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Abstract With special attention to the presence of
polyploid cells, we examined heterogeneity and pro-
gression of renal cell carcinomas. We separated 116
blocks from 51 tumors into several specimens accord-
ing to the histologic findings, and analyzed their DNA
ploidy patterns. Thirty-one tumors (61%) were aneu-
ploid, 29 of which showed intratumoral DNA ploidy
heterogeneity. Diploid cell lines were observed in 47
tumors (92%). Polyploid cells in the diploid component
were more frequently found in tumors with mixed di-
ploid and aneuploid patterns than in the purely diploid
tumors. Of the diploid cases, higher stage cases tended
to have a higher incidence of polyploid cells than the
lower stage cases. The incidence of aneuploid cases and
DNA heterogeneity became greater as the tumors pro-
gressed. Aneuploid cases had a poorer outcome than
did the diploid cases. If diploid cases with polyploid
cells were classified as aneuploid cases, the difference in
the survival rate between the diploid and aneuploid
cases became more significant. Diploid renal cell carci-
nomas with polyploid cells may be an intermediate
stage between diploidy and aneuploidy. Analyzing re-
nal cell carcinomas for the presence of polyploid cells is
useful for differentiating diploidy, which is actually
aneuploid, from pure diploidy.
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Renal cell carcinoma is known to be an unpredictable
malignancy, and metastasis can develop from early
stage tumors. It is generally agreed that both histo-
pathologic grading and clinical stage are good prognos-
tic indicators [ 5, 107. The relationship between outcome
and nuclear DNA content has been examined using
paraffin blocks. Some investigators reported that
aneuploid carcinomas have a worse prognosis than
diploid carcinomas [1, 3, 5, 6, 10, 14], but diploid carci-
nomas with a poor outcome have been observed fre-
quently [4,12], so this issue remains controversial.
Intratumoral heterogeneity in DNA ploidy has been
reported recently [2, 3, 12, 13, 15], and aneuploid cell
populations have sometimes been found in predomi-
nantly diploid tumors when they were examined in
detail. It has been reported that abnormal DINA content
and heterogeneous populations begin to appear as tu-
mors, reaching 2.0-5.0cm in diameter, and that the
occurrence of nondiploid stem lines and heterogeneous
DNA content may parallel both tumor growth and
more aggressive behavior [2]. Although in most of these
studies the nuclear DNA content was measured using
flow cytometry [3-6, 10, 13, 15], some studies utilized
static cytofluorometry [1, 2, 12-14], which is useful for
recognition of the diploid cell line of a tumor, especially
for the detection of polyploid cells whose DNA content
exceeds that of the cell cycle of the stem cell [11].

In the present study, we chose tumor tissues from as
many sites as possible from each tumor and analyzed
each with static cytofluorometry in order to address the
issue of the heterogeneity in DNA ploidy in renal cell
carcinomas. We determined the nuclear DNA content
in detail as well as whether or not polyploid cells were
present. It was also examined whether the nuclear
DNA content was correlated with the histopathologic
grading, tumor stage, size of tumor or outcome in
patients with renal cell carcinomas. We also examined
how the nuclear DNA content changes with tumor
progression.
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Materials and methods

Tumor samples

We examined 51 tumors obtained from 46 patients, including 1 with
multiple tumors in both kidneys and another with multiple tumors
in only 1 kidney, who were treated at the Hospital of Shiga Univer-
sity of Medical Science and at our affiliated hospitals from 1979 to
1991. A total of 116 blocks from 51 tumors were studied (1-7 blocks
per tumor, mean 2.3 blocks).

Specimen preparation

Each tumor was fixed in 10% formalin, embedded in paraffin, and
5-um and 100-pm serial sections were made alternately. The 5-um
sections were stained with hematoxylin and eosin (H&E) for his-
tologic examination, and the 100-um sections were used for cell
isolation. The histopathologic grading (grade 1 ~ 3), histologic struc-
ture and histologic cell types of the specimens were reviewed and
classified according to the “General rule for clinical and pathological
studies on renal cell carcinoma” [9]. These three grades were defined
as follows: grade 1: nuclei of tumor cells resemble those of normal
tubular cells, and occasionally show pyknosis. Grade 2: nuclei of
tumor cells are larger than those of grade 1, and are occasionally
irregular or slightly pleomorphic. Nucleoli are often prominent.
There are no bizarre nuclei. Grade 3: nuclei are more irregular and
more pleomorphic than those of grade 2. Bizarre giant nuclei are
often observed. The worst grade of each tumor component was
taken as the histopathologic grading of the tumor.

