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Chapter 1

1.1. CLINICAL ASPECTS OF PROSTATE CANCER

EPIDEMIOLOGY AND RISK FACTORS

Incidence and moriality

In most Western countries, prostate cancer {PC) is a common malignancy. In
the United States cancer statistics of 1994, PC has the highest incidance rate and
is the third cause of cancer deaths [Boring et al '94}. In the Netherlands, which
takes the ninth place on the Hist of PC cancer deaths by country, PC is currently the
second cause of cancer morbidity and death behind lung cancer [Van der Gulden
el al '94]. Over the lasl decades, the incidence and mortality rates of PC show a
steady Increase in most areas of the world. In the Netherfands the age adjusted
mortality has risen 1.5-fold since 1950. Van der Gulden et al. have shown in their
report on the PC related mortality trend in the Netherlands a conlinuous increase of
risk in the period 1950-1989. There is evidence that this effect is parily based on
the successive improvemaents in urological diagnostics, which caused an increase
of the detection rata. However, better detection does not necessarily mean larger
mortality figures. Early delection can cause a shift lowards localized disease. For
instance, in Norway, an increase of the 5-year survival rate was reported [Zaridze
ot al '84).

Study of the incidence and mortality trends can conlribute to a clearer
understanding of the factors predisposing for PC. Hislologic PC -the term proposed
by Carter [Carter et al "90A] {o describe PC that is found in many clder men at
autopsy- has a similar prevalence throughout the worid. The prevalence of clinical
PC however, is greatly different among countries, from about 5/100,000 in Japan to
100/100,000 in the U.S. if only tumor growth would be required to cause a histological
PC to progress to a clinical cancer, the incidence rates would be the same
everywhere. Because they are not, it is clear that other crucially important factors
are responsible.

Cancer promoting faclors
The factors which possibly promote the transformation from histological PClo a

clinical cancer can be classified as either environmental, endegenous or familial.
That environmental factors are indeed of importance, is illustrated by the fact
thatin people migrating from several countries with a low PC incldence fo countries
with a high incldence, an increase in PC incidence was found [Carter et al '90A].
Occupational exposure to cadmium or heavy metal oxides, and occupations such
as sheet melal worker, mechanic and farmer have been mentioned as having an
increased relative risk estimate [Carler et al "90A). According to the review on risk
factors for PC by Key, in most studies dietary factors like animal fat intake and
consumption of dairy products are associated with an increased risk for PC [Key
'95]. Carrots on the other hand seem to have a proteclive effect, which however
cannot be contributed to the beta-carotene in them, Conclusions about consumption
of green vegetables are inconsistent. A negative effect from smoking is not
conclusively proven, while alcohol irfake does not seem lo increase the risk for PC,
Some aspects of sexual activity, like age at first intercourse, multiple sexual contacts
and a history of a sexually transmitted disease, increase the risk for PC. Key
speculated that this might be due to a hormonal factor that increases both sexual
activity and cancer risk, or to an infectious agent. HPV, as a sexually transmittable
virus, is a candidate. In four of seven studles HPV was detected in PC tissues
[Cuzick "95]. However, the rates in benign prostatic hyperplasia (BPH) are similar,
which is not suggestive for a direct role of HPV In PC. Cusick has suggested that
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introduction

the prostate may possibly serve as a reservoir for HPV, but more studies are needed
to prove this. The suspected association of vasectomy with increased risk for PC
has beaen the subject of extensive debates, mainly because the reported association
was rather weak [Kawachi el al '84, Hsing et al '84) and could not be confirmed in
other studies {John et al '85, Moller et al '94].

The endocrine dependence of the normal prostate and the ability of manipulating
growth by hormonal therapy has suggested a hormonal etiology for PC. Levels of
estrogens, prolactin and androgens have been studied in high and low risk
populations and in PC patients vs, controls, The results were inconsistent, reporting
higher as well as lower levels of testosterone (T), higher or the same levels of
prolactin and lower or the same lavels of dihydrotestosterons (DHT}) in high versus
low risk populations and in PC patients versus conirols [Carter et al '90A).

A possible assoclation between BPH and PC has been suggested, but since
their anatomical localization in the prostate Is not similar -BPH is localized in the
central zone, while PC mostly occurs in the peripheral zone- direct transformation
of BPH cells into PC cells is highly unlikely. It has been specutated that indirect
effects, like the disruption of the prostatic architecture, or the stasis of luminal fluids,
might foster a carcinogenic microenvironment,

A positive association between the risk of acquiring PC and family history has
been reported in different studies {Carter et al '95]. Case-conirol studies showed
that the risk increases with the number of first (father or brother) and second degree
{grandfather or uncle) relatives affected [Carter ot al '93). Furthermore, the closer
genetically a man is to an affected relative, the greater his risk becomes. So familial
factors, which c¢an be both environmental and genstic, also have a role in PC
davelopment, The possible environmental factors that predispose to PC have already
been described. The importance of genelic factors has been established by
apidemiologic studies that concentrated on PC occurrence in families, and twin
studies, Segregation analysis showed that part of the familial cases must be of
hereditary nature, because the distribution of PC in such families was consistent
with a mendelian inheritance pattern [Carter et al *92], Furthermors, the concordance
rate of PC occurrence was considerably higher in monozygotic- than in dizygofic
twins [Grbnberg et al '94]. The mendelian inheritance pattern [Carter et al '93] can
be explained by postulation of a single rare autosomally dominant susceptibility
gene [frequency in the population 0.36%), that causes PC at an early age (55 years
or less). This gene is highly penetrant; PC Is projected to develop by the age of 85
years In 88%of the male carriers compared to only 5% of the noncarriers. The
overall frequency of inherited PC, which Is estimated at 8%, Is similar to the calculated
inherited proportion of two other common cancers that are well recognized to have
a familial component, namely breast and colon cancer. According to the frequency
of accurrence of the disease in othar members of the family, PC patienis can be
divided into three groups: hereditary, familial and sporadic. The precise criteria for
each of these groups have been described in detail in the review on hereditary PC
by Carler et al from 1993,

No differences have bean found in the clinical and pathological variables between
hereditary and sporadic PC [Aprikian et al "95, Bastacky et al *95}. This is consistent
with the model for hereditary cancers [Knudson '85), that is based on the assumption
that hereditary and sporadic cancers have a similar genetic etiology.

The hereditary forms of breast and colon cancer are known o be genetically
heterogeneous. This means that in different families mutations in different ganes
may cause the same disease {Easton '24). It is legitimate {o assume that the same
is true for hereditary PC. The existence of genetically homogeneous subsets of
hereditary PC, as were found for other hereditary cancers, are at present merely
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suspected because only slight associations with breast and brain cancer were found
[Tulinius et at '92, Carter ot al '93}.

CLINICAL MANAGEMENT OF PROSTATE CANCER

Logalized disease ‘

For localized and incidental PC radical surgery is presently the most frequently
employed treatment, but also radiation therapy is often applied [Coffey '93]. There
is slill debate as to what is the best treatment at this disease stage. For incidental
T1 disease, so-called histological PC, there seems to be litile clinical justification
for such radical approaches [Newling '95). However, deferred {reatment will always
lead to progression in a cerialn group of patients, Al present there are no markers
available to identify this group up front. Recently developed powerful techniques
for the early detection of PC, iike serologic detection of prostate specific antigen
{PSA) and endorectal ultrasonography, which have made screening for PC feasible
[Schréder et al '98}, will result in anincrease of the number of organ confinad tumors
detecled. By then it will be essential for the clinician to be able to discern the tumors
requiring immediate therapy.

Advanced disease

The treatment of choice for locally advanced and metastatic PC has since long
been, and at present is still, hormone ablation by castration [Schrdder '81, Newling
'95). This treatment is effeclive, both subjectively, with regard to the quatity of life,
and objectively, with regard to tumor size and occurrence of distant metastases.
The timing of androgen ablation, whether it needs to be done with or without delay,
has been the subject of clinical and experimental studies [lsaacs, JT et af 81,
Schrgder '91, Newling '95). It is now recognized that hormone therapy given early
in the disease course may have preference, aithough this is still 2 matter of debate.
In general, prognostic faclors like tumor stage and grade strongly influence the
outcome of treatment [Schrdder '93). Treatments with oestrogenic compounds as
an alternalive for castration have become impopular, because of the rather severe
cardiovascular side effects, At present treatments with anti-androgens, that cause
considerably less cardiovascular problems, are considered standard endocrine
treatment next to castration.

Tha concept of total androgen blockade has received much attention, The issue
was whether only the androgens synthesized in the testes, or also the adrenal
androgens needed to be annihilated. Although in most clinical studies overall survival
was not significantly Improved, the time to progression was generally longer, and
there are indications that patients with a relatively small tumor load might benefit
more from complete andregen ablation [Newling '95].

Despite all efforts to refine hormone therapy, all advanced PC’s will eventually
become nonresponsive and show ralapsea. The regrown tumor consists of cells that
are hormone independent. Several explanations to this phenomenon have been
offered. The original tumor could be hetercgenecus, consisting of both hormone
dependent and -independent calls, changing its composition in answer to changing
environmental conditions, like androgen ablation [Isaacs, JT et al '81}. Another
optlon is that independent subpopulations are generated during hormone therapy
[tsaacs, JT et al '82). Once a lumor has become hormone refractory, In principle
chemotherapy would be possible, but unfortunately at present no chemotherapeutic
drugs are available that are sufficiently active [Newling '95].

Study of characleristic cellular abnormalities of hormone independent PC might
provide clues to the underlying mechanisms that rule the escape from hormonal
control, To that purpose impaired programmed cell death, altered growth factor
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(receptor) expression and aitered stromal-epithelial interactions are the subject of
investigation. Uitimately, all these abnormalities are based on altered gene
expression which in their turn rasult from the genetic instability inherent to cancer
cells. This aspact will be discussed later.

PROGNOSTIC MARKERS FOR PROSTATE CANCER

Grade and stage, the classical markers

The pathologic stage (tumor extent in the prostate gland, capsular penetration,
serminal vesicle- andfor pelvic lymph node involvemant) and histologic grade currently
ara the most important prognostic markers for PC, For grading both the Gleason
and the Moslofi system are used [Gleason '92, Moslofi el al '80). Both suffer from a
degree of subjectivity inherent to all grading systems. A major problem is the intrinsic
heterogenaelty of PC, which means that the histologic grade in a blopsy is not always
repraesentative for the whole tumor. The dominant staging system in the US is the
one developed by Whitmore and modified by Jewett [Jewett '75]. In Europe the
Tumor Node Metastasis (TNM) system [Schréder et al '92] Is the most widely used.

Possible addiliona!l and alternative prognosticators

The above mentioned pregnosticators indicate trends and the likelihood of
outcome, but they cannot absolutely predict the outcome for individual patients. To
make belter risk estimates for progression of individua! patients, more quantitative
prognoslicators are needed, Growth factors and hormones and their receptors, a
variety of cytoplasmic proteins, cytokeratins, lectins, blood group antigens, mucins,
stromal factors and extracellular matrix proteins, all these have been invesligatad
on their potential usefulness as markers In PC [Bostwick et al '92, Humphrey et al
'93, Noordzij et al '95B]).

Potential future additional prognosticators are nuclear features, growth fraction,
circulating prostate specific antigen (PSA) producing cells, neuroendocrine markers,
adhesion molecules, deoxyribonucleic acid {DNA) ploidy and genetic markers.

Nuclear features that have been reported to be of prognostic value are nucleolar
prominence [Tannenbaum et al '82}, morphomelry of nuclear shape [Blom el al '90]
and the number of silver stained nuclear organiser regions (AgNOR’s) [Mamaseva
et al '91}, Unforiunately none of these can be easily used in routine practice.

The growth fraction of PC may be assessed by a variety of methods, including
counting of mitoses, determination of the S-phase fraction by DNA flow cytometry
(FCM) and Iimmunohistochemical analysis of different nuclear antigens {KI-67,
proliferating cell nuclear antigen (PCNA)). The best prognosticator in this group is
the number of mitoses. When present {mitoses are refatively rare in histological
sections of PC; lthey are present in only about 10% of the tumors), these signify a
poar prognosis [Schrdder et al '85). The prognostic significance of the 8-phase
fraction is still controversial [Visakorpl et al ‘91, Foster et al '92], while the value of
KI-67 and PCNA seems limited [Comens et al *91, Sadi et al "31). The prognostic
value of the MIB-1 antibody, that has an affinity for the KI-67 antigen several times
higher than the KI-67 antibody itself, is under investigation {Noordzij et al '95A).

The presence of PSA producing cells in the peripheral blood has shown
independent prognostic value in predicting progression foilowing radical
prostatectomy [Wood et al, "'94], However, since this effact could be shown only
with a short follow up time {Olsson et al, '96}, the clinical value of this marker is stilf
unsure,

Several neuraendocring markers (e.g9. chromogranin-A) and adhesion molecules
{e.g. E-cadherin) and their potential prognostic significance are currently the subject
of intensive research [Umbas et al "94, Noordzij et al '95B]. Some seem important,
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but stili much work needs to be done o come to definitive conclusions,
In arecentreport [Chan et al, "98}, IGF-! has beenindicated as a new independent -
pradictor for prostate cancer risk. High plasma IGF-| levels were strongly associatad
with an increased risk for PC.
DNA ploldy and genelic markers and their potential usefulness as prognoslicators
are discussed in more detall in the next paragraphs.

PNA flow cytometry, additional or independent prognosticator?

In the search for additional and/or alternative markers that may conlribute to the
prediction of the disease course of PC patients, DNA content analysis, using moslly
flow cytometry and somelimes also image analysis, has been invastigated by many
groups. fn most studies a strong relationship was demonstrated between changes
in DNA content and increasing grade and stage. In general, low grade tumors were
mostly diploid, whereas high grade tumors were more frequently aneuploid [Shankey
el al '93, Adolfsson "94).

When multivariate analysis, with overal! or disease-specific survival as endpoint,
was applied, the DNA content was mostly shown as an additional, but not always
independent, prognostic marker next to other prognostic variables like grade and
stage [Stephenson et al '87, Montgomery et al *90,Visakorpi '92A, Forsslund et al
g2, Song et al '92, Adolfsson 94, Carmichael et al '85]. In the majority of the studies
where univariate analysis was applied, DNA diploidy was strongly associated with
favorable outcome, whereas DNA aneuploidy predicted poor outcome, irrespective
of stage or therapy [Tribukait ‘87, Song el al '92, Bazinet et al '92, Adolfsson '94,
Carmichael et al "95). When only patients with localized disease were studied, upon
univariate analysis the DNA content showed prognosltic value [Montgomery et &t
'90, Forsslund et al '92], However, when only patients with metastatic disease were
evaluated, the results of similar univariate analyses were completely discordant in
different reporis [Adolfsson '84).

With respect to response to (anti-androgen) therapy with progression as endpoint,
DNA diploid tumors of patients with advanced disease were associated wilh
significantly longer remission times than DNA aneuploid tumors [Lee et al ‘88, Nativ
etal 89, Zincke et al 92}, For patients with early disease the results were inconclusive
[Adoifsson et al '90, Mohler et ai "92, Shankey et al '93).

DNA flow cylometry, more an experimental than a clinical marker

Despite the general predictive qualities of DNA ploldy assessment, the role of
DNA content analysis for clinical management of Individual patients remains
controvarsial. Practical problems that arise with DNA content analysis in PC, like
the presence of normal tissue and the intrinsic helerogensity of the tumor, are
difficult to account for, This makes sampling errors a significant problem, illustrated
by the finding of both diploid and aneuploid populatiens in a substantial number of
cases when multiple samples were studied [Greene et al '91). However, for research
purposes, DNA ploidy analysis provides global information on the genetic evolution
and heterogenelty of prostate tumors. It therefore is a powerful marker o study
both genetic stability and clonal divergence of tumor cell populations in PC.

Another clinical problem is that by DNA content analysis afone the biological
behavior of individual tumors cannot be predicted with sufficient certainty. As an
example, it has been documented that some early tumors with a diploid DNA content
have already melastasized [Adolfsson el al '90, Mohler et al '92). This means that,
although tha DNA conlent suggests otherwise, in these tumors subsiantial genetic
rearrangements towards aggressive malignancy must have occurred. In these cases
investigation of additional genetic paramalers, like karyotype, chromosome copy
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number and/or loss of heterozygosity (LOH) may discriminate such “pseudodiploid”
tumors from the “real diploid” tumors without rearrangements.

1.2. PROSTATE CANCER GENETICS

THE DEVELOPMENT OF TUMOR CYTOGENETICS

General

As oearly as 1914 Boverl postulated that cancer was characterized by
abnormalities in the hereditary material: the somatic mutation theory. The first visible
evidence of this concept was shown by Nowell and Hungerford in 1960, who
discovered that in chronic myelold leukemia cells an abnormally small chromosome
was consistently present, This chromosome was called the Philadelphia
chromosome. Later, when banding analysis made identification of individual
chromosomes possible [Caspersson et al '67, Wurster '72), it was demonstrated
that the Philadelphia chromosome was an aberrant chromosome 22, the result of a
balanced translocation between chromosomes 9 and 22 {Rowley '73]. Two years
before this discovery, Knudson postulated his now famous “two-hit” theory for the
development of hereditary relinoblastoma. According lo this theory a minimum of
two mutational events is needed to develop this cancer, whereby the first mutation
is inherited via the germ line [Knudson '71). The second mutation should be a
second mulation in the other allele of the same gene, resulting in a complete knock
out of the gene function, This view led to the concept that both dominantly acling
genetic changes (determined by oncogenes), as well as recessively acting changes
{determined by tumor suppressor genes {TSG's)) can lead to cancer. Combined
with the general acceptance thal the multistep process of carcinogenesis is
associated with genetic Instability, characterized by chromosomal abnormalities
like deletions, translocations and duplications, this marks the beginning of tumor
cytogenetics as a separale subspecialism of genetics.

During the first years, tumor cytogenetic research focussed almost entirely on
hematotogic neoplasms. it was established that certain chromosomal changes
significantly influence the blologic behavior of these cancer cells, because specific
changes were identified that were associated with certain defined subtypes of
hematological cancers { Dewald et al '85]. An even more important finding was that
in several of these diseases cylogenelic analysis proved to be of prognostic
significance [Han et al '84, Bloomfield et al '86, Kristoffersson et al'87]. Subsequent
molecular genetic analysis of the chromosomal regions involved showed that
chromosomal aberrations in cancer are caused by different mechanisms and that
these in turn can have a varisty of consequences.

Oncogenes and tumor suppressor genes

The consequences of the development of chromosomal aberrations are
illustrated by the mechanisms acting in the activation of oncogenes and the
inactivation of TSG's.

In the case of activation of oncogenes the following machanisms have been
described: '

1) the creation of a new, chimeric gene, like the BCR-ABL genein the Philadelphia
chromosome formation in chronic myeloid leukemia through translocation of ABL
[Gale et al "85}, 2) the activation of an oncogens by altering its regulation through
transtocation of the oncogene to another locus where, for instance, it is regulated
by the promoter of a constitutionally active gene (C-MYC translocation in Burkitt
lymphoma, [Adams et al ‘85, Showe et al '86]), 3 ) through a specific deletion (point
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mutation) in the regulatory sequences of an encogene which influences its activity
(makes it constitutionally active, e.g.the RAS oncogene), or 4} through -
overexpression by gene amplification [Alitalo '85],

In the case of TSG’s, whereby the loss of funclion of the TSG is the prerogative
for the tumorigenic phenotype to develop, other mechanisms are operative, This
can be illustrated by the way a hereditary tumor is thought to develop, Hereby a
germlina mutation of one allele ocours, followed by loss of the remaining allele. The
loss of the retinoblastoma tumor suppressor (RB) gene (located on 13q), which
predisposes lo retinoblastoma and osteosarcoma, is the most well known [Sparkes
ot al ‘80, Sparkes ef al '83, Knudson '85, Lae et al '87]. Most hereditary sofid tumors
are presently thought to deveiop through the same mechanism, each with its own
specific (set of) TSG's. The mutations can vary from complete loss, via interstitial
deletion, to just a frameshift or point mutation [Nowell et al '60]. In non-heredilary
cancer the same mechanism is thought to act, wharaeby both alleles of the TSG(or
‘s) undergo somatic mutation.

THE DEVELOPMENT OF SOLID TUMOR CYTOGENETICS

General

With the success of the cytogenetic studies on hematological neoplasms in
mind, around 1980 the first studies with solid tumors were launched [see Teyssier
'89 for review]. However, very soon it became evident that such studies could nol
be performed In the same way as those on blood cancer. Several serious technical
problems had to be solved, mostly relating lo the preparation of chromosome
suspensions from solid tumors,

The causes for the low yield of analyzable metaphases in most solid tumor
samples ware: low mitolic activity in vivo, cryptic sample infection, infillration of
tumor material with normal cells, low yield of viable cells and low proliferative
activily in tissue culture, To circumvent these problems immortal cell lines, of which
metaphases could be oblained easily and reproducibly, were extensively analysed.
However, this approach suffered from the fact that the karyotypes of most solid
tumor cell lines were shown to be of great complexity. The interpretation of these
aberrations was also difficult since sevaral of these abnormalities were likely to be
generated during lissue cullure rather than tumor derived. Therefore, further efforis
were necessary to improve the procedures of solid tumor cell preparation and
karyotyping.

Most investigators used a general approach for all solid lumors to solve the
above mentioned problems [Wake el al '81,Trent et al '86, Limon et al '86, Tanaka
et al '87), while others, like us, attempted to design a specialized approach, applicable
to a specific tumor type.

PROSTATE CANCER CYTOGENETICS

Technical challenges

Prostate cancer generally has a low mitotic activity in vivo, so harvesting
metaphases directly from tumor cell suspensions that had been briefly incubated
with colcemid would potentially not be very successful. Nevertheless the first
karyotypes that were obtained from specimens of PC patients were harvested by
this method, bacause other methods were not yet available at that lime [Atkin et al
'85]. Howaver, although aberrations could be identified in some cells, chromosome
morphology was generally poor and, as expected, metaphase yield was very low.
This method has further been used only occasionally, also by us (see chapter 3}.

The next option was to isolate PC cells from the tumor lissue, put them into
short term tissue culture, add colcemid when the cells proliferated sufficiently and

16



Introduction

harvest mataphases. The general concepts of this technigque could be applisd to a
wide variety of solld tumors [Trent et al '86, Limon et al '86, Tanaka et al 87}, but
specific modifications were necessary for each lumor type. For PC, there ware two
technical challenges: 1) The isolation of predominantly highly viable PC cells, and
2) The establishment of proliferation in tissue culture, preferably oniy of PC cells
bot no normal and benign cells. This was necessary because PC nearly always
grows next to- and infiltrates in normal and benign glands, so consequently a PC
tissue specimen is commonly composed of normal, benign and malignant cefls.

The disaggregation of PC lissue by mechanical means yielded few viable cells,
that poorly attached to the culture vials and exhibited minimal growth [Tanaka et al
'87]. Disaggregation of PC lissue by collagenase, followed by in vitro culture of the
isolated cells for 4-12 days in a generally applied liquid culture medium gave better
results with respect to cellular viabllity and in vilro proliferation rate [Stone et al ‘76,
Limon et af '86). Howevar, the resulting karyotypes of such cullures were in most
cases normal diploid {[Brothman et al *80, Brothman et al '91, Micala et al '92} and
chapter 3). Since it had besn shown by DNA-FCM that at least 50% of the PC
tumars had cells with an abnormal DNA content (see also paragraph 2.3.2 ), it was
cfear that the resuits of karyolype analysis performed by the methods as described
above in most cases did not reflect the cellular composition of the original tumor
sample. Thus it was necessary to critically evaluate the different steps in the
karyotyping procedure with respect to tha presence and preservation of PC cells:

1) sampling -a histological check of the PC lissue sample to delermineg the
percentage of tumor present (chapter 3),

2) isolation -which cells are isclated and which are losi by different disaggregation
methods {chapter 4.1),

3) culture pracess -which cells proliferate and which do not under different culture
conditions, i.e, addition of different nutritional supplements {hormones, growth
factors, trace elements), different types of cullure {suspension, monolayer or
explants) and the suppression of proliferation of normal cells (chapters 3 and 4.2).

Identification and Interpretation of chromosomal chanaes _

Untit 1989, when we published our investigations on cytogenetics in the LNCaP
cell lines (chapter 7.1), few PC specimens had been karyolyped [Glbas et al "85,
Atkin et al 88, Ahmann et al '86, Lundgren et al '88, Brothman et al '89, Limon et al
"89] and most data were from cell lines [Nelson-Rees et al '78, Ohnuki et al '80,
Gibas et al '84, lizumi et al '87, Piltman et al '87], as was our very first report on the
xenografted celi line PC82 [Kénig et al '88]. The most common aberrations observed
were deletions, which pointed o the involvement of TSG's in PC. Aberrations of
chromosomes 1, 7 and 10 were reported for most tumors, although not consistently.
Aberrations that occurred in more than one tumor Involved chromosomes 2, 3, 6, 8,
13 and 15. While chromosome 1 aberrations already had been demonstrated in
other solid tumors [Mitelman "85, Teyssier '87, Hecht "88), it was suggested that 7
and 10 wera specifically invelved in PC developrment [Atkin et al '85], These
aberrations were located in regions of the human genome that until then had not
been indicated as Important for tumor development, Howavar, the aberration patterns
found were not yet consistent, so many more PC Karyotypes were neaded lo
establish which aberrations were recurrent and thus important in development and
progression of PC.

MOLECULAR (CYTO)GENETICS
LOH and CGH studigs )
in the mean time, other lines of PC genetics research began to generate results
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(Isaacs, JT et al '31, Linehan "92, Bookstsin '93, Bookstein 94, Rinker-Schaeffer et
al '94, Isaacs, WB et al '94A, Isaacs, WB et al '94B}, In molecuiar genetics research -
the first step in localizing the genas Important in PC davelopment and progression
were LOH studies. By LOH mutations can be detected in any chromosomal region
of which DNA probes are available. Since TSG inactivation may be achieved through
deletion, it is widely used to identify chromosomai regions that contain TSG’s . In
several studies, including an altelotyping study, where each chromosome arm was
saparately studied, the highest frequencies of LOH, given in descending order,
were found on 8p, 16q, 10p, 10q, 18q, 13q and 17p [Carter et a1 '90B, Kunimi et a!
'31, Bergerheim et al '91). Subsequently most molecular genelic research focussed
on these regions. Howaver, the potential imporiance of other regions indicated by
cylogenelics, like chromosomes 1, 2, 3, 6, 7 and 15 could not be ruled out, since
only a small part of each of these chromosomes had been investigated for LOH.

By comparative genome hybridization (CGH} loss or gain of chromosomal regions
throughout the genome, with a resolution specificity of one or two chromosoms
bands, can be detected [Visakorpi et al '95, Joos et al '85, Cher et al '96]. These
studies showed specific loss of 2q, 5q, 6q, 8p, 9p, 104, 13q, 15q, 16q, 17p and 18q
and specific gain of 1q, 2p, 3q, 7q, 8q, 9g, 11p, 16p, 20, 22 and X, These results
confirmed the importance of 8p, 10, 13g, 16q, 17p and 18q and added 1q, 2, 3q,
5q, 6q, 7q, 8q, 9, 1ip, 15q, 16p, 20, 22 and X as new regions of interest.

The possible localization of one or more TSG's on 8p was further invastigated
in a number of studies, by using several marker probes with a known localization
on the 8p physical map. Two smalest reglons of overlapping deletions, where a
TSG is most likely to be situated, were identified on 8p22 {Bova et ai "93) and 8p21
respeclively {Trapman et al '94}. Recent Investigations on other important regions
that showed LOH will be discussed in chanter 8.

Other studles focussed on the loss of known TSG’s, localed in regions where
relatively high percentages of LOH in PC were found, like P53 on 17p [Visakorpi et
al '92B, Bookstein et a} "93, Navone et al '3, Dinjens et al '94], RB on 13q [Bookslein
et al '90A, Bookstein et al '33, Brooks et al 84} and deleled In colorectal carcinoma
{DCC), the TSG first idendified in colan cancer on 18q {Carter at al "30B, Gao et al
'93]. Both P53 and RB were shown to be mulated in a subset of advanced PC's, but
only rarely in early tumors, Mutations in the RB gene product were identified in
sevaral PC cell lines [Bookstein et al "90A, Huang et al '88]. Suppression of
tumorigenicity of one PC call line (DU 145) was demonstrated when its mutated RB
gene was complemented with the wild type allele [Bookstein et al '90B}, Laler the
same effect was demonstrated when wild type P53 was introduced in Du145 and in
two other PC cell lines [lsaacs, WB et al '91]. These experiments were strong
indications that both RB and P53 can function as a TSG in PC.

FISH studies, generat
Fluorescence in situ hybridization {FISH) is a molecular cytogenetic technique

that combines the advaniages of DNA specificily with microscopic visualization
[Manuelidis '85, Burns et al ‘85, Cremer et ai "86). This technlque can be applied to
melaphase spreads, but also to interphase nuclei in cytological preparations and
tissue slides. The chromatin is denatured and hybridized in situ with the DNA probe(s)
of choice that are tagged with non-isotopic fluorochromes [Cremer et ai 88, Hopman
et al '88, van der Ploeg et al '88, Poddighe et al '91). When the same technique is
applied with nonfluorescent haptenes, the technigue is called ISH [Hopman et al
'88, van der Ploag et al '88, Poddighe et al '91). Several types of probes are available,
that hybridize with different targets on the human genome and thus can be applied
for different goals: 1) repelitive probes, identifying for instance the chromosome

18



Introduction

specific alphoid DNA sequences near each centromerae [Cooke et al '79, Davilee et
al ‘86, Waye et al '87, Deviles el al '88A). These probes are useful for determining
the copy number of a specific chromosome, especially in interphase nuclei [Hopman
et al '88, Gray et al '92] ; 2) single copy probes, Identifying a discrete and unique
region of the genome, These probes are useful o map the chromosomal location of
new genes and can detecl franslocations and microdelstions that cannot be seen
with conventional eytogenetic anaiysis [Bhatt ef al '88, Viegas-Pequignot et al '89A,
Viegas-Pequignot et al '89B, Nederiof et al '89); 3) chromosome specific paint probes,
which are In fact pools of probes with homology to sequances along the entire
length of a specific chromosome [Cremer et al *88, Pinkel et al '88, Deaven '91,
Collins et al '91}, Paint probes are uselful in determining the copy number of a
specific chromosome, and can be instrumental in determining the chromosomal
origin of parts of marker chromosomes [Weijerman et ai '98)..

