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ABSTRACT

A method combining an enzymatic technique and short term culture
was applied to 27 tumor tissues from 22 patients with nonfamilial renal
cell carcinoma in order to establish the chromosome changes in these
tumors.Chromosomeanalyses weresuccessfullycarried out in quinacrine
mustard-Hoechst 33258 and G-banded preparations of 14 tumors from
12patients, including2 cases in whichestablishedcell lineswereobtained
after 43 and 64 days in culture and maintainedfor 25 and 30 passages in
an in vitro system, respectively.The modalchromosomenumbersranged
from 38â€”46in I I samples, involvingchromosomes in structural and
numerical changes and 72 chromosomes in one case, with the remaining
2 samples showing a variety of chromosome numbers. Banding analysis
revealed45 clonal aberrations in 11 tumor samples from 10 patients and
nonclonal aberrations in the remaining 3 samples from 2 of the patients.
Rearrangements of chromosome 3 were observed in I 2 tumors, with the
breakpoints on this chromosome almost totally clustered from p1 1 to
p21. In one case both primary and metastatic tumors were studied, and
an isochromosomefor the long arm of chromosome 1 was observed as
clonal in origin in the metastatic tissue. Two cases showed nonclonal
changes. The remaining case had one clonal abnormality, i.e., deletion of
6q. Of the remaining 33 clones, chromosomes I, 2, 6, 11, and 17 were
frequently involved. These results suggest that renal cell carcinoma may
be cytogenetically classified into 3 categories: (a) tumors with changes of
chromosome 3; (b) tumors with other clonal aberrations and (c) tumors
without clonal changes. Rearrangements of chromosome 3 may be pos
sibly associated with the genesis and/or progression of renal cell carci
noma.

INTRODUCTION

Reports on cytogenetic studies in solid tumors have been less
frequent than those in hematological diseases, primarily due to
the low mitotic index in most primary tumors and to the
difficulty in obtaining chromosome banding patterns of good
quality. However, cytogenetic data in solid tumors have been
gradually accumulating (1), due to developments and improve
ments of techniques using enzymatic disaggregation (collagen
ase and deoxyribonuclease) (2, 3) to obtain metaphases suitable
for detailed chromosome analysis. The deletion of chromosome
3 insmallcellcarcinomaofthelung(4),atranslocationbetween
chromosomes 6 and 14 in ovarian cystadenocarcinoma (5), and
deletion of chromosome 6 in malignant melanoma (6â€”8)are
some of the karyotypic changes described in primary tumor
tissues.

Kidney tumors constitute about 2% of all malignant tumors
in adults and are generally classified into 5 categories according
to histological type; renal cell (or clear cell) adenocarcinoma,
papillary transitional cell carcinoma, transitional cell carci
noma, squamous cell carcinoma, and nephroblastoma (Wilms'
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tumor). Renal cell (adeno)carcinoma is usually observed in
patients over 40 years old and constitute approximately 60%
of all malignant tumors of the kidney (9). However, few cyto
genetic studies ofthis tumor have been presented. Chromosome
studies of familial renal cell carcinoma, which is very rare, have
been performed on tumor cells and/or peripheral blood cells of
some members of such families. An abnormality of chromo
some 3, i.e., a deletion of the short arm of chromosome 3 was
identified in these samples (10â€”12).These reports indicated
that the inherited translocation and/or deletion of the short
arm of chromosome 3 is associated with the development of
familial renal cell carcinoma, and that in addition to retino
blastoma (13, 14) and Wilms' tumor (15, 16), this renal tumor
is another example of a chromosomal deletion occurring ger
minally or somatically in association with a specific tumor.

In the present study, a combined method of enzymatic dis
aggregation and short term culture was applied to 27 tumor
tissues from 22 patients with nonfamilial renal cell carcinoma.
We report the results of successful cytogenetic analyses in 14
tumor samples from 12 patients.

