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Abstract

To determine the incidence of genetic heterogeneity in primary
prostate cancer, we have microdissected 125 tumor and mesenchymal
foci from 18 patient biopsies and analyzed the DNA for loss of het
erozygosity using PCR microsatellite markers. In 100% of patients
with genetic lesions on chromosome Sp, there was evidence for intra
tumoral genetic heterogeneity. There was also a low but significant
Incidence of loss of heterozygosity in mesenchymal tissue. Our results
show that phenotypically similar tumor foci can have different geno
types and provide evidence for the multifocality of tumor development
In the prostate.

Introduction

Carcinoma of the prostate is the second most common cause of
cancer death among males in the Western world. In the United
Kingdom alone, 10,000 men died from the disease in 1990 (1). The
malignancy is increasingly prevalent with age, but there is no
compelling evidence for a causative agent. Prostate cancer is a
highly heterogeneous disease with numerous malignant foci fre
quently being present in the primary tumor biopsy. These foci can
be phenotypically similar or they may be examples of â€œlatentâ€•
cancer, in which foci histologically identical to aggressive tumors
in other patients do not progress to clinically significant disease. It
is not known whether this heterogeneity is reflected in the geno
type of the tumor. Conventional LOH3 studies, in which loss of an
allele in tumor relative to normal tissue is considered indicative of
a putative tumor suppressor gene, use tissues with greater than
80% tumor cell content, but these will mask any genetic hetero
geneity present in the primary tumor. It is therefore important to
elucidate precisely the genetic changes occurring in early-stage
prostate cancer, which may aid diagnosis and treatment of the
disease. To obtain pure populations of tumor cells for DNA,
techniques have previously been developed using needles to dis
sect tumor foci under a light microscope enabling fine mapping of
allelic loss at 8pl2â€”2l (2). This technique was also used to isolate
DNA for genotypic comparison between prostatic intraepithelial
neoplasia and carcinoma foci in patient biopsies (3).

LOH studies on prostate cancer, initially using RFLPs and then
highly polymorphic microsatellite markers, have previously demon
strated allelic loss on chromosomes 8, 10, and 16 (4, 5). In particular,
chromosome 8p is reported to be lost at high frequencies, both by
LOH and by fluorescence in situ hybridization studies (e.g., Refs.
6â€”8),with three distinct sites of loss being demonstrated (9).
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We have microdissected 125 tumor foci, consisting of 10â€”100cells
from 18 patient biopsies, providing highly pure DNA samples. These
have then been analyzed by PCR with fluorescently labeled micro
satellite markers and compared to normal DNA derived from patient
blood lymphocytes. Loss of alleles was assessed with GeneScan
Analysis software (Applied Biosystems). Our results confirm the extra
sensitivity of the assay compared to conventional LOH studies and
suggest that, even in well-differentiated cancers, there exist genotyp
ically distinct tumor foci displaying allelic loss.

Materials and Methods

Tumor Samples. Prostate tissue from transurethral resection of the pros
tate and the corresponding patient blood samples were obtained from York
District Hospital. Eighteen cases with cancer histology were randomly selected
for analysis.

Microdissection. Prostate tissue was frozen and embedded in OCT.
Five-,.@msections were cut and fixed using 2:1 methanol/acetone. Sections
were stained with H&E and histologically graded (10). Glass needles (1.0-mm
outer diameter) were pulled to a fine point using a microforge. These were then
mounted on a three-dimensional manipulator (Diaphot-TMD; Nikon) and used

to microdissect individual tumor foci from the tissue sections. Using a joystick
hydraulic manipulator, between 10 and 100 cells were dissected away from the
surrounding tissue under sterile double-distilled H2O (summarized in Fig. 1).
During this procedure, the eosin stain was bleached from the section. For each
patient, at least one example of mesenchymal tissue was also microdissected.