Although FISH analysis could not provide a piclure as detailed as can be
achieved by banding analysis of metaphases, the application of the FISH technique
to solid tumors made it possible that significant numbers of tumor specimens could
be reliably and reproducibly evaluated. Especially for slow growing tumors like PC,
that always needed tissue culture to provide enough melaphases for cytogenstic
analysis, it was an important new technique, FISH analysis is performed on isolated
tumor nuclel or on tissue slides, determining the copy numbaer of the chromosomes
of Interest in interphase cells. With this technique isolation of viable cells and
subsequent tissue culture are no longer obligatory. !n this way the probiem of
selective tumor cell loss during tissue disaggregation (chapter 4.1) and tissue culture
(chapter 4.2) could be circumvented.

The first reports on FISH analysis in solid tumors mainly focussed on numerical
chromosomal aberrations [Devilee el al ‘888, Hopman et a1 '89, Nederlof et al "89],
Occaslonally chromosome specific library probes {Cremer el al "88) and a probe
specific for a chromosome segment [Viegas-Pequignot et al '89) were used.

EISH studies, PC resulls

The first FISH study on PC was perfoermed on in vitro cullured cells [Brothman
et al '92] and the first iSH study was on tissue sections [Henke et al '33}. In both
reports numerical abnormalities werse reported for all investigated chromosomes.
However, the impact of the results of both studies was still limited. With respect to
the FISH study it was unknown whether the in vitro cullured celis that were analyzed
were representative for the original lumor, In the ISH study no statistical evaluation
of the hybridization results from the tumor cells and the surrounding normal tissue
was given, However, such an evaluation is of critical importance, since a significant
number of all nuclei will be truncated by sectioning [Arnoldus et al '91}].

To my opinion the more reliable studies on PC that used FISH, are those in
which the origin of the cells was histologically chacked, like in our own studies

{chapters 5 and 6},
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SCOPE

This thesis describes the developments in prostate cancer cytogenetics. in seven
papers our confribulions to the knowledge about whal areas in the human genome
are important in the development and progression of PC, as well as contributions to
lechnical developments in the reseach field are presentad.

Woe investigated ihe value of different in vitro culture- and karyotyping techniques
and karyotyped cultured cells from PC patient tumors (chapter 3). Our efforis to
optimize the culture of primary tumor cells and lo karyotyps as many PC's as possible
gave results that were comparable {o those oblained by others, but nevertheless
they were not entirely salisfactory. A lower perceniage of aberrant karyotypes than
expectad was found, so there was a need to investigate the reasons for this.

We performed two studies, investigaling the effects of tissue digestion by
collagenase (chapter 4.1) and of short term tissue cuiture (chapter 4.2) on the cellular
composition of the tissue samples we used. In this way the impact of subsequent
preparation lechniques used to obtain metaphases was evaluated separately. In
these sludies we used techniques like DNA flow cytomstry (FCM) and fluorescence
in sifu hybridization {FISH). As a spin off we demonsirated the feasibility to use
FISH analysis on PC to evaluate ain and loss of whole chromosomes.

Subsequently FISH was used to assess the copy number of chromosomes 1, 7,
8, 10, 18 and Y in PC patient {umors {(chapters 6 and 6). These six chromosomes
were chosen based on either cytogenstic or molecular genetic evidence that they
are connected with PC, Our aim was to identify chromosomal abnormalities involved
in initiation and/or progression of PC.

Several cell fines, all originating from the same precursor PC material, but
showing different biological behaviour with respect to androgen sensitivily, were
cylogenetically characterized (chapter 7.1). With this study we made a first attempt
to unravel the biological evolution of PC, by comparing the cylogenetic abnormalities
found and trying to relate some of these to a significant halimark In PC developmaent,
in this case androgen Insensitivity.

Finally, we used FISH technology for the investigation of deletion patlerns of 8p
{chapter 7,2), This study was performed on the same sel of sublines karyotyped
earfier, displaying different androgen sensitivities. We used different cosmids
mapping to 8p, detected by FISH analysis to gain more insight into the chromosomal
region that is possibly involved In the development of androgen insensitivity,
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ABSTRACT

Karyotypic analysis was performed on 102 prostate cancer specimens, which -
were obtained at radical prostatectomy, transurethral resection or regional lymph
node dissection. Short term tissue culture was applied in all cases. Of the media
and growth faclors evaluated, F12/DMEM, supplemented with 2% felal calf serum,
insulin, epidermal growth factor, hydrocortisone and cholera toxin produced the
largest increase of in vitro proliferation. Such in vitro cultured cells were all
phenotypically acinar epithelial cells, the supposed targels for neoplastic
transformation. Stromal cell growth appeared to be completely suppressed.

Of the three culture tachniques investigated, the method developed in Lund,
Sweden, was the most successful: 11/15 cultures yielded metaphases and in three
of these clonal aberrations were identified. All 39 karyolypes obtained essentially
had a 46,XY karyotype with clonal aberrations (8 cases) andfor nonclonal aberrations
(30 cases). Clonal structural aberrations involved 2p, 3q, 11p, 17p and 21q. The
clonal numerical aberrations found were: +8, +dmin and -Y. The most frequently
observed nonclonaf aberrations were 8p deletions (b cases) and loss of 6, 7, 8, 15,
17, 18, 21 andfor Y (>5 cases). In summary, clonal aberrations were abserved in
20% of the evaluable PC cell cultures, and nonclonat aberrations in 77%. So,
although diploid cells without clonal abnormalities still had a growth advantage,
under optimal conditions PC cells wers able to proliferate in primary in vilro culture,

INTRODUCTION

Cylogenetic analyses of prostalic carcinoma are characterized by a surprising
fack of aberrant karyotypes in a large pail of the investigated tumors [1-3). In a
minority of cases tumors with very complex karyotypes were described whereby
aberrations of chromosomas 1, 7, 8, 10, 16 and Y were indicated to be of potential
importance in the origin and progression of PC [1, 3, 4).

From 1887 until 1992 we parformed karyotypic analysis on 102 prostate cancer
specimens, using different tissue culture procedures. With the aim to optimize the
procedure of PC karyotyping, several different tissue culture media and short term
culture techniques were developed andfor evaluated. Culture media that differed
with respect to their baslc composition, fetal calf serum (FCS) and growth factor
conlent (5, 8] were investigated for their ability to establish maximal proliferation of
prostate epithefium with minimal contamination by stromal cells. The cell type
composition of such cultures was determined by morphological and
immunohistochemical analysis {7, 8).

Three different culture methods were applied: a monolayer culture method
developed at our institute, a suspension culture method that was developed for
cylogenelic analysis of breast cancer [9} and a monolayer culture method that was
developed for cylogenetic analysis of prostate cancer in Sweden [10].

The cullure success of each cullure method used and the karyotypes that were
obtained are discussed,

MATERIALS AND METHODS

Tissue sources

Tissue specimens from 102 PC spacimens, oblained sierile at radical prostatectomy (73
cases), pelvic lymph node dissection {14 cases) or TUR {15 cases) were used for short term
lissue culture. Tissue specimens from the xenografted PC-82 human prostate tumor cell line
[11] were used for the proliferation expsriments.

Medla and growth factors
DMEM, RPMI 1640 and F12/DMEM were oblained ready-for-use from Gibco. PFMR4A was
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prepared according to the spaclfications given by Ihe authors [5]. FCS was obtained from
Boehringer and Flow. Insulin (NS}, hydrocortisone {HC) and cholera loxin (CT) were oblained
from Sigma, Epidermal growth factor (EGF) was oblalnad {rom Collaborative Research. All
media contained penicillin/streptomycin and glutamine.

Proliferation experments
To monitor the growih rate of prostate cancer cells in the presence of different growth factors,

a three day MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tatrazoliumbromide) test was
performed {12}. The xenograft PCB2 cell line, Ihat has a finite life span when grown in vitro,
was used as a model lo delermine the optimal culture medium composition to support in vitro
growth of prostate cancar cells. in short, 10* PC-82 cells, obtalned after collagenase digestion
of xenografied human lumor tissue [11} were inoculated in 200 yl test medium per well In a 96
wall microtiter plate. For each medium eight wells were Inoculated. After three days 30 pl
MTT (56 mg/ml) was added per well. After incubation for four hours at 37°C the medium was
sucked off, 100 pt dimethyisulfoxide was added and the absorplion at 515nm was delermined
as a measure of the amount of viable cells present. For statistical evaluation of the resuits the
Kruskal-Wallis test was used. A value of P<0.05 was considered significant.

Preparation of cullures

1. Rolterdam method,
Tumor tissue was mingced with scissors, incubated overnight at 37°C with 200 U/mi collagenase

{CLS I, Worthington) in DMEM and 10% FCS and then furher disaggregated by pipetling.
The resulting call suspension was washed in phosphate buffered saline (PBS) and plated in
25 ¢cm? tissue culture flasks in HEPES buffered RPMI + 10% FCS, PFMR4A or F12/DMEM
1:1 + 2%FCS with 10 ng/ml EGF, 10 ng/mi CT, 1 pg/ml HC and 20 pg/ml INS (F12/DMEM
+GF). Afler two days of cullure at 37°C and 5% COQ, floaling debris was washed away with
PBS and altached cells were given fresh medium. The cullures were inspected every day and
when growlh was observed (usually within 2-7 days after inftlation of cultures), colcemid (2
pa/ml) was added. Melaphase preparation was done as described below.

2. Paris mathod

PC lissue treatment, culture of cell suspensions and preparation of metaphases was performed
esseniially as describad by Gerbault-Seureau el al.[9). In short, PC lissue was thoroughly
minced with a scalpal. The resulling cell suspension was mixed wilh RPMI + 6.25% human
serum and cullured for 2-3 days. Then colcemld was added for 2 hrs and metaphase preparation

was done as described balow,

3. Lund method

PC tissue was treated and cultures were prepared essenlially as described by Limon et al.[10],
wilh minor modificalions. In short, after disaggregation of the tissue by collagenase A (250 U/
mi, Boehringer), remalning cell clumps were further dissociated by pulling the tissue suspensicn
through a syringe. The resulting cell suspension was washed and resuspended in 3 m! of
Lund medium, which was, like the Rotterdam medium, prepared from F12/DMEM, In the
Lund medium however, being a chemlcally defined medium, no FCS was present. in stead
bovine serum albumine and more than 15 different growth faclors, hormones, trace elements
and minerals were added, Subsequently, through sequential sedimenlation at unit gravity,
three size fractions of cell clumps were collected. The fractions were plated each in a 25 ecm2
culture flask (Nunc, Vitrogen coaled, or Falcon Primaria), Inspection for growth was done as
described for the Rotlerdam melhod and metaphase preparalion was done as described

below.

Metaphase preparation and analysis

After overnight incubation with colcemld (2ug/mi), the culture medium was removed, the
cells were washed with PBS and, when needed, detached from the plastic with 0.05% trypsin
+0.02% EOTA. Subsequently the csll suspension was incubated in hypotonic solution (KCi
3o, +EGTA 0.2 g/l +HEPES 4.8 g/ [13]) for 20-30 min at 37°C and genlly fixed in methanol/
acetic acld as described before [11}. Melaphase spreads were stained for R, Q andfor G
bands. Chromosomes were identified according lo the ISCN of 1995,
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BNA Flow cytometry .
The DNA of PC cells was stained with propidium iodide according to the melhod described by

Vindeltv et al,{14] and the relative DNA conient was measured using a FACS-i}
(Beclon-Dickinson). Resulling histograms were evalualed as described [15].

Immunohistochemistry
Anlibody binding was made visible wilh an Indirect conjugated peroxidase method on cylospin

preparations, The nuclei were counterstained with hematoxylin. The monoclonal anti-(a-)keratin
antibody RGES3 (a-keratin 18, luminal cell specific} was obtained from Eure-Diagnostics;
RCK103 (u-keratin 5, basal cell spacific) was kindly provided by Dr.F.C.S.Ramaekers
{University of Maastricht, Tha Netherlands). PSAP and PSA antibodies, respectively polyclonal
and monoclonal, were both generaled at the Pathology department of the Erasmus University
[16]. The monoclonal 1A4 antibody, directed against a-smooth muscle aclin, was obtalned
from Slgma. .

RESULTS

Proliferation experiments

Figure 1 shows thal growth of PC82 cells was minimal wilh all three media
tested, unless FCS was added. However, the increase in cell number abserved
with FCS was partly caused by proliferation of non-epithelial (murine stromal) celis
{not shown), Several combinations of growth factors (INS + HC, INS + HC + CT and
INS + EGF + HC + CT) demonstrated a significant growth promoting effect, while
when added alonse, no significant increase of proliferation was seen (Figure 2).
Moreover, in the medium with all four growth factors added (F 12/DMEM+GF) stromat
cell growth appeared to be completsly suppressed.
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Figure 1. In vitro growth of PC-82 cslls wilh different cullure media. The proliferation in RPMt
without FCS was taken as 100%. Bars represent averaged data from three experiments,
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Characterization of epithelial cells

The cell composition in uncultured celt suspensions, isolated by coilagenase
digestion of five PC tissue specimens was compared with that of the same celis
after culture in F12/DMEM+GF, |n uncultured cell suspensions about 40% of the
cells were of basal origin (Figure 3A), and about 25% stained with the luminal cell
specific a-keralln antibody RGE 53 (Figure 3B). The remaining 35% consistad of
stromal cells {not shown).

After in vitro culture all cells reacted positively with the basal cell specific
e-keratin antibody {Figure 3C). About 10% of these cslls coexpressed the luminal
keratin {Figure 3D}, While PSAP and PSA are both abundantly present in the luminal
epithelium of prostate tissue in vivo, PSAP continued to be exprassed in cultured
cells, at a frequency comparable with the in vitro expression of luminal keratin
(Figure 3E), but PSA expression was not detectable (Figure 3F). Stromal cells could
not be demonstrated in samples cuitured in F12/DMEM+GF (not shown).

Culture methods and success
Metaphases were obtained from 39 of the 102 tumor samples investigated. The

clinical data of these tumors and details on the methods used for in vitro cultlure are
listed in Appendix 1. In Table 1, the success rates for in vitro growth, metaphase
yield and occurrence of chromosomal aberrations are given for each of the culture
methods tested. It was inherent to the culture method that growth could not be
monitored in Paris’ cultures. From 5/19 Rotterdam-, 5/9 Paris’ and 3/11 Lund cullures
less than 5 metaphases could be karyotyped. In 7/19 Rotterdam-, 3/9 Paris' and 9/
11 Lund cultures one or more metaphases were found that could not be complstely
analyzed due to poor quality. In 6/19 Rotterdam and in 6/11 Lund cultures
(incomplete} tetraploid cells were observed (Appendix 2), The Lund culture method
scored highest in culiure success (15/168) as well as in metaphase yield (11/15).
Clonal chromosomal abaerrations were also most frequant in Lund cultures (3/11),
Nonclonal aberrations were about equally frequent with all culture methods (in total
29 cases).
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Table 1. Success rates of different culture methods

R'DAM PARIS LUND ALL
SPECIMENS 60 26 16 102
CULTURES GROWING' 44 NE? 15 59
CULTURES WITH METAPHASES® 19 9 11 39
CULTURES WITH CLONAL 3 2 3 8
ABERRATIONS
CULTURES WITH NONCLONAL AB- 15 7 8 30
ERRATIONS

Notes

' A cullure was dlassified as growing when on daily microscoplc examination of the cullure
flask an altached colony clearly had Increased In slze over ihree conseculive days. 2 NE= not
evaluated. In Paris cullures growlh, as dafined before, was not evalualed, because cells
remalined floating In de medium. * A cullure was classified as having yielded melaphases,
when more than one analyzable metaphase was oblalned.

Karyoltypes

Metaphases were obtained from 39 of the 102 tumor samples investigated,
Thirty-two of these tumor cultures showed an essentially normat diploid karyotype
(not shown). Eight tumor cultures showed clonal chromosomal aberrations In a
minority of cells against a diploid background (Table 2). In three of these tumors
(PC329, PC389 and PC411, Figure 4) rearranged chromosomes were observed
that invalved 3q (2x), 2p, 11q, 17p (2x) and 21q. One tumor showad gain of
chromosome 8 and one showed loss of Y (resp. PC395 and PC2186, nol shown).
Two tumors had double minutes in several celis (PC210, see Figure 5 and PC307,
not shown). PC210 also showed an additional small marker as well as decondensed
chromalin in different cells {Figure 5).

Nonclonal loss was most frequently observed for chromosomes 6, 7, 8, 15, 17,
18, 21 and Y. Nonclonal gain was resfricted to chromosomes 6, 7, 20 and 22 (Figure
8). Nonclonal structural aberrations were observed for all chromosomes except 4,
19, 20 and Y (Figure 7). The most frequent nonclonal structural aberrations observed
(in 5 cases) were different p-arm deletions of chromosome 8. The frequency of
nonclonal aberrations observed per tumor specimen varied from one cell to more
than 75% of the karyotyped cells,
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Table 2. Prostate carcinoma cultures with clonal aberrations

PC SITE! MET | THM® KARYOTYPE
NR HoD?
207 | P R TIG2NO | 46,XY {8 46,XY, del{17)(p11) [1)/ 46 XY, add(3}{qter),

de{ +1}{q13), der(12),
del(17)(p11} [1)f

46.XY, (2:7)g! 1:p11),

{11:17)(q23:p11) 1) 46,XY, Ncl.{S) [7)f 45.XY.
Nel.(N,S) {2)f 47,XY, Ncl.{N,S) [2].

210 | LM ] T3G2M2 | 46,.XY {4) 42-47 XY, Ncl.(N,S}, additlonal fragments,
dmin, decondensed chromalin [25) 47 XY +marG {3},

216 | LM R T3G3Nx | 46,XY [T}/ 45.X,-Y {1}/ 44,X.-Y. 3p-,-13 [1) 45,XY,-13
(1) 47.X,-Y, +12,+18 [1].

307 | P P T2G2N0 | 46,XY (5} 46,XY, +dmin [1)f

40-42 XY, Nol.(N) [2)/
46, +dmin, NA [11/42-46, NA [7),

29 |p P TAGING [ 44.XY, dlc(3).-8,-11 (1) 86,XXYY -1, dic(3), dlc(3), -5.
41,-11,-19 (1) 48, dic(3) (NA} (1) 33, dic(3) (NA) {1].
dic(3)= 1(3;11)(q21;p11)

389 | P L TIG2NO | 46,XY {9)) 42,XY 15, dol{17)(p12),-18,-18,-22,.22,
+mark {1)f 36.XY, del{3){q13),

-5,-8,-9,-13,-13, del{17)}{p12),

«18,-20,-20,-21,.22 |1}/

41,-%-Y, dal{3){q13},-8,-19,-19 {1}/40-45,XY, NcL.(N.S)
sy

22-38, Nch(N) [11)

74-92, [ncompl tetra.[3].

395 | P L T2G2NO | 46,XY [6) 47.XY.+8 (2
43-46, NA {41
411 [ LM L TAG2Nx | 46.XY [8) 46,XY, del(21) {3}

45,XY,-15, dol(21) [1)/ 46,XY, del(2), det{21) [1}/
48,XY, del(2) (1) 48,XY, I(1:5}a11;p11), dol{2), 18g-
[1) 43-46, Ncl.{N,S} [6)/

86-91, Incompl.telra.[2)

dal{2)= del{2){p?)

del{21)= del(21)(q11.2q21.2)}

Notes
{P= primary nondlsseminaled tumor; LM= lymph node melastasls. ? culture methods: R=

Rotlerdam; P= Parls’; L= Lund. * TNM system according to TNM system for PC of 1992 [31].
Numbers between brackels are the numbers of metaphases found with a given karyolype,

Clona! abarrations are In bold type. Nel.= nonclonal aberrations, N= numericat aberrations.
S= structural aberrations. NA= not completely analyzable metaphases. Incompl.tetra.=

Incomplete tetraploid.

DNA-FCM

55 specimens were analyzed by DNA-FCM to determina their ploidy. 23 tumors
ware diploid, 14 tumors had an additional tetraploid stem line and 18 lumors showed
one or more non-tatraploid aneuploid stem fines (see also Appendix 2).

Tumor site, grade and stage
No correlations were found between obtainment of a karyotype or the presence

of nonclonal aberrations and tumor site or stage. However, most karyolypes {23/
39) were obtained from moderately differentiated {G2) tumors, Also, spacimens
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with clonal aberrations were unequally distributed: five were primary umors, six
were graded G2 and five were staged T3.

DISCUSSION

The main purpose of the present study was to perform karyotype analysis on a
large series of prostate cancer specimens. As part of this study, the results obtained
by different cullure conditions were evaluated. The Lund method, using collagenase
A digestion, size fractionation and a specialized medium for short term cuiture,
yielded the highest percentage of growing cultures, of analyzable metaphases and
of clonal chromosomal aberrations, Therefore, at feast in our hands, it was the
most suitable method for PC cytogenstic analysis.

The clonal numerical changes found in our study were loss of the Y chromosome
and gain of chromosome 8. Loss of Y has been described in many PC's [1-4], but
also in other tumors and in nonneoplastic tissue [see 4 for ref.]. The significance of
-Y as a tumor related aberration is therefore dubious. Numerical aberrations of
chromosome 8 have been detected by cytogenetic analysis [4] and by FISH sludies
[16-22].

Breakpoints at 3q13, 3q21, 11pi1, 17p11, 17p12, 21qi1 and 21q22 were
observed in tumors with clonal structural aberrations. One not further detarmined
deletion involved 2p. Most of the breakpoints have been found in other PC karyotypes
[1, 3}, excepl the one at 3q13. Double minutes and an additional small undefined
markar chromosome were found in two, respectively one tumor. Such aberrations
have also been previously obsarved in PC {3, 4, 23]. On the other hand, more
common aberrations in PC, like +7 and rearrangements of chromosomes 1, 7, 10
and 16 were not found as a clonal change in our series.

Nonclonal aberrations have received much attention in PC cytogenstics. Thisis
partly due to their high frequency but undoubtedly also caused by the absence of
clonal aberrations in most PC karyotypes. In our study nonclonal chromosomal
aberrations occurred frequently and with all culture methods and media. The majority
of these (58%) were random whole chromosome losses, which may represent
chromosome instability, as was suggested by Micale et al.f2]. Lundgren et al.[4]
described clustering of breakpoints from nonclonal structural changes to the same
regions as those of clona! abnormatities and therefore concluded that some of these
changes may in fact reflact aberrations in the tumor. In our study structural
aberrations comprised 34% of the nonclonal abnormalities, whereby deletion of the
p-arm of chromosome 8 was the most frequently observed change. It has already
been discussed that this is an important clonal change in PC. Gain of chromosome
7, which has been indicated as a marker for poor prognosis {24}, was also observed
as a nonclonal abnormality in our study.

The fact that, in agreement with the literature, a farge proportion of PC karyotypes
analysed was found to be normal, may be explained by the preferential isolation
{15] andfor growth [25] of diploid {normal) epitheliai cells. Here we have shown that
PC cells cultured in F12/DMEM+GF are phenotypically acinar epithelial cells, which
in vitro retain some differentiated functions, ltke PSAP expression. These cells
coéxpressed basal and luminal cytokeratins, Celis with the same characteristics
have been identified In prostate cancer sections and were postulated {o be the
target for neoplastic transformation [8}.

The finding that the tumors that showed clonal aberrations were mostly advanced
(T3-T4) and moderately or poorly differentiated (G2-G3) is in concordance with
other reports {4, 23].

DNA-FCM analysis of PC has shown that more than 50% of all PC’s are aneuploid
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[26, 27]. Fluorescence in situ hybridization (FISH) analyses of PC describe
ansusomies for all sixteen different chromosomes investigated until now in 52-97%
of the tumors [18-20, 22, 28, 29). In the present study we found clonal aberrations
in only 20% of the evaluable PC cell cultures, and nonclonal aberrations in 77%.
We have shown that, under optimal conditions, PC cells will proliferate in vitro, but
that apparenily the diploid celis without clonal abnormalilies have a growth
advanltage. Therefore, the application of cytogenelic techniques to PC which do
not require tissue cullure, like FISH and comparative genome hybridization [20,
30}, wili be essential to the further understanding of the chromosomal rearrangements
that are imporiant in the initiation and progression of this common malignancy.
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Figure 3. Photomicrographs of cytospin preparalions 4
from PC305. immunoperoxidase staining. Magnification
under microscope for all photographs: 126x. A ang B:
uncultured samples, C-F: cultured samples. Antibodies:
A and C. RCK103; B and D. RGE 53; E. -PSAP;

F. - PSA.

Figure 5. Partial metaphases of PC210.
A. Decondensed chromatin. B. Marker 22 like
chromosome. C and D. Deuble minutes.

G-banding analysis. |3

Figure 4. Clonal structural aberrations from five PC
cultures. Normal chromosomes are placed left of the
marker chromesomes, with identified breakpoints
indicated by arrows. R-banding analysis.
Del{17)(pi1), observed in PC207.

Dic(3), observed in PC329, resulting from an
unbatanced ranslocalion belween chromosomes 3
and #1: t(3;11)(g21;p11).

Del(3){q13) and del(17}(p12}, observed in PC389.
Del(2)(p?p?) and del{21)(q11q22), observed in
PC411.




Figure 6. Karyotype of a metaphase from PC207, R-banding: 47, XY, der{3q), +7.

13 14 15 1 17 18
be A& B X4 2% he
Y 19 20 21 22
i 5 K 19 O “og

Figure 7. Karyotype of a metaphase from PC207, G-banding: 46, XY, {{6p11;7g11).
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Appendix 1
Clinical and culture parameters of PC culiures

PC NR TISSUE CULTURE TNM AND PILM/
GRADE* TURS
GROWTH | MEDIUM? | CULTURE
RATE' TIME?
(DAYS)
ROTTERDAM AND EXPLANT METHQD

159 i 1 7 T3IG2NOMO P
164 t 2 2 T3G2NOMO P
171 + 2 1 T4G3NOMO P
172 + 2 4 T3G3NOMO p
179 + 2 7 T3G2NOMO P
184 + 2 3 T3G2ZNOMO P
198 i 3 6 T3G2NOMO P
202 + 3 14 T4G1N3MO P
207 + 3 5 T3G2NOMO P
210 + 3 5 T3G2N2MO LM
212 t 3 5 T3G3NOMO

213 + 3 4 T3G3NOMO

215 + 3 3 T3G3INxMx

216 + 3 6 T3G3NXMO LM
227 t 3 4 T2G2NOMO

242° + 3 g T3G3N1MOD

246 + 3 4 T3G2NOMO

252 + 3 7 T2G2NOMO

253 ND 3 7 T4G2N2M1 LM
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Appendix 1, continued

PC NR TISSUE CULTURE TNM AND P/ILM/
GROWTH [ MEDIUM? | CULTURE GRADE TUR?
RATE' TIME?
{DAYS)
PARIS METHOD
293 ND 4 3 T2G2NOMO P
254 ND 4 3 T4GINxMx TUR
295 ND 4 3 T1G3NxMO tM
297 ND 4 3 T3G2NxMO TUR
305 ND 4 3 T2G1NOMO P
307 ND 4 3 T2G2NOMO
319 ND 4 3 T2G2N0MO P
324 ND 4 3 T4G3NxMx TUR
329 ND 4 3 T3G3NOMO p
LUND METHQD
373 + 5 8 T3G3NOMO P
376 ++ 5 12 T4GINOMO p
377 + 5 12 T3IG3NOMO P
378 + 5 12 T1G2NONO P
379 ++ 5 9 T3G2NOMO P
382 ++ 5 6 T2G1NOMD P
383 ++ 5 7 TIG3INOMO P
385 + 5 5 TIG2NOMO P
387 + 5 6/18 T4G2NOMO P
389 ++ 5 5 T3G2NOMO P
394 + 5 6/7 TIG3INOMO P
395 + 5 4 T2G2NOMO P
396 + 5 5 T2G2N0MO P
404 + 5 8 T4G2N1MO LM
411 4 5 11 TxG2NxM0Q LM
Noles

‘Growth rates: £ = moderate growth; + = good growth; ++ = abundant growih; ND= nol
determined, 2 Media: 1= PFMR4A; 2= RPMi + 10%FCS; 3= F12/DMEM + GF; 4= RPMI +
10% human serum; 5= Lund medium. * Culture time from Initiation until harvest of metaphases.
* TNM and grade : Pathological staging was done according to the TNM system for PC of
1992 (31]. Histological grading: G1= well differentiated, G2= moderalely differentiated, G3=
poorly differenliated. * P= primary tumor; LM= regional lymph node melastasis; TUR= tumor
tissue obtained at palliative transurethral resection. & explant cullure,
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Appendix 2
FCM and cylogenetics results of PC cultures
PCNR | PLOIDY' (o] KARYOTYPE
TUMOR
(%)

ROTTERDAM AND EXPLANT METHOD

48,XY,-7,+mar0 [4].

