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ABSTRACT

Multifactorial analysis, including cytogenetic studies, flow cytometry,
and light and electron microscopic evaluation, was performed on 29
primary renal cell carcinomas and short-term cultures derived from them.
Eleven of the 21 cases that yielded cytogenetic results demonstrated
clonal chromosomal aberrations which included trisomy 7 in 8 cases, loss
of the Y chromosome in 7, (risoni y 12 in 2, and 16q- in 1. Flow cytometry
showed that there was preferential growth of near-diploid populations
and loss of aneuploid clones in culture with standard media. The ultra-
structural features of both the primary and cultured tumors were remark
ably similar. They included cytoplasmic vacuolization, reticulated dense
nucleoli, and cell surface microvilli. Thus, morphological evidence sup
ported the epithelial and, specifically, the renal tubular origin of the
cultured cells. The development of chromosomal abnormalities seemed
linked to advanced tumor stage, but the number of such cases was too
small to analyze for statistical significance. No other correlations could
be made between karyotypic change, DNA analysis, tumor histology,
grade, and stage at this point in the patient follow-up.

INTRODUCTION

Renal cell carcinoma is a relatively common malignancy in
adults, with approximately 15,000 new cases each year and over
7,000 deaths annually in the United States (1). The dominant
histolÃ³gica! pattern is that of clear cell carcinoma. Such tumors
have been associated with a relatively favorable prognosis com
pared to those in which spindle cells predominate (2). Other
adverse prognostic factors include increasing size of the primary
lesion, invasion of the collecting system or perirenal fat, and
extension to regional lymph nodes (2). Overall, however, these
tumors display variable clinical courses despite similarities in
histology, size, and stage. It is possible that cytogenetic findings
could modify the prognosis for individual cases.

The specificity of cytogenetic aberrations in certain tumors
is a powerful diagnostic and prognostic tool that has led to
better understanding of molecular events involved in tumori-
genesis (3, 4). Considerable interest in renal tumor cytogenetics
was First stimulated by a report of inheritance of a balanced
familial translocation between chromosomes 3 and 8 which
correlated with appearance of the tumor (5). Soon after, another
example of chromosome 3 aberration in familial renal cancer
was reported, in which translocation between a No. 3 and a No.
11 was found in the tumor tissue (6). More recently, several
authors have emphasized the finding of clonal rearrangements
of the short arm of chromosome 3 (3p) as well as other clonal
and nonclonal mumerical alterations in short-term cultures
from cases of nonfamilial renal carcinomas (7-10). However,
other investigators, using both direct analysis and short-term
cultures of primary nonhereditary tumors, have not found
clearly dominant patterns of cytogenetic specificity (11-13).
Rearrangements of chromosomes 1, 2, 3, 6, 11, and 17 were
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reported with relative frequency, but no clonal changes could
be defined in some tumors.

Cytogenetic data must be interpreted in the context of tumor
histology and in terms of the extent of representation of the
tumor cell population by the analyzed cells. In this study, we
have attempted to characterize 29 nonfamilial renal cell carci
nomas by mult Â¡factorial analysis of fresh and paraffin-em
bedded primary tumors and short-term cultures derived from
them. Tumors were evaluated by light and electron microscopy.
Analysis of the DNA content of fresh, cultured, and deparaffin-
ized tumors by flow cytometry provided a framework for cyto
genetic studies of cultured tumors.

We obtained cytogenetic results from cultures of 72% of the
tumors received. We found high frequencies of certain clonal
aberrations, almost exclusively represented by whole chromo
some losses and gains rather than rearrangements. Morpholog
ical indicators, identified by light and electron microscopy,
provided evidence that the cultured cells were representative of
cell populations originating from the primary tumors. FCM2

results indicated that approximately 56% of the renal cell
tumors studied were homogeneously either diploid or near-
diploid. The remainder had aneuploid clones, usually in com
bination with diploid populations. These data were in partial
agreement with the cytogenetic results; the 21 successful renal
tumor cultures included both normal and chromosomally aber
rant cells in the diploid range. We conclude that there was
preferential growth of the diploid cells in culture in those cases
that were originally aneuploid by FCM.