DNA Extraction. Microdissectedcells were immediatelytransferredinto
200 @lof digestion buffer [10 mMTris-HC1 (pH 8), 10 mr.i EDTA (pH 8),
0.5%SDS,and0.1 mg/mIproteinaseK] andincubatedovernightat 50Â°C.A
single phenol extraction was performed prior to precipitation of DNA using

tRNA as a carrier (final concentration, 10 @g/ml).Following two ethanol
washes, the pellet was resuspended in 10 @lof double-distilled H20. Normal
DNA was prepared from lymphocytes separated from heparinized blood using
Lymphocyte Separation Medium (Life Technologies, Inc.), and DNA was

extracted as above.
PCR. PCR reactionswere carriedout in l0-pi volumes using a Perkin

Elmer Corp. 480 DNA thermal cycler. All reactions were performed in
duplicate, and losses were always further confirmed by extra repetitions. The

fluorescently labeled PCR primers used were D85264 (8p22-pter), D85265
(8p23.l-pter),andD8S261(8p22;Ref. 11).Reactionmixturescontained2 mM
deoxynucleotide triphosphates, 0.05% W-l, 1.5 mz@iMgC1,, 3 pmol each of
forward and reverse primers, 0.5 units of Taq DNA polymerase (Life Tech

nologies, Inc.), and 2 ,.d of microdissected DNA. Ten ng of constitutive DNA
were used. PCR cycling conditions were: denaturation at 96Â°Cfor 5 mm,
followed by a two-step cycle of denaturation at 94Â°Cfor 40 s and combined
annealing and extension at 55Â°Cfor 30 s. Thirty-five cycles were carried out
before a prolonged extension period of 5 mm at 72Â°Cand cooling of the
products to 4Â°C.The presence and relative quantity of PCR product was
ascertained by resolution on a 2% agarose gel. Control primers D15209,

D1S2785, and D2S281, previously found in our laboratory to be uninvolved in

prostate cancer, were used to amplify DNA from microdissections showing
LOH.Thisensuredthat artifactualamplificationof a singlealleledue to low
quantities of DNA in the microdissected sample did not influence the final

analysis.
LOH Analysis. A portionof the PCRproductwas aliquotedandcombined

with dextran blue dye, formamide, and GeneScan 2500- or 350-ROX internal
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summarized in Table 1. One patient was a noninformative ho
mozygote at all markers. Six patients were homozygous at two
markers and in these six patients the third marker failed to give a
product. Two patients gave no PCR data and their control markers
failed to amplify, suggesting that either (a) DNA was unsuitable
for PCR or (b) insufficient material was present. In all remaining
patients for whom material was available, both alleles of the
control markers were amplified. This is evidence that the LOH
seen on the microdissected samples is not an artifact due to low
DNA concentrations. To ensure that the small numbers of cells
analyzed were not biased in favor of amplification of a single
allele, all studies were carried out in duplicate on separate micro
dissected tissue sections.

One hundred % (9/9) of these informative patients exhibited 8p
LOH at one or more tumor foci. Given the small sample size, this is
comparable to previous studies in our laboratory, in which markers at
8p2l-pter were found to be lost in 66% of cancer patients.4 LOH was
observed in all three markers used, with 80% of informative patients
(four of five) having lesions in D8S261, 100% (four of four) in
D8S264, and 64% (four of six) in D85265. In some cases, no PCR
product was detected (Table 1, #) even on repetition.

Considerable intratumor genetic heterogeneity was observed in
those patients with lesions on 8p. This is best illustrated with specific
examples. In patient 0, five of six microdissected foci have retained
both copies of the D8S261 sequence. However, the remaining focus
(number 31), with low levels of stromal inifitration, has lost one copy
of the marker. Nearby foci with a similar phenotype (e.g., number 29)
have a normal genotype at D8S261 (Fig. 2). The gel illustrates a clear
loss due to the absence of contaminating stromal tissue in the DNA
sample, allowing a distinction between alleic loss and imbalance,
which could be due to amplification. A single focus of loss such as
this would be overlooked in conventional LOH studies and even in
less precisely â€œmicrodissectedtissues.â€•Similar situations were oh
served for patient C in D8S264 and D8S265, and for patient N at
D8S264.

Marker D8S265 in patient K gives clear evidence of intratumor
genetic heterogeneity. Sixty-seven % of tumor foci (six of nine)
giving a PCR product have lost one allele, but different LOH events
are represented, because different alleles are lost at different tumor
foci (see Fig. 3). Conventional LOH studies would not have revealed
a distinguishable loss. These data clearly demonstrate that at least two
independent mutational events have occurred, giving rise to different
clonal populations within the primary tumor.

In two of the patients examined (K and N), there were reproducible
gains of additional alleles. These could be PCR artifacts due to stutter
of the Taq polymerase, or they may represent microsatellite instabil
ity, which has been demonstrated in prostate cancers (12).

