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ABSTRACT

Flow cytometric techniques were used to characterize multiple human
uterine sarcomas and cell lines derived from some of these tumors.
Analysis of DNA content showed that 9 of the 11 uterine sarcomas
investigated were composed of at least one aneuploid population as well
as a distinct diploid population. These data indicate that aneuploidy, as
measured by flow cytometry, is a characteristic more common to uterine
sarcomas than that previously reported for uterine adenocarcinomas.
Unlike the original tumors, the cell lines established from three of the
sarcomas contained predominantly diploid populations with only minor
aneuploid populations. Treatment of one of the sarcoma cultures with
tumor promoters did not result in an increase in the aneuploid populations.
Tumors which arose in nude mice upon transplantation of two of the
sarcomas did not contain the same distribution of tumor subpopulations
as found in the original sarcomas. Apparently, the in vitro culture and
the in vivo nude mouse conditions were not appropriate for maintaining
the original equilibrium between the aneuploid and diploid subpopulations
but instead provided a selective environment that resulted in the prefer
ential growth of only certain tumor populations. Dual-parameter analysis
of DNA content and alkaline phosphatase levels of one of the sarcomas
were useful for distinguishing the aneuploid from the diploid population
coexisting in this tumor. Our data suggest that flow cytometry is a
valuable tool to analyze the characteristics of the tumor populations
residing in primary uterine sarcomas as well as to determine which of
these tumor subpopulations survive in culture and transplantation to nude
mice.

INTRODUCTION

Human uterine sarcomas represent a complex histological
group of tumors comprising approximately 3% or less of all
malignant uterine tumors. The tumors are often diagnosed in
advanced stages and the prognosis is usually poor. Because the
incidence of uterine sarcomas is low, very little is known about
the biochemical and biological characteristics of these tumors.
Our laboratory has had the opportunity to study biochemical
and isoenzyme characteristics of several human uterine sarco
mas and cultured cell lines have been established from some of
these neoplasms (1, 2). Studies of these sarcoma cell lines may
provide insights about the disease that cannot always be ob
tained from investigations in vivo. Therefore, it is important to
determine whether the characteristics expressed by the original
sarcomas are also expressed in cell lines derived from these
tumors.

Flow cytometry is a technique of automated cell analysis that
permits the rapid measurement of various physical and bio
chemical cellular properties. Several parameters of neoplastic
tissues can be analyzed using a variety of markers that have
been reported to be useful for the characterization of tumors,
such as measurements of various enzymes, lectin binding, an
tigen expression, and DNA content (3-13). In this report, flow
cytometric techniques were used to characterize the DNA con-
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tent of 11 human uterine sarcomas and cell lines derived from
some of these tumors. Our studies show that 9 of 11 uterine
sarcomas contained 1 or more distinct aneuploid populations.
Unlike the original tumors, the cell lines established from some
of the sarcomas contained predominantly diploid cells with
only minor aneuploid populations.

MATERIALS AND METHODS

Tissue Obtainment and Cell Culture. Samples of 11 human uterine
sarcomas were collected sterilely from tumors immediately following
surgery using previously reported methods (1, 2, 14). When enough
tissue was available, it was divided into portions for culturing, for
biochemical and isoenzyme analysis, for flow cytometric measurements,
and for histological examination. For cell culture, the neoplastic tissue
was washed three times with Hanks' balanced salt solution and incu

bated for 3 h in a triple enzyme preparation (0.1% trypsin, 0.1%
hyaluronidase, and 0.5% collagenase). This reduced the tissue to small
fragments and single cells, which were plated onto tissue culture plates
using Dulbecco's modified Eagle's medium supplemented with 10%

fetal bovine serum, glutamine, and antibiotics (Gibco, Grand Island,
NY). A more detailed discussion of tissue culture procedures has been
published previously (1, 2, 14).

The diagnosis of each case is: sarcomas 2, 4, 10, and 11 were
homologous malignant mixed mullerian tumors; sarcomas 5, 6, 8, and
9 were heterologous malignant mixed mullerian tumors; sarcomas 7
and 12 were leiomyosarcomas (pure homologous sarcomas). Sarcoma
3 was a rare uterine rhabdomyosarcoma (pure heterologous sarcoma)
and a more detailed characterization has been published elsewhere (2).
Tumor cell suspensions obtained by enzymatic digestions were often
mixed with RBC, inflammatory cells, and normal diploid host cells. In
each case, examination of the cytocentrifuge slide prepared from each
tumor cell suspension and the hematoxylin and eosin stained sections
of tumors revealed that the samples consisted predominantly of tumor
cells.