MATERIALS AND METHODS

Patient Population. The entire series of patients included 20 males
and 9 females, consistent with reported ratios (1). Tumors from 14
males and 7 females were successfully cultured. Their ages at time of
presentation ranged from 39 to 96 years (mean, 65.9 years). Tumor
staging was based on Robson's classification: Stage I (tumor is confined

to renal parenchyma and renal capsule is intact); Stage II (tumor has
invaded perirenal fat); Stage III (tumor has invaded renal vein, vena
cava, and regional lymph nodes); and Stage IV (tumor has distant
mÃ©tastasesor has invaded adjacent organs) (14).

Cell Culture. Freshly removed surgical samples were brought to the
laboratory, usually within 1-4 h after surgery. The tissue was finely
minced with scalpel blades and plated on scored plastic flasks with
small volumes of medium to promote attachment. When the sample
was of sufficient size (larger than 1 cm3), a portion was treated with
collant-naso for dispersal prior to plating (method described in detail in

Ref. IS). Both expiant and dispersed cultures were maintained in
Dulbecco's modified Eagle's medium supplemented with 17% fetal calf

serum, antibiotics, and glutamine. No special modifiers, growth factors,
or other supplements were used.

Cultures were examined at minimum intervals of twice weekly,
subcultured by trypsinization when near-confluent, and harvested for
chromosome analysis as soon as growth permitted. Samples for electron
microscopy, FCM, and other studies were obtained from subcultures
in the 3rd to 6th week. Cultures survived for periods of 10 days to 18

1The abbreviations used are: FCM, flow cytometry; PBS, phosphate-buffered

saline.
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weeks and up to 7 subcultures and usually died quite abruptly. None
has as yet given rise to long-lived or permanent lines.

Cytogenetics. Harvests for direct analysis were unsuccessful and in
many cases were not attempted because of the small volume of tissue
received. In all cases where any growth was observed, a first harvest
was attempted within the first or second week in culture. Cultures were
exposed to Colcemid (0.05 ^g/ml) for 1 to 4 h. The supernatant was
collected and the adherent cells removed by exposure to a trypsin/
EDTA solution for 2-3 min. The combined fluids were centrifuged and
the cell pellet was exposed in succession to hypotonie KO (0.38%) and
several changes in Carnoy's fixative. The cell pellet could be stored for

prolonged periods prior to slide preparation and staining. The pelleted
fixed cells were stained by routine trypsin-Giemsa banding.

Light and Electron Microscopy. Several 3-S-^m, hematoxylin- and
eosin-stained sections of formalin-fixed, paraffin-embedded primary
tumor were examined for each case. Tumors were graded according to
the criteria of Theil et al. (16), which emphasize nuclear grade and cell
spindling as the most important diagnostic indicators. Well differen
tiated tumors showed nuclei similar to those of normal renal tubule
cells, while spindle cells and bizarre nuclei predominated in the poorly
differentiated cases. Tumors were classified as intermediate in differ
entiation when nuclei were enlarged and pleomorphic with prominent
nucleoli.

For electron microscopy, tissue samples were taken from the original
tumor mass shortly after surgery and placed immediately in glutaral-
dehyde. Cells were examined after lead and uranyl acetate staining with
a Zeiss 9 or 10 electron microscope.

Flow Cytometry. Samples of fresh tumor grossly identified as viable
were snap frozen in a slurry of dry ice/isopentane and stored at â€”60Â°C.