Cell isolation [7]

The 100-pm sections were dewaxed and stained lightly with hematoxy
for easy identification of the desired areas. They were resected by
micromanipulation under a stereoscopic microscope, guided by ob-
servation of the adjacent 5-pm H&FE sections under a low-powered
microscope to dissect the material correctly. The tumor tissues were
chosen according to the histologic findings, for a total of 169 sites
(mean 3.3 sites for each tumor). After bleaching with 10 mM EDTA-2
Na, the dissected tissues were digested with 100 pg/ml proteinase
K for 30 min at 37 °C, and homogenized to facilitate mechanical cell
isolation. The supernatants of free-cell suspensions were transferred
to other tubes and centrifuged for 5 min at 350 g. The cell pellets
were rinsed twice with phosphate buffer, and the cell suspensions
were smeared on non-fluorescent glass slides with an automatic
smear maker (Auto Smear CF-120, Sakura Seiki, Tokyo, Japan).

Static cytofluorometry of the nuclear DNA content [7]

The smears were stained for 1 h at room temperature with 50 ng/ml
DAPI (4,6-diamidino-2-phenylindole dihydrochloride) in a solution
containing 10 mM TRIS (pH 74), 10 mM EDTA-2Na, 100 mM
NaCl and 10mM 2-mercaptoethylamine hydrochloride. Static
cytofluorometry for nuclear DNA content was performed with an
epi-illumination cytofluorometer (Nikon P1). We measured the flu-
orescence intensities of the nuclear DNA-DAPI complexes with
a x40 objective lens, and the nuclear fluorescence intensities of
about 30 lymphocytes, plasma cells, neutrophils, endothelial cells
and other stromal cells were measured to determine the internal
standard of the 2C (diploid, Go/G,) DNA content in the specimens.
The nuclear fluorescence intensities of 400 randomly chosen cancer
cells were measured, and a histogram of the DNA distribution
pattern was drawn for each specimen.

Examination of DNA ploidy patterns by static cytofluorometry [8, 117}

We defined DNA ploidy patterns as follows. (1) When only one
peak of Go/Gy cells was evident in the histogram of the nuclear
DNA countent, this population was considered to have a single stem
cell line. (2) If an additional peak, distinct from and greater than
one-fifth of the largest peak, was observed, and a corresponding
S + Gy fraction was also seen, we assumed that the specimen had
another stem cell line in addition to the largest peak. These stem
lines were classified as diploid and aneuploid, and we classified the
DNA ploidy pattern of each histogram accordingly. If the peak of
the stem line was near 2C (2 + 0.2C), we classified the stem line as
diploid and the histogram that had a single peak of the diploid cell
line was classified as having a diploid pattern. If the peak of a stem
line was different from 2 4 0.2C, we classified the stem line as
aneuploid and the histogram that had more than one peak of the
ancuploid cell line was defined as having an aneuploid pattern. Cells
were defined as polyploid when the DNA content of the cells
exceeded that of the G;M-phase cells of the largest stem cell line
(Fig. 1). If several stem cell lines within a tumor were present, we
defined it as a heterogeneous tumor in terms of its nuclear DNA
ploidy. Tumors that had more than one aneuploid cell line were
classified as aneuploid tumors.

Statistical analysis

We used the TNM classification and stage classification of the
Union Internationale Contre le Cancer (UICC) [16] for the clinical
staging. The chi-square test and Fisher’s exact probability test were
used for statistical comparisons, while the survival ratios were cal-
culated using the Kaplan-Meier method and the generalized Wil-
coxon’s method was used for statistical analysis. A P value of less
than 0.05 was considered statistically significant.

Results

Using static cytofluorometry, we determined the
ploidy patterns in 149 of 169 specimens (88%). The CV
value of the Go/G1 peaks of the control cells was
8.6 + 3.5%. Eighty-one of the 149 specimens (54%)
showed an aneuploid pattern. Comparing the ploidy
patterns with the histopathologic grading, aneuploid
patterns were seen more frequently in grade 2 speci-
mens than in grade 1 specimens. The ploidy pattern of
the grade 3 specimens could not be determined because
of their small sample number . However, comparing
the presence of polyploid cells with histopathologic
grading in diploid specimens, all grade 3 specimens
had some polyploid cells (six out of six specimens)
(Table 1).