Preparation of Tumor Material for Flow Cytometric Analysis. A
detailed description of the method used for obtaining single cell sus
pensions from tumor tissue has been reported previously (5). Tumors
were always processed as soon as possible after surgery. The method
used for preparing tumor cell suspensions for DNA and enzyme analysis
is outlined below. Using a scalpel and forceps the tumor specimen was
diced into very small pieces, washed to remove RBC, and placed in a
small bottle with a magnet. The tumor fragments were then stirred in
a mixture of type I collagenase (0.14%) and DNase (0.1%) dissolved in
calcium- and magnesium-free PBS4 (Sigma Chemical Company, St.

Louis, MO). After 20 min, the supernatant containing single cells was
removed and washed twice in cold PBS. Fresh enzyme preparation was
added to the remaining tumor fragments and digestion was continued
until an adequate number of single cells was obtained. A cytocentrifuge
slide was prepared from each tumor cell suspension and stained with
hematoxylin and eosin for cytological evaluation.

Instrumentation. In the early studies (tumors 2-7) an Ortho 1C P-22
flow cytometer modified to include a third photomultiplier tube and an
electronic cell volume flow cell was used for all measurements (4, 5).
For cytogram (2-parameter) and histogram analysis, a Radio Shack
TRS-80 Model 1 microcomputer (Fort Worth, TX) was interfaced with
a 3-channel analogue-digital converter. Most of the studies described
here were carried out using the 365 nm peak of the mercury arc lamp
with a UG-1 exciter filter. Blue emission reflected from a 500 nm

4The abbreviations used are: PBS, phosphate buffered saline; PAP, placenta!
alkaline phosphatase; DI, DNA index; CV, coefficient of variation; TP A, 12-O-
tetradecanoylphorbol-13-acetate.

2814

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/11/2814/2427399/cr0470112814.pdf by guest on 19 M

ay 2023



FLOW CYTOMETRIC ANALYSIS OF UTERINE SARCOMAS

dichroic mirror was read through a 439 Â±10 (SD) interference filter.
Green emission was detected with a 585 nm dichroic mirror and a 535
Â±35 nm interference filter. Red fluorescence was measured with a full-
mirror dichroic and a 630 nm high pass filter. In the remaining
examples (tumors 8-12), analysis was carried out on an Or ilio System
50 with data analysis carried out on a 2150 computer. In these studies
doublet discrimination was used to eliminate false G: peaks due to cell
clusters.

Assay Procedures. Alkaline phosphatase was measured using the
procedure described by Land and Jackim (15). Flavone 3 diphosphate
(Enzyme Systems Products, Livermore, CA) was the substrate (0.5 mg/
ml) used to detect alkaline phosphatase which was assayed using 0.1 M
sodium borate buffer (pH 9.2). The substrate solution was then added
to tumor cells (>106 cells) that had been pelleted at 2000 rpm for 3
min in a 1.5-ml tube. The cells were then incubated for 20 min at room
temperature.

PAP was detected using a specific rabbit antibody (obtained as a gift
from Dr. G. Doelgast). All reactions were carried out at 4Â°C.The tumor

cells were first exposed to normal goat serum (1:10 dilution) for 30
min. Next, the cells were incubated for 30 min with the specific PAP
antiserum in PBS containing 0.1 % sodium azide. This was followed by
three washes in PBS plus 0.1% sodium azide. The cells were then
incubated with the goat anti-rabbit fluorescein isothiocyanate-labeled
(Fab); antiserum (Cooper Biomedicai, Inc., Malvern, PA) for 30 min.
After incubation, the cells were washed twice and then stained for DNA
as described below. Appropriate controls were done to ensure that the
fluorescent staining of tumor cells was not due to nonspecific absorption
of antibodies.

Propidium iodide was used as a quantitative fluorescent stain for
DNA. Propidium iodide (5 mg/ml) was dissolved in 0.1 M sodium
acetate buffer (pH 5.2) containing EDTA (2 g/Iiter) and 0.02% Triton
X-100. Dilute Triton X was used to facilitate stain entry into cells.
DNA resolution was enhanced by digesting interfering cellular RNA
with RNase I (5 mg/ml) (Sigma) dissolved in the propidium iodide
solution and incubating for 30 min. To prepare cells for two-parameter
analysis which assayed both alkaline phosphatase activity and DNA,
the cells were first stained for alkaline phosphatase using the protocol
described above. After incubation, the excess substrate was removed
and the cells were washed with 0.1 M sodium acetate, pH 6.0. Next,
the propidium iodide solution was added and the cells were incubated
for 30 min.