MATERIALS AND METHODS

All tumor samples were obtained at operation from patients diag
nosed histologically as having renal cell carcinoma. The samples were
put into RPMI 1640 containing fetal calf serum and were transported
or shipped to the cytogenetic laboratory, and then processed under
strictly sterile conditions. The tumor tissue was minced finely into
small pieces with scissors and then digested with 0.08% collagenase
type II (Washington Diagnostic, Inc., Freehold, NJ) for 1â€”2h at 37C
(3). The exact incubation time with this enzyme depended on the
consistency of the tumor. The suspension was then poured into a large
(50 ml) centrifuge tube, mixed with Hanks' balanced salt solution by
shaking, and passed through a mesh screen. The cells were then washed
3 times with Hanks' balanced salt solution and incubated in RPMI
1640 supplemented with 16.7% fetal calf serum in an atmosphere of
5% CO2. Small specimens were cultured in flasks or Petri dishes (60
mm) directly.

The time of harvest of cells depended on the degree of cell prolifer
ation in culture (2). Colcemid was added to the cultures for the final 6â€”
17 h at a final concentration of0.001-0.005 @g/ml.Cultured cells were
detached by treatment with 0.025% trypsin including EDTA and then
treated with 0.075 M KC1 for 30 mm at 3TC. Harvest of some culture
was performed by using a hypotonic solution with ethylenebis(oxy
ethylenenitrilo)tetraacetic acid and 4-(2-hydroxyethyl)-1-piperazinee
thanesulfonic acid buffer(2) instead ofthe treatment with trypsin. After
fixation in three changes of methanol:acetic acid (3: 1), chromosome
preparations were made by air-drying and/or flame-drying methods.

Chromosome analysis was performed by sequential staining of the
metaphases with conventional Giemsa, quinacrine mustard-Hoechst
33258 (17), and G-banding (18). Chromosome abnormalities were
judged clonal either when a similar morphological rearrangement was
observed in at least 2 metaphases or when 3 cells gained or lacked the
same chromosome.

The designation in the present study for morphologically abnormal
chromosomes, so-called marker chromosomes, require some explana
tion. Generally, it is understood that a marker chromosome (mar) is
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CHROMOSOMAL ANALYSES OF RENAL CELL CARCINOMAS

one which cannot be fully characterized. In the present report the
designation urn has been used to label such â€œunidentified marker
chromosomes.â€• The designation mar (m was used in the figures because
of space constraints) has been reserved for morphologically abnormal
chromosomes whose origin could be established.

RESULTS

Twenty-seven tumor samples from 22 patients with nonfam
ilial renal cell carcinoma were submitted for cytogenetic study.
Mitotic cells suitable for analysis were successfully obtained in
12 tumor samples from 10 patients following 0.5â€”19days of
culture (Cases 1â€”6,13â€”15, and 17) and in 2 patients (Cases 11
and 2 1) whose tumor samples were established as cell lines
after 43 and 63 days in culture and then maintained for 25 and
30 passages in an in vitro system, respectively. These 2 samples
had too low a mitotic index for analysis in the primary tumor
tissues and in early culture passages. Six samples had either
very few metaphases after 0.5â€”15.0days in culture or were not
sufficient for chromosome study because of fuzzy chromosome
morphology. No mitotic cells were found in the remaining 7
samples. A total of 536 metaphases were obtained from 20
samples, including 6 samples with few mitoses. Relevant clinical
and cytogenetic information is shown in Table I and histograms
depicting the chromosome numbers in Fig. 1.

Chromosome Findings in Individual Cases

Case I . A total of 35 metaphases was examined in a 3-day
culture; the modal chromosome number was 46. Ten meta
phases of 35 were analyzed in detail by banding and no struc
tural clonal changes were identified, although some nonclonal
changes were observed. A missing Y-chromosome was found
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Fig. 1. Distribution of chromosome counts in 14 tumor tissues of renal cell
carcinoma which had analyzable metaphases. *,**: This case was examined in
0.5- (A)and 8.0-day (*5) cultures.
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CHROMOSOMAL ANALYSES OF RENAL CELL CARCINOMAS

as a possible numerical clonal change.
Case 2. The modal chromosome number was 46. Ten meta

phases of 33 examined cells were analyzed in an 8-day culture;
deletion of 3p (p1 lpl4) was observed in 3 metaphases (Fig. 2).

Case 3. Fifteen metaphases were analyzed in detail from a 4-
day culture; 2 metaphases showed a deletion of 3p (p12). Five
cells had a normal banding pattern. The modal chromosome
number ofthis case was 46.