Twenty of 51 tumors (39%) were diploid tumors with
no other stem cell lines present. Thirty-one tumors
(61%) exhibited an aneuploid pattern with more than
one aneuploid stem cell line present (Table 2). Twenty-
nine tumors (57%) had intratumoral DNA ploidy het-
erogeneity, of which 27 tumors had a diploid cell line.
A diploid cell line was observed in 27 of the 31 aneu-
ploid tumors (87%), and thus a total of 47 of 51 tumors
(92%) had a diploid cell line.

Concerning the relationship between the histo-
pathologic grading and the DNA ploidy patterns, the
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Fig. 1a—c DNA histograms by static cytofluorometry: a diploid
pattern, b predominantly diploid with polyploid cells present,
¢ aneuploid pattern

incidence of an aneuploid pattern was significantly
higher in the higher grade tumors. This was especially
true for the grade 3 tumors; seven of eight tumors
(88%) had an aneuploid pattern. The incidence of in-
tratumoral DNA ploidy heterogeneity became greater
as the histopathologic grading increased . In 20 diploid
tumors, we divided the tumors according to the inci-
dence of polyploid cells, which we compared with the
histopathologic grading. No grade 1 tumor had any
polyploid cells, which were more frequently observed in
the higher grade tumors, and one grade 3 tumor also
had polyploid cells (Table 3).

Classifying the tumors by the maximum diameter in
25-mm intervals, the incidence of aneuploidy or hetero-
geneity in DNA ploidy was more frequent as the tumor
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Table 1 DNA ploidy pattern and presence of polyploid cells within
predominantly diploid specimens according to grading in 149 speci-
mens

Grade Diploid Aneuploid(%) Total
Polyploid cells
(=) (%) (+) (%)
G1 33(55) 47 1 23(38) 71 60
G2 16(20) I(11)= s 54(68)_] 79
G3 0 6(60) J 4(40) 10
Total 49(33) 19(13) 81(54) 149

x: P <005, #x: P <0.01, %xx: P < 0.0003, sxxx: P < 0.001

Table 2 DNA ploidy patterns obtained from the 51 tumors

Histogram

Number of tumors (%)

Homogenous tumor

diploidy
aneuploidy
Total

20(39)
2

22(43)

Heterogenous tumor
2 aneuploidy 2
diploidy + 1 aneuploidy 16
diploidy + 2 aneuploidy 8
diploidy + 3 aneuploidy 2
diploidy + 5 aneuploidy 1

Total 29(57)

Table 3 DNA ploidy pattern, presence of ployploid cells in the
diploid tumors, and tumor heterogeneity of the DNA content ac-
cording to grading in the 51 tumors

Grade Diploid Anpeuploid Total Heterogeneity
——— (%) (%)
Polyploid cells
(=) (%) () (%)

G1 8(73) 0 32717 U1 327 7

G2 9(28) 2(6) 21(66) ) = 32 19(59) «

G3 0 1(12) 788 | 8 7(88) |

Total 17(33) 3(6) 31(61) 51 29(57)

% P <0.05 ’

diameter increased. All of the tumors larger than
76 mm were aneuploid tumors, and all the tumors
larger than 101 mm showed heterogeneity (Table 4). In
the purely diploid tumors, only 3 of 20 tumors (15%)
had polyploid cells, whereas 9 of 16 tumors (56%) with
both diploid and aneuploid components harbored
polyploid cells in the diploid component (Table 5).
We compared the TNM classification and staging
with the DNA ploidy patterns of the 46 cases (Table 6).
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Table 4 Size, DNA ploidy pattern and tumor heterogeneity of the
DNA content in 48 tumors

Table 7 Stage and presence of polyploid cells in the diploid cases

Stage Polyploid cells Total
Size Diploid Aneuploid Total  Heterogeneity
{mm) (%) (%) (%) (=) (%) (+) (%)
1~25 7(70) 3(30) " 10 3(30) Stage 1 4(80) 1(20) 5
26 ~ 50 9(50) 9(50) '| " 3 -‘ 18 8(44) Stage 2 8(100) 0 8
51 ~175 2(29) 5(71) = | e g 5(71) Stage 3 2(67) 1(33) 3
76 ~ 100 0 7(100) J A _1 } 7 6(86) Stage 4 1(50) 1(50) 2
101 ~ 0 6(100) J 6 6(100)
Total 18(37) 30(63) 48 28(58)

. P <005, %+ P <001

Table 5 DNA ploidy pattern of the tumors and the presence of
polyploid cells within the diploid component of the tumors