Perhaps surprisingly, LOH was also consistently observed in mes
enchymal material microdissected from three of nine informative
tumor biopsies (D8S264: patient H, microdissection number 35, and
patient J, numbers 41 and 42; D8S261: patient J, numbers 41 and 42,
and patient T, number 125). Because both alleles amplified with other
markers (including the control markers on chromosomes 1 and 2), this
is unlikely to be an artifact due to low concentrations of DNA.

Discussion

The development of many sporadic cancers is now accepted to be
a multistep process involving mutational events in both oncogenes
and tumor suppressor genes. Previous studies using RFLP and mi
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Fig. 1. Pictorial summary of the microdissection procedure showing precise removal of
a single tumor focus. Single arrowheo4 focus being dissected; double arrowheacL glass
needle being used. Bar, 200 @m.

size marker, to permit precise sizing of alleles. Samples were denatured at
94Â°Cfor 3 mm, snapcooled on ice, andloadedon a 6%denaturingpolyacryl
amide/urea gel on an Applied Biosystems 373A DNA Sequencer. Data were
collected and analyzed on an Apple Macintosh Ilci using GeneScan software.

ResUlts

A total of 125 tumor foci were microdissected from 18 patients,
and the three microsatellite markers on chromosome 8p, plus an
additional control marker, were amplified by PCR. Results are

4 C. A. Macintosh, S. J. Murant, L Hopwood, M. Anderson, S. Phillips, M. Stower, J.

Brannigan, and N. J. Maltland, Cumulative levels of allelic imbalance on chromosomes 8,
10 and 16: correlation with clinical stage and histological grade of prostatic adenocarci
nomas, manuscript in preparation.
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Table 1 Summary ofallelic loss in the microdissected patient DNAs
Only those patients exhibiting lesions on 8p are included. Patients H and T were amplified with control primer D15209: patients G, J, K, L and N were amplified with control primer

D1S2785; and patients C and F were amplified with the control primer D2S281. Empty cells indicate that no PCR was perfonned due to insufficient material being present. Symbols
are as follows: I, informative heterozygote, allelic change; 0, informative heterozygote, no allelic change; 0, noninformative homozygote; â€œgain,â€•additional allele present; and #,
no product on PCR.
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A

Fig. 2. A. loss of D8S261 at a single tumor focus
(31) in patient G (Ly, PCR product from normal
blood lymphocyte DNA). +. positive control; H,
PCR product of a microdissected sample from pa
tient H. Size markers are given in bp to the right of
the gel. B, examples of the corresponding micro
dissected histological sections (30 and 31) are dis
played together with a low-power view of the bi
opsy area (bars, 200 sm).
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crosatellite analyses indicate that the three principal regions of loss
during prostate cancer progression are on chromosomes 8p, l0q, and
16q (4, 13, 14). However, the precise molecular mechanisms that give
rise to prostate cancer are poorly understood (e.g., Ref. 15). Contrib
uting to this dilemma is the heterogeneity frequently found within the
primary tumors in which multiple tumor foci representing different
histological grades are often present. Genotypic analysis of prostate
tumors has also been hampered by the tissue composition of the
prostate, with the large stromal compartment â€œcontaminatingâ€•tumor
DNA samples. The microdissection technique described here has
provided pure samples of tumor DNA that on PCR give clear, unam
biguous demonstrations of LOH. These results are based on the
amplification of DNA from more than one cell and therefore in each
PCR reaction both alleles, if present, are represented. Amplification of
both alleles using control primers from other chromosomes eliminates

the possibility of artifactual LOH due to low concentrations of DNA.
All results were reproduced by multiple repetitions of PCR on the
same DNA sample or on DNA taken from the same gland in serial
sections.

Lesions on chromosome 8p were observed in 100% of informative

patients (nine of nine) in this study. All of these patients demonstrated
intratumoral genetic heterogeneity with different allelotypes repre
sented in different tumor foci. In some cases (e.g., marker D8S261 in
patient G), the majority of the tumor foci represented a normal
genotype at the markers studied, which, in conventional LOH studies,
would result in the masking of a potentially more ominous allelotype.
The microdissection technique therefore allows dissection of the
primary tumor and precise allelotyping of individual clones of cells.
We have also found evidence for the multifocality of tumor develop
ment, exemplified by marker D8S265 in patient K. Here, the loss of

26

Patient G@
+ 29 30 31 32 33 34 Ly H

. . .@@ .@@ - . .@@@ @r:@ @:@@ . @;@ @.