DNA content was analyzed alone or in combination with a second
fluorescent probe. Propidium iodide in the presence of RNase and
Triton X served as a highly quantitative stain for DNA which produced
intense red fluorescence. The fluorescent enzyme substrates and fluo
rescein conjugated antibody used in this study have emission spectra
(green fluorescence) well resolved from the red signal produced by
propidium iodide and, therefore, were quantitated simultaneously with
DNA. The data are presented in the form of frequency histograms
which may display single-parameter or two-parameter analysis. The
abscissa of the DNA histogram represents the relative DNA content
and the ordinate represents the relative number of cells (relative cell
frequency) examined. In most cases at least 10,000 cells were run for
each histogram. Occasionally, the DNA values were amplified (O) in
order to resolve minor peaks. A normal, diploid standard consisting of
human lymphocytes or sometimes granulocytes was analyzed separately
and mixed with the tumor cell suspensions to establish the correct
position of the normal Gi-G0 peak. Due to instrument variability
between runs, the channel position of the peaks may be shifted from
experiment to experiment; however, normal lymphocytes were always
used to determine the normal Gi-G0 position with G2 + M being twice
the GÃ¬value. The DI of the tumor cells was defined as the ratio of the
peak channel number for the GI phase of the tumor cells to that of the
diploid standard. The DNA index is a measure of the degree of
aneuploid cells to normal cells. For example, a DI value of 1.0 repre
sents a normal diploid DNA content, whereas DI values that signifi
cantly deviate (Â±0.1)to either side of 1.0 indicate tumor aneuploidy.
The CV of the instrument for beads was less than 2%, for normal cells
the CV averaged around 2.5%, and for tumors the CV was more variable
ranging from 2.5 to 7%.

RESULTS

DNA distribution histograms were obtained for 10 of the 11
uterine sarcomas. A copy of the DNA histogram for sarcoma 6
was not obtained due to computer malfunction. All of the
tumors were evaluated with respect to ploidy and a summary
of the Dis for the aneuploid populations found in the uterine
sarcomas is shown in Table 1. Nine of the 11 uterine sarcomas
contained at least 1 aneuploid population (DNA indices 1.08-
2.33). Two distinct aneuploid populations were found in sar
comas 5, 8, and 11. Sarcomas 3 and 10 were diploid tumors.
The classification of the aneuploid population of sarcoma 12
as hyperdiploid was considered borderline because it was rep
resented in the DNA histogram as a prominent shoulder on the
diploid peak and not resolved into a distinct aneuploid G|-Go
peak. With the exception of sarcoma 12, the other 8 aneuploid
uterine sarcomas had DNA indices that ranged from triploid
to hypertetraploid. In all of the aneuploid tumors, there were
also peaks corresponding to Gi-G0 and G2 + M cell cycle stages
of a diploid population. A more detailed analysis of DNA
histograms and other parameters is presented below for a few
representative sarcomas and for cell lines established from some
of the tumors.

A significant finding was that three of the nine aneuploid
uterine sarcomas contained two aneuploid populations. DNA
analysis of sarcoma 5 revealed the present of two aneuploid
subpopulations having DNA indices of 1.75 (aneuploid 1, Gt-
Go, Peak II) and 2.05 (aneuploid 2, G,-G0, Peak III) (Fig. 1).
With amplification (O), the G2 + M peaks could be detected
for both of the aneuploid populations (aneuploid 1, Peak IV;
aneuploid 2, Peak V). Sarcoma 8 contained two aneuploid
subpopulations, a hypotetraploid and a hypertetraploid with
DNA indices of 1.94 and 2.22, respectively (Fig. 2). The pri
mary tumor of sarcoma 11 (Fig. 3) was also composed of at
least two aneuploid subpopulations. The first aneuploid popu
lation (Gi-Go; Channel 275) was hyperdiploid with a DI of
1.38. The second aneuploid peak (Gi-G0; Channel 550) corre
sponded to a hypertetraploid population with a DI of 2.75
which represented a fraction of a very large and heterogeneous
region (Channels 475-600) that also included the G2 + M peak
for the first aneuploid population. These aneuploid populations
were detected in the ascites of this patient; however, the hyper
tetraploid population was reduced relative to the hyperdiploid
population in the ascites compared to the primary tumor (data
not shown). This sarcoma was transplanted into nude mice and
DNA analysis of the resulting nude mouse tumor showed not
only a diploid but also two aneuploid populations (Fig. 3).