159 ND
164 ND 48,XY [2].
171 ND - 46,XY 114) 45-47, Mcl, (N,S} [4)f 90, Incompl.teira.[1].
172 ND - 46,XY [9)f 45,XY - 10 [1)/ 47, XY, +mar [1)/
88, Incempl.lalra 1) 40-48, NA {5].
179 ND 45,XY,-3 [11.
134 ND 46, XY {1].
198 ND - 46, XY [2)f 44-49, NA [6].
202 A 1.6 46,XY [23)/ 46, XY, t{3;7)(q27:q33) {1}
(20} 92.XX¥Y, H(3:3Kq:q} {1},
207 ND - 48,XY [8) 46,XY, dal(17)(p11) (1V
46,XY. add(3)gter), det{11{q13), der{12), del(17}(p11)
{1y
46,XY, 1{2;7Xq11;p1 1), ({1 5;17){q23;p1 1) {1}
46,XY, Ncl.{S) [7)} 45,XY, Ncl.{N.S) (2
47 XY, Nci.{N,S) [2].
210 T 2(15} 46,XY [4)f 42-47 XY, Ncl(N,S), additional fragments,
dmin, decondansed chromalin (25)/ 47 XY, +marG (3).
212 A 1.85 46.XY [16)/
(11} 44-47 XY, Nel.{N,S) [2].
213 ND 41-46, NA {5].
215 D - 38-47 XY, Ncl.(N) [6)/ 43-46, NA [T 87, NA {1].
216 ND - 46, XY [TV 45, ,-Y [1) 44,X,-¥, 3p-,-13 [}/ 45, XY ,-13 [1)/
47, XY, +12,+18 [1}.
227 ND - 46,XY [2) 48 XY ,-5 [ 1}/ 39-45, NA [8].
242 D 46, XY [17) 4646 XY, Ncl.(N,S} [2].
246 ND - 45, NchL{N} f2].
252 A 1.75 46,XY [2) 41-47.XY, Nl {N) [3}/
{10) 92, NA {1].
253 A 1.85 46,XY [B) 45-47, NeL{N) [2)/
{13) 84, NA {1).
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Appendix 2, continued

PCNR | PLOIDY' | DITUMOR KARYOTYPE
(%)
PARIS METHOD
293 A 0.85 (95) | 48.XY [1) 44,XY,-10,-12,-15,4mar [1)/
1.8 (5) | 46,XY,4,*marC {1).
294 T 2(62) | 46.Xv {i).
3.1(8)
295 A 0.7(38) | 46.xv [4].
1.85 (13)
297 A 0.65 46,XY [d)f 43,%,-Y,~14,-22 (1) 44, XY -14,-21 (1)
45.XY,-21 [1].
305 D . 46XV [T 41-46,XY, Nck{N) [4)/ 40-46, NA [6).
307 . 46,XY {5) 46,XY, +dmin {1}/ 40-42,XY, NeL(N) (2)/
- 46, +dmin, NA [1//42-46, NA [7].
319 46,XY 18] 46,XY,-13,-44,+15,-20,+21,+marE [1].
324 4B,XY 1) 44.X,-Y 17 {1} 45 XY -16 [1].
320 . 44.XY, dic(3).-8,-11 [t 86,XXYY.-1, dlc(3), dic(3}, -5,
11,-11,-19 (1) 48, dlc{3) (NA} [1) 33, dic(3) (NA) 1],
dic{3)= 3;11}{q21;p11)
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Appendix 2, continued
PC | PLOIDY' | DITUMOR KARYOTYPE
NR (%)
LUND METHOD

kY4 D - 46,XY [5) 44-46, Nct.{N) [14)
40,XY,-2,-3,-6,-1,-8,-9,+11,-12,-13,421 [1].

ars A 0.85 46,XY (28} 47. XY, +mar (1) 46,X,-Y,*marC {1}/ 45.X,-Y

{95) i

41-45, Nel.(N) [4) 58, NA 1)/ 92, XXYY [1).

379 T 2(15) 46,XY [27) 45,XY ,-17 [1)f 41,X,-Y,-11,-17,-20,-22 1)/
46, NA (4) 81, NA [1)/ 85, NA [1].

382 D . 46,XY [B) 44-46, Ncl. (N} [5)/ 62, NA [1)/ 46, NA [1].

385 T 2(38) 46,XY [1) 51, NA[1].

387 NO - 46,XY {1}/ 47, NA [11.

389 D - 46,XY [OF 42,XY,-15, del(17){p12),-18,-19,-22 .22, +marE
(1 36.XY, del{3}{q13), -6,-8,-9,-13,-13, dal{17)(p12},-18.-
20,-20,-21,-22 [1) 41,-%-Y, del{3}{q13),-8,-19,-19 1)/
40-45,XY, Ncl.(N,S}) [8)f 22-38, Nol.(N) [11)
74-92, Incompt.telra.[3],

394 A 1.1{79) 46,XY [12)/ 46,XY,10p-,13p+ {1}/ 44,Y,-X,-16 |1}
44-46, NA [6]/ 88-92, NA {21,

395 D - 46,XY [6) 47,XY 4B [2)/ 43-46, NA [4].

396 DIA3 0.7-1 46,XY [2) 46, NA (1]

{94) '

404 ND - 46,XY [2}f 44-47, Nel.(N) [3)/ 43-89, NA [5).

411 ND - 46,XY [B) 46,XY, del(21) (3}
45,XY,-15, del{21) [1} 46,XY, del{2), del(21) {1}/
48,XY, del{2) {1V 46,XY, {{1;5){a11;p11), del(2}, 18q- (1}
43-46, Ncl{N,5) (8)/ 86-91, Incompl.lelra.[2}
del{2)= del{2){p7?)
del{21)= del(21){g11.2421.2)

Notes

! Ploidy: D= diploid; T= tetraplold; A= aneuploid; ND= not deteimined. DI umor= DNA Index
of the tumor cells, i,e. position of tha major lumor cell peak(s) in retation to the normat dipioid
peak in the DNA histogram; percentage of lhase cells between parentheses. ? Hypodiploid
peak and diploid peak were merged into ons, nonseparable peak. Karyotype analysis: - = no
metaphases; NA= nol completely analyzable; Ncl.= nonclonal aberrations; N= numerical,5=
structural; Incompl.tetra.= incomplels tetraplold. The number of analyzed metaphases with a
given karyotype Is between brackets.
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ABSTRACT

Effects of two different methods of tumor disaggregation on flow cytomstric -
ploidy distribution and intact cell vield were investigated. Either mechanical
disaggregation or collagenase digestion was applied to 35 prostate tumor specimens.
Seven collagenase treated samples failed to yield any intact cells, whereas with
mechanical disaggregation in all cases a sufficient number of intact cells were
oblained. No differences in the FCM ploidy distribution of tumors with a DNA diploid
stemline were observed comparing both techniques. In DNA aneuploid tumors
however, collagenase treatment had an adverse effect on the abnormal cell
populations. In 14/17 of such tumors the abnormal cell populations were significantly
reduced; In 8 of these the percentage of DNA aneuploid celis declined even below
the minimum percentage {10%) that was defined for DNA aneuploidy. Since
collagenase is a widely used enzyme for Hissue disaggregation, especiafly in tumor
cytogenelics, the presented data will have consequences for the interpretation of
resulis obtained by msthods involving the use of this enzyme.

INTRODUCTION

Solid tumor cytogensetics comprises a small but rapidly expanding field of
research. A number of reports on the cytogenetics of prostate carcinoma (PC) have
indicated several structural chromosome rearrangements, which are thought to be
possibly tumor specific (1, 7, 8, 14). However, the majority of the investigated PC
specimens (73%) demonstrate a surprising fack of both structural and numarical
chromosomal changes, resulting in essentially normal diploid karyolypes (3, 8, 14).
In contrast, using DNA fiow cytometry (FCM) more than 50% of the PC's were
shown to have one or more DNA ansuploid cell populations (unpublished results
and 11, 15, 16, 22). The causes for this observed discrepancy between cytogenstic
and FCM results have not been identified until now.,

In general, the preparation of tumor tissue samplas for cylogenetic analysis can
be divided into two stages:

a} disaggregation of tha tissue into a cell suspension and

b) short term tissue culture {o generate an adequate number of proliferaling
cells.

Tissue disaggregalion can be established by mechanical or enzymalic treatment
or by a combination of these. Trypsin, coliagenase and DNAsel, alone or in
combination, are most commonly used for this purpose. For the collagen-rich prostate
tissue collagenase disaggregation has long since been the method of choice to
obtain highly viable cell suspensions that are capable to proliferate in vitro {5, 18,
21), This enzyme has therefore also been used to prepare prostate tumor celf
suspensions for the initiation of short term tissue cultures for cytogenetic analysis
(3, 13). Collagenase is currently the most frequently used enzyme for preparing
cell suspensions for cytogenetic analysis of solid tumors (12, 19). Some reports on
solid tumors however, mention negative effecls of collagenase treatment on FCM
results, ranging from a poor yield {17} to a larger percentage of DNA diploid
histograms (2, 4, 17). Here we describe our experiences with coltagenase digestion
and its effects on the ploidy of prostate tumor cells, investigated by FCM. The effects
of tissue culture on the ploidy of PC are described in ancther paper (9).

MATERIAL AND METHODS
Thirty-five prostate adenocarcinoma specimens were studied, obtained from radical
prostatectomy (N=28) pelvic lymphadenectomy {N=5) and palliative transurethral reseclion
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(N=4}. Suspecled carcinoma lissue was excised. For each specimen, lumor grade and stage
were assessed from paraffin sections of adjacent lissue. The specimen was cul inlo small
fragments (2 by 1 mm) with scissors under sterile conditlons and divided in two parts (See
Fig.1). In this way a total number of 70 samples was obtained for FCM analysis.

To the first part approximately 0.5 mi of phosphate buffered saline {PBS) was added and the
lissue pleces were further minced by a scalpel into a suspension of small cell clumps and
single cells. The clumps were allowad to sediment for 3-5 min in 5 m! of PBS and then
discarded. The supernatant was centrifuged, the pellel was washed wilh PBS, resuspended
in cltrate buffer and stored In liquid nilrogen until use.

proslata tumor apsacimsan

cul

tisaus [(ragmenis

collegonase IV 200Li/mi mincs
16 tws 37°C 6% GO2 l
cell auspenslon cell suspension
FCM FGM

Figure 1. Schematic presentation of sample preparation.

The second part was transferred 1o a 25 cm? culture fiask. 5 ml of RPMI (GIBCO) supplemented
with 10% fetal calf serum and 200UW/ml collagenase IV {CLS ill, Worthington; coliagenase
aclivity 118U/mg; low proteciytic activity} was added, and the sample was Incubated at 37°C
and 5% CO, for 16 hrs. After incubation most lissue pieces were slill intact and plpelting was
needed lo disperse these into small cell clumps and single cells, The resulling cell suspension
was washed two times In PBS and ireated {urther as described above.

Thawed suspensions were processed for FCM by the Vindelov method (20). Nuclear DNA,
conlent was measured In a FACS |l flow cylometer equipped wilh a Argon lon laser (Spectra
Physics model 2016) set at 200mW and used at a wavelength of 514 mm. Suspensions of
prepared nuclet conlained less than 7% doublets, irrespeclive of the isclation method. They
were passed through a 20p nylon filler prior o FACS analysis. A 50p nozzfe was used.
Before and after each run a sample of cultured normal prostate fibroblasts (10) was measured
to determine the position of the normal GO/G1 (DI (DNA index)=1) and G2M {DI=2) peaks as
an external control, Chicken erythrocytes (CRBC), added to each sample, served as aninternal
control. Of each sample a dot piot of 11,000 events was recorded. The dot plots were evalvated
with an especlally designed FCM analysis compuler program, Low fluorescent debris, present
at the low left part of the dot plot and thus collected in the first bwo or three channels, was
eliminated from the dol plot dala by excluding these channels.

The mean value of the G2M fraction in DNA diploid cells, delermined In 34 mechanically
disaggregated BPH (benign prostatic hyperplasia) specimens, was 5,2 + 2,1 % (N=34}). Using
this average, the cul off percentage for lumor nuclet with a Dl of 1.9-2.1 was defined at 10%
{mean value + two limes S0; 5.2 + 2x2.1 = §.4).
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RESULTS

Ploidy measurements on mechanically treated samples

Thirteen tumors (37.1%) had only a DNA diploid DNA stemline (D 0.9-1.1; not
shown). All other DNA histograms from mechanically disaggregated tumor material
showed one or more DNA aneuploid stemlines in addition to a DNA diploid stemline.
Fifteen of these tumors (42.9%) had one additional DNA aneuploid stemline in the
range between Dl 1.9 and 2.1 ( >10% of the nuclei; see materials and methods).
Four tumors had an DNA aneuploid slemfine in the D} range between DI 1.6 and
1.9 (nrs. 1, 2, 11 and 15), two had a DI< 0.8 {nrs. 17 and 36} and one had two DNA
aneuploid stemlines (nr. 35) (see also Table 2),

Effect of collagenase incubation on sample quality

Collagenase treatment failed to yield intact cells from 5/15 DNA aneuptoid and
2/13 DNA diploid tumor samples. In conlrast, using mechanical disaggregation,
always a sufficient number of cells was obtained for FCM analysis.

In genaral there was more cell debris present in the samples obtained with
collagenass treatment, mainly indicated by a higher percentage of small materiat
with low fluorescence, which was collected in the low left part of the dot plots. This
debris had no effect on any further calculations, however (see materials and methods
section). .

The mean CV {coefficient of variation) for lumors with only a DNA diploid stemline
was 5.411.4% with mechanical disaggregation. Although not dramatically increased,
the mean CV was significantly higher with collagenase ireatment (7.412,0%, p<0.05).
in one case the CV was lower with collagenase treatment {nr.19, respectively 7.9%
and 6.2%).

For DNA aneuploid tumors the CV's were also higher, but not significantly different
whether mechanical or enzymatic disaggregation was applied. In these cases the
mean CV's for the DNA diploid stemline were respeclively 6.4x1.5% and 7.4£3%.
For the DNA aneuploid stemline(s) the mean CV's wera 5.941.2% and 6.712.6%.
Two other cases were characlerized by high CV’s (>10%) for all stemlines, occurring
in either the mechanically {nr.36} or in the collagenase treated samples (nr.8).

Collagenase effect on ploidy
In the 11 evaluable tumors with a DNA diploid stemline no difference in the
ploidy distribution of either mechanical- or collagenase treated samples could be

observed (see Figures 2A and 28).

A mechanicat B collagonase
o=t Diet
CRBC

13} [}
3 g
z z
5 5
§ g

chsc L oi=2 o Bi-2

DNA INDEX TNA INDEX
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c mechanical D collagenasa

NR OF NUCLE!
NROF NUCLE]

DA INDEX DA INDEX

NR OF NUCLE!
NRLOF NUCLEI
2
a
5

1]

u

DNA INDEX DNA INDEX

Figure 2, A, C and E are DNA histegrams of mechanically treated samples. B, D and F are
DNA histograms of collagenase treated samples. A and B. Representative tumor with one
DNA diploid stemline; C and D, tumor with one sterline with DI=2 (nr.6); E and F, tumor wilh
mulliple DNA aneuplold stemlines (nr.35). E. DI of peaks I-1V are respectively 0.95, 1.5, 1.7
and 2.5; F. DI of peaks {a-lll are respectively 0.85 {ia), 1.05 (ib), 1.45 and 1.65. Peak | has
apparenlly splitinto two peaks, fa {D1=0.85) and Ib {DI=1.1}. This was probably caused by the
low number of Intact nuclel (3,000) that could be measured in this sampla,

The percentage of G2M cells (D1 .2) was respectively 6.3 + 2.3% and 6.0 +
3.1%.

In Table 1 the FCM results of samples obtained with mechanical- or collagenase
disaggregation are compared for the 10 evaluabls tumors with a DNA aneuploid
stemline between D! 1.9 and 2,1, Representalive histograms are shown in Figures
2C and 20D. In nearly all collagenase treated samples the percentage of DNA
aneuploid cells was much lower compared to that in mechanicaily treated tumor
samples. This is illustrated in the last column were the parcentage of DNA aneuploid
call loss is stated,
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Table 1. Effect of collagenase treatment on percentage of prostate nuclei with
an aneuploid DNA content: FCM of tumors with DI 1.2-2.1 .

MECHANICAL COLLAGENASE TREATMENT (%)
NR DISAGGREGATION (%) LOSS
DI DI Dl DI
0.9-1.1 1.9-2.1 0.8-1.1 1.9-2.1

3 85 15 95 4 73
4! 85 12 100 0 100
5 89 11 g5 5 55
76 24 95 5 74
72 77 15 96 4 73
9! 77 19 85 10 47
10 83 i7 et 10 42
227 80 15 82 16 Q
28 89 1 95 5 55
3 89 11 87 13 4]

Notes
£210.9-1.1 = G1 nuclel of DNA diplold cells (G1N). D] 1.9-2.1= G2 of DNA diploid cells and G1

of the tumor calls (G2N + G1T), Numbers in columns 2-5 are percentages of proslate nuclei.
1) In nrs.4 and 9respectively 3 and 4% S-phase nuclel (between DI 1.1 and 1.9) ware present.
In fumor nr.9 also a peak with 5% G2T nuclei was detected In the collagenase lreated sampla,
2} In nrs.7 and 22 respeclively 8 and 5% S-phase nuclei were present in the mechanically
disaggregated sample. 2% S-phase nuclei remained in lumor nr.22 in the collagenase treated
sample; all 8-phase nuclet were lost in nr.7.

In Tabte 2 the FCM resuits are compared of mechanically treated and
collagenase treated samples from the tumors with other DNA aneuploid stemlines.
In all these tumors except for one {nr.2) there was major loss of DNA aneuploid
cells In collagenase treated samples. Figures 2E and 2F show the hislograms of
tumor nr.35, obtained respeclively with mechanical disaggregation and collagenase
treatment. In the collagenase treated sample peak IV (=G2T, see also Table 2) was
absent and peak i had decreased.
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Table 2, Effact of collagenase treatment on percentage of prostate nuclei with
an DNA aneuploid DNA content: FCM of tumors with DI P 2 and with more than two

stemlines

MECHANICAL COLLAGENAS
NR Di DISAGGREGATION E TREATMENT LOSS
GiN G2N | GIT G2T GiIN G1T
1 1.6 75 4 20 <1 85 11 45
2 1.7 73 * 22 <1 71 14.5 34
11 1.7 83 ¥ 17 <1 93 7 59
15 1.8 4 0 89 7 10 88 8
17 0.85 76 ' 24 <1 §9 11 54
35 1.5 22 * 45 i8 74 6 74
1.7 15 i4
36 0.85 22 e 69 9 96 . 4 95
Noles

Colurmn 2 (headed Di) gives the DI of the turnor peak. Numbers in columns 3-8 are percentages
of prostate nuclei. * G2N peak not separable from G1T. ** G2N peak nol separable from G2T.
No G2T nuclel were detected in either of these lumors In collagenase treated samples.

DISCUSSION

In the present paper we describe the effect of collagenase pretreatment on the
FCM ploidy of prostate tumor cell samples. One stock tissue sample was used for
each tumor that was processed to a cell suspension with different techniques. In
this way we ruled out that sampling errors, caused by the hsterogenasity of the
tissue, would influence the results of this comparative study. The possibility remains
that due lo limited sampling not ali tumor stem lines were identified, but this would
not affect our conclusions, We found in most of the investigated tumor samples that
about 50% of the DNA aneuploid cells were lost in collagenase treated samples,
but not in mechanical disaggregated samples. Twenty-ona (60%) of tha investigated
35 tumors showed a DNA diploid histogram in coltagenase treated samples, against
13135 {37%) tumors showing a DNA diploid stemline in mechanically disaggregated
samples.

Also in other tumors the DNA aneuploid cell population was reported to decline
following collagenase treatment (2, 4, 17).

The collagenase preparation we used in our experiments was chosen for its low
proteolytic activilies, as most commaercial collagenase preparations generally contain
not only several lypes of collagenase, but also relatively high proportions of
proteases, Such components could potentially cause the tumor cell loss observed.
Any trypsin activity that was possibly present was inactivaled by incubation in the
presence of serum. Crude collagenase is not toxic to normal epithelial cells, but it
inhibits fibroblast growth and even shows cylotoxicity for fibroblasts (21). At our
laboralory it was eslablished that the collagenase preparation we used was not
toxic for cells from a PC tumor cell line. These cells were incubated with 200 and
400 U/ml for 16 hours and remained >96% viable, at both collagenase concentrations

used.
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The relatively long evernight incubation period could also be an important faclor
in the loss of (tumor) cells, We determined the total cell yield of several tissue .
samples from a heterotransplanted PC cell line and from BPH after a 16 hour sham
incubation in complete medium without collagenase, paraliel to a collagenase
incubated sample and mechanica! disaggregation at t=0. All 16 hour incubated
samples ylelded 3-4 fimes more cells than mechanical disaggregation at t=0. After
collagenase digestion both the total cel yield and the cell viabllity were slightly
higher than in the sham incubated samples, The total ¢ell yisld was not affected by
the 16 hour incubation or the collagenase digestion, as both methods yield similar
results,

Interestingly, during mechanical disaggregation of fumor tissue a selection in
favor of the abnormal cells is conceivable. Possibly dus to changes in their adhesive
properiies, {umor cells could he more readily released from the tissue matrix by this
treatment than normal cells. This effect will be favorable when the analysis of mainly
tumor cells is preferable, as in tumor cytogenetics. Unfortunately, mechanically
disaggregated PC tumor tissue is not accessible for classical cytogenetic studies,
which use short term cultured cells. These cells will not grow in lissue culture,
although they look physically undamaged {5), Furthermore, due lo the generally
low mitotic index of PC tissue, uncultured, so called “direct” preparations seldom
yield enough metaphases. However, with the development of FISH {fivorescence
It situ hybridization) {6) it has become possible to investigate interphase nuclei
cylogenetically. Using a DNA probe for the centromere of chromosome 1 we
compared the ploidy distribution of this chromosome in mechanically treated
preparations, and collagenase treated- and cultured samples from the same tumor
spacimens. In agreement with the results reported here we found that the percenlage
of cells which showed trisomy andfor tetrasomy for chromosome 1 in mechanically
treated samples, declined in collagenase treated samples. After tissue culture this
percentage was reduced even further (9).

These findings, in combination with the negative collagenase effect described
here, could well account for the high percentage of diploid karyolypes found until
now in cytogenetic sludies of PC specimens (3, 8, 14). in a study of renal carcinomas
comparable results were obtained {23). The authors attributed thelr findings of diploid
karyotypes In originally abnormal tumors {(by DNA FCM) solely to the preferential
growth of diploid cells in culture, but they ignored the possible effect of their
collagenase freatment. in another study of breast carcinomas only 3/44 specimens
showed clonal abnormalities after short term lissue culture {24). These authors
concluded that neither by lissue disaggregation, nor by culture any abnormal cells
were eliminated, Howaever, their conclusion was based on the phenotypic properties
of the cultured cells and the ploidy of the original tissue was not checked by DNA
FCM, unfortunately.

Our conclusion is that the collagenase treatment procedure as a whole causes
the tumor cell loss observed by us and by others. Regretiably, at present no
alternative for cofiagenase treatment of PC and aiso other solid tumor tissues is
avallable. Maybe the use of more refined culture methods (13) in combination with
purified collagenase preparations, or the introduction of a totally different new
disaggregation method will allow more reliable tumor karyotyping studies than is
presently possible. Meanwhile, decrease of the number of abnormal cells is a faclor
one should take into account and controf of the ploidy of the original tissue by DNA
FCM or FISH remains necessary,
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ABSTRACT

The frequency of aneuploid cells in cultured prostate carcinoma specimens was -
investigated. Ploidy distribution of the original tissue was established by flow
cytometry {FCM). Flucrescence in situ hybridization (FISH) of chromosome 1 was
applied to direclly isolated and cultured cells to investigate whether any modifications
in the ploidy distribution of chromoseme 1 took place during tissue culture, In six
tumor specimens that were dipioid by FCM and FISH, no differences were found in
the ploidy distribution of chromosome 1 before and after tissue cullure, In eight
tumors that were aneuploid by FISH, the percentage of aneuploid nuclel was
significantly reduced from 28.0 £ 15.0 {rangs 13-59%) in uncultured cells to 9,1 £
4.4% (range 4-18%]) after tissue culture. The reduction of aneuploid nuclel ranged
from 44 to 85%, which means that the majority of the aneuploid cell populations
that were observed in the original specimens were undetectable in cultured samples.
This suggests a preferential growth of normal epithelial cells. The presented data
can explain the high percentage of diploid karyolypes usually found in short-term
cultured prosiate carcinoma specimens.

INTRODUCTION

Several reports on the cylogenetics of prostate carcinoma (PC) have suggested
that structural as well as numericai aberations of chromosomes 1,7,8,10and Y
might be of importance in the origin and progression of {his type of cancer (Atkin
and Baker, 1985; Koénig et al., 1989; Brothman et ai,, 1990, 1991; Kénig, 1991;
Lundgren el al., 1991). The majority of the investigated PC specimens (73%) have
shown a normal diploid karyotype (Brothman et al., 1991, Lundgren et al., 1991;
unpublished data). Results abtained by DNA flow cylometry (FCM) of PC tissues,
on the other hand, have shown that more than 50% of PC's have one or more
aneuploid cell populations (Lee et al., 1388; Winkler et ai,, 1988; Nativ et al., 1990;
Konig 1991; Miller et al., 1991; Kb6nig et al., 1993).

The apparent discrepancy belween the resulls obtained by FCM and karyotype
analysis may be explained, al least in part, by differences in the sample preparation
protocols. Whereas FCM requires only mechanical disaggregation, karyolyping
usually involves enzymatic tissue digestion followed by short-term in vitro culture,
A previous study (Kbnig et al., 1993) has shown that enzymatic digestion with
collagenase, the most effective enzyme for disaggregation of PC tissue, may resuit
in the preferential loss of aneuploid tumor cells. In the present study we investigated
whether tissue culture could seleclively affect the proliferation of certain cell
populations and thus be an additicnal factor accounting for the observed enrichment
of diploid cells in samples prepared for karyotype analysis (Wolman et al., 1988).

MATERIALS AND METHODS

Fifteen prostatic adenocarcinoma specimens were studied, ali obtained at radicatl
proslatectomy. Suspected carcinoma tissue was excised, cut Into small fragmanls (2x2 mm)
with scissors under slerile conditions and divided into three paris (Sea Table 1). For each
tumor, grade and stage were assessed from paraffin seclions of adjacent tissue,

To one part approximalely 0.5 ml of phosphate buffered saline (PBS) was added and the
tissue pieces were further minced by a scalpel into a suspension of small cell clumps and
singte cell$, The clumps were discarded after sedimentation for 3-5 min in 5 ml of PBS. The
supernalant was centrifuged and the resulting pellet washed and resuspended in PBS. From
this cell suspension a sample was slored for FCM, The rest of the ¢ell suspension was
incubated with hypotonic solution (0.075M KCI) for 10 min at 37°C and fixed in methanolf
acslic acld. Fixed nuclei were stored in methanol at -20°C uniil used (sample FISH-A).
Another part was lransferred to a 25 cm? culture flask and incubated overnight wilth 200Lfmi
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collagenase (Worthington CLSHI), After washing to eliminate the collagsnase and cell debris,
the resulting cell suspension was plated in a 25 cm? cullure flask in prostate culture medium
{for composition, see below) and cullured for 7 days. Medium was changed on the 2nd and
§th day, On day 7, oulgrown cells were harvesled by trypsinization, treated with hypotonic
solution, and fixed as described above (sample FISH-B).

Table 1. Nomenclature of samples for FISH analysis

SAMPLE COLLAGENASE TISSUE CULTURE
TREATMENT
FISH-A - -
FISH-B + +
FISH-C . +

Undigested tissue fragments formed the third sample. These were transferred o several 60
cem? dishes without further treatment {5 cubes per dish) with 3 m! of prestate culiure medium.
When a sufficlent number of cells had grown out from the exprants (Usually after about 14
days), cells were harvested by irypsinization and treated with hypotonic solution and fixative
as described above {sample FiSH-C),

Prostate cullure medium

RPMI 1640 and F12/MEM 1:1 were obtained ready-for-use from Gibco. The growth factor
concentrations used were 20 pg/mi! for Insulin, 1 pgmi for hydrocortisone, 10 ng/ml for epidermal
growth factor, and 10 ng/ml for cholera toxin, All growth factors were oblained from Sigma.
Penicillin/streptomycin, glutamine and 2% fetal caif serum (Boehringer) were added at
preparation of the culture medium,

FCM procedure
Stored samples were processed for FCM as described (Vindelov et al,, 1883; Konig et al.,

1992). The ploldy of the different peaks in histograms from tumor samples was calculated
from thelr relative position o the GO/G1 peak (DNA Index (DI}=1) in a histogram of cuitured
normal diploid prostate fibroblasts. Dipleid: DI 0.9-1.1; hypodiploid DI<0.9; triploid: D! 1.4-1.6;
tetraploid: Dt 1.8-2.2,

FISH procedyrg
PUC 1,77, hybridizing to Satlll repeats on the periceniromeric heterochromatin region of

chromosome 1 {(Cooke and Hindley, 1979), was used as a chromosome 1 - specific probe.
Hybridization and deteclion were performed as desciibed by Pinkel et al. (19886), wilh
medifications. In shor, the probe was labeled with Bio-11-dUTP by nick translation. Slides
with fixed nuclel were pretreated with RNase and postiixed with formaldehyde. Hybridization
of the probe to the nuclei (15 ng probe per slide) occurmed during overnight incubation at 37°C
in a molst chamber In 65% formamide. Slides were subsequantly washed In 60% formamide/
2x5S5C (Ix 5 min}, 2xSSC {3x 5 min) both at 40°C, followed by 3x 5 minin 0,1xSSC at 60°C,
5 min 2xSSC and 5 min 4xSS5C/0.06% Tween at 20°C. Detection of hybridized sequencas
was with 0.56ug Avidin-flucresceine isothiccyanate (FITC) per slide {incubation: 20 min af
37°C), followed by biotinylated goat “-Avidin {Incubation: 30 min at 37°C) and another Avidin-
FITC incubation. Nuclei were counterslained wilh propidium lodide in antifade sotution. Spots
representing the number of centromeric regions of chromosome 1 per nucleus were scored al
1250x magnlfication on a Zeiss Axiophot fluorescence microscope equippad with a FITC filler
comblnation, ’

For the evaluation of FISH signals we used the criteria of Hopman et al. {1988). Especially for
the interpretation of difficult spot patlerns, like fuzzy spots In nuclel from cullured samples
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(FISH-B and C), these criteria were useful, When the criteria could not be met, such nuclei
were excluded from counting. When there were more than 10% of these nuclel on a slide, the .
hybridizalion was repeated. The percentage of nuclel with one spot was gensrally below 5%.
These nuclel were considered disomic with overlapping signals. When there were more than
5% nuclel with one spot on a slide, the hybridization was repeated, Al least 300 nuclel were

scored per sample,

The mean percentage of aneuplold nuclei In diplfold tumors, determined in 48 tumor samples
with $10% nuclei with 3 and 4 spols, was 3.4 + 3.0, Using this average, the cul off percentage
for aneuploid tumors was defined at 10% (mean value + two fimes SD: 3.4 + 3.0 + 3.0 = 9.4).

