The drugs could also be inactivated, such as BCNU by sulfhydryl

groups (Hutchison and Schmid 1976).
Resistance can also occur by increasing the activity or amount
of the target enzjrmes.
trexate resistance.

Both mechanisms have been demonstrated in metho

Some cell lines have shown that there is an increase

in dihydrofolate reductase activity (Fisher 1961, and Hakala et al.
1961), other lines have shown endoreduplication of the genes for
dihydrofolate reductase thereby increasing the amount of the enzyme
(Alt et al. 1978).
All of these mechanisms noted above could explain the basis of
drug resistance, but they cannot easily explain the fluctuations of
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drug responses with time.

Of all the MIRW clones tested, none of them

remained constant with time for all four drugs.

Some clones went from

resistant to sensitive and others from sensitive to resistant.

This

aspect of the cultures was demonstrated best by the revertant frequency
experiments, where resistant cultures readily reverted to sensitive
regardless of whether they were grown in the presence of the drug or
not.

Reversion to sensitivity is not a feature which is seen clinically

in most malignancies.
genetic feature.

Drug resistance has been considered a constant

t-Then bacteria are resistant to penicillin, a genetic

mutation is responsible.
sensitive again.

Another mutation must occur to render the cell

Since the average mutation rate for penicillin resis

tance is about 10 ^ (Stickberger 1976 p. 540), this change is an unlikely
event.

The average mutation rate per gene in man is estimated at

1/25,000 per gamete.

If this number is used as an estimate of somatic

mutation, some factor other than spontaneous mutation must be operating
in the MIRW clones to account for the rate of drug revertants.

Even the

genetic instability associated with malignancy is probably not suffi
cient to effect such rapid continual change.

Genetic instability has

been described by Nowell (1976) as being important in aging, the
evolution of neoplasia and possibly metastasis.

But these changes are

slow and progressive since most errors are repaired.
Stable resistance in aneuploid cells is a common occurrance
(Vig 1971).

A possible explanation for the changing drug response in

melanoma cells could be related to the abnormal chromosomal segregation
which was demonstrated in MIRW.

The wide range of responses could occur
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by the irregular segregation of the chromosomes which carry the genes
for drug resistance.

Various numbers of copies of these chromosomes

are present in the cells; a few cells may even contain rearrangements
of these genes causing various position effects.

With continuous

abnormal segregation occurring, a metaphase cell containing four copies
of the chromosome responsible for a specific drug resistance could
segregate with three copies to one pole and only one to the other as
it progresses to anaphase.

Alternatively various combinations of

normal and rearranged chromosomes may segregate together.
makeups may again change with the next cell division.

The genetic

All these

combinations may express different drug resistant phenotypes.

As shown

by the irregular metaphase and anaphase in these cells, the chromosomal
complement is likely to change with every division, thereby possibly
accounting for the reversion frequency.

The drug resistance then

would be primarily due to the continuous generation of genetic hetero
geneity in the cell population.
Since abnormal segregation could explain the clones* resistance
to adriamycin, BCNU, and methotrexate, as well as the lack of ability
to isolate stable resistant colonies from adriamycin and actinomycin D,
two drugs that effect spindle fiber formation were tested.

Abnormal

segregation could be caused by defects in the spindle fibers, centro
meres, or genes regulating segregation.
effect spindle fiber formation.

Both vincristine and taxol

Taxol and vincristine, as its close

relative Colcemid, disrupt mitotic spindle fiber formation ^ vitro
(Cardinali et al. 1963, and Fuchs and Johnson 1978), while taxol in vitro
also promotes tubulin polymerization (Schiff et al. 1979). Fuchs and
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Johnson (1978) found that taxol produced abnormal mitotic figures
similar to vincristine, but the drug was less effective than other
mitotic spindle poisons.

The antineoplastic properties of both drugs

are thought to be due to their disruption of mitotic spindle fibers.
Neither drug had any effect upon the chromosomal segregation of MIRW
AlO.

