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ABSTRACT

Wilms’ tumors are the common embryonic childhood tumor and
heterogeneous in nature. Karyotypic analysis of Wilms’ tumor has shown a
variety of chromosomal aberrations with different (%) frequency of
structural and numerical changes in somatic cell. Present study were carried
out in eleven cases (n=11) of Wilms’ tumors with different age group
(betwen 1.5 year to 10 year). Most striking feature is the involvement of high
frequency (>60%) of Wilms’ tumor shows extra copy of chromosome -21 in
the karyotypes after using high resolution of GTG banding and FISH

analysis. Interestingly, 18% cases of Wilms’ tumor shows loss of Y-
chromosome and appearance of (r) Y reporting first time in India. Beside
this, short arm of chromosome-6 and 16 shows two new break points i.e.
6q21.22 and 16923 might have play an significant role in Wilms’ tumors
progression. The another relevant were the association of either gain
(trisomy) or loss (monosomy) of chromosome with chromatid break points,
ring, dicentric or rearrangements of chromosome (translocation) with
different frequency. However, this is a rare coincidence that environmental
factor (s) might have increase risk of developing down syndrome (47, XY+21)
in Wilms’ tumors, due non-disjunction event and unequal crossing over in
cell- division of the disease outcome.
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INTRODUCTION

‘ » ilms’” Tumor (WT) is common embryonic tumour of paediatric age

group (1-5 year) [1]. The incidence of Wilms’ tumor is 1 per 10,000 and
more than 90% cases are non familial (sporadic) and 1%-2% are familial
(heritable) in nature [2]. Several studies exist on cytogenetics basis with
genetic diversity in term of chromosomal aberrations and loss of
heterozygocity in Wilms" tumour [3]. Variety of Chromosome Aberrations
(CAs) were observed including short arm of chromosome-11p deletion at
two different regions i.e. 11p13 and 11p15 besides involvement of 1p, 4q,
Tp, 11q, 14q, 16q and 17p [4]. Beside these numerical variations i.e.
monosomies of chromosome-16, 22, X and trisomy of chromosome -
6,7,8,13,13, 18 were observed in different karyotypes of Wilms’ tumors [5].

The pathogenesis of Wilms’ tumors appears is highly complex due to
involvement of several genes loci distributed at different chromosomes [6].
The concept of deletion of WT1 gene locus at chromosome 11p13 with
Loss of Heterozygocity (LOH) is frequently involved in the children of
Wilms" tumor with WAGR syndrome (Wilms-Aniridia-Genitourinary
anomalies-Mental retardation) and only 20% cases are non-syndromic.
Classically, WTI gene is also known as tumour suppressor gene and first
mapped on chromosome 11p13 and has been mutated in more than 10%
sporadic cases of Wilms’ tumours [7]. It is still not clear that how
constitutional mutation of WT1 gene have been associated to either
unilateral or bilateral disease with congenital genitourinary disorders in the
family of Wilms’ tumour [8]. The other constitutional genetic changes
occurs due to loss of WTI gene can predispose in rare syndromes (less than
1%) such as Li-Fraumeni (TP53), Fanconi anaemia (BRCA2), CLOVES
(PIK3CA) and Perlman (DIS3L2) [9]. Several other loci of different
chromosomes -1p, 2q, 7p, 9q, 14q, 11p15, 16q, 22q suggest the Loss Of
Heterozygocity (LOH) and existence of tumour suppressor gene have been
known and associated with different etiopathology of Wilms’ tumour
predisposition [10]. However, such accumulating evidence suggests that the
progression of various tumors to complete malignancy requires genetic
alterations which activate cellular oncogenes or inactivate tumor suppressor
genes or mismatch DNA repair mechanism [11]. The loss of genetic material
at distal region of chromosome-7p22 leads to somatic mutation and develop

of putative suppressor gene(s) [12]. Trisomy of
chromosomes- 6, 8 and 12 being the most frequent numerical and structural
variation of lp, 7p, 1lp and 16q break points (sites) have also been
associated in progression of Wilms’ tumors. There is scarcity in the
literature that Wilms’ tumor haven associated to down syndrome and
turnor syndrome [13].

constrains tumor

In the present study we describe the spectrum of complex non- random
involvement of chromosome abnormalities with high frequency of
chromosome-21 karyotypes was predominant besides appearance of ring of
Y and loss of Y-chromosome in karyotypes, reporting first time in the cases
of Wilms’ tumors in eastern part of India [14]. Hence, the study becomes
relevant to discuss, the role of these genetics variations during development
and progression of Down Syndrome (DS) in Wilms tumors [15].