RESULTS
Based on the number of chromoesomes 1 detacted by FISH in untreated tumor

{issue samples (FISH-A), tumors were divided into two groups, representing diploid
and aneuploid tumors. Table 2 lists the data obtained by FISH and FCM for seven
diploid tumors and comparas the chromosome 1 distribution as observed after
immediate processing (FISH-A) to that aiter lissue culture (FISH-C),

Table 2. Distribution of ¢chromosome 1 in diploid tumors before and after short
{erm tissue culiure

FISH - FCM®
PC SAM :
NO. PLE® | %2 % 3 % 4 % %
SPOTS | SPOTS | SPOTS | DIPLOID ANEU-
PLOID

288° A 90 9 1 94 6

B 94 5 1 - ;

c 96 4 0 - -
304 A 94 3 3 95 6

o 93 3 4 76 24
305 A 99.5 0.5 0 97 3

C 97 1 2 75 25
306 A 96 3.5 0.5 g6 4

c 95.5 2 25 77 23
307 A 98 2 0 96 4

c 94 3 3 75 25
308¢ A 92 5 3 66 | 30 | 3 1

c a8 1 0 [e | o |34
309 A 86 3 1 92 8

c 97.5 1.5 1 70 30

Notes

* The ploidy of the different peaks in histograms from tumor samples was calculaled from
thelr relative position o lhe GO/G1 peak {DI=1) In a histogram of cultured normal diploid
prostate fibroblasts, Diploid: O 0.9-1.1; aneupleid: DI 1.6-2.2. ® Samples FISH-A , FISH-B
and FISH-C correspond with those In Table 1. ¢ The number of cells oblained afier tissue
culture of PC288 was insufficient to perform DNA FCM analysls. ¢ DNA FCM of PC308 revealed
a hypodiplold (D1 0.85) and a diploid (D! 1.05) population, After tissue cullure only one peak
(D! 1.09) was present,
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There was no significant difference between the mean percentages of diploid
nuclel in FISH-A samples {(95.1 1 3.3%) and in FISH-C samples (95.9 £ 1.8%). The
mean percentage of aneuploid nuclei in FISH-A samples of diploid tumors was 4.8
+ 3.2 and ranged from 0.5% (PC305) to 10% (PC288). After lissue culture the
mean percentage was 4.1 + 1.8 {range; 2 to 7%), which is not different from the
mean of FISH-A, Except for one tumor (PC308), the results obtained by FCM of
uncultured cells were in agreement with the FISH-A and FISH-C data. FCM of
FISH-C samples, however, showed a 4 to 8 fold rise of the aneuploid fraction {DI
1.6-2.2, see Table 2) compared with the number of aneuploid nuclei detected by
FCM in FISH-A samples, This probably reflected proliferating cells in the S- and
G2M-phase, Such cells were recognized by FISH analysis as disomlc. In Figure 1,
the FCM analysis of the FISH-C sample (FCM-C) shows 25% nuclei in the triploid
to tetraplotd range, whereas FISH-C as well as FISH-A and FCM-A show that this
tumor is disomic for chromosome 1 and diploid.

PC305 . PC305
FCM-A FCM.C
mio
Th%
o 0,88
014 o1 .75
34
01 1.65-1.85
234
PC305 PC305
FISH-A FISH-C

2 BPOTS 674
2 i?‘i’s@-”;?‘s 458878 1

Figure 1. Comparison of FISH and FCM of samples FISH-A (=FCM-A) and FISH-C (=FCM-C}
from PC305, DI= DNA index; DI=1= diploid etc, Diplold FCM; 2 spots wilh FISH. Triploid
FCM; 3 spots with FISH. Teiraploid FCM; 4 spots with FISH. % In FCM distribulion {pie)
figures are the percentages of the tolal number of prostate nuclel analyzed. % In FISH ple
figures are the percentages of the total number of counted nuclel.

In uncultured celis of PC308, two stem lines (hypodiploid and diploid) were
detected by FCM, The hypodiploid population appeared to be absent after tissue
culture., FISH showad disomy for chromosome 1 in PC308, indicating that
chromasomes other than chromosome 1 were fost in these hypodiploid cells.

Nuclei from PC288, isolated from tissue culture after collagenase lreatment
{FISH-B), had the same ploidy distribution as those In FISH-C (see Table 2), Due to
the limiled quantity of tumor tissue available, all other tumors (diploid and aneuploid)
were analyzed after either explant culture or culture of collagenase treated celis,
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In Table 3, eight tumors that were aneuploid for chromosome 1 by FISH are
listed. The percentage of aneuploid nuclet in uncultured calls from this group was -
28.0 £ 15.0 and ranged from 13% (PC279) to 59% (PC281), After tissue culture
(samples FISH-B or C) the mean percentage of anauploid nuclei was significantly
(p<0.005) reduced (9.1 & 4.4%). This reduction ranged from 44% (PC292) to 85%
(PC281) of the original percentage of ansuploid cells {mean: 64.5 = 16.3%).

In Table 4, the number of hybridization signals found on metaphases In cultured
samples of one diploid (PC288) and four aneuploid tumors are listed. No metaphasss
were found on the rest of the FISH-B and FiSH-C slides. All metaphases obtained
from PC280 and PC288 were disomic, whereas PC279, PC281 and PC298 showed
a smal! number of monosomic and telrasomic metaphases. Trisomy for chromosome
1 was not seen.

Table 3. Chromosome 1 distribution by FISH in aneuploid tumors before and
after tissue culture,

FISH FCM?
PC | SAM % 2 % 3 % =4 % % % % %
NO | PLE® | SPOTS | SPOTS | SPOTS | LOSS® | HYP | DI- | TRI- | TE-
oDl | PL. | PL. | TRA-
PL PL.
279 A 87 5 0 89 o i1
B 93 3 38 - - - -
280 A 77 17 8 - . - .
B 88 7 5 52 - - - -
281 A 41 22 37 - - - -
B 91 7 2 85 - - - -
289 A 78 11 13 0 ag 0 11
B g5 3 2 79 - - - -
290 A 65 23 12 g 22 60 18
c 93 5 2 80 - - - -
202 A 82 15 3 69 22 9 0
Cc g0 9 1 44 - - - -
208 A 85 3 12 Y 92 0 8
c 96 1 3 73 - - - -
303 A 65 8 29 0 80 0 10
c 8z 7 11 49 - . . -
Notes

- = not done. 2Hypodipl.= hypodiploid; dipl.= diplold. tripl.= triploid; tetrapl.= telraploid.

* Samples FISH-A, -B and -C correspond with those in Table 1. ¢ % loss indicates the relalive
reduction of the number of aneuploid nuclei observed upon tissue cullure. It was calculated
from the total percentage of aneuploid nuclei (3 spots + >4 spols) according to the formula:

% FISH-A - % FISH-B or -C
percantage of loss= X 100
% FISH-A
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Table 4. Numbers of hybridizalion signals on chromosome 1 in metaphases of
cultured cells,

PC NO, N 1 SPOT 2 SPOTS 4 §POTS
278 13 3 8 2
280 17 0 17 0
281 11 2 8 1
288 i5 0 15 0
298 23 2 21 0

Figure 2 shows FCM and FiSH analysis of different samples of PC290. FCM of
uncultured celis demonstrated that this tumor had multiple stemlines. FISH {sample
FiSH-A) showed that this tumor was heterogeneous for chromosome 1. The ploidy
distributions of total DNA and of chromosome 1 did not correspond, however. After
collagenase treatment, 67% of the triploid and hypertetraploid cells were lost, Of
the remaining aneuploid cells, another 73% were lost during subsequent tissue
culture.

PC290
FGM-B
1 0.85-1.05
T4%
o1 2.4
‘% 0%
Of 1.45
Dk
ol 1.65
14%
PC290 PC290
FISH-A FISH-B
2 SPOTS
654

ST 4 9POTS 24
(T8 seors su

2 BPOTS 83%
4 SPOTS
12%

3 SPOTS
23%

Figure 2. Samples FISH-A (=FCM-A) and FISH-B from PC290. FCM-B is from a sample that
was collected after collagenase digestion, but before tissue cullure, DI= DNA index; Di=1=
diploid etc. Diploid FCM; 2 spols with FISH. Triploid FCM; 3 spots wilh FISH, Telraplold FCM;
4 spols with FISH. % in FCM dislribution {pie) figures are the percentages of the tolal number
of prostate nuclei analyzed. % in FISH pie figures are the parcenlages of the tolal number of
counted nuclel,
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DISCUSSION

In this study we show that FISH with a repetitive DNA probe for the .
pericentromeric region of chromosome 1 can detect the copy number of that
chromosome in freshly prepared nuclear suspensions from prostatic carcinoma
cells. This is in line with similar findings in studies of other solid tumors (Devilee at
al., 1988; Hopman et al., 1988, 1991, Gray and Pinkel, 1992; Poddighe et al., 1992},

Our most important observation was that the majority of the aneuploid cell
populations were undetectable In cultured samples from tumors that were clearly
aneuploid by FiSH as well as FCM in the original (fresh) preparalions. The apparant
negative selection for aneuploid cells occurred irrespective of the cuiture method.
This effect could not be demonstrated by FCM, because in cultured samples about
25% of the cells were in S and G2M phase (see Table 2; the percentage of aneupleid
nuclei in FCM of FISH-C samples and Figure 1: the FCM-C pie). Diploid cells in
G2M had a DNA content equal to that of (near)tetraploid cells In G1. In contrast, the
number of FISH signals did not change during the cell cycle, probably due to the
pericentromeric localization of the target DNA repeat sequences {Devilee et al.
1988; Hopman et al. 1989).

Several results emerged from the present study that could be common to
aneuploid PC. In tumors judged fo be tetraploid by DNA-FCM, the FISH resulls
always showed a substantial number of trisomic cells in addition to letrasomic cells
{PC279, PC289 and PC303). Secondly, no loss of chromosome 1 was detected in
hypodiploid tumors (PC292 and PC308). Thirdly, in aneuploid tumors always far
more disomic cells for chromosome 1 were observed by FISH than was {o be
expectad based on the total DNA, distribution {see Table 3).

While proliferation after collagenase digestion started after one or two days in
culture, only after about one week did cells begin to grow out from explants. The
relatively long cullure time of explant cuitures increases the possibility of overgrowth
by normal epithelial or stromal cells, and also collagenase digestion leads to the
elimination of many aneuploid cells, as we have shown before (K&nig et al., 1993).
Both these effects resuitin loss of aneuplold cells and/or enrichment of diploid cells
after culture. Negalive selective effecls of trypsinization have not been desciibed
for cultured prostatic cells. Overgrowth of fibroblasts was not likely to ocour in our
cultures, because the chosen combination of growth factors is known to restrict the
growth of stroma! cells (Peehl el al., 1988). Interestingly, the cultured cells had
epithelial morphology and showed antigen expression patterns characteristic for
prostate epithelium {manuscript in preparation). However, preferential growth of
normal (diploid) cells cannot be ruled out. Unfortunately there are no markers
available which can distinguish between normal prostatic epithelium and prostate
carcinoma cells. Peehl et al {1988} concluded that their tissue culture procedure
resulted in the culture of tumor cells, because proliferation of only a small fraction
of normal cells could never account for the plating efficiencies they observed.
However, the recurring observation of mainly disomic cells after tissue culture of
P specimens with large ansusomic ¢elf populations originally suggests a selection
in favor of disomic cells. Whether these cells are normal or tumor cells, cannot be
verified, because of the lack of markers to discriminate between these cell types.
The results of the present study indicate that during tissue culture important aneuploid
cell populations are lost, because they are not stimulated to proliferate in vitro.
Consequently, metaphase preparations of such cutiures will consist mainly, if not
exclusively, of diplold cells {see Table 4), Karyotyping studies of PC reported until
now are characlerized by a high percentage (73%]) of diploid karyotypes (Brothman
et al,, 1991; Lundgren et al., 1991). Based on FCM observations where around
50% of the cases showed aneuplioid cells (Lee et al., 1988; Winkler et al., 1988;
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Miller et al., 1991) it may be assumed that in at least 25% of the lumors with diploid
karyotypes aneuploid cell populations were missed because they did not proliferate
in tissue culture,

For FISH analysis tissue culture is not necessary, since this technique can be
performed on interphase nuclel, We have shown in the present study that FISH
with a centromare specific probe on PC specimens provides information on the
ploidy distribution of the tested chromosome which cannot otherwise be obtained.
We intend to expand the number of analyzed chromosomes per specimen in order
lo obtain a specific ploidy distribution patiern for each investigated tumor. The results
of this ongoing study will hopefully lead to a better understanding of the imporiance
of chromosomal loss and gain in the development of PC.
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ABSTRACT

Nuciear suspenslons of 42 prostale carcinoma specimens oblained ai surgery -
were used to invesligate loss and gain of chromosomes 1, 18 and Y by fluorescence
In situ hybridization (FISH) with centromere specific probes, The cutcome of FISH
analysis was correlated with clinical parameters and the relationship between DNA-
FCM (ploidy at cellular level} and FISH (ploidy of individual chromosomes) was
assessed.

Significant loss of chromosomes 1 and 18 was infrequent (respsctively 3and 5
cases), but 53% of the tested specimens showed loss of Y. Loss was not correlated
with DNA ploidy. _

Significant gain occurred in 36% (#1), 63% (#18) and 28% (Y) of the specimens.
Gain of chromosome 18 was shown in DNA diploid (7/14) and aneupioid tumors
{18/26), while gain of chromosome 1 and Y was nearly restricted to DNA aneuploid
specimens, Significant unbalance between these chromosomes occurred in 11
cases, Most cases which had significant gain of #1 or #18 showed trisomic as weli
as telrasomic cells, Simultaneous loss of some, and gain of other investigated
chromosomes is suggestive of clonal heterogeneity andfor multiclonalily, This was
observed in 8 tumors. .

Correlation between DNA-FCM and FISH was best for the Y chromosome. DNA-
FCM showed more aberrant histograms with increasing stage and grade of fumors.
The presence of numerical aberrations of the investigated chromosomes however,
seemed independent of clinical grade or stage.

INTRODUCTION

In prostate cancer (PC), investigation of chromosomal aberrations might provide
clues to the changes that play an important role in the origin and progression of this
tumor. Ciassical cytogenetic studias, which mostly made use of short term tissue
cuiture to obtain an adequate number of melaphase spreads have shown
chromosomal aberrations in only a minority of cases {1-5). Recurrert structural
changes were reported for chromosomes 1, 2 and 7 (p and q arm), 3p, 6p, 8p, 10q,
13q, 159 and 16q. Whole chromosome gain of #7, #14, #20 and #22 and loss of
one homolog of #1, #2, #4, #5 and Y were most common (for review, see ref 6).
However, most cases showed normal diploid karyotypes, probably due to selective
isolation and preferential growth of normal epithelial cells (7, 8).

An alternative method o study chromosomal abnormalities is by measurement
of the total DNA content of individual cells using DNA flow cytomeiry (FCM}, Unlike
cytogenstic analyses, such studles showed that most prostate tumors had one or
more aneuploid cell populations (9-12), which was associated wilh an unfavorable
outcome of the disease. The cytogenetic sensitivity of DNA-FCM is limited however:
numerical or structural changes of individual chromosomes remain undetected.

in the present study we used a third technique for the investigation of
chromosomal changes, namely fluorescence in situ hybridization (FISH) with
chromosome specific DNA probes (13), FISH has the advantage over classical
cylogenetics that tissue culture Is not needed, because signals can be detected in
interphase nuclei as well as in metaphases. Furthermore, the larger number of
cells that can be analyzed, allows the discrimination between random abnormalities
{which are frequently observed in karyotyping studies of PC (1, 2, 4)) and clonal
changes, We have shown before that FISH on fresh nuclear suspensions of PC
specimens is feasible (8). FISH studias with centromere specific probes invesligate
the copy number of particular chromosomes, to establish whether the chromosome
copy number is simply a reflection of the total ploidy (14), or an indication for gene
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loss, regardless whether a chromosome is lost (loss of one homolog), or gained
(chromosomal duplication driven by gene loss on one homolog). .

We report here the frequencies of loss and gain of chromosomes 1, 18 and Y.
The rationale for sludying these chromosomes was: 1) for #1 not only structural
abnormalities, but also whole chromosome loss and gain have been reported in PC
{for review, see ref.6), 2)in two separate sludles loss of helerozygosity {LOH) was
reported on the long arm of #18 (15, 16), 3) loss of Y was frequently found in PC (1-
3, 5, 17), sometimes even as the only aberration. The resuits of these studies were
correlated with tumor grade and stage and DNA-FCM.

MATERIALS AND METHODS

Jissue processing
Forty-two prostatic adenocarcinoma spacimans were studied, oblained at radical prostatectomy

{N=25), transurethral resection (TUR, N=13), or pelvic lymph nocde dissection (N=4). Suspacted
carcinoma tissue was excised and, whanever the amount of lissue alfowed, cut with sclssors
into lwo parts, Onae part was cul Into several smaller fragments, snap frozen in liquld nitrogen
and stored at -80°C for later use. To the olher part approximately 0.5 mi of phosphate
buffered saline (PBS) was added and the tissue pleces were further minced with a scalpel
into a suspension of small cell clumps and single cells. The clumps were discarded after
sedimantation for 3-5 min in 5 ml of PBS. The supernatant was cenlrifuged and the resulting
pellet washed and resuspended in PBS. From this cell suspension a sample was stored for
DNA-FCM. The rast of the cell suspension was incubaled with hypotonic solution (0.075M
KCI) for 10 min at 37°C and fixed In methanol/acelic acld {3:1). Fixed cells were stored in
methanol at -20°C until used for FISH. The above described procedure for lissue processing
and fixation of nuclei gave gocd results with both primary tumor tissue and lymph node
malastases. As nuclei from TUR lissue tended to coagulate In suspension, an additional
sedimentation step at unit gravity was performed with these preparations.,

Histology was taken from adjacent dissue, In belween the immediately precessed sample and
the sample for storage. From a paraffin seclion of each tumor, grade, stage and percentage
of lumor cells were assessed. The mean percentage of tumor cells in the seclions was 56.3
1 22.1% (range 25-95%). Specimens with less than 25% tumor cells were notincluded in the
study.

For control purposes, leucocyles were oblained from each patient. A sample of peripheral
blood in heparin was mixed with a 3% solution of high molecular weight dextran in saline (1
part on 2-3 parls of blood). The erythrocytes were allowed to sediment al unit gravity for 15-
30 min, and the leucocytes in the supernalant were washed once with RPMI medium by
centrifugation. The enriched leucocytes were then suspendeu in fatal calf serum with 12%
dimethylsulfoxide and stored in liguid nitrogen,

DNA-FCM procedure
Stored samples were processed for DNA-FCM as described (7). The ploldy of the different

peaks In histograms from tumor samples was calculated from their position, relative to the
G0/G1 peak (C-valus = 2)In a histogram of cultured normal diploid prostale fibroblasis. Diploid:
C= 1.9-2.2; hypodiplold Cs 1.8; hyperdiplold C= 2.3-2.7; lriploid: C= 2.8-3.4; tefraploid: C=
3.54.2, Tumors showing more than 10% of the nucisl to ba in the telraploid range, representing
diplold G2M phase cells as well as tetraplold {umor cells, were considered to comprise a
significant population of tetraploid tumor cells (7).

FISH procedure
The chromosome specific probes used were; PUC 1.77 (18), hybridizing lo SATIH repeals on

the pericantromeric hetarochromatin region of chromosome 1; L1.84 (9), hybridizing to alphold
repeais on the centromere of chromosome 18 and DYZ3 (20), hybridizing to SATII repeals
on the centromere of the Y chromosome,

Hybridizatlon and delection were performed as described by Pinkel el al. {21), with
modifications. In short, the probe was labeled with Bio-11-dUTP by nick translation. Slides
with fixed nuclef were preireated with RNase and postfixed with formaldehyde, Hybridization
of the probe to the nuclei (15 ng probe per slide) occurred during overnight incubalion at 37°C
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in a molsl chamber In 65% formamide. Siides were subsequenily washed in 60% formamide/
2xSSC (3x 5 min}, 2xSSC (3x 5 min) both at 40°C, followed by 3x 5 min in 0.1x8SC at 60°C,
5 min 2x85C and 5 min 4xS8C/0.05% Tween at 20°C. Delaction of hybridized sequences
was with Avidin-FITC (incubation: 20 min at 37°C), followad by biolinyfated goal “-Avidin
{incubation: 30 min at 37°C) and a second Avidin-FITC incubalion, Nuclei were counterstained
with propidium iodide In antifade solulion. The number of spots per nucleus, representing the
number of centromeric reglons of a respactive chromosome, was counted at 1250x
magnification on a Zeiss Axiophot fluorescence microscope equipped with a FITC filter
combinalion,

Evalualion and statistics

Dug to the limited amount of lissue available, hybridization with the probe for Y was not
possible with 10/42 specimens. In two specimens the hybridization with the probe for
chromosome 18 was not evaluable.

For the evaluation of FISH signals we used the criteria of Hopman el al. (22): a) nuclei should
be intact and should not overap; b) FISH signals within one nucleus should be completely
separated (split or paired spots should be counted as one) and of the same intensity. When
these crileria could not be met, such nuclei were excluded from counting, When more than
10% of the nuclel on a slide had to be excluded, the hybridization was repeated. When there
were more than 5% nuclel with one spol on a slide, the hybridization was also repeated. At
least 300 nuclel were scored per sample and per probe.

Aneusomy was defined lo be significant when the percentage of nuclei with numerical changes
differed from the average percentage in benign prostalic hyperplasia (BPH) specimens by at
least 2 times §.D. (see also Table 1),

Dependent on the number of nuclel counted, the Kolmogorov-Smirnov (KS) test {23) gives a
minimally required discrepancy percentage for two observations. When two obssrvations (in
this study counts of spois from probes of two different chromosomes} differed more than the
discrepancy percenlage, thase cbservations were considered stalistically significant.

Table 1. Values of BPH specimens oblained by FISH analysis

CHR N LOSS? CUT-OFF  NORMAL GAIN' CUT-OFF

% LOSS? COPY % GAIN?
NUMUOER'
1 i5 33125 8.3 93.743.5 2.813.3 9.4
18 12 24423 7.0 98.0£2.6 1.7¢1.0 3.
Y 11 09tl2 3.3 94.211.9 2.612.8 8.2

Noles

Atleast 300 nuclet were scored per chromoseme and per sample, | Allnumbers are percentages
+8.D. Loss: % 0+1 spot for #1 and #18, 0 spots for Y; Norma! copy number: 2 spots for #1 and
#18, 1 spot for Y; Gain: >2 spols for #1 and #18, >1 spol for Y. ? average + 2x S.D.

RESULTS

Freauency of chromosomal aberrations jn BPH specimens

The frequency of numerical aberrations of chromosomes 1, 18 and Y was
determined in BPH specimens in order to gain insight in: 1) the sensitivity of the
hybridization reaction for each probe and 2) to assess cut-off percentages for
significant gain and loss of each investigated chromosome.

Sensitivity was considered good for #1 and #18, and very high for Y (see Table
1, column headed loss). Extra spots (see Table I, column headed gain) were scored
with an acceptable frequency for #18 {range 0.3-3.5%), but the frequencies for #1
(range 0.8-12.7%) and Y (range 2.5-7.2%) were higher,

The distribution of hybridization spots in nuclei from BPH specimens was used
to calculate the cut-off values for significant gain or loss of each of the three
chromosomes investigated in PC specimens (see Table 1),
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Frequency of chromosomal loss and gain in PC specimens

Figure 1A and Table Il show the percentages of nuclei wilh less than two copies
(for #1 and #18), respectively Iass than 1 copy (Y), scored for each tumor individually.
The average percentages were 3.1 £ 2.9 (#1), 3.6 £ 3.2 (#18) and 7.9 £ 17.6 (Y).
Note that in one tumor the Y chromosome was entirely lost { PC320, see also Table
il). Since no loss of Y was observed in cultured peripheral lymphocytes of this
patient, this loss was considered tumor specific.

Chromosomae loss above cul-off lovel was infrequent for chromosomes #1 and
#18, as it occurred in only 3/42 tumors for chromosome 1, and in 5/40 tumors for
chromosome 18 {see Table Il). Significant loss of the Y chromosome however,
occurred in 17/32 tested specimens (53%) (see Table {l). Unbalanced loss, as
determined by the KS test, occurred in 4 samples. In each of these cases the Y
chromosome was involved. tn one case (PC320) also chromosome 18 was
underrepresented. Hypodiploid populations (by DNA-FCM) were not detected in
either of these tumors.

Tabls #i. Loss of chromosomes 1, 18 and Y using FISH

PCNR. % OF NULLI- MONOSOMIC NUCLEL FOR

TARGET CHROMOSOME
# #18 Y
202 8.3 4.8 11.2
288" 0.0 4.2 113
289 0.6 0.0 6.4
290 0.4 0.6 15.5
2895 0.7 14.2 ND
296 3.4 6.4 4.9
301 i3.3 9.4 ND
303 1.3 NE i1.2
308 0.8 0.7 3.4
320 6.2 9.5 100
329 2.4 4.4 9.2
342 2.0 2.9 3.7
343 8.0 3.8 4.1
3563 2.7 8.6 ND
359" 54 NE 15.2
360 3.5 3.2 4.6
371 6.5 2.8 5.7
384 1.0 1.4 72
395 6.3 7.3 7.2
396 3.0 1.6 4.9

Notes
! Unbalanced chromosome loss. Underiined percentagas are above cul-off value, ND= not

determined, NE= not evaluable. For DNA-FCM results of Ihese samples, see Table lil,
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Tabie lIl. Galn of chromosomes 1, 18 and Yand FCM results

% OF POLYSOMIC NUCLEI' FCM
PC NR. #1 #18 Y MAJOR OTHER
ANEUPLOID ANEUPLOID
POPUL2Z PoPUL.]
% c % c
285 7.0 110 6.9 7 g 0 -
288* 100 2.3 4.8 6 3.5 0 -
3014 2.8 9.3 ND 8 3.8 0
323 100 9.3 9.5 7. 35 ]
320 38 44 5.1 9 3.0 0
340 1.0 1.4 ND 7 3.4 0
344 0.1 0.4 1.0 2 34 0 -
352 1.1 2.0 1.8 6 29 ] -
353 7.3 57 ND 6 33 0 .
357 4.2 04 ND 7 3.0 0
360 0.3 3.4 8.7 3 36 0
382 1.5 4.0 4.2 0 - 0 -
389 8.3 135 0.0 9 3.9 0 -
395 20 0.9 4.4 4 38 0 .
256° 8.6 6.8 5.6 15 4,0 0
270 23.6 27.0 256 70 3.8 10 4.8
286 100 14.0 ND 1 3.6 0 -
269 199 187 11,3 8 3.6 3 4.4
303 338 NE 5.1 10 3.8 0 -
355 24.2 212 4.6 37 36 ] .
362" 28.4, 6.6 5.3 8 3.8 5 >4
384° 7.8 9.9 5.3 14 3.8 0 -
202 9.5 9.5 8.1 25 3.2 0
290 33.0 204 163 45 3.2 16 3.6
18 5.3
20145 320 333 28 38 3.1 29 5.4
208 3.4 6.8 9.1 8 2.9 38
318 5.8 3.2 ND 17 3.3 >4.2
320 2.3 23 15 3.0 -
342 2328 74 81 3.0 10 4.7
343 1.8 20 6.7 22 2.9 0 .
Notes

PC numbers are listed chronologically, but are grouped according to the main aneuploid
population detacted by FCM. ND= not determined, NE= not evaluable, Underined percentages
are above cul-off values, ' For #1 and #18: percentage of nuclel >2 spols; for Y: perceniage
of nuclel >1 spot.  and * Aneuplold P diploid {1.9-2.1 C); major population: with highest
percentage, 4 Unbalanced chromosome gain, * PC236 and PC301, respactively PC256 and
PC384, and PC295 and PC320 are lissue samples from the same patients, sequentially

oblained (see text).
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Table (I, continued

% OF POLYSOMIC NUCLE!' FCM
PC NR. #1 #18 Y MAJOR OTHER
ANEUPLNID ANEUPLOID
POPUL.? POPUL?
% c % o
351 12.8 10,6 12.0 34 3.4 0 -
354t 2.3 229 4.4 46 2.9 7 4.4
359 10.3 NE 5.7 29 3.4 3 >4
374 4.9 1.7 35 12 34 4.0
269* 18.1 23.0 10.8 59 2.2 24 1.7
3.6
5.8
292! 17.6 8.7 ND 69 1.8 9 3.5
295* 0.9 1.4 ND kE:! 1.5 10 3.9
3 3.2
306 6.8 .3 ND 77 1.8 3 3.5
308 7.2 4.7 66 1.7 4 3.4
344 40 7.8 ND 54 26 9 3.4
396 0.4 0.4 1.8 94 1.6-2.0 6 3.6
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Figure 1. A, Distribullon of percenlages of mono- respactively nullisomic nuclel for
chromosomes 1, 18 and Y. B. Distribulion of percentages of polysomlc nuclel for chromosomes
1,18 and Y. Open symbols: DNA diploid, cfosed symbols: DNA aneuploid. Solid lina: average

percenlage.
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Figure 1B and Table Il show the frequencies of polysomy of #1, #18 and Y in
the investigated tumors. Tabie Ill also shows the paercentages and C-values of the -
aneuploid cell populations, datermined by DNA-FCM. The average percentages
were respeclively 4.0 £ 3.6, 4.6 14.2 and 5.6 £3.0. Using the BPH values as a
reference (see above), we observed significant gain in 16/42 {38%) cases for
chromosome 1 and in 25/40 (63%) cases for chromosome 18, Significant gain of Y
was less common: 9/32 tumors (28%). Two diploid tumors each showed gain of #1
(PC288 and PC323) and Y (PC323 and PC360), while gain of #18 occurred in 7/14
diploid tumeors. In 7/32 tumors gain was homogeneous, i.e. all three chromosomes
showed significant polysomic populations (PC269, PC270, PC289, PC290, PC323,
PC342 and PC351). Significant unbalance between #1, #18 and Y, as determined
by the KS test, occurred in nine tumors (PC288, PC290, PC291, PC292, PC301,
PC342, PC344, PC354 and PC362). Populations of penta- and/or hexasomic nuclel
of »1% ware found in PC269, PC289, PC290 and PC291 for #1, PC269 and PC354
for #18 and PC269 and PC290 for Y (ses also Fig.20). in PC301 and PC353 {both
DNA diploid), loss as well as gain of #18 was found. Simultaneous loss and gain of
chromosome 1 was found in PC202, whereas simullaneous loss and gain of Y was
found in PC289, PC290, PC296, PC342 and PC360.