Case 4. Chromosome studies were performed on both pri
mary and metastatic tumors from this patient. A total of 4
metaphases in the primary and 7 in the metastatic tumor was
analyzed in detail. In the metastasis, an isochromosome for the
long arm of chromosome 1 was identified as a clonal change;
in addition one metaphase showed an isochromosome for ip.
Some abnormal chromosomes were found in the primary tissue,
but these changes were nonclonal in nature (Fig. 3).

Case 5. Sixteen metaphases were analyzed in a 3-day culture
and 5 clonal aberrations were identified: an interstitial deletion
of ip (p22p31), a deletion of2q (qi 3), a deletion of 3p (p14p21),
a whole arm translocation between chromosomes 14 and 15,
and a translocation of a part of the deleted segment of 2q to
14q (q13?), i.e., der(14)t(2;14)(q13?;ql 1.2) (Fig. 4).

Case 6A. Twenty-three karyotypes were analyzed in detail, of
which 13 cells were near diploid with chromosome numbers of
46 and 48. All metaphases with 48 chromosomes had a kary
otype of 48,X,â€”Y,+5,+7,+10. Of the 5 cells with 46 chromo
somes, one was normal and 4 had a karyotype 46,Y,â€”X,+7.
The remaining near-diploid cells showed nonclonal aneuploidy.
Ten cells had a near-tetraploid karyotype with the chromosome
number ranging between 72 and 92 without a distinct mode.
Six cells had nonstructural abnormalities, whereas the remain
ing 4 showed the presence of4 marker chromosomes identified
as t(3;5)(pI I â€”13;ql 3),del(6)(q2 1),i(8q) and i(l 7qj. Fourteen

Fig. 2. Karyotype of Case 2: 56, XY, +2,
+2, del(3Xpl lpl4), +del(3Xpl 1p14), +4, +5,
+7, â€”9,â€”10,+11, +11, +12, â€”13,+16, +20,
â€”21 and 3 unidentified marker chromosomes
(Urn 1-3).

metaphases showed a missing Y-chromosome (Fig. 5).
Case 6B. Twenty-five metaphases were analyzed. The modal

chromosome number was hypodiploid, 44. The following clonal
abnormalities were observed: t(2;11)(q27;q13),t(3;5)(pl 1â€”
13;qi 3),i(5p),del(6)(q2 i),t(9; 16)(q22;qi 3),t( 11;?)(qI 3;?),del
(16)(q13) and t(22;?@p11;?). All analyzed metaphases were
missing the Y-chromosome.

Case 11. Cells for cytogenetic study were obtained after 43
days of culture. Six clonal abnormalities were identified: an
isochromosome of 6p in 5 cells, an isochromosome of 3p in 3
cells, a translocation between chromosome 1 and an unidenti
fled segment, t(1;?)(p32;?) in 4 cells (Fig. 6), deletions of 3p
(p24p21) and 17p (p13) in 3 and 2 metaphases, respectively,
and a rearrangement of chromosome 17 with deletion of the
short (p13) and long arms (q32) in 2 cells. Sixteen nonclonal
abnormalities were also found in this case.

Case 13. Chromosomes were studied on cells after overnight
and 8 days of culture. The modal chromosome number was 46.
Only 2 cells were karyotyped in the overnight culture. One
showed a possible interstitial deletion of the short arm of
chromosome 3 (segment p1 1). This aberration was classified as
nonclonal in nature. No clonal aberrations were observed in the
cells from the 8-day culture. Four cells from this culture showed
a normal karyotype.

Case 14. Twenty metaphases of 53 examined were kary
otyped. Three metaphases showed an interstitial deletion of
chromosome 6 (q21q23); 10 nonclonal abnormalities were
found in 10 cells. The remaining 7 cells had a normal karyotype.

Case 15. Twenty-nine cells were examined in a 19-day culture;
14 metaphases were karyotyped in detail. Four clonal changes
were seen: a translocation between chromosomes I and 4? In
â€¢10cells designated as t(1 ;4?)(q32;?), a der(5) resulting from a
translocation between chromosomes 3 and 5, t(3;5)(q13.2;p13),
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CHROMOSOMAL ANALYSES OF RENAL CELL CARCINOMAS

remaining 172 (86.4%) metaphases had abnormal karyotypes
with clonal and nonclonal rearrangements in structure and
number. A total of 45 clonal and 84 nonclonal changes were
identified in the tumor material (Table 2). Rearrangements of
chromosome 3 were present in 12 clones (26.6%) from 8 cases,
of chromosome 6 in 8 clones (17.8%), of chromosome 1 in 5
clones, and of chromosome 8 in 5 clones. An involvement of
certain chromosomes was also seen in rearrangements of non
clonal nature. A missing Y-chromosome was found in almost
all analyzed metaphases of Cases 1 and 6. Also, chromosome
19 in Case 5, chromosomes 4, 5, 6, 16, 21, and 22 in Case 21,
and chromosome 3 in Case 17 were essentially lost.