@I@@ -. @.@@@ . . I

._ @.@@@ . â€”@ .

@ii@i@
;@@@ â€˜@ â€” ,@ .@. @,.

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/58/1/23/2466658/cr0580010023.pdf by guest on 19 M

ay 2023



@16O ?.Â°P i2L4.Â° ?.@Â°..

Pa@ntK 320:1@

no.46

300

no.52 200

Experiment1

,1@6@0 @2@0p @24o ?.80

Experiment2

GENErIC HETEROGENErI'Y OF PRIMARY HUMAN PROSTATE CANCER

Fig. 3. Scans showing differential allele loss at microsat
elite markerDBS265 in microdissection numbers 46 and 52
in @entK. Horizontal scale, scan number vertical scale,
intensityof fluorescentsignal.&periment1andExperiment
2, duplicated experiments that repeated the PCR results.

alternative alleles at different tumor foci indicates that two or more
independent mutational events have taken place during tumor devel
opment. This corroborates previous findings of multifocality in pros
tatic intraepitheial neoplasia (3). Previous studies performed in our
laboratory found loss of 8p22 sequences to occur in early-stage
prostate cancers but to be absent from benign lesions. It is therefore
possible that the differential alleic loss seen here is not simply an
example of multifocal progression but of multifocal tumor initiation.
A more comprehensive study using multiple markers over several
chromosomes would be necessary to test this hypothesis.

Seven of 16 samples from patient K repeatedly failed to amplify
with D8S265, although, in many of these cases, other markers did
amplify, which might suggest that homozygous deletions had oc
curred. This, however, can only be verified if more extensive studies

are carried out using closely linked markers on pooled microdissected
samples of the glands from serial sections.

No correlation was observed between marker loss and severity
of tumor phenotype, although a trend was visible, with D8S264
showing fewer â€œunilateralâ€•losses across multiple tumor foci in the
same patient. It is possible that lesions in D8S261 occur earlier in
the progression and, following lateral spread of the cancer, are
present in the disseminated clones (e.g., loss of D8S261 at multiple
tumor foci in patient J). These initial stages of clonal evolution of
the tumor may even occur in morphologically normal cells, a
phenomenon demonstrated recently in breast cancer (16). Later,
further mutational events, including loss of sequences at the more
telomeric D8S264 as well as on additional chromosomes, give rise

to subclones within the primary tumor. The clonal origin of the
tumor also has implications for optimal treatment of the malig
nancy. Polyclonal tumors would require a multifaceted drug
targeting approach, whereas if the tumor arises from a single
mutational event followed by lateral spread of tumorigenic cells,
treatment should aim at preventing the dissemination of these cells

throughout the prostate. At this stage, it is important to consider
that the dominant genotype to be found in the primary tumor may
not be the critical cell clone that conveys a phenotype such as
androgen resistance or metastasis (e.g., Refs. 17 and 18). These
may be represented in the initial presenting tumor by small foci
that remain undetected by conventional LOH studies, but that,
following treatment and involution of the dominant tumorigenic
clone after androgen withdrawal therapy, continue to grow, be
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coming the dominant phenotype later in the malignancy. Spatial
positioning of such clones may also be important, because a clone
predisposing to metastasis may become clinically significant less
rapidly if located deep within the prostate.

We also found that 33% (three of nine) of patients with lesions on
chromosome 8p reproducibly show LOH in mesenchymal tissue.
Stromal tissue is frequently assumed to have a normal genotype, but
this is a contentious issue. Given the intimate physical association
between the epithelial and fibromuscular components in the prostate
and the synergistic passage of growth-promoting and -inhibitory fac
tors between the two components, abnormalities in stromal tissue that
could result in increased production of growth factors would select for
up-regulated tumor growth (e.g., Refs. 19 and 20). Perhaps, therefore,
prostate cancer is not an isolated epithelial proliferation, but exists as
a complex interrelationship in which stromal cells promote epithelial
growth.

In conclusion, genetic heterogeneity, as well as phenotypic or
biological heterogeneity, is a common feature of primary tumors of
the prostate. Our data provide evidence for independent evolution of
these tumor foci. However, further study with additional markers on
a range of chromosomes will resolve the issue of clonal evolution of
the tumor either from a monoclonal origin, followed by a lateral
spread of tumor cells, or from a purely polyclonal origin.
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