DNA ploidy pattern Polyploid cells Total
(=) (%) () (%)

Diploidy 17(85) 3(15) 2001 o1

Diploidy + Aneuploidy 7(44) 9(56) 161

The incidence of aneuploidy was higher in the higher
pT or M cases and in those with more advanced stage
disease. The incidence of heterogeneity in DNA ploidy
was also higher in the higher pT or M cases and in
those with more advanced stage disease. Concerning
the presence of polyploid cells in the diploid cases in
relation to the staging, diploid cases from patients with
more advanced stage disease tended to have polyploid
cells more frequently than those from patients with
earlier stage disease (Table 7).

Of the 42 cases for which the survival data were
available, the survival rate was significantly lower in
those with the higher grade disease (between grade 1
and 2: P < 0.05; between grade 1 and 3: P < 0.01). It
also was lower in those with a higher pT. A significant
difference was noted between those with pT2 and pT3
disease (P < 0.003), and the survival rate was sig-
nificantly lower in those with higher stage disease

(P < 0.00005 between stage 2 and stage 4; P < 0.005
between stage 3 and stage 4). The survival rate of the
patients with tumors larger than 51 mm was signifi-
cantly lower than that of those with smaller tumors
(P <0.01).

The survival rate was significantly lower in the
aneuploid cases than in the diploid cases (P < 0.05).
When the diploid cases with polyploid cells were in-
cluded with the aneuploid cases, a more significant
difference was found (P < 0.005) (Fig. 2). Comparing
the survival rate with the DNA ploidy patterns for the
grade 2 cases that were the largest in number, signifi-
cantly higher survival rates were seen in the purely
diploid cases than in the ancuploid cases or in the
diploid cases with polyploid celis (P < 0.05), whereas
there was no significant difference in the survival rate
between the aneuploid cases and the diploid cases with
or without polyploid cells (Fig. 3). Comparing the sur-
vival rate with the DNA ploidy patterns for the stage 2
cases that were largest in number, the survival rate was
significantly higher in the diploid cases than in the
aneuploid cases (P < 0.001).

Discussion

Recently, many studies on the nuclear DNA content of
various human tumors, including renal cell carcinomas,
embedded in paraffin blocks have been reported using
flow cytometry (FCM) [3-6,10,13,15] and static

Table 6 PT, M, stage and DNA

ploidy pattern, and tumor Diploid (%) Aneuploid (%) Total Heterogeneity (%)
heterogeneity in the DNA
in 4 pT1 5(83) 1(17) 6 1(17)

content in 46 cases pT2 9(43) 1257 1 21 10(48) »
pT3 4(22) 14(78) | 18 14(78) |
pT4 0 1(100) 1 1(100)
MO 17(49) 18(51)7] 35 16(46) 7,
Ml 1(9) 10(91) 1 11 10091) 1
Stage 1 5(83) 1(17) 6 1(17) 'l
Stage 2 8(44) 10(56) 1, 18 8(44) T |
Stage 3 3(33) 6(67) J 9 6(67) *
Satge 4 2(15) 11(85) 13 11(85) J
Total 18(39) 28(61) 46 26(57)

%1 P < 0.05, =x: P <001
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Fig. 2a, b Survival curves according to DNA ploidy: a / diploidy
and diploidy + polyploidy (n=15), 2 aneuploidy (n=27)
(P <0.05); b ! diploidy (n=13), 2 diploidy + polyploidy and
aneuploidy (n = 29) (P < 0.005)

cytofluorometry [1, 2, 12-14]. Some investigators re-
ported that aneuploid renal cell carcinomas show high
histologic grading [5, 6] and higher stage disease and
have a poorer prognosis [1, 5, 10, 14], whereas others
reported that there was no correlation between the
nuclear DNA content and the clinical prognosis
[4, 12]. In these studies, various methods were used for
the measurement of the nuclear DNA content, the
sampling of the specimens or the assessment of the
DNA ploidy patterns. Many investigations have used
FCM. In a previous study, we measured the DNA
content by FCM and static cytofluorometry in the
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Fig.3 Survival curves of the grade 2 cases according to DNA ploidy

same material, and reported that the flow cytometric
study appeared to have limited ability to detect the
diploid cell line of a tumor and to detect the presence of
polyploid cells that constitute much smaller popula-
tions than the stem cell line [11]. The DNA ploidy
patterns have usually been classified into diploidy and
aneuploidy (nondiploidy), or occasionally tetraploidy.
Yoshida [17] reported that most nephroblastomas
show diploidy, and that the outcome was poor in
diploid cases. He suggested that subtle derangements of
cell-cycle regulation could cause very rapid growth of
these cells, resulting in a fatal outcome for the patient,
indicating that the diploid cells of tumors must be
different from normal diploid cells in their biologic
behavior. For this kind of study, not only the hetero-
geneity in DNA ploidy but also the presence of poly-
ploid cells must be considered. In this study, in order to
examine the diploid patterns in detail, we carefully
screened for the presence of polyploid cells using static
cytofluorometry.

