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ABSTRACT

Fluorescence in situ hybridization using centromere-specific DNA
probes to chromosomes 8,12, and 17 was applied to 23 archival paraffin-

embedded stage C colonie cancer specimens. Chromosome copy number
was related to flow cytometric determinations of S-phase fraction and

DNA ploidy. Three to eight copies of chromosomes 8, 12, and 17 were
observed at mean frequencies of 28.7%, 37.8%, and 20.9%, respectively.
The mean frequency of multiple copies of chromosome 12 was signifi
cantly greater than that for chromosome 17 (/' < 0.0025). The mean

frequency of single copies of chromosome 17 was significantly greater than
that for chromosomes 8 and 12 (/' < 0.0025 and /' < 0.0005, respectively).

Regarding the fourth quartile of cases, defined on the basis of the fre
quency of multiple chromosome copies, the proportion demonstrating
moderate to high proliferative activity greatly exceeded the proportion
displaying low proliferative activity. The same cases (most chromosomally
aberrant) also generally demonstrated DNA aneuploidy. The results indi
cate a substantial degree of karyotypic instability in advanced colon can
cer, particularly in cases with high proliferative activity and DNA aneu
ploidy.

INTRODUCTION

Although solid tumors comprise more than 90% of human cancers
(1,2), more than 80% of current cytogenetic data on human neoplasia
are based on hematopoietic neoplasms ( 1). What is known about solid
tumors has often been obtained from highly advanced tumors which
are at a cytogenetically late stage; however, chromosomal anomalies
have also been noted in diagnostic biopsies and in adenomas or
precancerous lesions (1, 3). Considering the relatively high incidence
of colorectal cancers, both benign and malignant, the number of cases
studied cytogenetically is surprisingly small.

Recurrent abnormalities that have been identified in colorectal can
cer include several chromosomes (1-11). The best documented chro

mosomal aberrations in spontaneous colonie tumors are deletions of
17p and 18q, which have been shown to be late stage events (7-9, 12).
Chromosomal anomalies may reflect oncogenic changes ( 13-21 ). Fur

thermore, aberrations in chromosome copy number reflect karyotypic
instability and may relate to tumor aggressiveness and progression
(4,9, 17,21).

Interphase cytogenetics, the specific application of ISH5 techniques

to interphase cells or nuclei, allows for the investigation of numerical
abnormalities in target chromosomes without requiring the culture of
neoplastic cells or preparation of metaphase spreads. Fluorescence
labeled DNA probes can be applied to interphase cells (FISH) affixed
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to glass slides; evaluation of the number of signals in each nucleus
reflects the number of copies of that chromosome in that nucleus.
Most ISH studies have been applied to hematological cancers (22-24);

however, a few have addressed the chromosomal anomalies in bladder
tumors (4, 25-27) and in primary breast tumors (28-30). Furthermore,
techniques of ISH can be applied to archival paraffin-embedded spec

imens (26, 30).
Combining FCM and ISH on the same specimen is generally fea

sible, because only thousands of cells are necessary to analyze the
sample in a statistically Ã©valuablemanner using either method. FCM
is a rapid and objective screening method for DNA content in malig
nancies and has been shown to provide prognostic information based
on DNA ploidy (31-34) and proliferative activity (31, 34). Tumor

proliferative activity, based on cell cycle phase distribution analysis,
has been shown to correlate with tumor aggressiveness in colon cancer
(35) and in other tumors (36, 37). Although FCM can provide useful
information regarding DNA content, cytogenetics provides more spe
cific information regarding DNA abnormalities and better sensitivity
for the determination of small variations in DNA content (4, 30). The
few studies combining FCM and ISH have so far been limited to
bladder (4, 25, 27) and breast cancer (28, 29). The combination of
FCM and ISH has started to address the relationship between DNA
ploidy and karyotypic abnormality; however, there is a paucity of
studies (29, 30) combining these techniques to investigate the rela
tionship between chromosomal anomalies and proliferative activity.