Table 1 DNA index of aneuploid populations

TumorSarcoma

2Sarcoma
4Sarcoma

SAneuploid
1Aneuploid

2Sarcoma
6Sarcoma
7Sarcoma

8Aneuploid
1Aneuploid

2Sarcoma
9Sarcoma

11Primary
tumorAneuploid
1Aneuploid

2Nude
mouseAneuploid
1Aneuploid

2Sarcoma
12DI1.581.761.752.051.601.441.942.221.541.382.752.102.331.08
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Fig. I. DNA histogram of sarcoma 5 showing that a diploid (Peak I; Gi-G0)

and two aneuploid (Peaks II and III; G|-Go) populations are present. With
amplification (O), the G2 + M peaks (IV and V) are resolved Tor both of the
aneuploid populations. Ordinate, relative cell number, abscissa, relative DNA
content.
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Fig. 2. DNA histogram of sarcoma 8 showing coexisting diploid population

(Channel I55), hypertetraploid (Channel 344), and hypotetraploid (Channel 300)
populations. There may be an additional minor aneuploid peak at Channel 205.
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Fig. 3. DNA histograms of the primary tumor sarcoma 11 and of the nude
mouse transplant of this tumor. A diploid peak (Channel 200) and two aneuploid
peaks representing a hyperdiploid (Channel 275) and a hypertetraploid (Channel
550) are present. In the ascites the hyperdiploid and diploid populations were
more prominent than the hypertetraploid populations (data not shown). The
DNA histogram obtained from a tumor that grew in a nude mouse after trans
plantation of sarcoma 11 indicates peaks corresponding to the GrGo (Channel
200) and ( ;.. + M stage (Channel 400) of a diploid population are present. Also
two distinct hypertetraploid populations (Channels 420 and 46S) with DNA
indices of 2.10 and 2.33 are present in the nude mouse tumor derived from
sarcoma 11. Interestingly, the aneuploid populations in the nude mouse tumor
represented only a minority of the cells present in the primary tumor.

There was a peak corresponding to a diploid Gi-Go population
(Channel 200), a small heterogeneous peak (Channels 350-
425) representing the G2 + M cells of the diploid population, a
small hypertetraploid population (Channel 420; DI 2.10), and
a second larger aneuploid population, also hypertetraploid, with
a DI of 2.33 (Channel 465). Interestingly, these aneuploid
populations either were not present or represented only a minor
fraction of the cells in the primary tumor. Apparently, the nude
mouse environment was not favorable for the expansion of the
prominent hypertetraploid and hyperdiploid populations pres
ent in the primary tumor but seems to select for the growth of
very minor hypertetraploid populations in addition to the dip
loid population.

Further evidence which suggests that growth of human uter
ine sarcomas in nude mice may select for certain tumor popu
lations was also obtained with sarcoma 6, which was an aneu
ploid tumor having a prominent hypotetraploid peak with a
DNA index of 1.60. This tumor was successfully transplanted
into nude mice; interestingly, the DNA profile obtained from
the tumor that grew in nude mice was diploid and did not
contain an aneuploid population (data not shown).

The analysis of DNA profiles for sarcomas 10 and 12 did not
reveal well defined aneuploid populations (Fig. 4). Sarcoma 10
(Fig. 4, top) must be considered a diploid tumor, although the
slight shoulder on the Gi-G0 peak as well as the wide uneven
G2 + M peak suggests that a hypodiploid population (DI 0.95,
Channel 275) may be present. A distinct shoulder on the diploid
peak of sarcoma 12 indicated that a small population of hyper
diploid aneuploid cells was present (Channel 212, Fig. 4, bot
tom); however, this aneuploidy must be considered borderline
because two separate G|-G0 peaks were not resolved (Fig. 4,