CASE PRESENTATION

Patients

Our study included clinically diagnosed cases (n=11) of Wilms Tumor (WT)
referred to the cytogenetic and molecular laboratory, Department of
pathology/lab medicine, All india institute of medical sciences patna for
genetic analysis. Family history was recorded to develop pedigree analysis
and to find out the mode of inheritance in the proband [16]. Family history
showing lack of environmental exposure either to radiation or prenatal
exposure to drug involvement during tumor development [17]. Median age
of the proband was 5.7 years (range 1.5-10 years). Blood samples (1.0 ml)
were collected under sterile conditions in heparinised vial. The patients gave
informed written consent for cytogenetic analysis. The present study was
approved by the Institutional Ethics Committee (IEC) of the Institute [18].

Karyotyping and fluorescence in situ hybridization
analysis

Karyotypes was developed from proband using short term lymphocytes
cultures with RPMI 1640 media containing phytohaemagglutinin, (5%) FBS
and 1% antibiotics solution (streptomycin-penicillin) for 72 hours at 37°C.
Before harvesting the cultures, colchicine was added 2 hrs prior to arrest the
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dividing cells [19]. Prewarmed KCI solution was used as hypotonic and cells
were fixed in 3:1 methanol: Acetic acid solution. At least twenty well spread
metaphases were selected for karyotypes after GTG banding [20]. The
karyotypes were prepared according to the recommendations of the
International System for Chromosome Nomenclature (ISCN 2016) using
applied spectral imaging software (Genesis USA) [21]. FISH analysis was
carried out for further confirmation of extra copy of chromosome-21 in
both interphase as well as metaphases using FISH DNA probe labeled with
Spectrum Orange of 220 kb and cytogenetic location 21q22.13-q22.21
obtained from Abbott-Vysis, (USA). All details concerning
hybridization were carried out according to the instructions provided in the
kit. The chromosome were counterstained with DAPI and viewed under
fluorescence microscope (Olympus Japan). More than 100 interphase cells
and 5-10 metaphase were recorded for analysis [22].

Inc.

Statistical analysis

XZtest (Chi square) were used to find out level of significance difference (p-
value) between the normal and abnormal karyotypes in the cases of Wilms
tumor [23].

RESULTS

Clinically diagnosed cases (n=11) of Wilms’ tumor and out of which nine
were (n=9) males and (n=2) were females with mean age group 5.7 years
included in the present study to evaluate the spectrum of chromosomal
aberrations and their (%) frequency using short term lymphocyte culture
are documented in Table 1 [24].

Tablel: The (%) frequency of total karyotypic variations in the cases of Wilms’ tumor.

S.No Age/Gender Karyotyping variations Total (%) frequency of abnormal cells

1 5/M 46,XY 0

2 1.5/M 45,X0 60

3 5Y/M 47 XY, +21,Y-ring/45,XY,-22/47 XY, 66.6
+9/45,XY,-18

4 10/M 46,XY ,brk 16923 ,brk 6q21.22 /47, XY, 60
+21 /45,XY,-22/45,XY,-16

5 7IM 47 XY, +18/47 XY, +11/47 XY,+9 / 38
45XY,-16 /47 XY,+18 /45 XY-11 /
46,XY,dicen 15

6 9M 47 XY, +17/47,XY,+21 50

7 3/M 45,XY,-22/45XY,-19  /46,XY,Y-ring / 53
45,XY,-15/45,XY,-18/45,XY,-11 /47 XY,
+17/47,XY,+21

8 4.5/M 47 XY,+21 33.33

9 10/F 45,XX,reci.trans.(15-21) 20

10 4/F 47 XX, +21 70

11 8/M 47 XY,+21 /49,XY,+18,+21,+22 44.44

More than sixty (>60%) cases of Wilms tumors shows extra copy of
chromosome-21 in the karyotypes (47,XY+21) and designated as down
syndrome (Figure 1).
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Figure 1: Karyotype showing 47,XY+21 chromosome with extra copy
of chromosome-21 after GTG banded according to ISCN 2016.

It was further confirmed by Fluorescence in situ Hybridization (FISH) using
specific probe as visualized in Figure 2 [25].

Figure 2: The findings of further confirm in cultured interphase cells of
the same case of Wilms tumor using positive signals of FISH DNA
probe of molecular weight 220 kb their  cytogenetic
location 21q22.13-q22.21.

and
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Labeled with spectrumorange (red) and DAPI (blue) is used as nuclear stain
for back ground staining as shown in Figure 2.