From four patients two tissue samples were obtained. From one of these the
samples were obtained from the primary tumor (PC256) and from a local recurrence,
34 months after radical prostatectomy {(PC384). FCM and FISH results of these
samples were comparable; in both samples an equal percentage of aneuploid cells
was present and chromosome 18 showed a population of polysomic cells. From
three olher patients a lymph node metastasis (I.M) and a sample from the primary
tumor at palliative surgery (TUR) were available. One of these patients showed a
high percentage of polysomy for chromosome 18 in the TUR material {PC301), but
not in the LM (PC2386), while FCM resulls were comparable in both samples. Another
patlent showed no difference with FISH, white FCM was different (PC295 and
PC320). The third patient showed complex, bt different FCM in both samples and
a profound dissimilarity with FISH (PC269 and PC291),

Correlation between DNA-FCM and FISH resuils

In 10/14 lumors which showed a diploid DNA-FCM histogram, significant
chromosomai aberrations were found (see Tables i and lit). One specimen (PC323)
showed polysomy for all three chromosomes. Significant chromosomal aberrations
were detected in 26/28 tumors that were aneuploid by DNA-FCM, In most aneuploid
tumers the percentage of aneuploidy, determined by DNA-FCM, was higher than
the percentage of aneusomic nuctei. This was true for all three chromosomas. Only
in two cases {PC362 and PC292) the parcentage of polysomy found for #1 was two
limes higher than the perceniage of aneuploid cells, as determined by FCM, This
was not found for either #18 or Y,

When polysomy of #1, #18 and/or Y was detected, in nearly ail cases trisomic
as well as tetrasomic nuclsi for #1 and #18, and di- and trisomic nuclsi for Y were
found, irrespective whethar the total DNA content was DNA-letraploid (PC236-384
in Table lll), DNA-triploid (PC202-371), or otherwise aneuploid (PC269-396). Figures
2A-D show the spot distributions of #1, #18 and Y for representative tumors with
different ploidy patterns. Six DNA histograms of PC specimens showed poputations
of hypodiploid cells (PC269, PC292, PC295, PC306, PC308 and PC396; see Table
i). PC295, PC308 and PC396 showed loss of a chromosome (ses Tabie if).

Figure 3 shows the relationship between the percentage of aneuploid nuclei
found with DNA-FCM and the percentage of polysomic nuclei found with FISH, The
correlation between DNA-FCM and FISH of #1 and #18 was about equal
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(respectively 0.531 and 0.528), but the correlation between DNA-FCM and polysomy
for Y was better {r = 0.78). All correlations were highly significant (p<0.0005).
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Relationship of stage and grade with numerical aberrations and ploidy

Aberrations of chromosomes 1, 18 andfor Y were equally distributed over all -
stages and grades, while with increasing grade or stage FCM showed more aberrant
histograms (see Tables IV and V}.

Table IV. Relationship between stage, numerical aberrations and ploidy

STAGE N % ABERRATION % ABERRATION FCM
FISH
Tt 0 - -
T2 7 86 43
T3 16 a8 63
T4 : 19 84 79

Table V, Relationship between grade, numerical aberrations and ploidy

GRADE N % ABERRATION % ABERRATION FCM
FISH
1 5 80 60
2 16 ' 88 50
3 21 86 84
DISCUSSION

We investigated the frequencies of loss and gain of chromosomes 1,18 and Y
by FISH and tha total ploidy by DNA-FCM in the sama nuclear suspension, obtained
from tissue of patients with clinically evident PC. These three chromosomes are
each, in one way or another, involved in the genetics of PC (see below).

Significant loss of chromosomes 1 and 18 was Infrequent, and was not correlated
with detectable loss of total DNA. Due to the high sensitivity of hybridization of Y in
BPH specimens, the cut-off value was very low, so 17/32 PC specimens showed
significant loss of Y. However, six of these tumors showed a loss percentage below
5%. The biologicai significance of such smali subpopulations (<5%) is presently
unknown; clonal progression is a possibility, but technical artefacts cannol be
completely excluded.

Significant gain of chromosomes 1 and Y was largely restricted to DNA aneuploid
tumors. Around one-third of the DNA aneuploid tumors showed gain of chromosome
1 or Y. Gain of chromesome 18 occurred in more than half of the cases, but ths cut-
off parcentage set through the results oblained with BPH specimens, was lowest
for #18. Furthermore, the presence of lrisomic cells together with tetrasomy for
chromosomes 1 and 18, was a common finding. Both the finding of minor polysomic
celi populations and the observation of trisomic and telrasomic cells {ogether in the
same tumor specimens, are in agreement with the generally accepted theory that
the genelic evolution of solid tumors which converges on repeated rounds of
tetraploidization and subsequent chromosome loss (24). Following this concapl,
minor fractions of celis which show gain of hybridization signals, are thought to be
a manifestation of the onsel of letraploidization of a tumor (25).

An explanation for the lower frequency of gain for Y could be that relative loss of
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one Y chromosome in a letraploid tumor ¢ell will result in monosomy for Y, thereby
making this cell indistinguishabfe from a diploid cell,

Simultaneous loss and gain of a chromosome in the same specimen, indicative
for heterogeneous changes, was rare for chromosomes 1 and 18 (respectively one
and two cases), and occurred in 16% of the cases investigated with the Y probe.

The correlation between DNA-FCM and FISH was less strong than expected,
Surprisingly, most DNA diploid tumors showed significant gain of one or more of
the investigated chromosomes. Apparently, already in diploid tumors additional
copias of especially chromosome 18 could be present, whithout being detecled by
DNA-FCM. On the other hand, an aneuploid DNA histogram did not imply the
presence of numerical aberrations for all three investigated chromosomes, Howaver,
as expected, with an increasingly aberrant and complex histogram, more of the
investigated chromosomes became aberrant,

The occurrence of numarical aberrations in the three invasligaled chromosomes
was independent of tumor grade or stage, nor was there a correlation between the
presence of aberrations in each individual chromosome and grade or stage (not
shown). Howsever, as expected, the DNA-FCM of a tumor was more likely to be
abnormal with increasing grade and slage.

At present two other studies report the detection of numerical chromosomal
aberrations with centromoere specific probes in PC (26, -27). The first study
investigated chromosomes 7, 17, X and Y on paraffin sections. Although this method
will lead to an underastimation of the number of in situ signals, due to the loss of
nuclear material (28}, aberrations were found in 5/11 investigated tumors. These
tumors were all of advanced stage or grade, with a large tumor volume. No details
wars presented on specific chromosomal absrrations found, but some hetercgeneity
with respect to different regions in the tumor area was reported. The other study
used cells obtained from tissue cuitures of 10 PC specimens. The copy numbers of
chromosomes 7, 8, 10, 16, 17 and 18 were assessed by FISH. Frequent losses
and gains were observed for all chromosomeas investigated. However, culturing
artifacts, caused by preferantial growth of subgroups of tumor cells, or even normal
cells (8), cannot be ruled out. Unfortunately, as demonstrated by the high
percentages of nuclei with 0 and 1 spol, the specificity of the hybridizations was
rather low, making it difficult to draw any definite conclusions from these data.

In bladder carcinoma, FISH studies (25, 29} have shown numerical aberrations
for chromosome 1 in 20-25% of the cases, and also In breast cancer aberrations of
chromosome 1 ware shown to occur (30). Cytogenetic studies on PC have shown
that chromosome 1, when aberrant, is most frequently struclurally rearranged (3, 4,
31). In PC cell lines, gain of chromosome 1 is also comininn (32-36). The relatively
common gain of chromosome 1 we reporl here, is in agreement with these results,

Cytogenetically, chromosome 18 was not shown to be nonrandomly or
spacifically affected in PC, but in two LOH studies loss of loci on the long arm of
chromosome 18 was reported in 3/7 {(15) and 2/12 (16) informative cases. Our data
showed that complete loss of one homolog was infrequent, but that gain was
common. Chromosomal duplication, driven by gene loss could be a possible
mechanism behind this cbservation.

Loss of Y is a recurrent chromosomal aberration in PC (1-3, 5, 17), sometimes
found as the sole anomaly. Also with in situ hybridization on paraffin sections some
PC's were shown to have loss of Y (27, 37). The frequency of 53% we found in the
present study is quile high, but could be blased by the low cut-off percantage derived
from the studies in BPH specimens, which served as a control, The loss of Y has
been described, not only in other solid tumors, bui also in benign and normal tissues.
So, on the other hand, loss of the Y chromosome may aiso refiect a general state of
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tissus hyperproliferation and as such may not exclusively be related to neoplastic
processes. :

The finding that gain of chromosomes 1 and Y was restricted to DNA aneuploid
tumors is not surprising, However, we have noexplanation for the almost consistent
finding of a higher percentage of disomic (monosomic for Y) cells in aneuploid
tumors than was to ba expected on the basis of DNA ploidy, Aithough applied on
the sama isolated cells, the sensitivity of the techniques appears to be different. By
FISH the percentage of aneusomic nuclei seldom reached 30%, while with DNA-
FCM the parcentage of ansuploid nuclel could be over 90%. This phenomenon
was observed before in PC and bladder carcinoma in comparative studies using
FISH and DNA-FCM (8, 22, 29}. A similar effect has been described recently in a
comparative study of cylogenetic and DNA-FCM data on bone and soft-tissus tumors
{38). In karyotyplcally abnormal tumors which were aneuploid, a tendency towards
DNA indices higher than the chromosomal index was reported. This was partly
sxplained by the assumption that in these tumors, which often had complex
chromosomal rearrangements, the size of some marker chromosomes probably
exceeded the size of normal homologs. This could aiso be the case for PC’s which
show moderate differences, but still cannot explain the large discrepancies found
in some highly ansuploid tumors.

The correlation between tumor ploidy and tumor aggressiveness has been well
eslablished (8-12). Recently, Lundgren et al (31) showed the association of the
presence of clonal chromosomal aberrations with an unfavorable outcome in PC
patients. In the present study we found that the presence of numerical aberrations
of the chromosomes we investigated was unrelated to tumor grade or stage.

in conclusion, the results obtained with FISH of only three centromere specific
probes, show significant aneuploidy in small subpopulations in a total of about 90%
of the investigated tumors. This is in contrast with FCM where 83% of the tumors
show an aneuploid peak. Both the results obtained with FISH and with FCM indicate
that cytogenetic studies of PC after shorl term tissue culture selectively have
produced Karyotypic data on the normal cell component of the tumor. Therefore, to
gain more insight into the cytogenetic composition of PC, FISH studies of all relevant
{parts of) chromosomes appears for the ime being the technology of choice.
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ABSTRACT

Fluorescence in situ hybridization {FISH) with centromere probes was used to -
investigate numerical aberrations of chromosomes 1, 7, 8, 10, 18 and Y in 46 prostate
carcinoma (PC) and 11 benign prostatic hyperplasia {BPH) samples. None of the
benign specimens showed any chromosomal aberration. 41/46 PC specimens
showed numerical aberrations of one or more chromosomes, All investigated
chromosomes showed numerical aberrations in al least 30% of the specimens,
gain being more fraquent than loss. Comparison of DNA-flow cytomatry and FISH
results showed that not only aneuploid lumors, but also most diploid tumors harbored
numerical chromosoma abefrations. Chromosome 10 was the most frequently gained
(65%), and Y the most frequently lost chromosome (14%). Nonmetastatic and
metastatic tumors differed significantly (p<0.05) in the numbar of copies for #7, 8
and 10, but not for #1, 18 and Y. These results suggest strongly that gains of
chromosomas 7, 8 and 10 are involved in PC progression.

INTRODUCTION

By cytogenetic analysis, structural and numerical aberrations of chromosomes
1,7,8,10, 16 andfor Y (1) were identified In aboul 25% of the PC's studied. However,
this figure is probably an underestimation of the true extent of the aberrations. This
is due to selective isolalion and preferential in vitro growth of nonmalignant prostale
epithelium (2, 3). The use of interphase cytogenatic techniques for characterization
of uncultured PC material has been slimulated by these findings. Application of in
situ hybridization with centromere specific DNA probes to fixed sections of PC has
shown numerical aberrations for chromosomes 1,7, 8, 10, 12, 17, 18, X and Y {4-
7). The finding of numerical aberrations in different chromosomes is not surprising,
since about 50% of the PC’s have an aneuploid DNA content (8). In the present
study we investigated numerical changes of chromosomes 1, 7, 8, 10, 18 and Y
using FISH with centromere spacific DNA probes on nuclear suspensions of fresh
lissue samples from 11 BPH and 43 PC patients. Selection of this chromosome
panel was based on evidence from the literature and previous studies (8-12} that
these chromosomes were possibly implicated in PC development or progression,
Study of recurring patterns of specific chromosomal aberrations might provide new
information about the genastic events involved in these processes.

The BPH specimens showed no deviation from normal diploidy, so consequently
the BPH results were used as a control. Based on this, significant chromosome
gains and losses in the PC samples could be analysed. Possible correlations with
clinical paramelers and ploidy as determined by DNA flow cylometry (FCM) were
investigated.

MATERIALS AND METHODS

Tumor tissues
Eleven BPH specimens were sfudied, obtained at transurethral resection (TUR) or

prostatectomy for BPH. The mean age of the BPH patients was 72.415.6 (range 64-80 years).
Forty-six PC specimens, from 43 different patients were studied, obtained at radical
prostateclomy {15 specimens), TUR (26 specimens}, or pelvic lymph node dissaction (5
specimens). From one lymph node specimen (PC295) a cell tine emerged after xenografting
on nude mice, Tissue from this cell line at mouse passage 4 was used instead of the original
lissue, The mean age of the PC palients was 66.7£10.5 (range 49-93 years). The percentage
of tumor cells present in the lissue specimens was assessed from paraffin saclions of adjacent
tissue, Only specimens with more than 50% tumor celis were included in the study.

From 23 patients delailed clinical data could be oblained (Table 1). Twelve palients were
lymph node negative {nonmetastatic), and 11 were node positive (melaslatic) at the time of
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first surgery. Three patlents had organ confined disease (T2N0), whereas 4 tumors showed
periprostatic spread (T4), The remaining 16 patienis showed extracapsular extension of the
tumor {T3N0O) and/for had positive lymph nodes (N+, TNM system for PC 1992 (13)). Three of
these tumors were well dlfferentiated (G1, all from primary tumors obtained at radical
prostatectomy), 10 were moderately differentiated {G2) and in 10, poorly differentiated {G3)
areas were found. From three palients {cases 4, 5 and 10) two consecutive lumor samples
were obtained, The second sample of case 4 was oblained from a local recurrence, diagnosed
37 months after radical prostatectomy.

Table 1. Detailed clinical data, FCM and FISH results from 21 patients

case [ pc | ms | ¢ | tamar | Fu+ | sTATus | FCM ANEUSOMIES t
NR | suE SURGERY
1 2021 TUR | 2 | TanaMo | 52(d4) o A | prp7.PEPIOPB
M1,M7 M8 M0
2 236 | 1M 3 | Taname | sow) ON o |Pio
3 244 | LM 2 | Tanamo | s6(0) A | Pr.PepiOP1S
4 256 P 2 | vawmo | s3en T | Papi0P,i8
MB,M10.M18
384 | TUR T | Pi.P7.PBPIOPIE
|z
5 260 | LM 3| Tawmo | 150 0 AH | P1,P7.PBP10,P18
21 | TUR A | P1.PePIOPIE
110
6 2ra | o | a3 | ToNsMm2 | 170) D T | P1.P7.PBRIOPIGP
Y
7 268 P 2 | Tanomo 40 NP p | P1PaPI0
MB MY
289 P 3 | vanomo | 1s(s A | piprpis
9 260 2 | TaNomo | 3s(3%) A | Prrr.PeP1OPIE
HB,MIOMY
10 o295 | 3 | TiNxMO 9(0} D AH | PBPID
M M1BMY
320 | TUR A | P10
M7 MBM10,MY
1 206 | TR | 3 1 Tanamo | 130 p A | Papis
M8
12 | aa P 1| Tenomo 30 NP o |-
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Table 1, continued. Detailed clinical data, FCM and FISH results from 21 palienis

13 1342] P } 1] Tanomo 29 NP A $1,P?.P8,P‘:0.P18,P

14 Jaa | p {2 | Tanomo 29 NP A |-

15 |as2] p | 2 | Towoma 17 NP D {ms

16 354 P 3 TINOMO 26 NP A P7,P8,P10,P18

17 |32 P | 3 | TanNomo | 23(19) p A | PiPaPi8
M18

18 [371 ] TUR | 2 1 TiNxMO | 40(0) D A

19 |ss2]| p 1 | Ta2NOMO 19 NP D

20 [aso| P | 2 | Tanomo 20 NP D | P7.P10,Pi8
M7,M10

21 13957 p | 2| Tanomo 18 NP D | Mia MY

22 400 | TUR | 3 T4NxM2 25{0) D NE -

23 420 ] TUR § 3 T2NxM0 13(0) P NE P10
M1,M10

Notes

P= primary tumor, TUR= trans urethral resection, LM= lymph node metastasis, G= tumor
grade, Nx= one or more positive lymph nodes, FU= totai follow up time In months, NP= not
progressed, P= progressed, D= deceased from PC, DN= deceased, not from PC, D= diploid,
T= tetraplold, A= aneuploid, AH= hypodiplcid aneuplold, NE= not evaluable, * Time lo
progression, when appropriate, in brackets. t P= polysomy, M= monosomy or nullisemy; P
and M percentages al or above cut-off percentage for each chromosome as specified In
Table 2,

Tissue processing and sample preparation

Suspected benlign hyperplasia or carcinoma tissues were exclsed and cutinto several smaller
fragments, snap frozen in liquid nitrogen and slored at -80°C. For isolation of cells from
lissue, approximately 0.5 ml of phosphale buffered saline (PBS) was added lo a thawed
specimen. Subsequently, the tissue pieces were minced with a scalpel inlo a suspension of
small cell clumps and single cells. The clumps were discarded after sedimentation for 3-5 min
in 5 ml of PBS, The supernatant was centrifuged and the resulling peltel washed and
resuspended In PBS,

The cell suspension was Incubated with hypotonic solution (0.075M KCI) for 0 min at 37°C
and fixed in methanolfacetic acid (3:1). Fixed cells were stored in methano! at -20°C unlil
used for FiSH. The above described procedure was adequale for tissue processing and
fixatlon of nuclei from both primary tumor tissue and lymph node melastases. As nuclei from
TUR lissue tended {0 coagulale in suspensicon, an additional sedimentation step at unit gravity
was necessary for these preparations.

FCM procedure
Samples were processed for DNA-FCM as described (3). The plofdy of the diffarent paaks in

histegrams from lumor samples was calculated from thelr posilion, relative to the GO/G1 peak
{C = 2} In a histogram of cullured normal diploid prostate fibroblasts, Diploid: C= 1.8-2.2;
hypodiploid C< 1.8, hyperdiploid C= 2.3-2.7, triplold: C=2.8-3.4; {efraploid: C= 3,54.2, Samples
had a significant tetraplold cell population when the tetraplold peak, representing diploid G2/
M as well as letraploid tumor GO/G1 nuclel, contained more than 10% of the nuclei.

FiSH procedure
The chromosome specific probes used were: PUC 1.77 for chromosome 1 {14); p7t.1 for

chremosome 7 (15}, D8Z2 for chromosome 8 {16); D10Z1 for chromosome 10 {17); L1.84 for
chromosome 18 (18) and DYZ5 (Amprabe, Amersham) for the Y chromosome.
Hybridization and detection were performed as described before {2). Hybridization of the
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biotinylated probe (15 ng per slide} to the nuclei occurred during overnight incubation at 37°C
In a moist chamber in 65% formamide for #1, 18 and Y and in 60 % formamide for #7, 8 and
10,

Evaluation and statislics

For the evaluvation of FISH signals we used lhe crileria defined by Hopman et al. (19); a}
nuclei should be intact and should not overlap; b) FISH signals within one nucleus should be
cormpletely separated (split or paired spots should be counted as one) and of the sama intensity.
When thess criteria could not be met, such nuclei were excluded from counting, When more
than 10% of the nuclel on a slide had to be excluded, the hybridization was repealed, When
there were more than 5% nuclel wilh one spot on a slide, the hybridizalion was also repeated.
Al least 300 nuclei were scored per sample and per probe.

In mixed tumor-normat samples small aberrations will not be detectable when the percentage
of non-tumor cells Is too large. To compensate for this helerogeneity, only tumor samples in
our sludy which contained more than 50% tumor cells were electable for this study. So,
depending on the cul-off percentage (ranging from 5-9%, {see Table 2)), aberralions occuming
in as fow as 10% of the tumor cells could siill be detected,

For each chromosome In each specimen the average number of copies (ANC) was calculated
(total number of spols counled/ tolal number of nuclel counted). Consequently, an ANC of
0.90 for Y means that 10% of the nuclel in a tissue sample show no signal; an ANC of 2,15
means that a maximum of 15% of the nuclel show gain of one or more signals. The Kruskal-
Wallis test was used o tes! the relalion between the ANC and clinical stage (11).

RESULTS

BFH specimens
For the 11 BPH specimens investigated the ANC's for each investigaled

chromosome were very narrowly distributed around ke diploid values (Table 2).
The ranges found were 1.93-2.05 (#1), 1.94-2.03 {#7), 1.93-2.04 (#8), 1.96-2.05
(#10), 1.98-2.05 (#18) and 0.97-1.07 {Y).

Loss of signals as well as exira spots were generally scored with low frequency.
Only the Y chromosome showed a relatively high mean (4.4%) for extra spots scored.
Since no evidence for numerical abnormalities of the investigated chromosomes
was shown, BPH could be considered a diploid control. Thus the BPH resulls were
used to assess cut-off ANC's (Table 2). Significant gain and loss {further referred to
as gain and foss) of the investigaled chromosomes in PC are defined as respectively
at or above cut-off ANC for gain and at or below cut-off ANC for loss.

Tabie 2. Combined resuits of FISH analysis of 6 centromere probes in 11 BPH
specimens

CHR | LOSS OF SIGNALS * | EXTRA SIGNALS e ANC
mean % CuT mean % cut mean £ 8D CUT OFF §
t S0 OFF % 8D OFF

$ % ¥ GAIN LOSS
1 3.5¢2.4 8.3 21114 5.0 1.98£0.03 2.08 1.80
7 2.412.1 6.6 2.411.0 5.0 2.0010.03 2.08 1.91
8 1.2:2.5 8.2 1.821.0 5.0 1.9910.03 2.08 1.90
10 2.642.2 7.0 1.841.3 5.0 2.0010.02 2.06 1,94
18 1.231.1 5.0 2.241.6 5.4 2.0110.02 2.07 1.95
Y 1.0£1.3 5.0 44423 9.0 1.0310.03 1,42 0.94

Notes

CHR= chromosome. ANC = average number of copies, * Loss of signals: percentage of <2
spots for #1, 7, 8, 10 and 18, <1 spot for Y. § Exlra signals: percentage of >2 spols for #1, 7,
8, 10 and 18, >1 spot for Y. 1 cut off percentage = mean + 2x SD, at least 5%. § cut off ANC
for galn = mean ANC + 3x SD; cul off ANG for loss = mean ANC - 3x SD,
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PC specimens

Detailed data per specimen and per chromosome are listed in Appendix I
Significant numertcal aberrations were detected for all six investigated chromosomes.
Gain (trisomy and tetrasomy combined, occasionally penta- and hexasomy) was
more common than loss (mono- and nullisomy). Gain was highest for #10 (64.7%)
and lowest for Y (16.3%). Loss was highest for Y (14%) and lowest for #7 (2.6%). In
melastatic tumors more aberrations were detected than in nonmetastatic fumors.
Five tumors did not show any abnormalities, while in 24 tumors one or more
chromosomes showed simultaneous gain and loss. This resulted mostly in normal
values for the ANC.

Chromosome 1

The results for chromosome 1 showed gain in 37.8%, but loss in less than 10%
of the tumors (Figure 1), Two cases (PC202 and PC302) showed simultaneous
loss and gain. In metastalic lumors gain was more fraquent than in nonmetastatic
lumors. Loss was found only In two metastatic tumors (PC295 and PC420). Polysomy
was seen in all stage groups irrespactive of long or short survival time of the patient
{Table 1). Stalistics did not reveal any correlation of numerical aberrations with
increasing stage, metastalic disease or tumor site (Table 3).

Chromosome 7

Numerical aberrations of chromosome 7 were observed in 41% of the tumors,
While only one tumeor {PC320) showed loss, gain was seen in 38.8% of the tumors.
7 umors showed simultanecus loss and gain. Galn of #7 was more frequent in
metastatic lumors and a significant difference betwsen the ANC's of nonmetastatic
and metastatic tumors was found (Figure 1). However, high percentages of polysomy
were observed in two patients that were >2 years disease free (PC290 and PC342,
Table 1). The ANC's of radical prostatectomy specimens and lymph node metastasis
{L.M) specimens were significantly different (Table 3).

Chromosome §

The copy number of chromosome 8 was shown lo be aberrant in 51% of the
tumors, Gain of #8 was more frequently found In melaslalic tumors, while loss
occurred more often in nonmetastatic tumors (Figure 1). 7/10 tumors with loss also
showed gain. 4/5 LM showed high percentages of polysomy (PC244, PC269, PC270
and PC295, Table 1). All these patien!s died within 2 years, However, also in one
specimen from a >2 years disease free patient (PC342} a high percentage of
polysomy was found. High percentages of monosomy were observed in two lymph
node positive T3 tumors (PC256 and PC352). Significant differences in ANC values
were found between nonmetastatic and metastatic {umors (Figure 1), between radical
prostatectomy and TUR specimens and between radical prostatectomy and LM

specimens (Table 3).
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Flgure 1. Percenlages of gain and loss of chromosomes 1, 7, 8, 10, 18 and Y in respeciively
nonmetastallc, metastatic and all PC specimens. For chromosomes 1 and 18 all investigated
fumor specimens could be evaluated, l.e. 15 nonmetastatic and 31 metastalic specimens.
For chromosomes 7, 8, 10 and Y respactively 14, 14, 11 and 15 nonmetastatic and respectively
25, 29, 24 and 29 melaslalic specimens were avaluable. Positive percentages (standing
bars) represent gain, negative percentages (hanging bars) represent loss,

Chromosome 10

Gain of #10, the most frequently found numerical aberration (64.7% of the tumors)
correlated with metastatic disease {Figure 1). Significant loss of #10 occurred in
only one metastatic tumor (PC479). However, concurrent loss and gain of #10 was
found in another ten tumors. ANC values tended to increase with stage (p=0.05),
but showed no relation to the survival time, The ANC's of LM were significantly
higher than those of radical prostatectomy specimens, but were not different from

TUR values (Table 3),

Chromoseme 18

Gain and loss of #18 were about equally frequent in nonmetastatic and in
metastatic tumors (Figure 1). High polysomy percentages were presentin all stage
groups, the highest values being found in patients with short survival (e.g. PC269,
PC270 and PC291, Table 1), Statistics did not reveal any correlation of numerical
aberrations with tumor site (Table 3).

Y chromosome )
Aberrations of Y, equally divided between loss and gain, did not correlate with

any clinical parameter (Table 3), although the frequency of loss was higher in
metastatic tumors (Figure 1}. Only two cases showed simultaneous loss and gain
(PC280 and PC332}. The mean age of PC patients with a2 lumor that showed loss
of Y was 65.4113.2 (range 54-86 years, N=7). The mean age of patients without Y
loss was 67.0£10.2 {range 49-93, N=36),
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Table 3. Correlations of ANC values per chromosome with tumor site

CHROMOSOME P-VALUES
RP/TUR * RP/AM TUR/LM %
1 0.81 0.41 0.24
7 0.09 0.04 0.29
8 0.03 0.04 0.12
10 0.08 0.03 0.26
18 0.91 022 0.34
Y 0.48 0.54 0.38
Notes

Kruskal-Wallis test, P values in bold type indicate statistical significance. * radical prostatectomy
versus TUR. t radical prostatectomy versus LM, § TUR versus LM,

DNA-FCM compared with FI1SH results of PC patients with follow-up and staging

data

Of the 24 spacimens, investigated both by FISH analysis and DNA-FCM, 7
tumors were DNA dipfoid, 3 were telraploid and 14 were ansuploid (Table 1). 6/7
DNA, diplofd tumors occurred in node negalive palients, while the three tetraploid
tumors were all from node positive patients, Ansupieid tumors were found in palients
that were at least node positive or staged T3, except case 13 (T2NQ).

Investigated with FISH, five tumors did not show any numerical absrration, Two
of these tumaors were diploid (PC341 and PC382) and two were aneuploid (PC343
and PC371). The fifth, PC400, was not evaluable by FCM, All other tumors showed
numaerical aberrations of one or more chromosomes. The average number of aberrant
chromosomes in diploid tumors was 2.0+2.2 and in aneuploid and tetraploid tumors
together was 4.7+2.3. Chromosome gain was most prominent in highly DNA
aneuploid tumors (PC244, PC268, PC270, PC290, PC291, PC295, PC342 and
PC354). Tumors with hypodiploid cell populations could show chromosome loss
{PC295), or not (PC269). However, also lumors which did not show hypodiploid
cells with FCM {(e.g.PC202, PC256 and PC290), showed loss for more than one
chromosoma,

Cases with multiple speclmens

PC256 and PC384 (case 4) showed a DNA hislogram with about the same
percenlage of tetraploid cells (Figure 2). FISH showed numarical aberrations for all
investigated chromosomes in both specimens, but loss of chromosome 7 and gain
of chromosome 10 were more pronounced in the second sample PC384.
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The two samples obtained from case § (PC269 and PC291) displayed a profound
dissimilarity in FCM results, with different proportions of different DNA content (Figure
2). With FISH all investigated chromosomes showed numerical aberralions in both
samples. While polysomy of chromgsomes 1, 8 and aspecially 18 was far more
extended in PC291, in PC269 chromosome 10 was more polysomic than in the

second sample.

The two samples obtained from case 10 were also heterogeneous with respect
to FCM resuits. In the TUR {PC320, sample contained 80% tumor cells), a Wriploid
stemline (3.0C) was found, while in a sample from the xenogratited cell line {PC295),
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which consequently consisted axclusively of tumor cells, a hypotetraploid {3.7C)
and a hypodiploid stemline (1.4C) wera observed (Figure 2). The histograms of the -
FISH results showed however that these tumors were clearly related: both samples
showed polysomy for chromosomes 8 and 10 and loss for more than one
chromosome. Losses were more extensive in PC295 than in PC320, except for Y
which was completely lost in PC320 and only partly lost in PC295.

DISCUSSION

In the BPH samples tested essentially no numerical aberrations were detected
for the six chromosomes investigated. These results are in contrast with the report
of Aly etal (20}, who found loss of Y and gain of 7 in several cultured BPH specimens.,
Based on our findings we assumed that occasional BPH cells would not contribute
to any chromosomal abnormalities found in PC specimens.