bottom).
In addition to DNA analysis, we have also begun to study

other parameters that may be useful for the identification and
characterization of tumor populations. Fig. 5 shows the results
of simultaneously measuring alkaline phosphatase expression
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Fig. 4. Flow cytometric analysis of the DNA content of sarcoma 10 and
sarcoma 12 indicates that these tumors were predominantly diploid. The promi
nent diploid peak for sarcoma 10 is at Channel 298. A possible hypodiploid
population may also be present in sarcoma 10; although not well resolved, the
aneuploid G,-G0 is estimated from the G2 + M peak at Channel 570 to be
approximately at Channel 285 producing a DNA index of 0.95. A distinct
shoulder on the diploid peak of sarcoma 12 (Channel 212) suggests that a
hyperdiploid aneuploid population (DI l .08) is present.
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and DNA content in cell populations present in sarcoma 2. Fig.
5C is the DNA histogram obtained for sarcoma 2. A diploid
population (Peak Channel 27; Gi-G0) as well as a prominent
aneuploid tumor population (Peak Channel 43; Gt-G0) with a
DI of 1.58 are present. Another distinct peak occurs at Channel
87 which corresponds to tumor cells in the G2 + M phase of
the cycle. Fig. 5 shows cytograms obtained from two-parameter
analysis of sarcoma 2 using a specific fluorescent substrate for
detection of alkaline phosphatase (Fig. 5B) or a fluorescein
isothiocyanate-conjugated antibody technique to measure a spe-
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Fig. 5. .-(, cytogram showing the simultaneous analysis of PAP levels and

DNA content. PAP was detected using the fluorescein isothiocyanate-antibody
technique described in "Materials and Methods." Ordinate, relative fluorescent

intensity produced from fluorescein isothiocyanate emission from bound antibody
specific for PAP. Abscissa, relative DNA content measured by emission from
propidium iodide bound to DNA. The cells in the tirsi peak (Channel 27) have
normal DNA content and represent cells in the Gi-G0 phase of the cell cycle. The
second major peak (Channel 43) represents an aneuploid tumor population at the
Gi-Go phase. Cells found in the third peak (Channel 87) have twice the DNA
content of the second aneuploid cell peak and therefore represent tumor cells in
(i; and mitosis (G2 + M). Note that the tumor cell population displays higher
fluorescence for PAP than observed for the diploid population. B, cytogram
demonstrating the dual-parameter analysis of alkaline phosphatase (ALK PASE)
activity and DNA content. Alkaline phosphatase was measured using a specific
fluorescent substrate and is present on the ordinate as relative fluorescent inten
sity. Abscissa, relative DNA content determined by propidium iodide binding.
Both the diploid and the aneuploid populations are present. As seen with the
PAP analysis, the tumor population contained cells which express higher levels
of alkaline phosphatase than the diploid population. C, histogram representing
DNA distribution in sarcoma 2. Ordinate, cell number. Abscissa, relative DNA
content. The first major peak contains cells with normal DNA content in Gi-Go
phase of the cell cycle. The second peak corresponds to aneuploid tumor cells at
Gi-Go. The third peak represents the tumor cells in G2 and mitosis.

cific isoenzyme often associated with neoplasia known as PAP
(Fig. 5A). Each of these markers was correlated simultaneously
to DNA content. This permitted the analysis of enzyme expres
sion by subpopulations of cells having different DNA contents.
The results show that the aneuploid population of sarcoma 2
(both the Gj-Go and 62 + M peaks) expressed more alkaline
phosphatase activity and contained higher levels of PAP than
did the coexisting diploid population. This is especially obvious
when a single-parameter histogram is prepared that compares
the relative fluorescent intensity expressed by the diploid ((â€¢,-
Go) and aneuploid (Gi-Go aneuploid) population (Fig. 6). The
aneuploid tumor population was clearly distinguishable from
the diploid population in that both alkaline phosphatase activity
and PAP isoenzyme levels were very elevated in comparison to
that expressed by the diploid cells.

We have also begun to establish cell lines from the uterine
sarcomas to provide an in vitro system to study human uterine
neoplasia. A cell line was established from sarcoma 2 and DNA
content was analyzed at various times after culturing to deter
mine what populations were maintained in vitro. Fig. 7 shows
DNA histograms for a primary culture (Fig. 1A) and for a
culture at second passage (Fig. IB). The DNA profile of the
primary culture was quite distinctive in that the aneuploid
population (Peak II; Gi-G0, DI 1.58) present in the original
tumor was the predominant population with the diploid cells
(Peak I; Gi-Go) representing only a minor fraction (Fig. 7).
Similar to the original tumor (Fig. 7), there was also a promi
nent tumor G2 + M (Peak III) in the primary culture. However,
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Fig. 6. Single-parameter histograms derived from Fig. 5 cytograms for alkaline