In cultured interphase cells (arrow head). One cases of Wilms tumor (~ 9%)
showing (47,XY+18) karyotype diagnosed as Edward syndrome [26].
Interestingly, these cases showing lack of phenotypic appearance of
syndrome or any preclinical sign of congenital anomaly [27]. The study of
non- random inter and intra chromosomal variations in Wilms tumor
becomes more relevant due to increase incidence (6%) of mosaicism having
46, XY/47,XY or 46XY/45XY in karyotypic pattern between syndromic
(>7%) or non- syndromic (>2%) cases of Wilms tumors [28]. The karyotypic
variation (s) in individual cases of Wilms tumor is described below:

Case 1: A five year male having both structural and numerical chromosomal
variations in the karyotypes- 47,XY+21; 47,XY,+9; 45XY,-18; 45XY,-22;
47,XY+21+(r)Y.

Case 2: A ten year male showing structural and numerical chromosomal
abnormalities in the karyotypes- 47,XY+21; 46,XY,cht brk 16q23;
46,XY,ch brk 6q21.2; 45,XY-16;45,XY-22; 46,XY, aneuploidy.

Case 3: A seven year male having structural and numerical chromosomal
abnormalities in karyotypes-47,XY,+9; 47 XY,+11; 47,XY,+18
(3);45,XY-11; 45,XY-16; 46,XY+dic(15).

Case 4: A three year male showing both structural and numerical
chromosomal abnormalities in karyotypes - 47,XY+21; 45,XY,-11; 45,XY-15;
45,XY,-17; 45,XY -18; 45, XY ,-19; 45, XY,-22; 46,X(1)Y.

Case 5: A nine year male showing numerical chromosomal abnormalities in

the karyotypes-47,XY+17; 47,XY+ 21 (2).

Case 6: A four year and six month old male showing numerical
chromosomal abnormality in karyotypes-47,XY+21 (Trisomy-21).

Case 7: A eight year male showing structural and numerical chromosomal
abnormalities in karyotypes-47,XY+21 (4); 49,XY+18,22.

Case 8: A ten year male showing numerical chromosomal abnormality,

47 XY+21 (Trisomy-21).

Besides this two cases of Wilms tumor one is 1.5 year male showing loss
of “Y” chromosome i.e. karyotype with 45, XO, and another female of 4
year showing reciprocal translocation between D/G group chromosome-15
and 21 ie. t (1521)(pl3;pl3). The present findings reveal that
numerical chromosome abnormalities were more frequent than structural
variations in Wilms’ tumor. Statistical analysis were carried out between
total number of normal and abnormal karyotypes in the cases of
Wilms’ tumor which showing significant (p<0.012) difference with
variations in the values of Confidence Interval (C.I.) at 95% interval
0.0016-0.4641 and odd ratio (0.027) in trisomy-21. The variation in the
frequency of karyotypic pattern with loss of chromosome showing
monosomy of 21,22 and Y-chromosome, while 5% cases shows either both
gain of chromosome-7 and 17, (Trisomy-9,17) or loss of chromosome i.e.
monosomy of 11,18, Similar, frequency (5%) were shows structural
variation (chromatid breakage) in long arm of chromosome -6 and 16 i.e.
6q21.2 and 16q23, while appearance of “ring Y’ chromosome in Wilms
tumors. Statistical analysis again shows the significant difference
(p<0.030) with variation in the value of Confidence Interval (C.I) at
95% interval 0.0024-0.746 and odd ratio (0.0424) in monosomy and
controls. Similarly, highly significant (p<0.001) difference were observed
between total structural chromosomal ws. numerical chromosomal
variations with C.I. values at 95% interval 0.0365-0.2392 and odd ratio
(0.934), and dicentric chromosome (46,XYdic.15) was also observed in
two (2.5%) cases of Wilms tumor [29].

DISCUSSION

The spectrums of Chromosomal Abnormalities (CAs) are the important
component of tumor biology. Wilms tumor is the common embryonic solid
tumor of kidney belongs to paediatric age group. Cytogenetics studies of
Wilms tumors have revealed a variety of non-random distribution of
trisomy of chromosome 6,7,8,12 and 18. Present cytogenetic study on
Wilms tumor showing significant variation in the frequency (%) of both
structural and numerical chromosomal aberrations with maximum
frequency (27.5%) were observed in the karyotype having 47,XY+21
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configuration which was further confirmed by FISH analysis using specific
probe of DNA having 220 kb. Interestingly, these cases of Wilms
tumors showing lack of clinical feature or phenotypic appearance of
Down syndrome  but  after  significant  (p<0.012)
evaluation  of involvement of extra copy of chromosome-21 confirming the