DNA-FCM studies on about haif of the tumors showed that the frequency of
DNA aneuploidy increased with increasing tumor stage. Combined FISH and DNA-
FCM showed that, as expected, the majority of aneuploid tumors had numerical
chromosomal aberrations. It was however also shown that most diploid tumors
also had one or more numerically aberrant chromosomes. This can be explained
by the fact that only chromosomal aberrations which comprise more than 4% of the
total amount of DNA can be detected with DNA-FCM. No chromosome seemed to
be specifically aberrant in DNA diploid tumors.

41/46 PC's showed numerical aberrations of one or more chromosomes of the
six chromosome panel. All investigated chromosomes individually showed numerical
aberrations in at least 30% of the specimens, and gain was more frequent than
toss. Gain of #10 was the most frequent numerical aberration found (65%),
chromosome 8 was the second most frequently gained chromosome (44%) and
chromosomes 1, 7 and 18 showed gain with a frequency between 35 and 4G%. The
Y chromosome showed the lowest frequency of gain {(16%), but the highest frequency
of loss {14%).

Gain of chromosomes 7, 8§ and 10 correlated with melastatic disease. Moreover,
the ANC of #10 was significantly higher in advanced tumors. Gain of #10 in PC has
been reported before (10}, and deletions of part of 10q have been raported in
cytogenetic (1, 21} and LOH studies (10, 22-24). However, the association of
chromosome 10 aberrations with metastatic disease is a new finding.

in a previous study we waere the first to suggest that 8p deletions are possibly
important aberrations in PC (25). Since then, 8p delstions have been reported in
sevaral cytogenetic studies of PC's (1, 10, 26-28). Recendly the importance of loss
of #8p sequences in PC and the putative presence of at least two tumor suppressor
genes on 8p has been established by several LOH sludies (26-31}. The deletions
that were found by LOH mapping quite often spanned most of the 8p arm and
sometimes involved the centromeric region. In tha present study loss of #8 was
seen primarily in nonmetastatic tumors, whife in metastalic tumors gain was more
prominent.

Deletions of 7q are amongst the first aberrations reported in PC (1). Gain of #7
has been found in cytogenetic {5, 21, 22, 32) and FISH studies {10, 11, 33, 34). In
agreement with our findings, Bandyk et al.(11) observed that gain of #7 was
significantly increased in PC metastases compared to primary tumors.

Loss of chromosomes 7, 8 and 10 was observed mostly simultaneously with
gain in the same tumor samples, which is suggestive for heterogeneity in such
tumars. In fact, chromosome 8 caentromere gains and losses were shown to exist in
different areas of the same tumors (5). Loss of (part of} a homolog followed by
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multiplication of the other homolog is one possible mechanism through which these
numerical absrrations could be generated. Another mechanism could be the
formation of an isochromosome, followed by a nondisjunction event. This has been
suggested as an explanation for the simultaneous loss of 8p and gain of 8gq {27). In
a recent comparative genome hybridization study of PC it was reported that loss of
8p and gain of 8q occur frequently, but thal gain of {the whole) 7 and loss of 10q are
infrequent observations (35).

Chromosome 18 likewise showed simultaneous loss and gain in most tumors,
suggesting similar possible mechanisms as stated above. The percentage of
numerical aberrations of #18 however, did not correlate with metastatic disease.
Moreover, we have reported before that DNA diploid PC's, which mostly are early
tumors, often already show gain of #18 (12), So numerical aberrations of #18 are
likely to be an early event in PC. In fact, recently allelfc losses of 18q were reporied
in 6/20 early stage PC's (36). It will be of interest {0 investigate if #18 aberrations
are already present in the preneoplastic prostatic intraepithelial neoplasia (PIN)
lesions.

Aberrations of both #1 and Y also did not correlate with metastatic disease.
Furthermore, simultanaous loss and gain were only rarely observed. Praviously we
described (12) thal gain of #1 and Y was largely restricted to DNA anauptlold tumors
and this finding was confirmed in the present study. Y loss.in the tumor did not
correlate with the patients age. So alternalive mechanisms, like multiplication through
tetraploidization of the whole genome (37), or loss of Y as a reflection of a general
state of hyparproliferalion (38) are more likely explanations for the aberrations found
for these chromosomas.

Comparison of two consecutive samples from the same patients revealed similar
rasuits with FCM in only 1/3 cases. However, FISH analysis of these specimens
revealed clear evidence of karyotypic evolution towards a more aberrant karyolype,

The present report has substantiated the value of centromere FISH as a means
to look at the ploidy of individual chromosomes in prostate cancer tissue. Numerical
aberrations were found for all six investigated chromosomes and no doubt most
other chromosomes, when eventuaily invesligated, will also show numerical
aberrations in at least part of the PC's, The most important finding was however,
that combined with clinical data, gains of chromosomes 7, 8 and 10 were shown to
be definitely involved in the progression of PC. This not only substantiales the
postulated presence of tumor suppressor genes on 8p, but also justifias renewed
interest in the commonly deleted regions on 7q and 10q (1).
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Appendix |
Average number of copies of investigated chromosomes per tumor sample.

l.Non-metastatic tumors

PC NR ANC #1 ANC #7 ANC #8 ANC #10 ANC #18 ANCY
256¢ 2,05 1.95 1.92* 2.0 2.02* 1.02
285 2,08 2.01 NE NE 2,11 1.08
288 2,11 2.00 1.95° 2.17 1.99 0.94
280 2,49 2.46 2,31° 2.16* 2.26 1.02*
3413 1.98 2,02 1.99 1.9% 1.97 1.04
342 2,32 2,38 2.51 2,12 2.17 1.22
3431 1.93 1.99 1.97 2.00 1,098 0,97
352 1.97 2.04 1.90 NE 1.96 1.01
354 2,03 2.14 2.09 211 2,35 1.02
362 2.29 2.02 2.11 2.05 2.03* 1.08
382 20 2.05 1.95 2.00 2.01 1.03
389 2,05 202 2.00 2.09* 2,12 1.08
395 1.95 1.83 2.03 1.97 1.94 0.91
432 1.96 $.98 1.79 NE 1.99 1.01
435% 2.04 NE 2.02 NE 2.04 1.08

97



Chapter 6

Appendix |, conlinued. Il.Metaslatic tumors

PC NR ANC #1 ANC #7 ANCH#8 | ANCH10 | ANG#18 ANC Y
202 2.03° 207 1.98¢ 1.95 2.08 0.97
236 2.04 2.06 2.02 212 1.99 1,01
244 2.03 2.37 2.31 2.34 235 0.98
262 2,08 2.08 NE 202 197 NE
2691 2.24 217 2.24 230 2.4¢ 1.11
270 2.30 2.28 2.80 2.44 236 1,26
289 2.28 212 1.94 2,03 2.29 1.06
201 2.42 2.7 230 | 208 2.53 1.02

2951 1.80 NE 2.60 271 1.64 0.72
206 2.01 2.06 2,11 NE 2,02* 1.05
302 2.06* 2,03 2.1 2.21¢ 217 0.99
3201 1,97 1,90 2.04° 211 1.93 0
324 2.04 2.08 203 | an 1.94 0.21
332 2.07 NE 1.99* NE 1,98 1,05
151 2.20 2.52 2.34 2.51 212 1.11
353 2.09 2.28 NE 236 1.99° NE
355 2.37 2.09* 2.12* 2.10 2.20 1.03
366 2.28 235 213 223 2.14° 0.79
371t 2,00 2,04 1.99 203 2.00 0.98
3841 2.16 197 213 2.23 212 0.97
392 2,00 2.07 2.00° NE 201 1.01
4001 1.94 2.06 1.95 NE 2.0 1.02
403 1.98 2.04° 2,07 2.03* 1.98 1.08
405 2.04 NE 2.09 NE 1.98 1.15
417 1.95 NE 2,17 NE 2.05 1.02
418 2,03 2.48 2.27 2.21 2.49 1.03
420 1.90 NE 2,06 2.14* 1.98 1,00
449 2.18 2.21 2.09 NE 2.03° 1.27
461 2.01 NE 2.03 2,08 2.01 0,92
465 2.26 2.18 2.33 2.14 2.18* 1.23
478 1.96 1,084 1.89 1.85 1.90 1.00

Notes

NE= not evaluable. Bold figures; significant gain or loss. * : simultaneous significant gain and
loss. T specimen from double sampled patient. 1 specimen withou! chromosomat aberrations
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ABSTRACT

The cytogenetic evolution of the prostatic adenocarcinoma cell line LNCaP was -
investigated during long term in vitro culture. Study of five different sublines
demonstrated that the original karyotype was weli preserved In all sublines, with
respect to the chromosome number as well as to the primary markers. All sublines
showed additional, subline specific secondary marker chromosomes. Comparison
of these markers in androgen responsive and nonresponsive sublines showed
rearrangement of the short arm of chromosome 8 in both nonresponsive sublines.
The breakpoints were in 8p21 and 8p23, respectively, resulting in deletion of the
8p23 pter region in both sublines. In contrast, the hormone responsive sublines did
not show any aberrations in chromosome 8. Review of published karyotypas of
patients and cell lines seems to support our finding of partial delstion of 8p in
androgen nonresponsive prostate tumor cells.

INTRODUCTION

The study of chromosome abnormalities in cancer, first in feukemia and in the
iast decade in an increasing number of soiid tumors, has reveatad thal chromosome
aberrations can be important fo diagnosis as well as to the prognosis of a number
of human tumors. in many tumors specific chromosomal aberrations have been
identified which seem to be unique to that tumor [15]). The cylogenetics of urogenital
solid tumors has advanced greatly through the improvement in cylogenetic
techniques. This has resulted in the definition of specific chromosomal
rearrangemaents in bladder (9}, kidney [14]) and testis tumors [11). In prostatic cancer
however, cytogenetic reports about patient malerlal are still anecdotat [1, 2, 10]
and so far there is only preliminary evidence concerning the involvement of the
long arm of chromosome 10 In PC [1, 2, 8, 10, 21). in the presant study we
investigated the evolution of chromosomal abnormalities in the PC cell line LNCaP
[8, 16). During long term in vitro culture several sublines wera derived from the
parental cell line. These subfines arose at different times and sometimes under
specific selective conditions [13, 16). They differed in thelr response lo the addition
or depletion of androgens in the cullure medium {33}. This study investigated any
cylogenelic characteristics which might distinguish between the androgen responsive
and nonresponsive cell lines,

MATERIALS AND METHODS

Cell lines

The LNCaP (Lymph Node Carcinoma of the Prostate) - FGC (Fast Growing Colony) cell line
as well as LNO (Lymph Node Original) and LNO-DHT {grown in the presence of
dihydrotestoslerone) were established at the Roswell Park Memorial Instilute [16]. LNO was
eslablished at an early passage number of LNCaP by growing cells continuously in medium
depleted of androgens, The scheme in Fig, 1 shows the relationship between the various
sublines used in this study. FGC in this scheme is the telraploid line as described by Gibas et
al, [8]. The suffix “GJ” was chosen to discriminate in this diagram between the original FGC
and tha cell line presently in cullure at our Instilute. in the rest of this paper it will be referred
to only as FGC. LNCaP-EM is identical to FGC at a very early passage number. LNCaP-R
(Resistant} {13] sponianeously arose from LNCaP-FGC and was Kindly provided by Dr.
Hasenson (Karolinska Instilute, Sweden). LNCaP-JB arose sponlanecusly also from LNCaP-
FGC at the Blochemical Depariment of the Unlversity of Rotterdam.
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Fig.1. Schemaltic prasentation of the dervation of sublines of the LNCaP cell line.

Cell culture and cylogenatic methods
All cell lines were cultured in thelr respective optimal medium according to a culluring schedule,

adapted to each indlvidual cell line. FGC, JB, EM and R were roulinsly grown in RPMI with
10% fetal calf serum (FCS) plus 2 mM glutamine and antibiotics, LNO was grown in the same
medium with 5% “stripped” FCS. Serum was stripped from sleroids by treating it with dextran
coaled charcoal.

After about three passages the cells were grown to half confluency. Then fresh medium at
room temperature was added. After 28 h the cells were incubated with colcemid (0.04 Fg/mi)
for 1 h, subsequently incubated wilh KC1/EGTA/HEPES selution [36] for 20 min and fixed in
a standard way. Chromosomes were stained for R-, Q- and G-bands, Chromosome
normenclalture was according to the ISCN of 1985 [18).

Table 1. Growth characteristics of LNCaP sublines

SUBLINE IN VITRO PROLIFERATION
WITHOUT ANDROGENS® WITH ANDROGENS®

FGC - ++

JB . ++

EM - ND

LNO * +

R + +

Notes

? cullure medium with "sidpped” serum.
b culture medium with “stripped” serum, supplemented wilh the optimal concentration of

andregen [33],
-= no growth; += normal growth; ++= fast growth,

RESULTS

In Table 1 the in vitro growth characteristics of all kai yctyped sublines on madia
with and without androgens are summarized. The original cell line FGC as well as
the sublines JB and EM remained responsive to androgens during long term tissue
culture. This has been tested regularly. in condrast, LNO and the R subline both
grew without androgens and did not respond to the addition of androgens. Detailed
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characteristics and results of hormonal manipulation of LNCaP sublines are
described in the paper by van Steenbrugge et al. [33). In Fig. 2 the chromosome -
distribution of ali sublines is presented. All sublines were nearly teiraploid, with
most cells having a chroamosome number of around 90, with the exception of LNO,
which had a median of 83 chromosomes, EM had the most narrow chromosoms
distribution, followed by JB and FGC. The R line was shown to have a broad
distribution from 82 lo 94 chromosomaes and in LNO some near-octopioid cells
were present. The triploid ceflls in FGC as well as in LNO were all shown to be
incomplete and thus represented no real subpo- pulations,

FGC JB
P76 P.78

EM
P.A7

g mm BEmkE

a2 & a8 a7 68 &) G0 &7 92 9y 64

Fig.2. Chromosome distribution in LNCaP sublines at the passage number indicated, Horizontal
axis= number of chromosomes; verlical axis= number of cells.
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All sublines had the same basic karyotype in common, This was essentially the
karyotype as reported by Gibas et al. [8] with the addition of two markers that had
arisen from a probable reciprocal translocation between chromosomes 4 and 6
{see Table 3). Since these markers could only be clearly distinguished by R- banding
(see Fig. 5) it was possible that they were already present in the karyotype of the
LNCaP cell line. Figure 3 shows a representative G-banded karyotype of JB. This
subline has the basic karyotype of near-tetraploidy and nine consistent markers (M
1 to M9). In most common markers we identified similar breakpoints as Gibas et al.
have described [8], with the exception of M3, M6 and M7 (see Table 3). High
resolution banding analysts of JB showed the (6: 16) translocation to be reciprocal,
with breakpolnts at 6p21 and 16q22 in M3 and M6, respsclively {see Fig. 5). We
reconsidered the interstitial delstion in M7 and assigned the breakpoints {o bands
13q32.3 and 13q22.2, which resulled in a larger hormozygous region in chromosome
13 {see Table 3 and Fig. 5). Markers MA2, MA3, MB1, MC1, and MD1 were specific
for the JB subline. Table 2 presents a summary of the ioss and gain of normal
chromosomes and common markers in all sublines, The absence of M7 (13g-}ina
third (FCG, JB), nearly half (LNO, R)or all cells karyotyped (as in EM) as well as the
fact that this marker is usually present in only one copy, strongly suggests that the
13g- is a secondary marker and arose only after tetraploldization in vitro had taken
place. M 1 {1p-) on the contrary was present in three coples in most celis of FGC,
EM and R. In LNO a new marker chromosome (MA4) was formed from one copy of
M I. No other markers ware present in more than two copies. Partial or complete
loss of one copy of a marker or a normal chromosoms was mosty cell line specific.
Examples of this are: loss of one homologue of #9 in FGC, loss of one normal
chromosome 4 as well as one #17 in EM, loss of one copy of M3 (6g+) In LNO and
also loss of one #15 and one #17 in this subline. In the R line one copy of #19 was
lost in nearly all celis as well as one copy of each of the G group chromosomes 21
and 22, Other chromosome losses did not occur in more than 40% of all cells,

fn several cases loss of a normal chromosome or a marker was associated with
the appearance of a new unique marker chromosome. These markers can be found
in Table 3, which lists the most probable construction of the marker chromosomes
that were spacific for each subline, Thase new marker chromosomes resulted from
nine non-reciprocal translocations, six deletions and two duplications. Two
isochromosomes were formed. All new markers were prasent in one copy, except
for MAT (2qg-) from the R line. One copy of #2 and two copies of M2 (2p-) were
present, so MA7Y originated probably from a normal chromosome 2 and was
duplicated independently from tetraploidization of the {otal genome. Figure 4 shows
a G-banded pre- sentation of all specific markers present in over 50% of all cells
from each subline. Marker ME1 (16q+) is represented with R- and Q bands as well,
to show the altachment of the Y chromosome to the distal part of 16q.
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Table 2. Gains and losses of normal chromosomas and common markers in
LNCaP sublines :

LNCAP KARYOTYPE SUBLINE KARYOTYPES
CHROMO- COPY NR FGC X1 EM LNO R
SOME
i 1 1 (45 MAT) . . . 1 (75; MAS)
M1 (1p-) 2 3{90) . 3(95) 1{65; MA4) 3{70)

2 2 t{oomaz) |- 1(25) 1.(95; MAT)

M2 (2p9) 2 120 . . . 1 (60}

3 4 3 (35; MAD) - 3(85; MAS) .

4 2 . . - | 1 100)

M8 (4q%} z . . . - -

5 4 . - -

6 0 . - - -

M3 (6p-) 2 . - - 1 (20}

M3 (6q+) 2 1{25) . . 1 (05) 1(25)

7 4 . 3 {50 . 340

8 4 . . . 3 {40; MG3) 3{7T5; M4}

9 4 2 (95} . . . 3 (40)

10 2 - - 1 {100:MC2) .

M4 {109-) 2 . - . - .

11 4 . . . .

12 4 . apoo;Mcyy | - . 3 {95: MC5)

3 ) . N . 1{35 M7y 3 (20; MW7)
4 (20; M7)

M7 (13g-) 1 0(25) 0 (25; #13) 0{100) 0 (55; #13) 0(50; #13)
2{45)

14 4 . 3 (200 .

15 2 - 1{90; MD1) . 1 {80) 1 (70; MAS)

M5 (15q+) z - . - . £{75)

16 2 - 1{35; MB1) - 0 {100;ME1) -

M6 {16q+) 2 . . . 1 {20} 1 (70; MB2}

17 4 . . 3 (100) 3(r5) 325

18 4 . -{25) . 3(30) 3(25)

19 4 . . . . 3 (80}

20 4 . . J{100MFT) | 3 (20) -

21 4 3(20) 3(45) . 3(70) 3(85)

2{20)

2 4 . - . 335} 3(7%)

X 2 . . .

Y 2 133) 1{30) . 1(80; ME1) ¢ | 1(20)

{20}
Notes

The abarrant copy number is given with, in brackets, the percenlage of calls in which it was
cbserved (>20%), together with the dencmination of the new marker evenlually formed.
*marker numbaring and usual copy number Is according to Gibas et al. [8]; -= no devialion.
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When we compared the nonresponsive sublines LNO and R with the hormone
responsive lines FGC, JB and EM we found that with respact to numerical variations
loss of chromosome 19 only occurred in LNO and R and not in the other three
sublines. Loss of other normal and marker chromosomes was sither cell line specific
as mentioned above or evently distributed over all sublines, A comparison of the
new subline specific markers resulted in the identification of 8p- (MC4) in LNO and
8p+ (MC5} in R that were not present in the other three sublines. As a result of
these 8p rearrangements in LNO and R the 8p236ptar region was in both celi lines
lostin one copy of #8.

Table 3. Possible identification of subline-specific marker chromosomes

SUBLINE MARKER | SHORT PERC | DETAILED STRUCTURAL DESIGNATION
DESIGNA | ENTA
TION GE
FGC MA1 1p+ 45 dir dup({1){p33-pler}
JB MA2 29- 100 del(2){q31-qler)
MA3 Ip+ 5 dup{3}(p23-p25)
MCH 16g+ 45 16pter-16q22::7
MC2 12q- 00 del{12){q22+q24.1}
MDA 15q+ 80 15pter-15q24::7
EM MC3 10q+ 100 10pler- 10q247:12q22 - 1 2qter
MF1 20p+ 100 20qter~20p12::17pi2-17pter
LNO MAg? 1p+ - 80 igler-1q21::15qQ26-15q24::1p22+ 1qter
MAS i(3q) 95 it3q)
MC4 8p- 40 dal(8}{p21-pter)
ME1 16g+ 85 16ptar-16g24:2Ypi1-Yqter
R MAG 1g- 45 del{1){q32-q42}
MA7? 2q- 95 del{2){q32~q35)
MAS 15p+q+ 70 1pler-1p22::15q24-15p12::15q22-15q24::1p22 - 1pler
MB1 16q+ 70 16pter- 16g13::%::2q42-2qter
MCS 8p+ 70 8qter-8p23::8q13-Bqter
MC8 129- a5 dal{12){q22+gter}
MCT 16q+ Fl) 16pler-16q13::7::116q21~- 16qter
MF2 H21q) 70 i{21q)
COMMON M3 6p- 100 6qter-6p21,1::16q22-+ 16qlar
MARKERS
M6 16q+ 100 16ptor-16q22::6p21.1-6pter
M7 13q- 100 del(13){g21.3-q22.2)
MB 4dg+ 100 4plar-4q25:6q15-6qtar
M3 6q+ 100 pler-6q15:4q25-+4qler
Notes

All markers were present in one copy, wilh the exceplion of M8, M9 and MA7Y. These were

present In two coples.
3 MA4 was derived from M1i: der(1)(1:15)(p22.3:q24).
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Fig.3. Representative G-banded karyotype of LNCaP FGC-JB.



Fig.5. G- and R-banded presentation of M3, M6 and
M7. Arrows point fo the breakpoints in the normal
chromosomes. | 4

Fig.4. G-, R- and Q-banded new marker

chromasomes.
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Chapter 7.1

DISCUSSION
In this cylogenetic investigation of several sublines derived from the PC celitine -

LNCaP we found that the basic karyotype of the parental cell line was wall preserved,
In other words, all sublines showed the same karyotypic evolutionary pattern, e.g.
a doubling of the stem line to a near-tetraploid cell population, preservation of the
original markers {most of them present in two copies) and generation of some new,
subline specific marker chromosomes {present in one copy). This same pattern
has been observed in malignant gliomas [3] as weil as in an ovarian carcinoma cell
line [22]. Involvemant of 10q (M4) has previously been indicated to be a possible
specific marker chromosome in PC {2]. In the 10g246gter region genes are localaed
that code for proteins linked to steroid metabolism (the multigene family Cytochrome
P-450 PB-1) {6, 24] as well as to malignant growth in general (plasminogen activator
urokinasa (PLAUY) [29, 30]). One maember of the Cytochrome P-450 family has a
function in the oxidation and degradation of steroid hormones, e.g. the 16a-
hydroxylation of testosterone [6]). Moreover, it has been indicated that Cyt P-450
activities are linked to carcinogen activation. The exact role of plasminogen activators
in cancer is unclear, although it has been established that these enzymes play a
rofe in pericellular proteolysis and invasive neoplastic growth [30). Deletion of the
10q246qler region is notl restricted to prnstatic maiignancies. Recenlly the same
region was indicated to be important in the early stages of melanocytic neoplasia
[28] and it was postulated that an oncogene, or more likely a TSG was possibly
located in this region.

The aim of the present study was to compare the karyolypes of the androgen
responsive with the nonresponsive sublines. An acquired deletion of the distal part
of the short arm of chromosome 8 was the only specific aberration which the
nonresponsive sublines LNO and R had in common and which at the same time
was not present in the responsive sublines FGC, EM and JB, In the near-tetraploid
cells of LNO and R, three homologues of #8 remained that seamed unaffected.
However, a mutalion that was undetectable by cytogenetic methods remains a
distinct possibility in this case. In general the establishment of monosomy is sufficient
for a cell to behave differently from the parental cell when a recessive fealure is
unmasked by deletion of the dominant feature [5, 23). We reviewed the karyotype
of five hormona nonresponsive PC cell lines, e.g. the xenografted cell lines PC133
and PC135 [20, 32] and the tissue cullure cell lines PCI3 [7], DU145 [34] and PC-
3 {19]. We found that in all these cell lines the 8p216pter region was rearranged or
deletaed in at least one copy of chromosome 8 (unpublished results), In the literature
examples of simllar #8p aberrations were found in nonresponsive celi lines [17, 27]
as well as in patient material [10]. In contrast, there was no cytogenelic evidence
thal this same region was ever affecled in hormone responsive PC material [2
{case 1), 8, 21). At present no aberrations In the #8p region are known that are
considered to be specific for a certain type of tumor and generally rearrangements
in this region are rare {4, 25, 26). In one reponrt, formation of isochromosomes of the
long arm of #8 or deletion of #8p is implicated as a secondary event in transitional
cell carcinoma of the urinary bladder [9]. Itis very speculative however at this point
to assume a similar karyotypic evolution for different urogenital fumors.

Few genes have been mapped in the Bp regicn. It is striking however, that the
gene for lissue type plasminogen activator (PLAT)} maps relatively close to the
deleted region at #8p12 {37], while PLAU maps in the 10q regicn that has become
homozygous in these PC cell lines. Relevant genes that are located in the deleled
region of chromosome 8 are the luteinizing hormone releasing hormone (LHRH)
precursor gene {38] and the gene for the enzyme glutathione reductase (GSR)
{12). LHRH has an important function in androgen matabolism, but is normally not
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synthetized in the prostate. No data are avaitable at present that this might be the
case in PC, GSR reduces glutathionedisulfide to glutathione, which is a substrate
for glutathione S-transferase (GST), an important enzyme in detoxication processes,
GST is a catalyst of steroid isomerisation, it binds steroid hormones [35) and it is
present in high quantities in many tumors [31].

In conclusion, this comparative cytogenetic study of five LNCaP sublines
demonstrated a good conservalion of most original markers, in particular of the 10g
marker that has been proposed as a specific prostate associated aberration. In
addition to this, a deletion of the 8p216pter region tends to be present in all the
hormone unresponsive PC cell lines investigated by us, and reported by others.
This finding Is new, the implications of which shoutd be confirmed and Investigated

furher,
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ABSTRACT :

In two androgen dependent (FGC and P70) and two androgen independent
(LNO and R) sublines of the prostate cancer model LNCaP numaricat and structural
aberrations of chromosome 8 were investigated in delail. The techniques used
were whole chromosome paint (WCP) and flucrescence in situ hybridization (FISH)
with three cosmid probes mapping to different parts of the p-arm (D8S7 (8p23.3),
LPL (8p22) and PLAT (8p11.1)). By WCP all four cell lines showed four copies of
chromosome 8 in most cells., Howaver, FISH demonstrated that in all sublines
deletions in the 8p region were present. Tha majority of both FGC and P70 had two
coples of cosmids D8S7 and LPL. The cosmid PLAT showed a broader distribution
(1-4 copies), especially in P70. Compared to FGC and P70, both LNO and R showed
a larger number of copies (3-4) of all three cosmid locl, it is discussed that this
difference is probably the result of nondisjunction as a reaction to loss of other
sequences on 8p, possibly the tumor suppressor gene (TSG) mapping to 8p21.
The fact that both sublines LNO and R are androgen independent raises the
possibility of a link between TSG loss on 8p and androgen independence.

INTRODUCTION ‘

Recently we demonstrated thal in patients with PC, abnormalities of the number
of copies of chromosome 8 in the umor are correlated with an advanced tumor
stage [9]. In a previous cytogenstic study of sublines of the prostalic carcinoma cefi
line LNCaP [8], we already observed that the two androgen independent sublines
R and LNO both had breakpoints in chromosome 8p, which resulted in various
marker chromosomes, In that study such breakpoints and markers were not observed
in the other, androgen dependent, sublings. Since it is well known that advanced
tumors are often non-responsive to hormonal therapy, it was concluded that these
rearrangements would possibly have a relation with progression to androgen
independence in these cell linas.

in the last years the interest for the 8p reglon has greatly increased, thanks to
the postulated location in that region of one or more tumor suppressor genes (TSG's),
that may be also important in prostate carcinoma (PC) progression {1, 2, 12, 16].

The present study adds new information {o the cytogenelic data of the LNCaP
PC model. A high passage of the parental FGC line [11} has been characterized
separately and additional information about the chromosome 8 rearrangements in
the other four sublines is reported. These results were obtained by molecular
cytogenetic techniques, like whole chromosoms paints (WCP) and fluorescence in
situ hybridization (FISH) with cosmid probes,

The different rearrangements found in the sublines are discussed in relation to
their biclogical behavior.

MATERIALS AND METHODS

PC cell lines, culture and androgen responsiveness

Al PC cell lines used In this study: FGC at passage 20 {FGC), FGC at passage 70 (P70},
LNO and LNCaP-r (R) were sublines established from the original LNCaP call line (Figure
1)[8, 11, 15]. FGC and LNO were kindly provided by Dr.J.Horoszewicz (Roswsll Park Memorial
Instilute, Buffalo, USA). His Important to note here that the cell line we call FGC is identical to
the cell {ine LNCaP-FGC Ihat is available through the ATCC. The R line [5] was a gift from
Dr.M. Hasenson (Karolinska {nslitute, Sweden). The P70 subline Is a higher passage cullure
which originated from FGC after prolonged {1 year) in vitro cullure, replating once weekiy

(11}
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LNCaP P70
lumor tisaue
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Figure 1. Schematic presentation of the lineage of sublines from LNCaP.

FGC, P70 and R were roulinely cultured in RPMI medium, suppiemented with 10% fetal calf
serum (FCS), glutamin and antiblotics, For the culture of LNO, regular FCS was replaced by
5% sterold depleted FCS,

FGC is androgen dependent, which means that the celis will nc! grow in androgen depleted
medium [15]. FGC ceils respond with dose-dependent slimulation of proliferation {o the addition
of androgens, P70 has lost the complete dependence of androgens and thus also grows In
thelfr absence, but it still responds to the addilion of androgens with increased proliferation
{11), i.e. these cells are androgen independent, but sensilive. LNO and R are both androgen
independent and Insensitive: both grow well on sleroid depleted serum and will not grow
faster when androgens are added {5, 15}, However, these two sublines are different with
respect to their lineage from the parent ¢elt {ine (see Fig.1) and with respect to their karyotype

(8].