DISCUSSION

A technique of enzymatic disaggregation, which has been
recently applied to the cytogenetic study of solid tumors (2),
was used on tumor material from 22 patients with nonfamilial
renal cell carcinoma in order to establish whether or not a
specific and/or nonrandom chromosome change could be iden
tified in these tumors.

Recent developments in cytogenetic and culture techniques
(2, 3) have gradually made it possible to obtain a sufficient
number of mitotic cells from tumor tissues suitable for good
quality banding and karyotypic analysis. 1-lowever, the success
rate is still lower than that in hematological disorders. Treat
ment with collagenase type II, which was used in the present
study, is not always effective in various kinds of solid tumors.
In the present study, mitotic cells were obtained in 14 tumor
samples from 12 patients out ofa total of 22 patients with renal
cell carcinoma, and 27 tumor samples were examined by a
combined method of enzymatic treatment and short term cul
ture (success rate was approximately 55.0%), although the
mitotic index varied from one case to another (data not shown).
Eight cases were also harvested after overnight culture following
disaggregation with collagenase; unfortunately, metaphases
suitable for cytogenetic analysis were obtained in only one case.
This means that the combined technique seems to be compar

Fig. 3. Partial karyotype of Case 4 showing isochromosomes lq and Ip.

in 11 cells, a deletion of chromosome 6 (q21) in 2 cells, and an
isochromosome of 6p in 2 metaphases. Each metaphase had 2â€”
5 unidentified marker chromosomes (Fig. 7). Twelve nonclonal
changes were also found.

Case 17. Fourteen metaphases out of 39 examined were
analyzed in detail and 5 clonal abnormalities were identified:
i(7q),der(8)t(3;8)(p 14â€”21;q24. 1),i(9p),t(I 4; 15)(ql 1. 1;q I 1.1)
and a deletion of chromosome 3 (p14p2 1) (Fig. 8). Eight
nonclonal changes were observed.

Case 21. Twenty-three metaphases were karyotyped in a 63-
day culture and 8 clonal abnormalities were observed: t(2;7)
(p23;p 15),der(3)t(3;8)(p 14â€”21;ql 3),t( 1;6)(p22;q 15?),der(8?)
t(3;8?;?)(p 14â€”21;ql 3?;?),del(14)(q24),del(1 2)(q22q24.2) and
del(19)(ql3.l) (Fig. 9).

General Cytogenetic Findings

A total of 199 metaphases in 14 tumor samples from 12
patients were analyzed by quinacrine-Hoechst and G-banding
methods. Twenty-seven cells showed a normal karyotype. The

Fig. 4. Karyotype of Case 5: 46, XY. â€”I,
+ml. +ml. â€”2,+m2. â€”3,+m3, â€”4.+7. â€”9,
â€”14, â€”14. +m4, +m5, â€”15, â€”15, +m6,
â€”1 9,â€”2l and 3 unidentified marker chromo

somes (Urn 1â€”3).ml. del(l@p22p32): m2,
del(2@ql 3?); m3, del(3)(pl4p2l ); m5,
der(14)t(2:l4)(ql3?;qll.2); m4 and m6, a
whole arm translocation between chromo
somes 14 and 15. Urn! looks like m3, and
Urn2 may be possibly a short arm of chromo
some 9. rn, marker chromosome; Urn. uniden
tified marker chromosome.
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Fig. 5. Karyotype ofCase 6: 72, XX, (â€”Y,â€”Y),+1, +1, +2, +2, +ml, +ml, +4, +4, â€”6,+m2, +m2, +m2, +7, +m3, +9, +10, +12, +12, +15, +16, +m4, +m4,
+19, +19, +20, +20, +22, +22. ml, t(3;5@pllâ€”l3;q13); m2, del(6@q2I); m3, i(8q); m4, i(17q). m, marker chromosome.
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atively more effective for obtaining analyzable metaphases than
was the mechanical disaggregation method per Se, although the
success rate (55.0%) was lower than that obtained by Wake et
aL (84.6%) (3). The difference between these 2 successrates
may be due to the type of tumors examined and to the culture
conditions for the tumor cells.