phosphatase (ALK PASE) (B) and PAP (A) expression that compare the relative
fluorescent intensity obtained for the diploid (G, (;â€ž;Peak I, O) and aneuploid
(Gi-Gu: Peak II, â€¢)populations. Ordinate, cell number, abscissa, relative fluores
cent intensity. The aneuploid population contained much higher levels of both
PAP isoenzyme (A) and total alkaline phosphatase (B) than found in the diploid
population.
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Fig. 7. DNA histograms of a cell line established from sarcoma 2. The DNA

profiles obtained for a primary culture (A) and a culture at second passage (li) are
shown. Ordinate and abscissa, relative cell number and DNA content, respectively.
In the primary culture (I), the aneuploid population (Peak II, <;,<;â€ž;Peak III,
Gj -I-M) predominates over the diploid population (Peak I, Gj-G<>);whereas by
second passage (B) the diploid population (Peak I) has become the major popu
lation.

by the second passage, the diploid cells (Peak I; G,-G0) were
the major population and the aneuploid cells represent only a
small portion (Peak II; Gi-G0 aneuploid) (Fig. 7). A broad
tetraploid peak was also observed in the cultured sarcoma cells.
It was difficult to determine whether this peak actually repre
sented possible aneuploid subpopulations because the resolu
tion of the DNA profiles obtained from our cultured cells was
often not as good as those obtained from the primary tumors.
However, because this DNA distribution was consistently found
in the sarcoma cultures, a minor hypertetraploid population
(Channel 54) may be present. After the second passage, the
DNA profile of the cultured cells did not significantly change
with further culturing (data not shown).

Next, we evaluated whether the tumor promoters TPA and
diethylstilbestrol could alter the ratio of aneuploid to diploid
cells in the cultured sarcoma 2 line. The cells were exposed to
ethanol (solvent vehicle), diethylstilbestrol (0.01 Â¿ig/ml),or
TPA (0.01 Mg/ml) continuously from the fifth to the ninth
passage. At passage 9, the DNA distributions were analyzed
(Fig. 8). The control sarcoma cells primarily contained a prom
inent diploid population with a distinct Gi-G0 peak and a very
broad poorly defined G2 + M region (Channels 42-55) was
found after the second passage. A hypertetraploid aneuploid
population may be present but represents only a minor fraction
(Fig. SA). Treatment with diethylstilbestrol (Fig. 8Ã„)or with
TPA did not enhance the aneuploid population; if anything,
the population was reduced. In fact, DNA profiles obtained
from TPA-treated cells consistently showed a marked reduction
of the heterogeneity found in the tetraploid region which re-
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Fig. 8. DNA histograms of sarcoma 2 cultures exposed to solvent alone (A),
diethylstilbestrol (DES; 0.01 (Â¿g/ml)(B), or TPA (0.01 Mg/ml) (Q. The cultures
were exposed continuously from the fifth to the ninth passage. At passage 9, the
DNA distributions were analyzed. Neither diethylstilbestrol nor TPA enhanced
the proportion of aneuploid cells. TPA treatment did reduce the heterogeneity
found in the tetraploid region.

suited in a more normal appearing DNA profile. This effect
may be due to a direct effect of the promoters on the cell cycle
distribution, or it may be due to a decrease in cell doublets
which would also decrease the tetraploid peak.

Fig. 9 displays the DNA histograms of sarcoma 4 obtained
from the primary tumor (Fig. 9A) and from cultured cells (Fig.
9Ã„).A very distinct hypotetraploid population (Peak II; G,-G0)
with a DI of 1.76 was detected in the primary tumor (Fig. 9A).
Culturing resulted in a dramatic reduction of the aneuploid
cells present in the original tumor (Peak II); however, an
increase in another aneuploid population (Peak III) having a
G,-G0 peak at Channel 60 (DI 2.14) and a G2 + M peak at
Channel 120 was detected in the cultured cells (Fig. 9B).

Sarcoma 3, a diploid tumor, was also successfully cultured.
The DNA distribution of the cultured cells were predominantly
diploid; however, a dividing tetraploid population was present
in the cultured cells that was not detected in the primary tumor
(data not shown).