It is possible that the tubulin molecules are defective in such

a way as not to allow for its recognition by vincristine or taxol,
thereby being uneffected by their application.

The lack of effect

could be due to any of the mechanisms of resistance mentioned previously.
It is also just as likely that the spindle fiber system is not involved
in the abnormal segregation problem, perhaps the attachment site at
the centromere is defective.

We have seen centromeric fission of

several chromosomes in MIRW and DA.

The same aberrations that account

for centromeric fission could also explain the abnormal chromosomal
segregation.

Further investigation into centromeric structure are

clearly warranted.

CHAPTER 4

CHROMOSOMAL ANALYSIS OF MOUSE MELANOMA

Introduction
Some of the first cytogenetic analysis of mouse malignancies was
done by Ford, Hamerton, and Mole in 1958,

They found marked aneuploidy

in a spontaneous leukemia of an AKR mouse.

Since that time a tendancy

toward hyperdiploidy has been observed by several authors in lymphatic
leukemia and lymphosarcomas (Stich, Wakonig, Axelrad 1959, Bruyn and
Hansen-Melander 1962, Legrand and Duplan 1970, Joneja, Coulson,
MacKinnon 1971, and Ronichevskaya 1973).

Levan, Levan, and Mitelman

(1977) found a specific change of additional chromosome 15 in 10 out of
11 cases of AKR leukemia.

Another specific marker is t(12;15) found in

mouse myeloma (Yoshida and Moriwaki 1975, Yoshida, Moriwaki and Migita
1978).
In 1967a Mark described the first studies on the chromosomes of
tumors induced by Rous sarcoma virus (RSV).

Approximately half the

cells of the 91 primary tumors were diploid (2N=40), the remainder were
highly aneuploid, ranging from 37 to 84.

Several markers and double

minutes were also observed (Mark 1967b).

Since that time a specific

change of an additional chromosome has been seen.

The histologically

identical tumor which was chemically induced by DMBA has an addition of
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a different chromosome (number 2).

The method of induction of trans

formation affected the karyotype of the tumor (Levanet al. 1977).
Chromosomal analysis has been undertaken in two melanoma models.
Witkowski, Zabel, and Heinze (1971) observed three types of melanoma
found in hamsters.

They found uniform karyotypes although all were

different from normal.

The other animal model in which chromosomal

information is available is the Cloudman 591 mouse line.

This is the

line used in these studies.
The cell lines were all derivatives of a spontaneous melanoma
in a DBA/1 mouse (Foley et al. 1960).

The CCL 53.1 derivative has been

transferred continually since September 1964 (Yasumura, Tashijian and
Sato 1966) and has maintained melanin in over 50 percent of its cells.
The highly melanotic and amelanotic cell lines are derivatives of this
line developed by B, Fuller (General Biology, University of Arizona).
The karyology of the original line was characterized by the Institute
for Medical Research, Camden, New Jersey.

After scoring fifty cells,

the line was found to be somewhat hypertetraploid with a chromosomal
range of 72 to 166.

The karyotype was said to be stable with

medium

size submetacentric and smaller metacentric chromosome markers as well
as a minute chromosome in 20 percent of the cells.

No karyotype has

been published.
Detailed chromosomal analysis of the three cell lines were
undertaken in order to cytogenetically compare the mouse model to human
melanoma.

The experiments were also designed to try and karyotypically

separate the three lines.
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Materials and Methods

Cell Line Maintenance
A mouse melanoma permanent cell line, Cloudman 591 3960, was
developed from a spontaneous melanoma in a DBA stoke 2J mouse.

Two

of the three strains used for chromosomal analysis were derived by Dr.
Bryan Fuller using the techniques developed by Chu and Fischer (1968).
The strains have different melanin content.

AM-7 is amelanotic; CCL

53.1 is moderately melanotic; MEL llA is highly melanotic.

Cell lines

were maintained by standard sterile tissue culture procedures.

Procedure:
1.

Cells were gro\'m in a monolayer with FlO medium in a 37°C,
in a 7.5 percent CO2 environment.