In the present study, rhodamine-labeled DNA probes, recognizing

the highly repetitive region of the centromeres of chromosomes 8, 12,
and 17, were applied to 23 archival paraffin-embedded colonie can

cer specimens. The tumors analyzed were of a homogeneous stage
(Astler-Coller Dukes stage C), in an attempt to define the frequency of

abnormalities in cancers of comparatively similar age. Chromosome
copy number data were related to tumor proliferative activity (S-phase

fraction) and DNA ploidy to address possible interrelationships be
tween these biological features.

MATERIALS AND METHODS

Pathologic Material. Pathologic specimens for this study were obtained
from patients who underwent surgery at Northwestern Memorial Hospital from
1978 to 1985. Archival paraffin blocks were analyzed from 23 patients who
had resections for primary untreated adenocarcinoma of the colon that, on
pathological staging, were all classified as Astler-Coller stage C (38). Corre

sponding slides from all specimens were reviewed by a pathologist, and careful
diagrams of the location of tumor cells were made so that areas containing the
highest yield of neoplastic cells without debris or nonneoplastic cells could be
dissected free when sectioning the blocks. Paraffin-embedded tissues used in

this investigation had been fixed in 10% neutral buffered formalin and pro
cessed by standard histological embedding techniques.

Preparation of Nuclear Suspensions. Paraffin blocks were sectioned into
50-nm sections, and areas of representative tumor cells were hand dissected to

obtain an optimal sample. The tissue was then deparaffinized and dissociated
according to the literature (36, 39). Briefly, the tumor slices were washed for
IO min each in successive solutions of xylene, xylene, 100% ethanol, 100%
ethanol, 90% ethanol, 70% ethanol, and 50% ethanol and then placed in
distilled water. After at least 24 h, the tissue was washed in distilled water,
finely minced with dissecting scissors, suspended in 0.5% pepsin solution
(Sigma, St. Louis, MO) (in 0.9% NaCl and adjusted to pH 1.5 with HC1) and
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incubated at 37Â°C.The suspension was vigorously mixed with a Vortex mixer

at 5-min intervals for 30 min or until the solution became turbid. The digested
material was then filtered through 37-um monofilament mesh (Tetko,
Briarcliff, NY). HBSS-HEPES was added to the filtrate, which was then
centrifuged at 4Â°Cand 1000 rpm for 10 min; the pellet was resuspended in

HBSS-HEPES and the nuclei were counted.

Preparation of Slides for ISH. The resulting nuclear suspensions were
fixed in methanohacetic acid (3:1) for 20 min: at this point the suspensions
could be stored at -20Â°C or centrifuged at 4Â°Cand 1000 rpm for 10 min and

then washed 2-3 times in the fixative before finally being resuspended at 1-2
x IO6 nuclei/ml. The fixed nuclei were dropped onto poly-Mysine (Sigma)-

-coated slides, already wet with fixative and warmed over a humid bath. Two

to three rounds of dropping and brief drying were carried out to achieve
sufficient nuclei per slide. The slides were stored at least 12 h in slide boxes
in sealed plastic bags at -20Â°C, but they may be stored for several weeks in this

manner.
Prehybridization Steps. Using a diamond-tipped scribe, the areas for hy

bridization were marked on each slide. The slides were subjected to a series of
prehybridization incubations as follows: 20 min of 0.2 s HC1; phosphate-
buffered saline rinse; 0-10 min of 80Â°Csodium thiocyanate (l M in water;
Sigma); 5-min water rinse (twice); 0-10 min of 37Â°Cproteinase K (50 ug/ml

in phosphate-buffered saline; Sigma); 30 s of 5 mw EDTA; phosphate-buffered

saline rinse; and 2 min each of 70%, 85% and 100% ethanol.
Variable durations of exposure to sodium thiocyanate and proteinase K were

performed because these steps often proved too harsh for the archival material.
As a standard, a 5-min exposure to each compound in the described order was

performed; the duration and combination of the two steps were varied to
achieve good hybridization efficiency (>85% nuclei having Ã©valuableISH

signals) while maintaining acceptable nuclear morphology (26).
Following the ethanol dehydration, the slides were air dried, and 10 ul of

probe mix (containing rhodamine-labeled DNA probes, recognizing the highly

repetitive region of the centromeres of chromosomes 8, 12, and 17; provided
by Imagenetics, Naperville, IL) were applied to each hybridization area. The
slides were coverslipped and placed in a tightly closed plastic box, which was
floated in a 76Â°Cwater bath to denature the target and probe DNA together.