For flow preparation, the fragment of frozen tumor was minced in
PBS. The following were added to the resulting cell suspension at room
temperature at 10 min intervals: 900 n\ trypsin, 750 /Â¿Itrypsin inhibitor
and RNase A, and 750 Â¿il0.005% propidium iodide. The sample was
then filtered through a 4()-Â¿imnylon mesh, wrapped in tinfoil to protect
it from light, and stored at 2-4"C for 0-3 h ( 17). Tissue cultures were

prepared for FCM by trypsinization when near-confluent. The cell
suspension was centrifuged, the supernatant was discarded, and the
pellet was resuspended in 1 ml fetal calf serum. Dimethyl sulfoxide
(0.15 ml) was added and the cells were immediately frozen at -10Â°C.

For FCM studies, the cultured cells were defrosted and washed with
PBS. The remainder of the procedure is identical to that for fresh
tissue.

Single 50-^m sections were cut from paraffin blocks of tumor from
8 cases. Sections were deparaffinized and rehydrated through a series
of xylene and graded alcohol washes, followed by washes with distilled
water and PBS. After treatment with 0.5% Pronase at 37Â°Cfor 0.5 h,

1 drop of the resulting cell suspension was air-dried on a glass slide
and stained with Hemacolor (Harleco, Gibbstown, NJ) to determine
the adequacy of cell separation and preservation of nuclei. The suspen
sion was then filtered through 40-^m nylon mesh, centrifuged, and
washed twice with PBS. The washed pellet was resuspended in RNase
A and incubated for 10 min at room temperature prior to addition of
0.005% propidium iodide. Foil-wrapped samples could be stored at 2-
4Â°Cfor 0-3 h.3

Cell cycle analysis was performed on a Cytofluorograph-50H inter
faced with a model 2150 computer (Ortho Diagnostics Systems, Inc.,
Westwood, MA) using the 488 nm emission of an argon laser operating
at 150-200 mW. From 10,000 to 20,000 cells were evaluated for each
sample. Normal tonsil, lymph node, or cultured fibroblasts were used
as diploid controls for FCM of fresh or cultured tumors; a block of
normal kidney from the same patient was used as a diploid control for
each of the deparaffinized studies.

Aneuploidy was defined by the presence of two or more Gi-G0 peaks,
only one of which corresponded to the nonneoplastic diploid cells
contained within all tumors, such as fibroblasts or inflammatory cells.
The remaining peak(s) was considered to represent the tumor cell
population(s). A tumor was described as bimodal when two Gi-G0 peaks

were of equal size, which implied that some tumor cells in the sample
were diploid, or if two aneuploid peaks were identified. Tumors were
defined as heterogeneous by FCM if some samples of tumor demon
strated only diploid cells while others showed aneuploid lines, or if hi
or multimodality was seen in a single sample. When partial fusion
between diploid and nondiploid peaks was seen, the sample was called
near-diploid.

Table 1 Clinical and pathological characteristics
Cases are listed by accession number in the order received in the laboratory

and described by age and sex of the patient and pathological descriptors of the
tumor. Column 6 includes pathological or procedural features that may have
contributed to growth failure.

Case46134632463546614667467346744712473147454749482348324858487649424959511151515162518851895199530053105340536154895512Age(yr)4269786664966575526088575978737839576365686554766142685760SexMMMMMFMFMMFMFFMFFFMMMMMMMFMMMStage0Inni(Dmnini(i)miininininimnHIPathology*WIIIWWWIWIWWWIWWWWWWpWWWIIWComments+,'
cystictumorCystic,

hemorrhagicNecrotic,

RVE+,
delayed transporttolaboratoryOncocytoma+.

RVE+,
necrotic(?RVE)+,

RVEAdenoma++,

necrotictumorNecrotic

tumorâ€¢+.
necrotic, cystic tumor

" Tumor stage: I, confined to kidney: II. perirenal fat involved: III, renal vein,

vena cava, regional lymph nodes.
* Differentiation (see text): W, well; I, intermediate; P, poor.
' +, culture failure; RVE, renal vessel embolus.