DISCUSSION

The results show that 9 of the 11 human uterine sarcomas
were composed of at least 1 aneuploid population as well as a
distinct diploid population. Although the DNA indices ranged
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Fig. 9. The DNA histograms of the original tumor (A) and of cultured cells at
t'itih passage (B) for sarcoma 4 are shown. A diploid (Peak I) and a hypotetraploid

(Peak II) population are found in the original tumor. Upon culturing the diploid
population became predominant, the original aneuploid population (peak II) is
reduced, and a minor hypertetraploid aneuploid population (Peak III) appeared.

between 1.08 and 2.30, the majority of the aneuploid uterine
sarcomas (8 of 9) had DNA indices in the triploid to hyperte
traploid regions. This is in agreement with those values reported
for a number of different human aneuploid tumors (16).

Aneuploidy, as measured by flow cytometry, appears to be a
characteristic more common in uterine sarcomas than that
previously reported for uterine adenocarcinomas. Feichter et
al. (12) used flow cytometry to examine DNA distribution
patterns of 11 endometrial carcinomas; of these, 6 were well
differentiated tumors, and 5 were poorly differentiated malig
nancies. The DNA stem lines found in the well differentiated
adenocarcinomas were always in the diploid region. Among the
5 poorly differentiated tumors, 2 had diploid patterns, 2 were
polyploid, and in 1 case a triploid DNA stem line was found.
Even if one considers polyploidy as aneuploidy, only 3 of the
11 endometrial carcinomas displayed aneuploidy as analyzed
using flow cytometry. This is another example where malignant
tumors consist of predominantly diploid cells as measured by
flow cytometry. In contrast to the uterine adenocarcinomas, 9
of the 11 uterine sarcomas investigated in our study contained
aneuploid stem lines. The two exceptions were sarcoma 10, a
homologous mixed mullerian tumor, and sarcoma 3, a very rare
pure heterologous rhabdomyosarcoma (5). DNA analysis using
flow cytometry may be an additional method that will be useful
in the diagnosis of uterine sarcomas; however, we have no data
at this time to support this. Recent evidence has indicated that
DNA analysis can be of prognostic value for several types of
human tumors including endometrial carcinomas. A study by
Moberger et al. (13), using microspectrophotometric methods
to measure DNA content of human endometrial carcinomas,
found that patients with near-diploid or tetraploid tumors had
significantly better survival rates that those with aneuploid
tumors. In fact, the DNA distribution pattern correlated better
with survival rate than the clinical stage or histological grade
of the endometrial carcinoma. Similarly, DNA analysis such as
reported here may also be of significantly prognostic value for
human uterine sarcomas. For example, 2 of the individuals in
our study with tumors that were diploid (sarcoma 3 and sarcoma
10) were found to have no extrauterine spread at surgery and

were still alive and disease free 1 year or more after therapy.
Although no absolute conclusions can be made because of the
small number of tumors studied, these data suggest that indi
viduals with diploid or near-diploid tumors may have a better
prognosis than individuals with more aneuploid tumors.

Evidence which suggests that transplantation of tumors into
nude mice may provide a selective environment in which not
all tumor cell lines survive was obtained when the nude mouse
tumor that arose from sarcomas 6 and 11 were analyzed. The
primary tumor for sarcoma 11 before transplantation was nini
ticlonal having two aneuploid populations as well as a diploid
population. Upon passage through nude mice, the original
aneuploid populations were not maintained; however, the dip
loid population survived as well as two additional aneuploid
populations that were not clearly represented in the primary
tumor. Interestingly, the tumors that arose in nude mice upon
transplantation of sarcoma 6 were all diploid as measured by
flow cytometry, even though the primary tumor contained a
distinct aneuploid population. Lactate dehydrogenase isoen-
zyme analysis of these nude mouse tumors revealed that the
tumors were of human origin and histological examination
showed that the mouse tumors were of the same histological
type as the original human tumor. These data indicate that the
diploid population for sarcoma 6 was tumorigenic even though
aneuploidy was not detected using flow cytometric analysis.
This evidence suggested that the aneuploid and at least some
of the diploid cells were tumor cells that coexisted within the
same tumor. Apparently, only certain populations of tumor
cells are able to survive and grow in the nude mouse which may
or may not be representative of the populations comprising the
primary tumor.

A number of investigations have reported that a wide variety
of tumors contain a heat stable PAP isoenzyme (5, 15,17).
Studies have shown that tumors derived from the female repro
ductive tract more commonly express PAP than tumors of
other tissues. Because of these observations, PAP expression
was investigated in sarcoma 2 using a specific antibody. The
results showed that the aneuploid population expressed much
higher levels than the coexisting diploid population. Similar
results were found when total alkaline phosphatase activity was
measured using a fluorescent substrate, where the aneuploid
cells demonstrated much higher levels than the diploid cells.
Although alkaline phosphatase was measured in only one uter
ine sarcoma, the data indicate that alkaline phosphatase may
be a useful parameter to distinguish diploid from aneuploid
populations and merits further study.