After 10 min, the box was removed, a damp blotter was added, and the resealed
box was placed in a 42Â°Cincubator overnight.

Posthybridization Washes. Subsequent to the overnight hybridization,
coverslips were removed, and the slides were washed for 10 min each in a
series of 45Â°Cbaths to remove any unhybridized probe; the washes were as

follows: 3 successive 50% formamide washes; one sodium citrate solution (300
mm sodium chloride, 30 ITIMsodium citrate; pH 7.0) wash; and one wash in
0.1% Nonidet P-40 in standard sodium citrate solution. Following these
washes, 7 ul of counterstain (1-2 ug/ml DAPI; Boehringer Mannheim, India
napolis, IN) in antifade solution (p-phenylenediamine dihydrochloride, 1

mg/ml in glycerol, pH 8; Sigma) were applied, and the slides were carefully
coverslipped. The slides were stored in dark slide boxes at -20Â°C until eval

uation.
Evaluation of ISH Signals. To visualize the direct-labeled rhodamine

probe simultaneously with the DAPI counterstain, we used a DAPI/F4 filter
setup (430ejl/468em and 532â€ž/625cmwith a dual-band dichroic filter: Omega

Optical, Brattleboro, VT) on a Leitz Laborlux D model fluorescent microscope,
equipped with a water immersion X100 objective. Two hundred nuclei were

evaluated, and the nuclei were classified on the basis of the number of signals
observed per nucleus. The evaluation criteria follow those detailed previously
(25). Briefly, 85% of nuclei are required to have some ISH signal; otherwise,
the hybridization is repeated. Evaluable nuclei do not overlap and are not
asymmetrically covered by cytoplasm, and only ISH signals of similar fluo
rescence intensity and size are counted, omitting minor signals; occasionally,
split signals were observed and were counted as one, provided it was clear that
the signals were derived from one (barely a perceptible distance between

them).
Cell Cycle and DNA Ploidy Analysis. Flow cytometry results presented in

this study were from cases reported in a previous study (35) from this labo
ratory which examined the prognostic significance of DNA ploidy and prolif-

erative activity in Dukes C colonie cancer. Cell cycle analysis was performed
on an IBM PS2 model 80 computer (IBM Corp., Boca Raton, FL). Multicycle
software (Phoenix Flow Systems, San Diego, Ã‡A),a program using the math
ematical method of Dean and Jett (40), was used for cell cycle analysis. All

histograms had a background of cellular debris contributing to the DNA
histogram. This was subtracted using a "sliced nuclei" curve fitted to the

background to the left of the G0G, peak and to the right of the G2M peak (41).
Tumor proliferative activity was expressed in terms of the calculated percent
age of cells in S-phase. The S-phase data were divided into three levels based

on a statistical definition:

Mean % S-phase Â±0.5 SD = moderate proliferative activity.

An S-phase fraction below this range (i.e., <13.7%) was defined as low
proliferative activity, whereas S-phase values greater than this range

(i.e., >21%) were defined as high proliferative activity.

Normal colonie epithelium from the same block as the tumor was used as a
control to determine which DNA ploidy peak represented the diploid G0G,
population. An aneuploid population was considered to be present only when
two or more distinct G0G, populations were present. The DNA index was
calculated by dividing the mean fluorescence channel of the aneuploid G0G,
peak by the mean channel number of the diploid G()G] peak.

Data Analysis. The chromosome copy number data were stratified to in
dicate relative aberrancy based on the statistical definition of quartiles. LQ is
defined as the lowest 25% of the cases based on the frequency of either
multiple copies or single copies of the chromosomes; similarly, HQ is defined
as the uppermost 25% of the cases based on the frequency of multiple or single
copies. For the purpose of relating chromosomal aberrancies to biological
features of advanced malignancies, we selected the cases falling in the first and
fourth quartiles with respect to the frequency of either multiple copies or single
copies of the chromosomes specified (LQ5ing|C,LQmul,,pie,HQ5ingie,HQmU|tiple).