2.

At confluency, cultures were passed V7ith a 10 min treatment
with Tyrodes solution.

Cells were then washed with fresh

medium and seeded at approximately 5 x 10^ cells.

Chromosomal Analysis
Chromosomal analysis was performed on all three cell lines:
AM-7, CCL 53.1, and MEL llA.

Metaphase spreads were prepared by standard

karyotypic techniques (Patton 1967) and karyotyped according to the
arrangement set up by the Committee on Standardized Genetic Nomen
clature for Mice (1972).
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Procedure:
1.

Cells were incubated at 37"C in 10

Colcemid in medium

for 16 hrs before harvesting.
2.

Cells were then harvested for chromosomes by the method
described previously for MIRW chromosomes.

The only

variation is that the cells were incubated in 0.075M KCl
at 37°C for 12 min.
3.

Slides were scored for the number of chromosomes per
metaphase.

At least 25 spreads with few overlaps were

scored for each cell line.
Giemsa bands (G-bands) were performed by a technique of Miller
et al. (1976) used primarily for constitutive heterochromatin banding
(C-banding).

G-bands appeared on chromosomes before C-bands.

Procedure:
1.

Slides were dipped in 95 percent ethanol.

2.

Slides were then dipped 5 to 8 times in 0.9 percent NaCl.

3.

Slides were then placed in saturated Ba(0H)2 for 7 to 14 min.

4.

Slides were rinsed several times in 70 percent ethanol
and then 0.9 percent NaCl.

5.

Slides were then incubated in 2XSSC at 60°C for four hrs.

6.

Slides were rinsed with dH20 and stained for 5 min. in
4 percent Giemsa.

7.

Slides were then cover slipped with protex and allowed to
dry.
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8.

Metaphase spreads were photographed with HC 135-36 at
ASA 25.

9.

Karyotypic analysis was made using the report by the
Committee Standardized Genetic Nomenclature for Mice as a
standard.

Active nucleolar organizer regions (NORs) were stained by a
modification of the Goodpasture and Bloom (1975) technique.

Procedure:
1.

Three drops of 50 percent aqueous AgNO^ were placed on the
slide and then cover slipped.

2.

The slide was then placed in a moist chamber at 56°C for
5 to 48 hrs.

3.

As soon as black dots developed at the nucleolar organizer
regions, metaphase figures were scored for the number of
NORs that stained per spread.

Twenty-five stained spreads

were scored for each cell line by phase microscopy.
4.

After scoring, slides were rinsed with dH20 to stop the
staining process.

Chemicals
1.

Mouse Melanoma Cell Line—Cloudman 591 3960 obtained origi
nally from American Type Culture Collection.

Source for

this work was Dr. Bryan Fuller.
MEL llA—highly melanotic

(MEL llA and AM-7

CCL 53.1—moderately melanotic

were developed by

AM-7—amelanotic

Dr. Bryan Fuller.)

2.

Nutrient mixture FIO (HAM) (GIBCO)
10 percent Horse serum, activated (GIBCO)
2 percent Fetal bovine serum (FCS), activated (GIBCO)
1 percent antibiotic antimycotic (GIBCO)

3.

Tyrodes solution—made by GIBCO formulation.

4.

Colcemid—(GIBCO).

5.

2XSSC—0.3M Sodium chloride (NaCl).
0.03M sodium citrate (NaC^H20^-2H20).

6.

Silver nitrate (AgNO^)—50 percent solution made with triple
distilled H^O and filtered with a 45 y millipore filter.

Results
The three cell lines which were used in the study are all
derivatives of the same mouse melanoma, Cloudman 53.1.
isolated for their melanin content.

AM-7 is amelanotic; CCL 53.1 is

moderately melanotic, and MEL llA is highly melanotic.
were cytogenetically analyzed only.

They were

These cultures

The chromosomal data of the three

strains were then compared.
G-banding of the chromosomes of the mouse strains, as most
turmors, was difficult with most trjqjsin techniques.