The present study found aneuploid cell lines in 61%
of tumors. This is similar to values of 41-65% reported
by other investigators. Since Lanigan et al. [12], who
reported the incidence of aneuploid tumors to be 41%,
examined multiple blocks from each tumor in only 14
of 90 tumors, it is possible that he missed some aneu-
ploid cell lines. Heterogeneity in the DNA ploidy pat-
terns was observed in 57% of tumors in this study.
Ljungberg et al. [15] measured eight specimens from
each tumor and observed the heterogeneity in the nu-
clear DNA content in 45% of tumors by FCM for fresh
specimens. Currin et al. [3] also reported that 29% of
tumors showed heterogeneity when they analyzed two
or more specimens from paraffin-embedded tissues.

Diploid cell lines were observed in 93% of tumors
showing heterogeneity in DNA ploidy, and adding
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purely diploid tumors, 92% of all tumors demonstrated
diploid cell lines. Ljungberg et al. [15] reported diploid
cell lines in 85% of tumors showing heterogeneity, and
of all tumors 80% had diploid cell lines. Renal cell
carcinoma is characterized as a tumor that contains
a diploid cell line very frequently. The presence of
polyploid cells in the diploid component was more
frequent in tumors with mixed diploid and aneuploid
patterns than in the purely diploid tumors. In the
predominantly diploid cases, higher stage cases tended
to have polyploid cells more frequently than the lower
stage cases. The incidence of aneuploid cases and het-
erogeneity in DNA ploidy increased with the progres-
sion of tumors. This suggests that, if the cancer can be
regarded as monoclonal in origin, most renal cell carci-
nomas begin as diploid tumors, then polyploid cells
develop within the diploid population, and eventually
aneuploid cell lines arise from the polyploid cells as the
tumors progress. Banner et al. [2] reported that abnor-
mal DNA content and heterogeneous populations be-
gan to appear in tumors from 2.0 to 5.0 cm in diameter.
In this study, aneuploid cell lines were observed in three
tumors smaller than 2.5 cm. A small aneuploid tumor
of 1.0 cm was seen in the patient with multiple bilateral
kidney tumors, so it is possible that the small aneuploid
tumor was a metastasis, and it might have been aneup-
loid originally.

As the histopathologic grading progressed, not only
the incidence of aneuploid cell lines became higher, but
also the incidence of polyploid cells in the diploidy
became higher. The nuclear DNA content was corre-
lated with the histopathologic grading and it may be
correlated with the biologic behavior of the tumor cels.

The nuclear DNA content is a useful index for the
prognosis of patients with renal cell carcinomas as is
the histopathologic grading, TNM classification and
clinical stage. Aneuploid cases have a poorer prognosis
than do the diploid cases. Grouping the diploid cases
with polyploid cells into the aneuploid cases, a more
significant difference in the survival rates could be
detected between the diploid and aneuploid cases. In
this classification, the nuclear DNA content yields
more detailed information for grade 2 renal cell carci-
nomas, which are the most common forms. From this
point of view, diploid cases with polyploid cells should
actually be regarded as aneuploid cases. Detailed anal-
ysis of the nuclear DNA content may add more useful
information for follow-up studies or for the considera-
tion of adjuvant therapies.

In conclusion, using the advantage of static cyto-
fluorometry, we examined the DNA ploidy patterns of
renal cell carcinomas and carefully inspected for the
presence of polyploid cells. Most renal cell carcinomas
appear to begin as diploid tumors. As tumors progress,
some polyploid cells may appear within the diploid
component and then some aneuploid stem lines may
arise from the polyploid cells. The outcome of patients
with aneuploid tumors or diploid tumors with polyploid

cells was poor, suggesting that the diploid predominant
tumors with polyploid cells should be treated differently
from the purely diploid tumors without polyploid cells.
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