RESULTS

Fig. 1 provides an example of FISH using a centromere-specific
chromosome 12 probe applied to a deparaffmized colonie adenocar-

cinoma specimen. Multiple copies of chromosome 12 and heteroge
neity with respect to copy number are evident. Fig. 2 illustrates
frequency distributions of signals per nucleus in two primary colonie
adenocarcinomas. One case (Fig. 2A) illustrates the prevalence of 2
signals/nucleus; also note that very few nuclei are unhybridized. The
other case (Fig. 25) demonstrates extreme chromosomal anomalies;
up to six copies of chromosome 8 are noted per nucleus, and nearly
75% of the nuclei have 3 or 4 copies of chromosome 12. While the
frequency distributions from individual tumors often demonstrate the
unique abnormalities in copy number of a particular chromosome, the

Fig. 1. Example of FISH on a paraffin-embedded specimen of colon cancer using a
rhodamine-labeled centromere-specific probe to chromosome 12. The nuclei are counter-
stained with DAPI. Chromosome heterogeneity is evident based on 2, 3, and 4 centromeric
copies of chromosome 12, respectively, in the three nuclei in the field.
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Fig. 2. Frequency distributions of signals/nucleus in colon cancer case 1 (A ) and case
8 (B) using centromere-specific DNAprobes to three chromosomes. Notice the prevalence

of 2 signals/nucleus for all three chromosomes in A in contrast to the multiple copies of
chromosome 8 and predominance of 3 and 4 copies of chromosome 12 per nucleus in B.
â€¢¿�,0 signals; O 1 signal; D, 2 signals; Â£5.3 signals; B. 4 signals; B. 5 signals; 0. 6
signals.
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Fig. 3. Frequency of abnormal chromosome copy number with respect to chromosomes
8, 12, and 17 in 23 specimens of colon cancer. A. nuclei having more than 2 copies of the
chromosomes per nucleus; B, nuclei having single copies of the chromosomes per nucleus.
The dashed line marks the mean observed frequency for each chromosome. Significant
differences in copy number were noted (*) for chromosome 12 versus chromosome 17
(A, P < 0.0025; Student's r test) and for chromosome 17 versus chromosomes 8 and 12

(B, P < 0.0025 and P < 0.0005, respectively).

average frequency distribution of all 23 cases shows 2 copies/nucleus
as the most common observation for each chromosome (data not
shown).

When the data for the percentage of nuclei having more than 2

copies are plotted with respect to the specific chromosomes (Fig. 3A),
it is apparent that, on average, aberrancy is most frequent for chro
mosome 12 compared to the other chromosomes studied. Three to
eight copies of chromosomes 8, 12, and 17 were observed at mean
frequencies of 28.7%, 37.8%, and 20.9%, respectively (Table 1).

Table 1 Frequency of chromosomal aberrations in 23 cases of colon cancer"

Nuclei having >2copiesOverall
mean(Â±

SEM)First
quartilemean(Â±

SEM)Fourth
quartilemean(Â±

SEM)Nuclei

having singlecopiesOverall
mean(Â±

SEM)First
quartilemean(Â±

SEM)Fourth
quartilemean(Â±

SEM)Chromosome

828.7

Â±4.27.8

Â±1.454.0

Â±8.610.3

Â±1.14.7

Â±0.517.2

Â±1.2Chromosome

1237.8Â±4.2fe12.6Â±2.8<'62.2

Â±3.8*9.9

Â±0.85.7

Â±0.814.9

Â±1.2Chromosome

1720.9

Â±2.95.7

Â±0.840.2

Â±4.215.7

Â±1.3rf8.2

Â±0.8'22.0

Â±\.lf

a Chromosome copy number was determined by FISH using centromere-specific

probes to the specified chromosomes; 200 nuclei were evaluated per specimen.
h Significantly greater than chromosome 17 (P < 0.0025. Student's / test).
c Significantly greater than chromosome 17 (P < 0.05).
''Significantly greater than chromosome 8 (/" < 0.0025) and chromosome 12