Underdeveloped

preparations of Miller et al. (1976) C-banding technique was the only
workable method for G-banding.

Even this technique yielded only a few

well-banded spreads for each strain.

A representative G-banded

karyotjrpe of AM-7 and CCL 53.1 strains is shown in Fig. 14 and "MEL llA
in Fig. 15.

No two spreads that were analyzed gave the same karyotype,

but they were consistently similar in that no breaks, gaps, or

Fig. 14.

G-banded karyotypes of Murine Melanoma AM-7 and CCL

53.1.

(a) AM-7; 76, XXXXY, +4, +4, +5, +5, +6, +6, +7, +7, +7,
+8, +9, +9, +9, +9, -12, -12, -12, -12, -12, +13, +14,
+14, +14, +14, +14, +14, +14, +15, +17, +17, +17, +19,
+19
(b) CCL 53.1: 99, XXYYY, +1, +1, +5, +5, +5, +5, +6, +6,
+7, +7, +7, +8, +8, +8, +9, +9, +9, +9, +9, +9, +9,
+10, +10, +11, +11, +12, +12, +12, +14, +14, +14, +14,
+14, +14, +14, +14, +15, +15, +15, +15, +15, +15, +16,
+16, +17, +17, +17, +17, +18, +18, +18, +18, +19, +19,
+19, +19.
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rearrangements were found.

There was no apparent modal number in any

strain, but at least 83 percent of the metaphase figures contained
chromosome numbers of 44 to 98.

Multiple copies of chromosomes 5,

9, 12, 14, and 17 were found in all metaphase analyzed.

Chromosomes 6,

7, 15, and 19 were also found in multiple copies, but less consistently.
Chromosome 3 was never found to be polysomy.

These chromosomal

duplications were similar in all three strains.
Each of the mouse strains was scored for the number of nucleolar
organizer regions (NORs) present in each spread.

Although the three

strains have wide chromosomal ranges, the number of NORs was con
sistent.

A minimum of 93 percent of the spreads which showed NORs

had 3 to 7 active NORs with an average of 4.8 (Table 10).

Although

the full range of NORs was 1 to 11, the low extremes were only found
in metaphase spreads with a near diploid number, likewise, the high
extremes were only observed in spreads containing about 100 chromo
somes.

Table 10 gives the comparative chromosomal data for the mouse

lines.

Both the chromosomal and NOR ranges are quite similar among

all three strains.

Discussion
The karyotypic abnormalties of specific chromosome duplication
and marked hyperploidy were consistent features of all three mouse
cell lines. The chromosome ranges and means were extremely similar.
These data do conflict slightly with the karyology given by American
Type Culture Collection (ATCC).

The chromosomal range is basically the

Table 10.

Strain

Chromosomal ranges and nucleolar organizer regions in mouse melanoma.

Chromosomal
Range

% Metaphase
in Range
44-98

X

NOR
Range

% Metaphase
in Range
3-7

NOR
X

AM-7

52- 98

96.3

75.5

1-10

93.1

4.5

CCL 53.1

35-157

94.7

73.3

2-11

95.0

5.1

MEL llA

37-120

83.9

69.6

4-7

100.0

4.5
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same but they considered the karyotypes to be hypertetraploidy.

The

similarity of the morphology of most of the mouse chromosomes makes it
easy to assume the extra chromosomal makeup to be tetraploid in nature.
This was not found to be the case when the chromosomes were banded and
fully karyotyped.

The extra chromosomes were found to be many copies of

only a few chromosomes.
described by Yasumura

The metacentraic and submetacentric markers

3t al. (1966) were no longer present in any cell

and neither were the minute chromosomes.

This could be explained by

clonal selection during the past fifteen years.
Since karyotypically the three lines could not be separately
identified, nucleolar organizer regions (NORs) were studied.

They have

been observed on 5 mouse chromosomes 12, 15, 16, 18, and 19 (Stahl
et al. 1977).

The number of active NORs normally found is four with

a range of 4 to 5 (Henderson et al. 1974).