Banding analysis in the present study revealed 45 clonal
rearrangements involving chromosome 3 and some other chro
mosomes. However, it was difficult to determine whether the
clonal aberrations were primary or secondary karyotypic
changes.

As mentioned above, kidney tumors can be classified histo
logically into 5 categories. Of these, renal cell (or clear cell)
carcinoma is frequently found in a group of patients over 40
years of age and constitute about 60% of all malignant tumors
of the kidney. In spite of its high frequency, only a few cytoge
netic studies have been reported on cell lines (19) or on primary
tumor tissue of renal cell carcinoma (20). In a cell line obtained
from a renal cell carcinoma a number of morphological changes
affecting chromosomes 1, 3, 4, 5, 8, 9, and 17 (an isochromo
some of 3p was present) was described (19). Wang et aL (21)
showed that aberrations of chromosomes 3 (deletion of the
short arm at p21) and 6 were found frequently in cell lines and
in fresh tumor samples of renal cell carcinoma. A report of a
primary renal cell carcinoma showing rearrangements of chro
mosomes 1, 3, 6, 7, and 17 (20) has appeared. Cytogenetic
studies in familial renal cell carcinoma have been performed on
tumor cells and/or peripheral blood cells in some cases: Cohen

et a!. (10) analyzed the karyotype of peripheral leukocytes of
22 adults in a family and showed that 10 members had a
balanced reciprocal translocation between chromosomes 3
(p21) and 8 (q24). The breakpoint of this reciprocal transloca
tion was clearly illustrated with high resolution banding analysis
in 3 translocation carriers (12). Pathak et aL (1 1) studied the
chromosome changes of a tumor of a member, who had a
normal constitutional karyotype, of a family with renal cell
carcinoma and found a translocation between chromosomes 3
and 11. Since the same chromosome segment (3p) was involved
in the rearrangement of this tumor, it was suggested that a
â€œcancergeneâ€•related to renal cell carcinoma is located on the
short arm region ofthis chromosome, and that a 3p region may
be rearranged as a heritable event predisposing to renal cell
carcinoma, or that it may be associated with some other herit
able predisposing factor, with the rearrangement acquired dur
ing tumor development.

In the present study of nonfamilial renal cancer, 45 clonal
abnormalities were observed in 10 cases out of 12 which showed
mitotic cells. Twelve clones (26.6%) in 8 cases originated from
chromosome 3 with rearrangements of this chromosome, al
though there was some variability in the type of abberration
observed. Two cases had a rearrangement involving chromo
somes 1 and 6; no clonal abnormalities were found in the
remaining 2 cases. The breakpoints in rearrangements of chro
mosome 3 clustered in region p1 1â€”21.These results suggest
that nonfamilial renal cell carcinoma can be classified into at
least 3 groups on the basis of its cytogenetic character: (a) those
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Fig. 8. Karyotype of Case I 7: 45. XY, â€”3,
+ml, â€”8,+m2, â€”9,â€”9,+m3, â€”14,â€”15,+m4,
â€”16,â€”17and 3 unidentified marker chromo
somes (Urn 1â€”3).ml, i(7q); m2, der(8), t(3;8)
(p14â€”2l;q24.1); m3, i(9p); m4, t(l4,l5)
(qI l.1;ql I. 1). rn. marker chromosome; Urn,
unidentified marker chromosome.

19 20

with rearrangement of chromosome 3; (b) those with other
clonal abnormalities; and (c) those with no clonal chromosomal
changes. Rearrangements of chromosome 3 may possibly be
associated with the genesis and progression of renal cell carci
noma of both familial and nonfamilial types, at least in a
subgroup of renal cancer.