Table 2 donai cytogenetic findings in culture
Twenty-one cases which grew sufficiently well in culture to yield analyzable

metaphases are included. In all but 3 cases, normal diploid cells were found. Each
cell type listed represented a clonal cell population as defined by the International
System for Human Cytogenetic Nomenclature (1985).

3G. Auer, l '. Askensten, B. Franzen, and M. Suhrland, personal communi

cation.

Case463246354661466746734674471247314749Â°482349424959*511151515188519953005310534053615512Harvesttime(days)96045840126030+33

and38121310211012191420211222No.

ofmetaphasecells

analyzed2998610181024113014131813253628268318Karyotype50,X,-

Y,+7,+ 10.+ 12,+ 16,+ 1745,X,-Y46.XY46.XY46,XX46,XY/46,X,-Y,-(-746.XX46.XY46.XX46,XY/45,X,-

Y/47.X,- Y,+7,+ 1246,XX/47,XX,+746.XX46.XX46,XY/46,XY,16q-46,XY/45,X,-Y46.XY46,XY/45,X,-Y/46,X,-Y,+746,XY/45,X,-Y/?45,X,-Y,+7,-2046.XXAneuploid,

+746,XY/47,XY,+7/48,XY,+7,+7"

Oncocytoma.*
Adenoma.
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RESULTS

Renal cell carcinoma samples were received from 29 patients
over the period from January 11, 1985 to March 13, 1986. At
the time of surgery, 15 were classified as Stage I, 9 as Stage II,
5 as Stage III, and none as Stage IV (see Table 1). Samples
from 21 of these grew sufficiently well in culture to yield
successful harvests for cytogenetic analysis. Approximately one-
half of the harvests were obtained within the first 2 weeks of
culture.

Several of the eight cases that we were unable to culture
probably were failures because relatively little or no viable tissue
was received. Three of these tumors showed thrombosis of the
renal vessel due to preoperative embolization, with large areas
of infarction or necrosis of the surgical specimen. Two others
consisted almost entirely of fluid-filled cysts; most of the small
masses of solid tissue at the periphery were required for path
ological examination. One sample remained at room tempera
ture for 36 h prior to receipt in the laboratory. We have no
explanation for the failure of growth in culture in the remaining
two cases.

Chromosome results are shown in Table 2. The number of
metaphase cells analyzed for each case ranged from 3 to 36

(average, 17). Three cases consisted exclusively of clonally
aberrant cells; case 4632 harvested at 9 days showed specific
numerical losses and gains; after 2 months in culture case 4635
consisted entirely of 45,X,-Y cells. Case 5361 yielded only
three metaphases of poor quality with chromosome counts
ranging from near-diploid to 74 and with polysemy for chro
mosome 7. In 8 other cultures, diploid and aneuploid cells
coexisted, while the remaining 10 showed only normal diploid
metaphase cells. Two of the 10 diploid tumors were eventually
reclassified as benign lesions historically. Of the 11 cultures
in which clonal chromosome aberrations were found, 8 showed
trisomy 7, and 7 showed loss of the Y chromosome (Fig. 1).
Two tumor cultures were trisomie for chromosome 12 (both
also showed trisomy 7). Only one case showed a clonal struc
tural chromosome aberration, consisting of deletion of approx
imately one-half the long arm of a No. 16 chromosome. The
frequency of nonclonal aberrations in all cases was low, with
losses far more common than gains. There was preferential loss
of the smaller chromosomes, involving chromosomes 21, 18,
and 22 most often. Of all the cells which showed apparently
random losses or gains, the No. 3 chromosome was lost in 3
and present in extra copy in 1. No preferential sites of breakage
were observed.

B

K
Fig. 1. Karyotype prepared from case

5300. Five cells showed the pattern
46,X,-Y,+7; two cells were 45.X.-Y, and the
remainder were 46.XY. The banding patterns
of Ip, 2cen. 2p, and lOq are partially obscured
by overlaps. The letter designations, agreed
upon at the London Conference on the Normal
Human Karyotype (1963), group the chromo
somes by size and shape.
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The frequency of clonal aberrations with respect to time of
harvest and sex of the tumor host is shown in Table 3. The
frequency of cytogenetically normal results was greater when
first harvests were obtained after 14 days in culture. Males, who
showed a higher frequency of renal tumors than females in this
study group (2:1 ratio), also showed a higher frequency of
tumors that were clonally aberrant in culture (5:1 ratio).