Karyolypes .
The karyotypes of FGC, LNO and R have been described in delall before [8). For the present

study the karyolype of these cell lines was checked by R-banding of melaphases as described
before. P70 arose later and was characlerized in the same manner. All four cell lines were
near letraploid with median chromosome numbers of respeclively 86 (FGC), 80 (LNO), 87 (R)
and 91 (P70). All showed the original LNCaP marker chromosomes, involving chromosomes
1,2, 3, 4, 6, 10, 13, 15 and 16, as well as each of thelr subline specific additional marker
chromosomes. P70 showed only one spacific marker, namely the same 1p+ marker as ils
parent cell line FGC {in all karyotyped cslls).

EISH procedure
The cosmid probes for three unique chromosome 8p lock (D857, 11E1/8p23.3, LPL, 114C11/

8p22 and PLAT, 105H8/6p11.1) were kindly provided by Dr.$.Wood (Vancouver, Canada){18).
The order of the cosmids from telomere 10 contromere Is: D8S7-LPL-PLAT. The chromosome
8 centromere probe was D8Z2 [3], The chromosome 8 paint was from Cambio (UK).
Hybridization and detection of cosmids and paint were performed essentially as described
before for chromosome specific DNA probes [9], with some modifications. For cosmid
hybridizalion 100ng blotinylated cosmid DNA and 10upg Cot-1 DNA (Gibco BRL) per slide
were added to the hybridization mixlure In 50% formamide. This mixlure was denalured al
72°C for 4 min, followed by preannealing at 37°C for 2 hours, Hybridization o melaphases on
sildes occurred during overnight incubation at 37°C in a moist chamber. For the chromosome
8 paint 200ng blotynllated chromosome 8 DNA and 15ug Cot-1 DNA were used per slide, The
sama prolocol as for cosmid DNA was followed. In both cases deteclion was by FITC-avidin.
For double color FISH analysis with both the cenlromere probe and either D8SY or LPL, the
cosmid was digoxygenated (Boehringsr). Detection was by Texas Red-anti-dig. Combination
of the centromere probe with PLAT was not possible, due to the near-centromaric localization
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of PLAT.
DNA was counlerstained with propidium lodide. For idenlificalion of chromosomes DAPE(4'.6- -

diamidino-2-phenylindot} stain {0.8 ug/ml) was also applied to the same slides.

FiISH efficiency, use of WCP and definition of deletion

Between 50-100 metaphases of each cell lliie were scored per hybridization experiment.
Hybridization efficiency for the three cosmid probes was evaluated using normal lymphocyles
and was about 80% for all three, like described by Malsuyama et al [13].

Wae used WCP In stead of the centromere probe to determine the ploldy of chromosome 8 for
the following reasons: 1) both techniques gave comparable results. As an examplea: in LNO
the ploldy distribullon of 8 by WCP versus by centromere probe was 4 vs.6% for 2copies, 17
vs,18% for 3 copies, 74 vs.72% for 4 copies and 5 vs.4% for >4 copies), 2) by employing
WCP, the ploidy as well as structural rearrangements could be evaluated in the same
experiment, 3) because we evaluated metaphases, and with WCP a bigger target is coloured,
detection was easler,
The partially tetraploid {63% of the celis) human B lymphoblastoid cell line JY [144, that has
no aberrations in chromosome 8 {checked by karyotype analysis) was used as a control for
hybridization of the cosmids to tetraploid cells. In ail tetraplold metaphases of JY thres or four
signals were detected for DBS7. The percentage of cells with three signals was 2213.6%. The
cul-off level of deletion was set to 30% {mean + 2xSD}. This cut-off was also applied lo LPL
and PLAT, because these behaved similarly. So in cosmld experiments wilh four signals in
less than 70% of the lumor melaphases, at ieast one copy of the probe was considered
deleted. Because no melaphases with less than three signals were seen in the coniro! cell
ling, in tumor metaphases with 0, 1 or 2 signals respeclively all, ihree or two copies were

considered deleted.

RESULTS

Aberrations of chromosome 8 by paint analysis

FGC

Paint analysis of metaphases of FGC demonstrated that the main population of
cells showed four copies of chromosome 8 (82%). Ten parcent of the cells had
more than four, 8% three and a minor population two copies of chromosome 8
(Table 1). Marker chromosomes with microscopically visible 8p and 8q aberrations
were mainly detacted in cells with in total four copies of chromosome 8 (Table 2).
These were mostly resulting from transiocations of other material to 8p or 8q (Figure
2A), concurrent with partial deletion of 8p or 8q DNA. Aiso several independent
chromasome fragments entirely consisling of chromosome 8 DNA were detected

(3.2%).

P7Q
Paint analysis of P70 showed the clo<e relationship to FGC in the nearly equal

distribution of chromosome 8 copies {Table 1). However, 8p- and g-arm aberrations
ocourred less frequently in P70 than in FGC (Table 2}. The most prominent aberration
was an A-sized marker, consisting only of chromosome 8 DNA (in 4.4% of the
cells). With DAPI stain, this marker showed a banding pattern that could fit an i(8q)
(Figure 2B). in P70 metaphases the highest percentage of unidentified chromosome
8 material was found {4.4%). Both independent chromosome fragments, like in
FGC, and translocated material to other chromosomes were seen,

LNO

Paint analysis of LNO showed 74% of the cells with four copies of chromosome
8, 17% celis with three copies and some cells with two or more than four copies
(Table 1). Occasionally g-arm deletions were seen restricted fo cells with three
copies of 8). However, the majority of aberrations found were p-arm deletions of
different sizes in cells with four copies of 8 (Table 2 and Figure 2C). The 8p- marker
that was described earlier (del(8)(p216pter))} was still present, but its frequency had
declined to 6%, Unidentified fragments were nol detected
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Table 1. Results of WCP and cosmid hybridization studies; percentages of metaphases with a positive hybridization signal.

Nr.of Co- FGC P70 LNO
pies WCP | D8s7 | LPL | PLAT | WCP | D8S7 | LPL | PLAT jWCP | D8ST | LPL | PLAT | WCP | D8S7 | LPL | PLAT
1 0 23 12 28 4] 7 19 4 0 3 7 7 0 o g 0
2 2 68 69 39 3 47 52 26 4 42 36 21 2 38 20 22
3 8 8 20 33 7 37 27 52 17 52 46 36 24 32 28 27
4 82 3 0 0 84 ) 17 74 3 11 25 58 19 44 40
>4 10 0 0 0 6 0 0 5 ¢ 0 12 13 0 &) 11
Notes

WCP= whole chromosome paint.
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R .
In R substantial proportions of three (24%) and more than four {15%) copies of -

8 were detected by WCP (Table 1). P-or g-arm abnormalities occurred in cells with
three, four, as well as more than four copies of chromosome 8 (Table 2). However,
the 8p+ marker that was described previously (8qter68p23::8q1368aqter)) oceurred
far less frequently {3.3%). Probably this marker was further modified, resulting in
other chromosome 8 markers as demonstrated in Figure 2D. Independent fragments
consisting of chromosome 8 material were seen only occasionally (0.8%).

FGC and R showed the highest overall percentage of metaphases with
chromosome 8 aberrations (17.6% and 17.8% respectively).

Aberrations of 8p detecled with cosmids in relation to the number of copies of
chromgsome §

In all four cell lines investigated and for all three cosmids, the percentages of
cells with four copies of cosmids were invariably below the cut-off value of 70% that
marks foss of one copy. Consequently the frequency distributions presented in
Table 1 can be regarded also as distribution patterns for loss of cosmid sequences.

PLAT was present on 100% of the 8p- marker chromosomes, found in any
subline. \

Paint analysis of FGC showed predominantly four copies of 8, but by cosmid
analysis mainly two coples of D8S7 and LPL were detected. However, also
populations with one or three copies of these two cosmids were seen with moderate
frequency. PLAT showed lass celfs with two copies, bul more cells with one and
three copies. D857 showed four copies in some cells, but LPL and PLAT did not,

In P70, like in FGC, with WCP most cells had shown four copies of chromosome
8. In concordance with FGC, P70 mainly showed two copies for both D8S7 and
LPL. However, the populations of cells with three copies of both these cosmids had
increased in P70. PLAT even showed mainly three copies, and a significant
population with four copies, although still more than a quarter of the cells maintained
two copies. Also in contrast to the resuits for FGC was the observation that in P70
LPL showed more cells with one copy than D857 and PLAT.

Double color FISH analysis with D8Z2 for the centromere and the cosmids D8S7
or LPL (PLAT could not be evaluated in this way due to its posilion near the
centromere)} demonstrated that in cells with three copies of 8, DBS7 and LPL were
present in only two coples, This indicaled that in these cells one of the aberrant
chromosomes was lost (not shown).

Although paint analysis of LNO showed largely the same distribution as FGC,
the cosmid analysis showed different resuits, Two as well as three copies of D8S7
and LPL were most frequent in this subline. Moreover, PLAT demonstrated a
comptletely different distribution, showing a clear shift to more copies. Double cotor
FISH analysis showed thal in cells with three copies of 8, like in P70, one of the
aberrant chromosemes was lost.

In R, of which 15% of the cefls had more than four copies of chromosome 8,
only PLAT was present in more than four copies. However, in relation to the other
sublines, all three cosmids demonstrated a clear shift towards more copies, whereby
LPL and PLAT both showed a majority of cells wilh four copies. Double color FISH
analysis showed the same resuit as for P70 and LNQO,
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Table 2, Percentages of chromosome 8 aberrations as deteclted by WCP.

FGC P70 LNO R
P-ARM 8.0 4.4 4.0 9.9
Q-ARM 6.4 1.5 1.0 7.1
UNIDENTIFIED 3.2 4.4 0.0 0.8
ALL 17.6 10.3 5.0 17.8

DISCUSSION
Palnting analysis showed that in all four LNCaP sublines the majority of the

cells had four, apparently normal, copies of chromosome 8. FGC and P70 showed
only minor populations wilh aberrations from tetraploidy, never exceeding 10% of
the cells, However, LNO, and especially R, both androgen independent and both
descended from the parental cell line at an early stage of in vitro culture, displayed
larger celi populations with three -(LNO,R) or even more than four copies (R). The
findings described here demonstrate that tumor cel! lines growing in vitro are dynamic
entities, just like tumors growing in vivo. Inherent chromosomal instability allows
the cells to constantly generate new chromosomal aberrations. Thase will either
quickly be lost again or be retained, dependent on the benefit the cel will have from
them, while reacting on genetic or environmental pressure.

The presence of the 8p aberrations found befora in LNO and R [8] were confirmed
by WCP in the present sludy. Also new, not previously described aberrations of
chromosome 8, involving both 8p and 8q sequences, were discovered in these cell
lines. Such aberrations were also for the first time demonstrated by WCP in the
sublines FGC and P70,

The most surprising finding of the present study was that, daspite the apparent
presence of four normal copies of chromosoms 8 in most cells of the investigated
cell lines, only few cells seemed to have retained all 8p sequences on all
chromosomes, The deletion patterns found reflect the lineage of the different sublinas
as depicted in Figure 1.

Molecular genelic analysis in the 8p22-8cen region showed the close relationship
between FGC and P70 through their identical microsatellite repeat patterns (pers.
comm. W.Dinjens, Depl.Pathology, EUR). Itis concaivable that in the eriginal diploid
cellline (LNCaP in Figure 1, refs.4 and §) only one chromosoma 8 had one or more
deletions and thal these mapped only distal o 8p22, Combined with the results of
the FISH analysis of FGC and P70 for PLAT thal maps proximal, and D8S7 and
LPL that both map distal to 8p22, it can be assumed that after tetraploidization
several new structural aberrations were generaled in the normal- as waell as in the
preaxisting aberrant chromosomes. These events then finally resulted in the deletion
patlerns observed for both the low passage cells (FGC) and the high passaga cells
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A) EGC. Partial metaphase, showing three normal chromosémeSGand
one marker (arrow), resulting from lranslocation of malerial of another
chromosome to 8p.

Figure 2. Detection of chromosome 8 paint DNA on all metaphases shown was by FITC avidin, propidium iodide
counterstain. Verification of chromosomes by DAPI stain, Magnification: 312.5x.

B) P70. Seven normal chromosomes 8 and a large
marker chromosome (arrow), probably an i(8q) in
an endoreduplicated metaphase.




C)/R. Four normal
chromosomes 8 and a
large marker chromosome,
entirely. consisting of chro-
mosome 8 material (arrow).

D) LNO: Three normal ‘
chromosomes 8 and a marker %
chromosome with the whole
p-arm deleted'(arrow).




Chapter 7.2

(P70). The deletion palterns observed for the sublines LNO and R can only be
explained by the occurrence of several nondisjunction events in addition to the -
tetraploidization and chromosome breakage, as described above for FGC and P70.
Interestingly, analysis of CA repeats on 8p proximai to band p22 in both LNO and R
showed differences in several markers when compared lo FGC {pers. comm,
W.Dinjens, Dept.Pathology, EUR). However, these data are preliminary and they
need to be reconfirmed before definite conclusions can be drawn.

If the deletions found by cosmid analysis were conlinuous between the regions
investigated, two chromosomes with microscopically visible 8p delations were
expocled in most cells of FGC, P70 and LNO, and one in R, Howaver, by paint
analysls maximally 10% of the metaphases with such aberrations could be identified.
A more likely explanation for these findings would be that the deletions were mostly
discontinuous and relatively small, i.e. spanning less than one band. Using
comparalive genomae hybridizalion, large deletions on 8p, sometimes spanning most
of the p-arm, have been detecled in a number of PC specimens [2, 7, 17]. However,
with LOH mapping also interspersion of defeted and retained regions on chromosome
8 has been observed [12, 16], so it is conceivable that this is also the case in the
LNCaP sublines investigated.

Matsyama et al.[13] found that in poorly differentiated clinical PC both D857
and LPL were lost. This is In concordance with our results, since the LNCaP cell
line was derived from a poorly differentiated lymph node metastasis [6). However,
in more differentiated clinical lumors, it was found that D857 was mostly retained
[13). This result is suggestive of two TSG's that might be inactivated at different
stages in the progression of PC. In other studies allelic ioss on 8p generally was
associated with higher tumor grade, and the deletion pattems found were suggestive
of one or two TSG's {2, 12, 16]. Discordant results in two separate LOH sludies,
one narrowing down the locus for a putative TSG to 17¢cM in the 8p21 region [16],
and the other reporting on a patient with a homozygous deletion in the 8p22 region
(1], can be brought together by the concept of two TSG’s on 8p, as was also
suggested for colorectal cancer {19]. Foliowing this concept, it is conceivable that
in FGC and P70 only the 8p22 TSG was inactlivated, and in LNO and R both TSG's.

We postulate that the shift towards more copies of certain 8p sequences in LNO
and also in R is probably the result of nondisjunction as a reaction to partial loss of
other sequences on 8p [2], possibly the TSG mapping to 8p21. This mechanism
may even be typical for more advanced tumors [10.

As LNO is a very early descendant from the parental cell line, its differences
from FGC and P70 could have been already presenl before in vitro culture, However,
in the case of R, which originated from FGC long after its establishment as an in
vitro cell fine {5], the significant chromosomal rearrangements must have taken
place during in vitro culture,

The present results once more emphasize the many ways in which tumor models
can be employed. Moreover, if other variant cell lines of FGC can be generated by
culture without androgens and if they show similar rearrangements, the link between
the androgen independent and insensitive status and the phenomenon of loss of
sequences on 8p in the LNCaP human prostate tumor cell Iine can be mads mare
firmily. Then, to confirm the significance of this finding, patient tissues at various
clinical stages should be investigated for these same rearrangements.
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In vitro culture of PC cells

Before tissue culture of PC cells was applied for cytogenstic analysis, It already
had an inferesting history. PC cells had been cultured in several ways, from cell
suspensions (after disaggregation of the tumor tissue by collagenase) or lissue
cubes (organ culture); in monolayers orin an anchorage independent way as single
cells and cell clumps in agarose. It was known that growth faclors (e.g.EGF, HC),
as well as hormones {e.g.DHT) could stimulate in vitro proliferation. This knowledge
led to the development of several spacialized tissue culture media, that contained
varying mixtures of defined supplements like growth faclors, hormones and trace
elements. The necessity to add FCS in order to sustain proper proliferation of PC
cells, was an Indication that not all substances that were needed for in vitro growth
could be defined. Moreover, the application of these madia did not lead to the
expected development of a large number of permanent in vilro cell linas, althcugh
short term proliferation of PC cells was thought to be optimal.

Cytogenelic analysis of PC celis, culiured according io the techniques described
above, soon revealed another problem. Namely, 73% of the investigated PC’s
showed a normal diploid karyotype. With DNA-FCM however, over 50% of PC's
were found to be aneuploid, seo it was clear that many abnormal karyolypes were
missed. Pant of our investigations were carried out to elucidate the reasons for this
discrepancy. In chapter 4.1 we specifically studied all aspects of the first step of the
tissue disaggregation-tissue cullure-melaphase preparation sequence. We found
a 50% lower yield of aneuploid celis after collagenase digestion, although
collagenase itself was non-toxic during digestion and also the overnight incubation
at 37°C did not decrease total cell yield. Presently we think that the tumor cell
membranes are made fragile by the digestion. Consequently the mechanical
abrasion of the pipetting stap, needed after digestion to disintegrate tissue fragments
into the small cell clumps that are suitabla for in vitro cuiture, causes many cells to
be disrupted, However, collagenase digeslion yields a higher number of viable
cells that are able to attach and grow In tissue culture, compared to other methods
like mechanical disaggregation or the application of other enzymes. So by {ack of
an acceptable alternative it has remained the method of choice for the preparation
of cell suspensions.

In chapter 4.2 it was demonstrated that even starting with a high percentage of
{aneuploid) PC tumor cells does not guarantee that such cells will ultimately be
detected at the end of the whole sequence of lissue disaggregation-tissue culture-
metaphase preparation. The reduction of aneuploid cells ranged from 44 fo 85%,
which often caused the initially present abnormal tumor cells to be missed In the
final cylogenstic analysis. We estimated that in at least 25% of the reported tumor
karyotypes aneuploid cell populations were missed, because they did not proliferate
in culture. This meant that the techniques used for culturing PC celis were not
adequate.

In chapter 3 we described the cytogenetic analysis of 39 PC specimens. We
adapted the standard procedures for cytogenelic analysis of hematological
malignancies and developed our own medium for short term tissue culture of PC. In
the course of our studles we tested every naew promising culture method for solid
tumor cylogenstic analysis. These modifications resulted in a greatly increased
culture success rate, and in a modestly increased karyotyping success rate, Clonal
aberrations were found In 8 out of the 39 cases that yielded metaphases (21%).
The most effective method came from Lund, Sweden. It employed collagenase
digestion to obtain cell suspensions followed by size fractionation and short term
culture in a completely synthetic medium. This culture medium was very complex.
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ltincluded virtually every trace element, vitamin and hermone that could in any way
have a stimulating effect on PC cells, but contained no chemically undefined
praducts, like fetal calf serum. In our hands 11/15 PC cultures handled by this
method yielded metaphases, which was a higher percentage than achieved by any
other method in our series. In three of these cultures clonal chromosomal aberrations
were defined {(27%). This indicated that, even under these optimized conditions,
(normal) diploid epithelial celis apparently stili had a growth advantage. Lundgren,
in who's department the Lund method was developed and first used, postulated
that the tumors that were cytogenetically normal could reflect a less aggressive
tumor subtype. This was based on the observation that tumors with clonal
abnormalities were associated with shorter survival times than lumors without
aberrations [Lundgren et al '92]. However, in our series such a relationhip could not
be demonstrated. Recently, Webb et al achieved good results by supplementing
the medium with conditioned medium from various PC cell lines. They found
chromosome aberrations in 33% of their cultured specimens, Although itis probable
that also in this series not all abnormal karyotypes were detecled, a comparison of
thelr cytogenstic results with clinical parameters would be of inlerest.

Cylogenetics and molecular cytogenetics of patient tumors

General remarks
Comparison between FCM and FISH results indicated that, as expected, with

an increasingly aberrant histogram by FCM, more chromosomes became numerically
aberrant, In FISH analyses aneuploid tumors always shiowed cell populations with
triploid as well as tetraploid copy numbers of the chromosomes investigated. Also,
minor populations with polysomic (>4 copies) cells were present in some tumors.
We conclude that these observations are manifestations of the genetic evolution of
a tumor, thatis characterized by repeated rounds of tetraploidization and subsequent
chromosome loss,

We establishad that a great advantage of FISH over DNA-FCMis, that the number
of FISH signals does nol change during the cell cycle, while with FCM the DNA
distribution of proliferating (S and G2Mj) cells will mask the DNA aneuploid nuclei
{chapter 4.2},

Because, as was stated above, not all tumor cells were able {o proliferate equally
wall in tissue culture, it is now recognized that certain tumor cell populations that
were clonal in the tumor could well appear nonclonal after cullure {Zitzelsberger et
al '98]. So not only the clonal, bul also the relevani nonclonai aberrations found in
our karyotype analyses (in 30/39 cases) are discussed.

In contrast to PC, in BPH tissue we did not find any chromosomal aberrations
{chapters 5 and 8}, We concluded that occasional BPH cells in a sample did not
contribute to any chromosomal abnormalities found in our PC specimens. Others
found loss of Y and gain of 7 by FISH analysis, bul only in cultured BPH specimens
[Aly et al'94]), This is an indication that these aberrations are probably culture artifacts.

Chromosome 1

By classical cytogenetic analysis (chapter 3), we did not detect any structural or
numerical abnonnalities of chromosoms 1. When we monitored whole chromosoms
loss and gain of chromosome 1 by FiSH analysis with a centromere specific DNA
probe (chapters 5 and 6}. In more than one third of the tumors, most of which were
aneuploid by FCM, gain of chromosome 1 was recognized. Loss was an infrequent
observation. The occurrence of numerical aberrations of chromosome 1 was
independent of tumor grade and stage.
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in recenl reports on PC cylogensetics it was established that structural
abnormalities of 1p and 1q are among the most frequent aberrations found [Webb -
et al '96). LOH analysis also has indicated 1q as an area that is frequently rearranged
[Bova at al '86]. CGH analysis showed that 1q gain is often accompanied by 1p
loss, suggestive for isochromosomea formation [Muleris et al '94, Cher et al '86].
Through linkage analysis of high risk families it was recently shown that the 1q24-
q25 region is likely to contain a PC susceptibility gene, named HPC1 [Smith et al
'96, Cooney et al '97]. The clinical fealures in familles that showed linkage were not
diffarent from those in families that did not show linkage.

Chromaosome 7

Only numerical aberrations of chromosome 7 were found in our karyotypes,
and those were all nonclonal (chapter 3). Gain of 7 was relatively common in the
series of tumors we investigated by FISH analysis (chapter 6), In agreement to
whal was reported by others, we found that gain of 7 was correlated with metastatic
disease. tn seme tumors simultaneous loss and galn in the same tumor, suggestive
for helerogeneity, was cbserved.

In a recent karyotype analysis reporl {Zitzelsberger et al '98], gain of 7 was
observed as a clonal aberration, which was confirmed by FISH analysis. In that
study gain of 7 was assocciated with advanced stage and poor differentiation. In a
CGH study [Visakorpi et al '95A), the minimal region of overlap in gain of {partof) 7
was band 7p13. The candidate oncogene in that region is the EGF receptor. Also
by LOH [Bova et al '86] 7p was indicated, albeit as a minor reglon, for the presence
of a TSG,

The regions 7q22 and 7q31 are among the most frequently involved in
rearrangements in PC, also by LOH, which Is an indication for the location of a
possible TSG [Kallioniemi et al '96, Wehb et al '96, Zenklusen et al '94, Bova et al
'86). In a combined CGH/LOH study [Joos et af '95], the most frequent abnormality
of 7q detected by CGH was gain of the whole g arm, LOH of 7q has been indicated
as an early event in the development of PC [Bova et al '96, Latil et al '96).

Chromosome 8

Different delstions of the p-arm of chromosome 8 ware observed as nonclonal
abnormalities in our karyotype analysis study (chapter 3). It was the most frequently
observed nonclonal change. Gain of 8 by FISH analysis was observed In almost
half of the tumors and was correlated with tumor progression, In contrast, loss of 8
occurred in less than 10% of the tumors, mostly in nonmetastatic tumors, and in
most of these, loss was combined with gain (chapter 6).

We were the first to link 8p aberrations with tumor progression, when we reportad
that the two androgen insensitive sublines of LNCaP both had lost one copy of the
8p23-pler region, while the androgen sensitive sublines had retained thal region
(chapter 7.1).

At the moment, chromosome 8 and more specifically the 8p region Is the most
intensively studied chromosemal region in prostate cancar, Whan all abnormalities
found by karyotype analysis are taken together, 8p21 is the fifth most frequently
found breakpoint in PC [Webb et al "96],

Detaited LOH studies have Indicated that, as mentioned above, at least two
distinct regions on 8p (8p11-12 and 8p22}harbor TSG's [Nette ot al '34, Kallioniemi
et al '96, MacGrogan et al 96, Vocke et ai '96}, Recenlly a candidate TSG was
cloned from the 8p22-p21.3 region. This gene, named PRLTS, shows frequent
LOH, but is rarely mutated in PC [Komiya et al '97].

More delailed invesiigations applying F!SH with several cosmids mapping lo
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different regions on 8p revealed that few celis in any subline, androgen sensitive or
-insensitive, had relained all 8p sequences on all copies of 8 {chapter 7.2). However,
we found different patterns of loss in the different sublines. We conciuded that in
both androgen sensitive sublines {FGC and P70), and probably also in the originat
tumor tissue, the postulated TSG on 8p22 was knocked out. In both androgen
insensitive sublines (LNO and R) then, both TSG's on 8p22 and 8p21 would be
inactivated. In R, which was generated from FGC after its establishment as anin
vitro cell line, loss of the second TSG must have occurred during tissue culture,
possibly under environmental pressure through cullure without androgens. For LNO,
which originated from part of the original tumor cell suspension, it is also possible
that due to heterogeneity in the original tumor, the LNO cell line arose from an
insensitive cell population that already had both TSG's inactivated. it will be
interesting to check these contentions by generating new sublines and testing them
for the same deletions.

FISH and CGH studies have, in agreement with our results, shown that numerical
aberrations of 8 occur frequently and that gain of 8 is a marker of clinically aggressive
PC [Lieber '04, Alers et al "G5A, Alers et al "958, Joos et al 95, Visakorpi et al "95A,
Qian el al '95, Bova et al '96, Huang et al '96, Geburek et al ‘37, Cher et al ‘986, Alers
ot al '98j. Gain of 8q has a possible utility as a marker of progression. The candidate
gene here is C-MYC on 8q24, that is overexpressed in some poorly differentiated
PC {Jenkins el al '97}.

Recent chromosome transfer studies bringing parts of human 8p into highly
melastatic rat PC cells to search for melastasis suppressor genes {MSG's) of rat
PC, indicated 8p21-p12 as a candidate region. it is probably no coincidence that
this overlaps with the candidate regions for the human TSG's {Nihei et al '96, Dong

et al '96),

Chromosome 10

Rearrangements of chromosome 10 were observed by us only by FISH analysis
(chapter 6). In our PC series chromosome 10 was the most frequently gained as
well as the most frequently lost chromosome. Loss of 10 was always accompanied
by gain in the same tumor specimen, which was also observed for chromosome 7,
suggesting scattered areas of gain and loss within one tumor, This concept was
later confirmed by studies on PC tissue sections that showed focal heleroganeity
[Alers at al '95B}.

We were the first to report that numerical aberrations of 10 were correfated with
melastatic disease and also found that the average number of copies (ANC) of 10
was significantly higher in advanced tumors. This led us to conclude that one or
more genes may be located on chromosome 10 that confer an aggressive cancer
phenotype and are potentially important in the process of metastasis. This conclusion
was confirmed in other studies also investigating aberrations of 10 by FISH [Alers
et al '85A, Qian et al '95], karyotype [Webb et al '96) or CGH analysis [Cher et al
'96}.

Chromosomal aberrations of 10q were among the first aberrations identified in
PC. Recently, intruiging new results are reported. Different LOH studies and a
microcell transfer experiment have shown that the 10p area {more specifically
10p11.2-pter) harbors a TSG, important in the early slages of the disease [Koemiya
et a1'96, Bova et al '96, Trybus et al'96, Murakami et al '36). Also, it is now established
that one or more TSG’s related to tumor progression are located in the 10q area
[Netto et al '94, Komiya et al '96, Kallioniemi et al '96, Bova et al '96, Lalil et al "96,
Trybus et al "96). This was confirrned by the observation that microcell-madiated
transfer of part of chromosome 10 (10cen-q23) into rat PC cells, suppressed the
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melastatic ability of the host cell line [Dong et al "96]. A candidate MSG is the
PTEN gene on 10923 {Li et al '97}. It codes for a tyrosine phosphatasse, that may -
regulate celf invasion and metastasis through interactions at focal adhesions, it is
mutated in 4/4 PC cell lines. The 10g24-qter region is thought to contain another
TSG. A candidate gene here is MX/1, a negative regulatory protein for C-MYC.

Chromosome 18

Structural or numerical abnormalities of chromosome 18 were not found by
classical eytogenetic analysis (chapter 3). Investigation of whole chromosomae loss
and gain of 18 by FISH analysis (chapters § and 6) showed it to be gained in more
than half of the tumors, irrespactive of their total ploidy, Loss was an infrequent
observation. The occurrence of numerical aberrations of ¢chromosome 18 was
independent of tumor grade and slage.

Chromosomal abnormalities of 18 have only become evidant with molecular
cytogenetic technigues. This means thal most aberrations are probably subtle
changes at gene level, By LOH and CGH it was established that most deletions
oceur in the 18g region and that it is not a major change in PC {Joos et al "95,
Visakorpi el al "95A, Kalllonlemi et al '96]. In agreement with our results, in these
reports no relation with grade or stage was found, However, when LOH at the DCC
gene locus (18q21.3) was invastigated, an indicalion for a correlation with
progression was found. In contrast Lo this, a recent report indicated 18q loss as an
early event [Bova et af '96].