A rearrangement involving chromosome 3 is often observed
in human neoplasms in addition to those of chromosomes 1

and 6 (1). In particular, a deletion of 3p has been identified as
a nonrandom chromosomal defect in all of 16 human small cell
carcinomas of the lung, but not in non-small cell carcinoma (4).
Therefore, it was concluded that this change was specific for
this tumor and, thus, cytogenetic studies may prove to be a
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valuable aid in the diagnosis and treatment of such tumors.
The crucial role that nonrandom (or specific) chromosome

changes may play in the oncogenic process of human leukemia
and cancer has recently received emphasis through the close
association of oncogene location and activation during the
course of tumorigenesis (22, 23). An example is the transloca
tion t(8;14)(q24;q32) in Burkitt lymphoma which apparently is
associated with the activation and expression of the c-myc gene
(24â€”27).It has generally been considered that c-one gene(s)
may be activated by chromosome rearrangements in neoplasms
with nonrandom chromosomal translocations (26, 28, 29). On
the other hand, although the expression of oncogene activity
has been investigated in some solid tumors (30), including renal
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and Brown, R. S. Hereditary renal-cell carcinoma associated with a chro
mosomal translocation. N. EngI. J. Med., 301: 592â€”595,1979.

I 1. Pathak, S., Strong, L. C., Ferrell, R. E., and Trinidade, A. Familial renal cell
carcinoma with a 3;l 1 chromosome translocation limited to tumor cells.
Science(Wash. DC), 217:939â€”940,1982.

12. Wang, N., and Perkins, K. L. Involvement of band 3p14 in t(3;8) hereditary
renal carcinoma. Cancer Genet. Cytogenet., 11: 479â€”481,1984.

13. Balaban, G., Gilbert, F., Nichols, W., Meadows, A. T., and Shields, J.
Abnormalities of chromosome #13 in retinoblastomas from individuals with
normal constitutional karyotypes. Cancer Genet. Cytogenet., 6: 2 13â€”221,
1982.

14. Wilson, M. G., Towner, J. W., and Fujimoto, A. Retinoblastoma and D
chromosome deletions. Am. J. Hum. Genet., 25: 57â€”61,1973.

15. Kaneko, Y., Egues, M. C., and Rowley, J. D. Interstitial deletion of short
arm of chromosome 1 1 limited to Wilms' tumor cells in a patient without
aniridia. Cancer Res., 41: 4577â€”4578,1981.

16. Riccardi, V. M., Sujansky, E., Smith, A. C., and Francke, U. Chromosomal
inbalance in the aniridia-Wilms' tumor association: I lp interstitial deletion.
Pediatrics, 61: 604â€”610,1978.

17. Yoshida, M. C., Ikeuchi, T., and Sasaki, M. Differential staining of parental
chromosomes in interspecific cell hybrids with a combined quinacrine and
33258 Hoechst technique. Proc. Jpn. Acad., 51: 184â€”187,1975.

18. Yunis, J. J. New chromosome techniques in the study of human neoplasia.
Hum. Pathot, 12: 540â€”549,1981.

19. Hagemeijer, A., Hoehn, W., and Smit, E. M. E. Cytogenetic analysis of
human renal carcinoma cell lines of common origin (NC 65). Cancer Res.,
39: 4662â€”4667,1979.

20. Ferti-Passantonopoulou, A., Panani, A., and Raptsi, S. G-banded karyotype
of a primary renal-cell carcinoma. Cancer Genet. Cytogenet., 11: 227â€”232,
1984.

21. Wang, N., Soldat, L., Fan, S., Figemshau, S., Clayman, R., and Fraley, E.
The consistent involvement of chromosome 3 and 6 aberrations in renal cell

cell carcinoma, unfortunately the results were not correlated
with the nonrandom chromosomal changes in such tumors. In
addition to oncogenic loci and activity, fragile sites on chro
mosomes have also received attention, including their possible
relationship to oncogenic activity, since the breakpoints of
nonrandom chromosome rearrangements in cancer and leuke
mia may be associated with such fragile sites (3 1â€”33).

Two cellular oncogenes raJl (34) and K-ras-l (35) have been
localized to chromosome 3, although the precise loci have not
been defined as yet; in addition, this chromosome has fragile
sites at p14, p24, and q27. It is hoped that future studies will
clarify and establish the association of chromosome changes
and oncogenic activity in renal cell carcinoma and other solid
tumors, including the problem of fragile sites. In addition, the
role of recently demonstrated homozygosity (or hemizygosity)
resulting from mitotic nondisjunction or recombination in tu
mor cells, as seen in the somatic cells of patients with Wilms'
tumor and retinoblastoma (36â€”40),remains to be elucidated.
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