Each of the 29 tumors was evaluated by light microscopy (see
Table 1). Eighteen were well differentiated, eight were of inter
mediate differentiation, and one was poorly differentiated by
criteria previously determined (16). One of the cases was re-
classified as an oncocytoma and another as an adenoma. Light
microscopic differentiation showed no correlation with either
cell ploidy as determined by FCM or with successful growth in
culture.

The cultured cells grew as flattened polygonal cells in pave
ment-like arrays. They were plumper and more spindled at the
periphery of the cell masses. The most notable feature was a
coarse, sparse granularity in the cytoplasm that was usually
perinuclear in location (Fig. 2). Nuclei were round or oval with
prominent nucleoli.

In ten cases, the primary tumor was examined by electron
microscopy. All showed varying combinations of changes pre
viously described in renal carcinoma, including prominent mi-
crovilli, undulating basement membranes, and glycogen and/or
lipid in the cytoplasm (Fig. 3a). Five cases showed occasional
cells with large numbers of lysosomes.

Table 3 Frequency of clonal aberrations
Clonal aberrations were identified more frequently when successful harvests

were obtained early in culture and were more common in tumors from male than
female patients.

+7-Y+

1216q-Female"Male"<14

days65211/27/814+ days220/53/6Total87211/710/14

1No. of aberrant cases/total cases, 11/21.

Nine cases were also examined ultrastructurally after varying
periods (3 to 5 weeks) of growth in culture. There was a
tendency for organelles to cluster in a zone around the nucleus,
corresponding to the perinuclear granularity observed in cells
in culture by light microscopy. Cells from all cases displayed
circumferential short microvilli (Fig. 30). Six of the nine showed
long regions of cell-to-cell membrane contact and two others
made contact by villi. Junctions were noted in five. Four of the
nine showed intracellular lumina within which the microvilli
became elongate and more densely aggregated. Three cultures
showed cells with significant numbers of lipid vacuoles, in one
case associated with glycogen. Another case showed cells with
glycogen but no lipid. In one case the cells contained markedly
increased numbers of phagolysosomes. Reticulated dense nu
cleoli were noted in cells from both fresh and cultured tumors.
Filaments were often prominent in the cell cytoplasm, but in
seven cases irregular arrays of filaments were observed below
the cell surface microvilli, as is characteristic of epithelial cells
(18). Filaments were seen in microvilli in all nine cases in which
cultured cells were examined.

FCM analysis of DNA content was obtained on 1 to 3 tumor
samples from 14 tumors and on cultured tumors from 4 of
these cases. Table 4 shows the cases on which flow data were
obtained, the number of samples examined, and the relation of
the flow DNA content to the cytogenetic results. Eight of the
fresh or fixed deparaffinized tumors were in the diploid range.
Of the six which had aneuploid populations, four were bimodal.
Two of these cases illustrated the role of multiple sampling in
demonstrating heterogeneous DNA content. In one case (case
4667) the fresh tissue sample was diploid, while a block of
paraffin-embedded tumor was bimodal. In another (case 5300),
two paraffin samples of tumor showed markedly different pat
terns; one was bimodal while the other was diploid (Fig. 4).
The few cases where studies of cultured cells were also obtained
illustrate several critical observations. The fresh primary tumor
in case 4674 was bimodal with both aneuploid and diploid
stemlines. Only the diploid population grew in culture. Cyto
genetic analysis of these cells showed that they were character
ized by both normal and chromosomally aberrant cells. In