We have begun to establish cell lines from uterine sarcomas.
These cell lines may provide a system in which to increase our
understanding of the molecular events involved in generating
the malignant phenotype. Each sarcoma cell line was analyzed
to determine whether they maintained various characteristics
that were found to be expressed by the original tumors. In this
report, we compared the DNA content of three primary sarco
mas to the cell lines derived from these tumors. A consistent
findings was that the aneuploid populations were dramatically
reduced upon establishment of the sarcoma cells in culture. The
diploid populations became dominant very early after culturing
and were maintained with prolonged culturing. The proportion
of diploid to aneuploid cells could not be changed by the
addition of known tumor promoters to one of the sarcoma
lines. Although these studies were of only a few sarcomas and
need to be expanded, the data suggest that culturing of human
uterine sarcomas can dramatically affect the composition of
tumor cells such that tumor populations existing in culture may
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be very different from those found in the primary tumors;
therefore, in vitro studies may not necessarily be directly ex
trapolated to in vivo situations.

Shifts in the proportion of diploid to aneuploid cells upon
culturing has also been observed by Claflin et al. (8) using a rat
prostate tumor cell line. These investigators used flow cytome-
tric techniques to study changes in the tumor subpopulations
under in vivo and in vitro conditions. Upon passage in animals,
a diploid and an aneuploid population were found to coexist;
however, under in vitro conditions, only the diploid population
was maintained. If these diploid cultures were then transplanted
back into animals, both aneuploid and diploid populations were
found. This suggests that the diploid population may be a stem
line which generates the aneuploid population. This was also
suggested by Sandberg (18) in a brief discussion of human
tumors that displayed bimodal distribution of tumor cells in
that one population was within the diploid range and the other
was within the tetraploid or triploid regions. He suggested that
in all probability the tetraploid and triploid populations were
generated from cells in the near diploid range.

Other possible explanations for the reduction of the aneu
ploid subpopulations of uterine sarcomas exposed to //; vitro
conditions come from the studies of Fidler and Poste (19) and
Ossowski and Reich (20). Studies of Fidler and Poste (19) on
tumor heterogeneity provide evidence that specific cellular pop
ulations comprising a tumor can be influenced by selection
pressures operating in different environments. These selection
pressures affect individual subpopulations differently and this
results in a shift in the proportion of one population to other.
Clonal subpopulations of a tumor are thought to interact with
one another such that equilibrium between the populations is
maintained. However, in the presence of selection pressures
such as drug therapy, the balance between the subpopulations
can be altered. This could explain our results in that the in vitro
culture conditions were not appropriate for maintaining an
equilibrium between the aneuploid and diploid cells and that
growth of the diploid population was favored over that of the
aneuploid population. In addition, this may explain the main
tainence of the diploid populations in the tumors derived from
nude mice upon transplantation with sarcomas 6 and 11. The
mouse environment may be more conducive for growth of
diploid populations than for some aneuploid populations.

Another slightly different explanation has recently been pre
sented by Ossowski and Reich (20). They observed that the
malignant phenotype of a human epidermoid carcinoma was
retained only under in vivo conditions. When grown in cell
culture, tumorigenicity and metastatic ability were progressively
lost. The malignant phenotype would reappear only after pro
longed exposure of the cultured cells to in vivo conditions. Their
evidence suggested that expression of the malignant phenotype
was responsive to conditions in the physiological environment.
The decline of tumorigenicity upon culturing may have reflected
a reversible physiological state induced in the tumor cells by
the in vitro environment. They suggested that changes in hor
mone responsiveness induced by humoral factors present in in
vivo or in vitro environments may be one mechanism in which
the tumor phenotype is controlled. The authors maintain that

a proper physiological environment influences the ability of
cells to develop neoplastic properties. This study provides evi
dence that the culture environment can inhibit the neoplastic
phenotype. Our results may be explained by the possibility that
the culture environment produced selective pressures on the
diploid and aneuploid subpopulations by influencing the expres
sion of their neoplastic phenotype. Several of the original
human uterine sarcomas have produced tumors upon trans
plantation to nude mice. We therefore are presently in the
process of determining whether the cultured sarcoma cell lines
are also tumorigenic.
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