The number of NORs found

in the three mouse lines is certainly within the normal range even though
the chromosome counts are hyperdiploid.

These data conflict with the

findings of an increased number of NORs with an increased number of
chromosomes (Miller et al. 1978).

The chromosomes with the rRNA sites

are present on the duplicated chromosomes.

It is well accepted that

the number of active sites is under strong genetic regulation', here
that constant number was not altered in any of the cell lines.

No

distinction among the three cell lines could be made from the NOR data.
The type of chromosomal change that occurred in the mouse
melanoma lines appears to be markedly different from that seen in human
melanoma cells.

Both have contained rearrangements in the form of
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marker chromosomes and are highly aneuploid.
though is quite different.

The type of aneuploldy

The mouse lines contain multiple copies of

specific chromosomes; often as many as 8 to 10 copies of a single
chromosome are present.

In the human melanomas aneuploidy appears to

primarily occur by abnormal segregation rather
duplication.

than selective re

There may be multiple copies of a few chromosomes, but

these are not consistent, nor do the number of copies ever reach the
magnitude of the mouse.

There also does not appear to be as many re

arrangements in the mouse genome.

Only a very few, if any, markers are

present in the mouse lines, whereas many different markers as well as
centric fission and partial arm deletions were found in human melanomas.
Although the all acrocentric morphology of the mouse genome does not
easily allow for centric fission, centric fusion or Robertsonian trans
locations were not observed.

Overall, the different karyologies of the

human and mouse cell lines suggest that the similarly appearing
aberrations were through different mechanisms.
If the mechanisms involved in the cytogenetics of the mouse and
human melanomas are fairly dissimilar the use of mouse melanoma as a
model should be viewed carefully.

In asking basic biochemical pathway

questions, the responses may generally correspond.

But, when asking

mechanistic questions about transformation, the results could be mis
leading, as in the testing of chemotherapeutic agents.

Since B15 and

Cloudman 591 murine are used as models for human melanoma and for
experimental therapy, this cytogenetic distinction may prove to be
extremely important.

CHAPTER 5

SUMMARY

Such remarkable cytogenetic changes as centric fission,
chromosomal rearrangements, and deletions were regularly observed in
the human melanoma cell line MIRW.
range.

There was also a wide chromosomal

tThen detailed banding studies were undertaken, no two karyo-

tjrpes were found to be alike.

To prove this was not a phenomenon of

cell culture, fresh melanoma tissue was also analyzed.

Of the 12

fresh samples tested, all of those with more than twenty analyzable
metaphase were found to have abnormal chromosome segregation as demon
strated by several complementary techniques.

First, no modal number

was found in any of the clones derived from MIRW or in eight fresh
melanomas.

Secondly, abnormal metaphase and anaphase were observed

in the form of multiple poles of segregation and anaphase bridges.
Third, electron micrographs of MIRW showed multiple centrioles.

Fourth,

multiple metaphase from a single colony contained different chromo
some numbers.

And, lastly, no two cells possessed identical karyotypes.

It is hypothesized that continuous abnormal segregation could
be involved in the unresponsiveness of melanoma to chemotherapeutic
agents.

With no two cells containing the same genetic complement, the

probability of drug resistant cells would increase.

This appeared to be

true, because most of the drugs tested were highly ineffective.

•no

The
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response of the melanoma cells to the same drugs also changed with time.
Resistance was not maintained over many generations.

Although actino-

mycin D was an effective chemotherapeutic agent, resistant colonies
often reverted to sensitivity.

The instability of resistance and

sensitivity is consistent with continuous abnormal segregation of mela
noma cells.
Mouse melanoma cell lines were karyotyped and compared to human
melanoma.

The mechanisms of cytogenetic change were quite different.

Mouse cells contained very few rearrangements and attained marked
aneuploidy by reduplication of specific chromosomes.

Human melanomas

have a high degree of chromosomal rearrangement and attained marked
aneuploidy by abnormal segregation.
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