(P < 0.0005).
' Significantly greater than chromosome 8 (P < 0.005) and chromosome 12 (P < 0.05).
^Significantly greater than chromosome 8 (P < 0.01) and chromosome 12 (P < 0.001).
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Fig. 4. The frequency of nuclei having greater than 2 copies/nucleus for chromosome
8 (top), chromosome 12 (middle), and chromosome 17 (bottom) with case numbers
assigned. This figure illustrates the heterogeneity of any particular case with respect to the
different chromosomes.
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Table 2 Colonie adenocarcinoma: chromosome copy number in relation to tumor
proliferante activity"

Mean SPF Â±SEM

Nuclei with multiple copiesbLQHQNuclei

with singlecopiesLQHQChromosome

815.2

Â±2.918.9
Â±2.319.6

Â±2.514.9
Â±3.1Chromosome

1214.4

Â±1.818.9
Â±2.116.7

Â±1.513.8
Â±2.5Chromosome

1716.5

Â±3.518.6
Â±2.418.5

Â±2.613.5
Â±2.4

" Six cases constituting either LQ or HQ of the colonie cancer cases, denned by the

frequency of multiple copies or single copies of chromosomes 8, 12, and 17. Tumor
proliferative activity (S-phase fraction) was calculated by DNA flow cytometry and cell
cycle analysis (see "Materials and Methods" for details).

Chromosome copy number was determined by FISH using centromere-specific
probes to the specified chromosomes.

Regarding these observations, the mean frequency of additional cop
ies of chromosome 8 is not significantly different from that for chro
mosomes 12 and 17, but the mean frequency of additional copies of
chromosome 12 is significantly higher than that for chromosome 17
(P < 0.0025; Student's / test). This difference is maintained when

examining only those cases with either a low or a high frequency
of multiple copies of the chromosomes (first and fourth quartiles;
Table 1).

In addition, cases having a high proportion of nuclei with more than
2 signals do not necessarily tend to demonstrate similar abnormalities
for all 3 chromosomes (Fig. 4). For example, case 19 has a high
frequency of multiple copies for chromosomes 8 and 17 but only
moderate abnormality for chromosome 12; similarly, case 8 shows a
high frequency of additional copies of chromosome 12 but only mod
erate abnormality for chromosomes 8 and 17. On the other hand, case
14 is among the 5 cases with the greatest frequency of additional
copies for all 3 chromosomes. Thus, considerable chromosome het
erogeneity is evident.

When the percentage of nuclei having a single copy of chromo
somes 8, 12, and 17 is plotted for individual cases (Fig. 3B), it is
apparent that chromosome 17 is most frequently involved. The mean
frequency of nuclei having a single copy is 10.3%, 9.9%, and 15.7%
for chromosomes 8, 12, and 17, respectively (Table 1). There was no
significant difference for the mean frequencies for chromosomes 8
and 12, but the mean frequency of single copies for chromosome 17
is significantly higher than that for chromosome 8 (P < 0.0025;
Student's / test) and for chromosome 12 (P < 0.0005; Student's / test).

These differences are maintained when the data are subclassified into
relative levels of aberrancy (first and fourth quartiles; Table 1).

Proliferative activity data for the cases having multiple copies of
chromosomes 8, 12, and 17 are displayed in Table 2. For the three

chromosomes, the mean S-phase fraction for cases in HQmii|tipie is

greater than for those cases falling in LQmU|tip,e.However, those data
did not achieve statistical significance. When analyzing only the most
aberrant cases (HQmultiple), this association remained evident. Specif
ically, the proportion of cases demonstrating moderate to high prolif
erative activity greatly exceeded those cases displaying low prolifer
ative activity (5 of 6 versus 1 of 6, 5 of 6 versus 1 of 6, 6 of 6 versus
0 of 6) for chromosomes 8, 12, and 17, respectively (data not shown).
There appears to be a positive correlation between higher proliferative
activity and increased frequency of additional chromosome copies.