Y chromosoms

Karyotype analysis revealed loss of Y as a recurring clonal and nonclonat change
fn PC cuitures. By FiSH analysis, Y loss was detected in less than one fifth of the
tumors (chapters 5 and 8). Galn of Y was detected in an equal number of tumors
and was In a few cases combined with loss. Numerical abnormalilies of ¥ were
unralated to either age of the patient, grade or stage of the tumor. Loss of Y is a
common change in PC, that is also recently described in cultured specimens
[Zitzelsberger et al '96], as well as in sections {Alers et al '95A, Qian et al '95].
Previously it has also been indicated as a clonal change in cultured BPH [Aly et al
'94]. However, we were unable to detect Y loss in uncultured cell suspansions of
our BPH palients {chapters 5 and 6). Moreover, since Y loss has also been found
in some other turmors and even in normal cells, Y loss is probably not a prostate
specific change. It may be that cells without a Y chromosome have a tissue cuiture
advantage, which explains their frequent occurrence in karyolype analysis of cultured
prostate cells. This notion is supported by the fact that the majority of the known PC
cell lines lack Y.

Other chromosomes and mechanisms

There are other chromosomes and chromosomal regions, like 3, 5q, 6q, 9p,
11p, 12, 13q, 15, 18q, 17 and X, that are relevant in PC that have not been
investigated by us, Table 1 provides a state-of-the-art overview of all chromosomal
regions that have been implicated in the development and progression of PC and
the genas of interast in these reglons. tnactivation of TSG's is thought to be the
major consequence of the allarations found, since most altarations on gene level
are deletions, ‘

Other mechanisms for carcinogenesis, like gene amplification and microsatellite
instability (MSl), seem less common in PC [Gao et al 94, Egawa et al ‘85, Watanabe
et al '95, Ross et al '97}. However, this does not mean that these mechanisms
cause minor changes. The meaning of MSI is not clear yet, it may occur during
eanly stages of neoplastic transformation in a subset of PC. Itis much more prevalent
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in tumor material from US men than in Japanese. The amplification of e.g.the AR
receplor seems a possible major mechanism whereby a subset of PC's relapse In
spite of androgen deprivation [Visakorpi et al '96B, Kolvisto et al '97). Another
example of a mechanism which may be important in PC is the amplification of the
HER-2/neu oncogene that was found to correlate with tumor grade as well as with
recurrenca [Ross et al '97]. Telomerase activity, which is undetactable in normal
cells, was found in in 84% of PC's [Kaliioniemi '85), This mechanism deserves

wider attention in PC,

Concluding remarks and future

PC is characterized by both intraturnor heterogeneity (the coexistence of multipls
genetically related, but different cell ¢clones) and multifocal growth {genetically
unrefated clones), both suggestive of a muiticlonal origin of the disease. We have
shown that with molecular cytogenetic analysis of PC cell suspensions with a high
percentage of tumor cells this heterogeneity can be identified, because populations
with a different ploidy status may be distinguished within the same tumor.

The disease spectrum of PC is broad, ranglng from latent lesions (histologic
cancer, PIN) to clinical manifest adanocarcinoma, followed by aggressive metastatic
and eventually hormone refractory cancer. A multistep hypothesis for gradual
malignant transformation and cancer progression needs to be developed, which
accounts for accumulation of genelic changes affecting the expression of critical
genes. The major mechanism by which progression takes place is probably genetic
instability, which renders tumors capable to adapt to changes in their environment
therefore providing an advantage for survival of certain cells when environmental
pressure {8.g.hormonal therapy) is applied. Possible molecular mechanisms for
genomic instability include alterations of not only TSG’s and encogenes, but also
genes encading DNA repair enzymes and genes responsible of cell cycle control
meachanisms. As we have seen, the damage is often exiensive, and involves
numerous genomic locl. A number of these loci can now be linked to defined stages
in the development of the tumor, We have shown that aberrations of chromosomes
7, 8 and 10 are correlated to PC progression. Still, the picture is far from complete.

The major rate limiting step in PC tumorigenesis is progression from latent to
clinical PC, since 9 out of 10 histologic lesions never become clinically manifest.
Factors predicting which histologic PC will progress to aggressive behaviour are
thus far lacking.

Further study of hereditary factors (what is the function of the HPC1 gene and is
H the only susceptibility gene), but also of environmental factors (dietary factors,
sexual aclivity, etc) hopefully will provide more insight,

Other important hallmarks are the development of metastasizing clones and
prograssion to hormone independence. We have shown thal a region on 8p Is
possibly linked to androgen insenstilivity, Investigation of the genetic events that
characterize the hallmarks in the biological history of PC must be the main future
subjects of investigation. The basic oullines of these events are now emerging.

Future research needs to be multidisciplinary, cytogenetic as well as molecular
(cyto)genstic, employing the specific point of view of each research field and using
the different lechniques with the aim fo complement the resulls. In this perspective,
karyotype analysis can be used to identify struclural rearrangements al specific
sites and provide targets for microdissection. Through FISH the DNA sequence
copy number at specific loci can be investigated. FISH on lissue sections allows
analysis of tumors within their histological context, e.g. to invesligate the status of
premalignant lesions, intratumor heterogeneity and multiclonality. CGH, combined
with LOH analysis of specific loci, can give a comprehensive assessment of gene
dosage imbalance throughout the genome.
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Table 1. Chromosomal regions that are rearranged in PC

CHROMOSOME | CHROMO- TECHNIQUES, COMMENTS
SOMAL EXPRESSION STUDIES,
REGION MSi
(CANDIDATE
GENE)
1 ip cylogenslics, FISH frequently rearranged
region
1q24-q25 FISH, LOH, linkage analysis first hereditary gene
(HPCT)
2 2q cylogenstics
3 Ip24-p26 cytogenetics, LOH, FISH
3p22-pi2
Ip14
4 - - -
b - cylogenetics -
5q21 (APC) LOH, CGH, reduced in recurrent tumors,
5q22 {x-catenin) | exprassion possible TSG
6 6p MSI -
6qg23 cytogenetics, CGH, LOH possible TSG
6q14-q21
7 - cylogenalics, FISH assoclation wilth metastatic
{umors and poor
differantiation, gain also in
PIN lesions
7p13 (EGFR) LOH, CGH association wilh advanced
slage and poor
differentiation
7q22 cytogenetics, LOH In early tumors, possible
7q31.1-q31.2 TG
8 - cylogenaslics, FISH gain marker for clinically
aggresive lumors, gain
also in PIN fesions
8p21.3-p22 cytogenslics, LOH, CGH, MSt | association with lumor
{PRLTS) progression, MSG activily,
8pit-pi2 possible TSG
8q24 (C-MYC) LOH, CGH, overexpression assoclatlon with tumor
progression
9 9p (CDKNZ) CGH, LOH late event
9q CGH .
10 - cytogenetics, FISH, CGH in clinically aggresive

tumors, gain also in PIN
lesions

10p11.2-pler

CGH, LOH

assoclation with
progression and in less
Invasive tumors
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Tabte 1, continued

CHROMOSOME | CHROMO- TECHNIQUES COMMENTS
SOMAL
REGION
{CANDIDATE
GENE)
10 10q24- cylogenetics, LOH TSG aclivity; alsa in PIN
qter(MXxi1} lesions
14 11p11.2-p13 chromosome and gene MSG aclivity
(KAL) transfer, reduced expression
iig hypermethylation, reduced
expression
12 12pter-g13 CGH, chromosoma {ransfer TSG activity
13 13q (RB1} cytogenetlcs, LOH, CGH, -
MSI, reduced expression
14 . - .
15 cylogenstics, ISH -
16 16p CGH -
16q23-qter cylogenetics, FISH, LOH, reduced expression
{CDH1) CGH, reduced expression, association wilh poor
16q22.1-922.3 MSI . prognosis
16423.2-q24.1 cylogenetics, FISH, LOH, possible TSG, MSG
(PBP of C-MYC} | CGH aclivity , invasiveness
16q24.3-gter relaled
t7 i7pler-q23 chromosome transfer MSG activity, possibla
TSG
17p13.3 {F53) LOH, CGH, M3SI, association with advanced
hypermelhylation, reduced stage and poor prognosls
expression
17q12-q22 cytogenslics, LOH
{(BRCAT}
18 - FISH .
184213 (DCC) cylogenstics, LOH, CGH,
reduced expression, MS1
18q (BCL-2) cytoganetics, ovaraxpression § in recurrent tumors
19 19q (C-CAM) reduced expression also in BPH and PIN
20 - CGH -
21 - -
22 CGH
X Xq11-q13 (AR) FISH, CGH, mutations, in recurrent tumors
overexpression
Y - cylogenatics, FISH atso In PIN leslons
Noles

**.catenin is lhe e-cadherin binding protein. 2PBP= promotor binding prolain
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SUMMARY

The incidence of clinical prostate cancer throughout the Western world has -
shown a gradual increase over the last decades. Since the prevalence of histologic
PC is the same throughout the world, but clinical cancer is not, it is clear that not
only the initial neoplastic transformation event followed by tumor growth can be
rasponsibte for the development of a clinically evident PC. This has triggered
increasing interest in studies determining the factors that are impiicaled in the
promotion of a histological tumor to a clinical cancer. These can be classified as
either environmental, endogenous or familial.

Epidemiologic studies have indicated, among other factors, the involvement of
diet, of sexual activity patterns and of occupationat hazards. Family sludies showed
that about 8% of ali PC's apparently are the resutt of a genetic predisposition through
a single rare autosomally dominant susceptibility gene thal has a very high
penetrance rale.

Other research areas of conlinued interest and importance are the
characterization of exactly those tumors that will metastasize and those that will
ascape hormonal controf. In both areas sfforts are focussed on finding suilable
markers to discriminate between aggressive and non-aggressive tumors. The bast
prognostic markers at present still are pathological stage and grade. Promising
new additional markers are IGF-l, nuclear features, neuroendocrine markers,
adhesion molecuies, growth fraction, DNA ploidy and genetic markers.

in general, {cyto)genetic study of PC has importance for all factors causing and
promoling PC, since each permanent change of biological behavior in the tumor
cells will be based on a change at the genelic level.

This thesls describes our contributions to the delermination of some areas in
the human genome that are impertant in the development and progression of PC.
In this respect it can be regarded as a record of the developments in prostate
cancer cytogenetics, it also contains several contributions to technical developments
in the solid tumor cytogenetics research fisld.

tn chapter 3 we report our investigations on the value of different shorl term in
vilro culture- and karyotyping techniques and on a karyolyping study on short term
cultured cells from PC. Tha most suitable technique for cullure was collagenase
digestion o obtain a cell suspension followed by size fractionation and short term
culture in a completely synthetic medium that contained virtually every compound
that could in any way have a stimulating effect on PC cells. The karyotyping
techniques used for haematological malignancies were made sultable for PC, for
instance through adaptations in the isolation of nuclei. We found clonal aberrations
in 8 out of the 39 cases (21%) that yielded metaphases. The clonal numerical
chromosomal changes found were foss of the Y chromosome and gain of
chromoseme 8, Breakpoints in clonal structural chromosomal aberrations were at
3q13,3q21, 11p11, 17p11, 17p12, 21qi1 and 21922, Furthermore some karyotypes
showed double minutes and numerous nonclonal aberrations were found.

Subsequenlly two aspects of the question why a much larger percentage of
abnormalities is commonly detected in DNA flow cytometry (DNA-FCM) studies
than by karyotype analysis were addressed. In chapter 4.1, comparison of DNA
histograms of tumor samples obtained before and after collagenase treatment
showed that through collagenase digestion about 50% of the PC cells were lost. It
is conceivable thal the collagenase renders the cell membranes of tumor celis so
fragile thal they may ruplure easily when mechanically dissociated by pipstting.
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After culture a reduction of DNA aneuploid nuclei ranging from 44 to 85% was
found, suggestive of preferential growth of normal epithelial cells (chapter 4.2). So
we calculated that after both collagenase digestion and shorl term culture the
proportion of PC cells in the samples analysed was reduced by 75%.

In chapters 5 and 6 the cylogenatic characterization of PC specimens (and also
some benign prostatic hyperplasia (BPH) samples) was focussed on numerical
aberrations of a panel of chromosomes. These were selacled based on the frequent
aberrations of these chromosomes described in the literature. When the flucrescence
in situ hybridization {FISH) technique with DNA probes was made applicable to
solid tumor samples, prostate nuclei could be analysed without the need for tissue
culture. In chapter 5 whole chromosome loss and gain of chromosomes 1, 18 and
Y were investigated by FISH, in relation to each other, in relation to tumor stage
and grade and In relation to overall ploidy. In chapter 6 numerical aberrations of
chromosomes 1, 7, 8, 10, 18 and Y were invesligated also by FISH analysis, in
relation to overall ploidy, disease outcome, tumor stage and grade and patient
survival,

Nearly all PC specimens showed numerical aberrations of one or more
chromosomes, while none of the benign specimens showed any chromosomal
aberration. Gain of a chromosome was more frequent than loss.

Comparison of DNA-FCM and FISH results showed that not only in DNA
aneuploid tumors, but also in most DNA diploid tumors numerical chromosome
aberrations occurred. This comparison also showed thal, with an Increasingly
aberrant histogram by FCM, numerical changes became more frequent. in FISH
analyses aneuploid tumors always showed celt populations with triploid as well as
letraploid copy numbers of the chromosomes invesligated.

Simultaneous loss and gain of one or more chromoscmas in the same tumor
specimen was a recurrent observation. This finding could be explained by assuming
that scattered areas of gain and loss ¢an occur within one and the same tumor. The
observation that in 19% of the tumors the numbers of copies for chromosomes 1,
18 and Y were not the same (chapter §) supports this cylogenetic manifestation of
tumor heterogenasity.

Gain of chromosomes 7, 8 and 10 correlated with metastatic disease. The
average number of copies (ANC} of chromosomes 7 and 10 was significanlly higher
in lymph node metastasis (LM) than in radical prostatectomy (RP} specimens. For
chromosome 8 the ANC was higher in LM and transurethral resection specimens
than in RP specimens. While loss of chromosome 8 occurred mainly in samples
from nonmetastafic patients, loss of chromosome 1 correlated with metastatic
disease. For both chromosome 8 and 18 high polysomy percentages correlated
with short survival,

in chapter 7.1 LNCaP, a human PC cell fine with sublines with different androgen
responsiveness, was cytogenetically characterized. In the sublines the original
karyotype was well preserved, but all showed also additional, subline specific
secondary marker chromosomes, Comparison showed that In both nonresponsive
sublines a rearrangement of the short arm of chromosome 8 had occurred. The
breakpoints were at 8p21and 8p23, respectively, resulling in the commonly deleted
region 8p236pter. By describing this observation we were ths first to link 8p
aberrations with progression lo androgen indepandence.

At the moment, the short arm of chromosome 8 is the most extensively studied
chromosomal region In prostate cancer. The 8p116p12 area and the 8p22 area
deserve special interest, because for both areas strong indications for the presence
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of a tumor suppressor gene (TSG) were reported. in chapter 7.2 we investigated
the chromosome 8 absrrations in the LNCaP sublines in more detail by performing -
FISH analysis with three cosmids mapping to the 8p region, Cosmid analysis
demonstrated that in all sublines, androgen responsive or not, deletions in the 8p
region were present, although by whole chromosome paint most cells seemed to
have four normal copies of chromosome 8. The differences between androgen
responsive and nonresponsive sublines were in the number of copies per cosmid.
In both androgen responsive sublines most celis showed only two copies of cosmids
D8S7 (8p23.3) and LPL (8p22), while the cosmid PLAT {8p11.1) was presentin 1-
4 copies. Both androgen unresponsive sublines however, showed a larger number
of coples (3-4) for all three cosmid locl. Wa stated that this difference may be the
result of nondisjunction as a reaction to loss of other sequences on 8p, possibly the
TSG mapping to 8p12. Foliowing the concept of two separate TSG’s on 8p, it is
conceivable that in both responsive sublines only the 8p22 TSG was inactivated,
and in both nonresponsive both TSG's.

PC is characterized by both intratumor hetercgeneity (the coexistence of mulliple
genetically related, but not identical clones) and muiltifocal growth (geneticaily
unrelated clones), both suggestive of mulliclonal development. We have shown
that through molecular cylogenetic analysis.of PC this helerogeneity can be
identified, because populations with different ploidy could be detected in the same
tumor,

We have made a contribution to the development of a multistep hypothesis for
malignant transformation and cancer progression by showing that aberrations of
chromosomes 7, 8 and 10 are correlated to PC progression.

An important hallmark in the development of PC is progression to hormone
independence. We have shown that a region on 8p Is possibly linked to this
phenomenon.

Future research needs to be multidisciplinary, cytogenetic as well as molecular
{cyto}genetic, optimally combining the specific poinis of view and the technical
potentials of the contributing disciplines.
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De laatste tientallen jaren is he! aantal ziektegevallen van prostaatkanker in de -
gehele Westerse wereld geleidelijk gestegen. De ziektegevallen kunnen in iwee
categoriedn verdeeld worden. Enerzijds zijn er de gevallen die blj toeval ontdekt
worden, waarbij de patient zich niet ziek voelt en geen symptomen heeft: het latente
prostaatcarcinoom. Anderzijds is er prostaatkanker waarbij de patient we!l
symplomen heeft, zich ziek vosll en indien niet succesvol behandeld, aan zal
overlijden: het klinisch manifest prostaatcarcinoom. De stijging betreft de tweede
calegorie, terwijl het aantal latenie gevallen gelijk is gebleven. Er moeten dus
factoren zijn, die na het ontstaan van de latente kanker de tumor aanzetten tot de
kwaadaardige groei die leidt tot een kilinisch manifeste tumor. Er is dan ook een
steeds grosiende interesse in studies waarbij gezocht wordt naar deze factoren.
Zulke factoren kunnen bepaald worden door afkomst (familiair), de omgeving of ze
kunnen vanuit de patient zelf ontstaan (endogeen).

In grootschalige studies zijn verhoogde risico's voor het krijgen van sen klinisch
manifest prostaatcarcinoom aangetoond met betrekking tot bepaalde eetgewoonten
{bv. zuivelproducten en dierlijke vetlan), hat patroon van sexuele activiteit (bv.
wisselende conlacten, venerische ziekten} en bij bepaalde beroepen (bv.
blootstelling aan zware metalen). Zeer opmerkelijk is, dat bij mensen die vanuit
een land met een laag aantal zieklegevallen naar een land met een hoger aantal
verhuisden, een verhoging van hel aantal ziektegevallen gevonden werd, Dil is
een sterke aanwijzing dat omgevingsfactoren belangrijk zijn.

In famillestudies, waarblj onderzocht werd in hoeverre prostaatkanker erfelijk
is, kwam naar voren dat 9% van alle prostaattumoren waarschijnlijk erfelijk zijn.

Een belangrijke vraag voor de keuze van de soort behandeling is, of een tumor
zal uitzaaien (metastaseren) of niet. &r worden studies gedaan die trachten een
vroegtijdig onderscheid te maken tussen de tumoran die in de loekomst zullen
melastaseren en degenen dige dit niel zullen doen. Gezocht wordt naar
eigenschappen die wel aanwezig zijn bij de ene groap {umoren en niet bij de andere
{markers). Op het moment zijn de best onderzochte en betrouwbaarste
prognostische {voorspellend omtrent het vardere verloop van de ziekte) markers
de pathologische stagering en gradering. Veelbelovende markers zijn IGF-i (een
groelhormoon), nucleaire {(celkern} eigenschappen, neurcendocriene markers
(verband houdend met hormonen), adhesie (hechtings-)factoren, de groeifractie
{het percentage groelende cellen), DNA ploidie (hoeveelheid DNA -erfelijk materiaal-
per cel) en verschillende genetische markers.

In het algemeen Is genetische studie {onderzoek aan het totale DNA -het
genoomy} van prostaatkanker belangrijk voor alle factoren die betrokken zijn bij de
vorming en ontwikkeling van prostaatkanker. Dit proefschrift beschrijft onze bijdragen
aan het aanwijzen van verschillende delen van het genoom die belangrijk zijn in de
ontwikkeling en de progressie (voortschrijden) van prostaatkanker., Ook kan dit
proefschrift beschouwd worden als een versiag van de ontwikkelingen in het
prostaatkanker chromosoomonderzoek. Chromosomen zijn celkernlichaampjes
waarop de erfelijke eigenschappen liggen, er zijn er 46 in een normale cel, 22
genummerde paren en twee zg.geslachtschromosomen, X en Y,

In hoofdstuk 4 hebben wij de waarde van verschillende in viiro {in een
kweekbakje} kweek- en karyolyperings {chromosoomgroeperings)technieken
onderzocht en levens een karyotyperingsstudie op gekweekte celien van tumoren
van proslaatkankerpatiénten beschreven, De beste kweekmethode bleek degene
te zijn waarbij gebruik gemaakt werd van collagenase (steunweefsel afbrekend
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enzym) om een celsuspensie (losse cellen) te verkrijgen. Vervolgens werden de
celklompjes op grootte gescheiden en lenslotte werd er gekweekt in een volledig
synthetisch medium dal nagenoeg alle stoffen bevalte die op enigerlei wijze een
stimulerend effecl op de groei van prostaatkankercellen zouden kunnen hebben.
Da technieken gebruikt voor de karyotypering van bloedtumoren werden bruikbaar
gemaakt voor prostaatkankercellen door onder andere de wijze van isolatie van de
celkernen aan le passen. Karyotypering leverde clonale afwijkingen (=in meer dan
twee cellen aanwezig) op in 8 van de 39 (21%) gevallen. De cionale veranderingen
in aantal chromosomen waren verlies van het Y chromosoom en een exira
chromosoom 8. Structurele {in é6n chromesoom}) clonale veranderingen werden
zichtbaar als breukpunten op 3q13, 3g21, 1ipit, 17p11, 17pi2, 21g11 en 2122
(notatie: chromosoom nummer-korle (p) of lange arm (g)- plek op de arm). Verder
werden in enkele karyotypes double minutes {losse, kieine slukjes chromosoom)
gevonden. Niet clonale veranderingen, zowe! numeriek als structureel, kwamen

veel voor.

Vervolgens werden twee aspecten van een vraag onderzocht die velen die aan
prostaatkanker chromosoomonderzoek werkten bezighield, nl: Waarom worden ar
in DNA flow cytomalrie (methode om het DNA gehalte per cel le meten (DNA-FCM))
studies consequent zoveel meer afwijkende prostaattumoren gevonden dan door
karyotypering? In hoofdstuk 5.1 werd door midde! van DNA-FCM aangetoond dat
door collagenase behandeling ongeveer 50% van de fumor cellen verioren gaal.
Wij concludesrden dat hel aannemelijk is dat de collagenase de celmembranen
van de tumorcellen dermate kwetsbaar maakt dat ze gemakkelijk scheuren wanneer
er enige mechanische druk (in dit geval door pipetteren- opzuigen in een holle
buis) op uilgeoefend wordt. In hoofdstuk 5,2 werd na kweken een terugval in de
hoeveelheid celkernen met een abnormaal DNA gehalte met 44 tot 85% gevonden,
volgens ons veroorzaakt door de grosi van bij voorkeur normale cellen. Over hat
geheet berekend, dus na collagenase behandeling en kortdurende weefselkwesk,
was de hoeveelheld prostaatkankercelten gedaald met 75%.

in de hoofdstukken 6 en 7 werd van een aantal kwaadaardige, en {evens van
een aantal goadaardige (BPH's) prostaattumoren, eventuele numerieke afwijkingen
van zes varschillende chromosomen bekeken. Deze chromosomen werden gekozen
omdat ze in de vakiiteratuur het meest gencemd waren in verband met afwijkingen
bij prostaatkanker. Door de fluorescentie in situ hybridisatie (FISH) techniek met
DNA probes {een methode om het aantal kopie&n van een specifiek chromosoom
direct op de kKern zichtbaar te maken) hiervoor geschikt te maken, konden de
prostaatkernen nu geanalyseerd worden zonder de noodzaak van weefselkwesk.
in hoofdstuk 6 werden door middel van FISH analyse de numerieke veranderingen
in prostaatkanker en BPH bekeken van de chromosomen 1, 18 en Y. De vitkomsten
warden vergeleken tussen de chromosoman onderling, en in relatie tot de lotale
DNA inhoud. In hoofdstuk 7 werden met dezelfde technieken de chromosomen 1,
7. 8, 10, 18 en Y in een uitgebreider aantal prostaatiumoren en BPH's bekeken.
Terwijl in gean van de onderzochle BPH's enige afwijking aangetoond kon worden,
vertoonden bijna alle prostaattumoren numerieke afwijkingen voor één of meer
chromosomen, waarblj extra kopisén meer voorkwamen dan chromosoam verlies.

Vergslijking van DNA-FCM en FISH resultaten toonde aan dat niet alleen in
DNA aneuploide (abnormale hosveelheid ONA) tumoren, maar ook in DNA diploide
(normale hoeveelhaid DNA) tumoren afwijkingen voorkomen. Ook werd bewezen
dat, zoals verwacht, met het toenemen van de afwijkingen in de hoeveetheid DNA,
meer chromosomen afwijkingen verioonden, Verder werden er allijd zowel triploide-
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(1,5x de normate hoaveelheid DNA, 3 kopign van een chromosoom) als tetraploide
{2x de normale hoeveelheid DNA, 4 kopién van een chromosoom) cellen gezien. -
Herhaaldelijk werd aangetoond dat zowel cellan met verlies als met extra kopieén
van hetzelfde chromosoom in één tumor sample (gedeslte van de tumor dat voor
onderzoek gebruikt wordt) aanwezig waren. Dit werd verklaard door aan te nemen
dat binnen één en dezelfde tumor verschillende gebieden bestaan waar cellen met
verlies of extra chromosomen voorkomen, Dit wordt cylogenetische heterogeniteit
genoemd. Ook het feit dat In 19% van de tumoren binnen dezelfde tumor een
varschillend aantal kopieén voor de chromosomen 1, 18 en Y gevonden werden,
ondersteunt dit. De aanwezigheid van extra kopie&n van de chromosomen 7, 8 en
10 in de tumor was gecorreleerd met de aanwezigheid van metaslasen bij de patiént.
Het gemiddeld aantal kopie&n van de chromosomen 7, 8 en 10 was significant
hoger in samples van lymfeknoop metastasen, dan in samples van operaties waarbij
de gehele prostaat verwijderd werd. Verlies van chromosoom 8 kwam vooral voor
in samples van patiénten zonder metastasen, terwijl verlies van chromosoom 1
juist correleerde met metastasering. Hoge percentages cellen met veel kopieén
van zowel chromosoom 8 als 18 correleerden met een korle overleving.

Bij prostaatkanker is een befangrijk kenmerk van progressie, dat de tumor niet
meaer op andragenen reageert. In hoofdsluk 8.1 werd een menselijke prostaatkanker
cellijn (LNCaP), waarvan de daarvan afgeleide cellijnen verschillend op androgenen
{mannelifke hormonen) reageren, cytogenelisch gekarakteriseerd. Dit werd gedaan
om cytogenetische verschillen tussen deze celliinen op te sporen. in de afgeleide
cellijnen was het oorspronkelijke karyolype goed bewaard geblaven, met per cellijn
een aantal specificke later gevormde marker chromosomen, Onderlinge vergelijking
van deze cellijnen toonde aan dat de korte arm van chromosoom 8 was veranderd
in de cellijnen die niet op androgenen reageren. De braekpunten lagen op 8p21 en
8p23, respectievelijk, zodal in beide 8p236pter verloren was. Met deze
belangwekkende observatie waren wij de eersten die 8p afwijkingen verbonden
aan de progressie van prostaatkankaer.

Op dit moment is de korte arm van chromosoom 8 de meest bestudeerde
chromosomale regio in prostaatkanker. Het 8p116p12 en het 8p22 gebied hebben
speciaal de interesse, want er zijn sterke aanwijzingen dat in beide gebieden één
of meer fumor suppressor genen (genen die in de normale cel het ontstaan van
tumoren onderdrukken) gelokaliseerd zijn . In hoofdstuk 8.2 werden de afwijkingen
van chromosoom 8 in LNCaP verder onderzocht door middel van FISH analyse
met drie cosmiden (relatief grote stukjes DNA) die gelokaliseerd zijn op verschillende
delen van de 8p regio. Deze analyse loonde aan dat in alle sublifnen, androgeen
responsief (reagerend op androgenen) of niet, deleties {verlies van stukken DNA)
in het 8p gebied voorkwamen, hoawe! met een 'whole chromosome paint' (kleuring
van het gehete chromoscom) in bijna alle cellen vier normale chromosomen 8 werden
gezien, De verschillen tussen de sublijnen lagen vooral in het aantal kopieén per
cosmide. In beide androgeen responsieve lijnen vertoonden de meeste cellen twee
kopietin van D837 (8p23.3) en LPL (8p22), terwijl van PLAT (8p11.1) één tol vier
kopie&n aanwezig konden zijn. Beide niet responsieve lijnen vertoonden echter
meer kopie&n voor alle cosmiden (drie tot vier). Een verklaring kan zijn dat dit
verschil het resultaat is van een reactie op het verlies van andere gedeelten van
8p, mogelijk het tumor suppressor gen op 8p12. Als je aanneemt dat op 8p twee
afzonderlijke tumor suppressor genen liggen, dan is het aannemelijk dat in de
responsieve lijnen alleen het tumer suppressor gen van 8p22 is geinactiveerd, en
in de niel-responsieve fijnen beide.
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Prostaatkanker wordt gekarakteriseerd door zowel het naast elkaar groeien
van meerdere verwante, maar niet identieke klonen {cellen corspronkelijk afkomstig
van één cel) als door hel naast elkaar grosien van niet verwante klonen binnen
dezelfde tumor. Dit wordt raspeclievelijk intratumor heterogeniteit en multifocale
groei genoemd. Beide verschijnselen leiden tot de gedachte dat bij de groei van
een prostaattumor meerdera klonen tol ontwikkeling komen, Door het aantonen
van groepen cellen met ean verschillende ploidie (DNA hoeveelheid, totaal par cel
of per chromoscom) in &én tumor hebben wij laten zien dat met moleculair
cytogenatische analyse van prostaatkanker samples deze verschijnselen kunnen
worden aangetoond,

Bovendien hebben wij aangetoond dat afwijkingen van de chromosomen 7, 8
en 10 zijn gecorreleerd met progressie, wat als een bijdrage beschouwd kan worden
aan de ontwikkeling van aen meerstaps hypothese voor gefaseerd ontstaan,
ontwikkeling en voortschrijden van prostaatkanker. Een belangrijke stap In de
ontwikkeling van prostaatkanker Is progressie naar androgeen onafhankefijkheid,
Ons onderzoek heeft de chromosomale regio 8p voor het eerst hlermee in verband

gebracht,
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