statistical

“high risk” of association of Wilms tumors with Down syndrome
reporting first time in eastern part of India. These observations also
suggest that the existence of chromosome 21 in association with
leukaemogenic genes and tumor suppression genes are involved in
regulating development of Wilms tumors. The loss of heterozygocity
involving two loci on 11p13 and 11p15 during development of tumors
progression has been well documented, but the loss of genetic material
involving two new break points (loci) mapped on 6q21.2 and 16923 has
been not been documented earlier consider as “hot spot” in Wilms tumor
and cancer predisposition as reported earlier by the same author.
Although, the developing “risk” of leukemia is more common as
comparison to developing solid tumor in children with down syndrome.
Earlier study reveals that incidence of lymphoreticular and solid tumors has
been observed reported in down syndrome cases but showing lack of
increase incidence in Wilms tumors. Interestingly, the present findings
revels the occurrence of non-constitutional structural and numerical
variation in karyotypes in non-syndromic cases of Wilms’ tumors needs to
be further validated and may represent the power full tool as genetic marker
during analysis in tumor biology. This genetic diversity showing lack of
correlation between syndromic and non-syndromic cases of Wilms tumors
either due to different pathogenic variations or different geographical
conditions. Another, syndromic case (Edward syndrome) having
triosomy-18 is associated with increased frequency of nephrogenic rests in
Wilms tumor and the same were observed in the present study as
documented in Table 1. The individual or in combinations with spectrum
of chromosomal aberrations suggesting increase mutagenic potential due to
unknown factors with increase genetic heterogeneity in syndromic and non-
syndromic cases of Wilms tumors. Earlier study showing more than 20%
cases having normal karyotypes (46,XY or 46,XX) in accordance to our data
also shows 23% cells having normal karyotypes perhaps due to same
standard cytogenetic procedure.

However, the cytogenetics study becomes relevant to understand the
primary event of interchromosomal rearrangement i.e. Robertsonian
translocation or reciprocal translocation during segregation of chromosome
in tumor biology. Unfortunately, our findings are interesting to make new
hypothesis that involvement of more than one karyotypic variation in the
same case either due to loss or gain of genetic material may develop high
frequency of mosaicism for developing congenital anomalies in syndromic
cases in Wilms syndrome due to antenatal exposure of environmental
teratogen such as exposure of arsenic might have responsible for non-
disjunction event during cell division. Only 9% cases showing
rearrangement of genes (breakage and reunion) and develop complex
structure i.e. the origin of dicentric of chromosome-15 or reciprocal
translocation t (15;21) (p13;p13) might be explain either due to different
environmental conditions which have increase the genetic susceptibility or
penetrance of gene in sporadic or familial (inherited) cases of Wilms
tumors. The mechanism of translocation between chromosome-15 and 21
perhaps is due to the loss of short arm of chromosome having palindromic
DNA sequences leading to association between D/G groups. The another
interesting findings are the appearance of rearrangement of the genes after
breakage and reunion, in “ring” of Y and “loss” of Y in the karyotypes also
confirm the linkage of sex- chromosome genes in familial cases of Wilms
tumor, although the mode of transmission (inheritance) from parent to
offspring is not clear due to lack of pedigree analysis. The data of Y
chromosome in the present study on Wilms’ tumor become relevant and
inaccodance with earlier findings. The molecular mechanism of Wilms’
tumour are highly complex due to genetic heterogeneity or loss of
heterozygocity of these loci (11p13 and 11p15) which might have
increase genetic susceptibility to kindred’s of the family of Wilms’ tumors.
However, identification of new loci assigned on different euchromatic
regions of chromosome 6q21.2 and 16g23 consider as “Hot Spots” or
as “tumor marker” which might have increased risk of developing
congenital anomalies in solid tumors such as Wilms tumors [29].
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CONCLUSION

The genetic diversity based on non-random distribution of chromosome
aberrations between syndromic and non-syndromic cases of Wilms tumors
with new findings such as origin of ringY and loss of Y in karyotypes
explore the mechanism of tumorigenesis in Wilms tumor. Significant
association of trisomy-21 with other chromosome abnormalities suggesting
“risk factor” of mosaicism and their association with congenital anomalies
in Wilms tumor. Although, the present study is quite interesting, however
we are unable to identify many mutation that are still undetectable due to
close proximity or in overlapping regions of loci containing small DNA (>5
kbp) or copy number variations. To answer these, further continuation of
such study in different labs or to include larger sample size to make the
study more significant in syndromic cases of Wilms tumors.
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