DNA ploidy findings for the cases having additional copies of the
chromosomes are shown in Table 3. Regarding only the most aberrant
cases (HQmultiple), the proportion of cases having DNA aneuploid
tumors is higher than those cases with DNA diploid tumors (5 of 6
versus 1 of 6, 4 of 6 versus 2 of 6, 6 of 6 versus 0 of 6) for
chromosomes 8, 12, and 17, respectively; statistically significant dif
ferences, however, were noted only for chromosome 17 (P < 0.025;
X2). There appears to be a correlation between DNA aneuploidy and

increased frequency of additional copies of the chromosomes. This
trend is not limited to HQmuWple,since it also holds true for chromo
somes 8 and 17 for cases in LQmulliple.

Similar comparisons were made with the cases having single copies
of chromosomes 8, 12, and 17 (Tables 2 and 3). For the three chro
mosomes, the mean S-phase fraction for the most aberrant cases

(HQsingie) is 'ess than for those cases falling in LQsÂ¡ngle.No statisti
cally significant differences were found. For the most aberrant cases
(HQsingie). the proportion of cases having moderate to high prolifer
ative activity is higher than those cases having low proliferative ac
tivity (4 of 6 versus 2 of 6) for chromosomes 8 and 12 and is
equivalent for chromosome 17 (data not shown). There appears to be
a stronger, although not statistically significant, trend between mod
erate to high proliferative activity and the least aberrant (LQsingle) for
all three chromosomes (5 of 6 versus 1 of 6). DNA aneuploid tumors
are more prevalent than diploid/near-diploid tumors, regarding the

lower frequency (LQsingle) of single copies for all three chromosomes
(4 of 6 versus 1 of 6). These data, however, did not achieve statistical
significance. For the most aberrant cases (HQsjngle), the proportion of
cases having DNA aneuploid tumors is higher than for those cases
having DNA diploid tumors for chromosomes 8 and 17 (5 of 6 versus
1 of 6) and is Ã©quivalentfor chromosome 12.

DISCUSSION

The results of this study demonstrate anomalies in copy number of
chromosomes 8, 12, and 17 and their relationship to proliferative

Table 3 Colonie adenocarcinoma: relationship between chromosome copy number and DNA ploidy0

Chromosome 8 Chromosome 12 Chromosome 17

Nuclei with multiple copiesbDiploid/near-diploidAneuploidNuclei

with singlecopiesDiploid/near-diploidAneuploidLQ2/6c(33%)4/6

r(67%)2/6

c(33%)4/6

r(67%)HQ1/6C(17%)5/6

c(83%)1/6'(17%)5/6

f(83%)LQ4/6

c(67%)2/6

c(33%)2/6c(33%)4/6

c(67%)HQ2/6

c(33%)4/6

c(67%)3/6

c(50%)3/6

c(50%)LQ2/6

c(33%)4/6''(67%)2/6

c(33%)4/6

c(67%)HQ0/6

d(0%)6/6

"(100%)1/6

c(17%)5/6

c(83%)

" Six cases constituting either LQ or HQ of colonie cancer cases, defined on the basis of frequency of multiple copies or single copies of chromosomes 8, 12, and 17. DNA ploidy
measurements were determined by FCM (see "Materials and Methods" for details); diploid/near-diploid is defined as a DNA index of 1.0-1.2, and DNA aneuploid is defined as a DNA

index of >1.2. Values in parentheses are the percentages of cases falling in the given categories.
h Chromosome copy number was determined by FISH using centromere-specific probes to the specified chromosomes.
c No significant difference from expected (P < 0.50; x2).
d Significantly different from expected (P < 0.025; *2).
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activity and DNA ploidy in Astler-Coller Dukes stage C adenocarci-

nomas of the colon. Our data show the most frequent chromosomal
anomalies in these 23 cases to be additional copies of chromosomes 8
and 12 and frequent losses of chromosome 17. In fact, chromosome 12
was found to have a significantly increased frequency of additional
copies per nucleus compared to chromosome 17, and chromosome 17
was found to have a significantly increased frequency of a single copy
per nucleus compared to the other chromosomes studied.