Fig. 2. Cells in culture from case 5310
showing pavement-like growth and cyto-
plasmic vacuolization. The vacuoles are gen
erally perinuclear in location, x 40.
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Fig. 3. a, low power electron micrograph of a renal cell carcinoma (surgical
specimen) revealing typical features including undulating basement membrane,
cytoplasmic glycogen and lipid, and numerous prominent luminal microvilli.
Original magnification, X 1900. b, ultrastructural study of tissue culture cells
from a well differentiated renal cell carcinoma revealing a long region of cell
contact with intercellular junctions, indicative of epithelial origin. Numerous
microvilli are present. Original magnification, x 25,000.

another case, case 5512, the primary tumor was diploid by
FCM. Cytogenetic analysis demonstrated both normal and
chromosomally aberrant cells in the diploid range. FCM of the
tissue culture after 54 days demonstrated emergence of an
aneuploid population.

There was no correlation between the presence or absence of
aneuploidy with cytogenetic abnormalities or with surgical
stage. Although not statistically significant in this small group,
it is interesting that 55% of cases with cytogenetic abnormalities
were of advanced surgical stage while only 30% of the cytoge-
netically normal cases were assigned to tumor Stages II and III
(Table 5).

DISCUSSION

observed instances of coexistent diploid and aneuploid popu
lations in fresh primary tumors with loss of the aneuploid
population in culture. In studies of human breast tumors, where
FCM data are similar, we have observed a marked propensity
for the culture system to support the growth of diploid cells
and to be relatively inhospitable for aneuploid cell populations
from primary tumors (19). Unlike the breast cancer studies,
cellular morphology, rather than markers or biological indica
tors, is the main source of evidence that the truly diploid cells
are representative of subsets within the tumor. However, renal
carcinomas are well circumscribed and the tumor samples dis
sected for culture showed no admixture with normal kidney. In
addition, histochemical profiles of cultured renal tumor cells
demonstrate that the overwhelming majority are of epithelial
origin.4

Trisomy 7 was noted in one-third of the renal carcinomas in
our study group. This anomaly is a relatively frequent finding
in other solid tumors, including gliomas (20) and colon carci
nomas (21, 22), and is infrequent in leukemias and lymphomas
(23). In a few tumors, such as carcinoid (24) and those of the
ovary (25), trisomy 7 has appeared as a relatively early finding
in near-diploid cells or in lesions of lesser or borderline degrees
of malignancy.

Earlier cytogenetic results based on cell lines derived from a
single renal carcinoma demonstrated loss of the Y chromosome
as well as multiple other structural and numerical alterations
(26). Although markers were frequent, they did not involve
chromosome 7. The suggested specificity of aberrations involv
ing chromosome 3 for renal carcinomas (7-10) was not ob
served at all in our series of tumors. In view of the recent report
of loss of allelic heterozygosity of genes on 3p in renal tumors
(9), this may indicate the importance of mechanisms of mitotic
recombination or somatic duplication and chromosome segre
gation.

Two recent reports concerning renal adenocarcinomas in
early childhood, a new entity of unknown lethality, are partic
ularly interesting in light of the findings of our study. One of
these maintained biochemical and histolÃ³gica! characteristics
of the tumor in culture, gave rise to several cell lines, and was
transplantable in nude mice (27). Three of the cell lines were
cytogenetically normal; the fourth showed two small structural
rearrangements in some cells. The other case was characterized
by a t(X:l) in all cells examined after 8 days in culture (28).
These reports support our observations of the diploid and near-
diploid nature of cells cultured from renal tumors.

In FCM studies of renal carcinoma, some authors have
demonstrated a correlation between extreme degrees of histo
lÃ³gica!differentiation and the presence or absence of aneuploidy
(29-31). They have also reported that aneuploid tumors are
more likely to be of advanced surgical stage. In this series, no
correlation could be made between ploidy and differentiation
or ploidy and stage (see Table 5). A similar absence of correla
tion has been noted by a few others (32). Several groups have
reported that patients with aneuploid tumors were more likely
to develop mÃ©tastasesregardless of the initial tumor stage and
that a slight survival advantage was associated with diploid
tumors (31-34).