Nearly 30% of all scored nuclei in this investigation had additional
copies of chromosome 8 and nearly 40% for chromosome 12; trisomy
was the predominant observation for those nuclei, similar to published
reports on cytogenetic aberrations in colon cancer (1, 3, 11-13). While

the present study demonstrated chromosome 8 gains similar to those
in other investigations, they were not statistically significant with
respect to the other chromosomes studied. Perhaps one explanation for
the lack of significance regarding chromosome 8 is the advanced
degree of tumor progression. Chromosome 8 gains reflect earlier
stages, being one of the most frequent observations in adenomas of the
colon (1, 3). All the specimens in this study, however, were lymph
node metastatic adenocarcinomas. One might expect to see more
involvement of chromosomes 12 and 17, as anomalies in these chro
mosomes have been reported to be associated with more advanced
disease (1, 3).

Chromosomal gains, even as high as 10 copies, have also been
reported by FISH analyses in other solid tumors (25, 26, 28). Because
such observations are common and because duplicate preparations of
several cases in our laboratory revealed reproducible frequencies of
chromosome copy number, we are confident that the multiple copies
observed in the present study were not artifactual. Nonetheless, it
should be noted that the DNA probes utilized in this study recognize
only the centromeric region of the chromosomes, rather than the entire
chromosome.

Reports on allelic losses and structural rearrangements of chromo
some 17 in colon cancer are prevalent in the literature (7, 8, 12, 13, 17,
21 ). The structural rearrangements often lead to deletions of the short
arm or the total chromosome. In the present study there is statistical
support for an increased frequency of a single copy of chromosome 17
per nucleus, suggesting a true deletion ofthat chromosome. Additional
factors contributing to an observation of a single copy are poor probe
penetration, loss of DNA, incomplete denaturation of target DNA, and
the inability to resolve overlapping signals using 2-dimensional anal

ysis. We believe most of these contributing factors were minimized by
the experimental design, specifically requiring greater than 85% hy
bridization efficiency, maintenance of nuclear morphology, and ade
quate section thickness for the preparation of nuclear suspensions (26,
42). Therefore, the increased frequency of single copies of chromo
some 17 is considered to be due to true deletions ofthat chromosome.

Tumor cells having an increased number of genetic aberrations may
have some growth advantage (43) and contribute to malignant pro
gression (9, 21). As the cells grow and divide, the probability of
genetic changes increases and the existing changes are propagated.
This concept directly supports the observed overall tendency for high
proliferative activity and DNA aneuploidy to be correlated with in
creased frequencies of chromosomal abnormalities. Previous cytoge
netic studies of bladder cancer (27) and breast cancer (29) have also
demonstrated a positive correlation between chromosomal aberrations
and proliferative activity and DNA ploidy.

The inverse relationship between frequency of single copies and
proliferative activity suggests that the presence of single copies of the
chromosomes did not confer any growth advantage on the tumors,
although it should be recognized that all cases presented in this study
were advanced (lymph node metastatic) disease. Because centromeric
probes to these chromosomes were utilized to define chromosomal

abnormalities in the present investigation, we cannot comment on the
presence of other regions on these chromosomes which encode genes
regulating or influencing tumor growth. Telomeric or specific loci
probes of sufficient size would certainly clarify this point, but such
probes were not available to us at the time of the study.

In conclusion, this study demonstrates a high degree of aberrancy
regarding copy number of chromosomes 8, 12, and 17 in colon cancer.
The integration of FISH with DNA flow cytometry proved to be useful
in terms of directly evaluating the relationship between tumor prolif
erative activity and numerical chromosomal abnormality. Despite the
modest sample size, which is likely to be responsible for the lack of
statistical significance, the trends are clear and suggest a relationship
between aberrancy in chromosome copy number and DNA ploidy and
between proliferative activity and abnormal chromosome copy num
ber. A larger study involving cases with both early and advanced
disease appears necessary to confirm these findings as well as the
possible adjunctive prognostic value of chromosome copy number in
colorectal cancer.
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