Other FCM studies of renal cell carcinoma have detected
higher percentages of aneuploid cases (30, 33, 34). However,
they generally reported more extensive sampling of the individ
ual tumors. The cases of Ljungberg et al. (29, 34) and two cases

The renal tumor cultures reported herein include both normal Â«uc-â€¢ Â¡<, â€¢, r.. i <â€¢u ,H. Feiner, unpublished observations. Details of the histochemical markers
and chromosomally aberrant cells in the diploid range. We have willbe presentedseparately.
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Table 4 Flow cytometric data
Results of flow cytometry studies are presented as DNA indices by sample source for comparison with cytogenetic results. Cases 4674 and 5300 demonstrate that

DNA-aneuploid subsets of the tumors were lost even though cytogenetically aberrant clones were found in culture. It should be noted that diploid DNA tumor peaks
were found in all but 2 of the tumors.

FCM

Primary tumor Culture

No. of
Case samples F/D" DNAI*46324635466146674673467447124749482348325300534053615512FDFDDFDDFDDFFFDFFF.0.0.0.0.8.0.0,

1.7.0,
1.4.0,
1.6.6.0.0.0.0.0,

1.5.0.2.0No.

of
days DNA I* Cytogenetics50,X,-Y,+7,+

10,+ 12,+ 16,+ 1745,X,-Y46.XY46,XY46.XX1.0

46,XY/46,X,-Y,+746.XX46.XX16

1.0 46,XY/45,X,-Y/47,X,-Y,+7,+1246,XY/45,X,-Y/46,X,-Y,+746.XXc

Aneuploid,+754

1.0, 1.4 46,XY/47,XY,+7/48,XY,+7,+7
" F, fresh primary tumor, D, deparaffinized primary tumor block.
* DNA 1, DNA index = G,-G0 (tumor)/G,-G0 (normal).
' Reported aneuploid results. Original data not available.

a

Fig. 4. FCM histograms from primary renal cell carcinomas. In case 4667, the fresh tissue sample was diploid (a) while a deparaffinized sample was bimodal with
DNA indices of 1.0 and 1.7 (b). In case 5300 one deparaiTinizedtumor sample was diploid (c) while another was bimodal with DNA indices of 1.0 and 1.5 (</).
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Table 5 FCM and karyotypic analysis according to tumor stage
No clear correlation between aneuploidy and tumor progression could be

identified by flow cytometry. The karyotypically abnormal tumors formed a larger
proportion of the Stage II and III lesions.

FCMDiploid
(n =8)Bimodal
(n =4)Aneuploid,

monoclonal, (n =2)KaryolypeNormal

(n =10)Abnormal
(n = 11)Stage

I44175Stage II213Stage III2123
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in our study demonstrate that multiple sampling permits the
detection of aneuploid subpopulations in a genetically hetero
geneous tumor. When both diploid and aneuploid clones are
present, the subpopulations are often geographically distinct.
Further FMC analysis of paraffin-embedded tumor blocks will
attempt to determine whether a higher percentage of aneuploid
tumors can be identified in our series of cases.

Ultrastructural study of renal carcinoma cultures has not, as
far as we can determine, been reported previously. It was
performed to ascertain that the cells being grown in culture
were indeed epithelial. This was amply proved by their circum
ferential microvilli, intracellular lumina, and broad cellular
contacts, often with junctions. The cultured cells clearly were
not macrophages because the surface microvilli were too short
and too blunt. Phagocytosis was seen in only a single case.
Although numerous phagolysosomes were noted in two cases,
they were interpreted as endogenously formed. In addition,
lysosomes and phagolysosomes were seen in one-half of the
original tumors examined by electron microscopy.

The ultrastructural resemblance between cells from the
freshly fixed tumors and those in culture was striking. Similar
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