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Abstract 

Chromosomal aberrations play a role in growth and ageing in Down Syndrome (DS) and identification of these fragile 
sites depends on culture conditions. In the present study lym-phocyte cell culture was carried out using RPMI 
1640 with folic acid and RPMI 1640 without folic acid, both with and without addition of 5-Azacytidine. Chromosomal 
fragile sites were seen in folate free RPMI 1640 media with 5-Azacytidine. Fragile sites were seen in 22 cases in the 
form of chromosome breaks/gaps,chromosome loss ,triradial/quadriradial configuration and ring/ dicentric 
chromosomes . Breakpoints were seen in A,B,C, and D group of Denver’s classification of chromosomes. Hence 
chromoso-mal fragile sites were seen best with RPMI 1640without folic and with 5-Azacytidine. 
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Introduction 

Fragile sites are specific loci that show up during karyo-typing as a gap/s on a chromatid arm after culturing the cells 
under specific conditions [1]. These fragile sites are confined to almost all chromosomes except the Y chro-mosome. 
Identification of these fragile sites depends upon various cultural conditions, like with and without folic acid. Further, 
chromosomal fragile sites have been useful for mapping chromosomal regions of the genome that contain genetic 
loci important for the causation of dis-eases and ageing [2,3]. Down syndrome being the most common genetic cause 
of mental retardation and associ-ated with complications like ageing, the present study was designed to study the 
chromosomal fragile sites in Trisomy 21 under various culture conditions using 5-azacytidine which is commonly used 
as hybridoma re-agent in in-vitro cell culture studies [4].. 

Materials and Methods 

Forty children with clinical profile of Trisomy 21 and confirmed karyotypically in the age group below eleven years 
were investigated. Conventional lymphocyte culture was carried out using RPMI 1640 and other media like folate 
free RPMI 1640 with 5-Azacytidine a DNA methyl transferase inhibitor. Culture arrest was done at appropri-ate hour 
of incubation using colchicine and hypotonic treatment with Ohnuki solution. Metaphase spreads were pruned under 
Olympus BX51, Japan, bright/ epiflorescence microscope and freezed with automoated karyotyping workstation – 
Ikaros Metasystems, Carl Zeiss, Germany. AGT recommendations were followed for identification and interpretation 
of structural aberrations. The number of fragile sites identified using different culture media were compared. 

Results 

Lymphocyte cell culture done using RPMI 1640 without folic acid and with 5-Azacytidine showed folate sensitive 
fragile sites in twenty two (22) cases; of which 13 (thir-teen) were males and 09 (nine) were females. (Table 1). 



Fragile sites were seen in the form of chromosome breaks in 13(thirteen) cases, chromosome loss in 03 (three) case, 
triradial/quadriradial configuration in 09 (nine) cases, ring/ dicentric chromosomes in 05(five) cases. (Table 3) (Fig 1) 

The metaphase status and the number of fragile sites iden-tified under various culture conditions are shown in (Ta-
ble 2). 

Karyogram showed folate sensitive common fragile sites in A, B, C and D group of chromosomes. In A group frag-ile 
sites were seen in 1p32 ,1q32, 2p22, 2p23, 2p24, 2q32, 2q33, 3q26.3, in B group it was seen in 4q12, 4q25, 5q31 , in 
C group it was seen in 6p21, 6q22, and in D group 14q21, 14q31 were seen. (Table 4). 

Table 1. Distribution of fragile sites in males and females 

 

Table 2. Metaphase status and Fragile sites in various Culture media adopted 

 

Table 3. Distribution of types of fragile sites in cases 



 

Figure 1. Showing various types of Fragile sites seen 

 

Table 4. Distribution of fragile sites in each group 

 



Discussion 

In the present study, twenty two cases out of forty inves-tigated showed chromosomal fragile sites affecting A to D 
groups. This is in agreement with the findings of Suzue Kanata et al wherein the involvement of 3p (Group A) and 
chromosomes of Group C was noted(5). The fragile sites were designated as “hot points” and there was no 
involvement of X chromosome. Although, MEM folate free media adopted by Suzue Kanata et al showed fragile sites 
only in three cases out of nine investigated, RPMI 1640 without folic acid cultures in the current se-ries showed 
aberrations only in three cases out of forty cases investigated. The trials with RPMI 1640 with folic acid alone 
and RPMI 1640 with folic acid and with 5 – Azacytidine also did not reveal any fragile sites. There-fore it appears that 
folate free media either MEM or RPMI 1640 is essential for investigations pertaining to cultures with regard to 
identification of chromosomal fragile sites. By using 5 – Azacytidine and RPMI 1640 without folic acid media, the 
instances of fragile sites and their percentage were found to be more – thirteen out of twenty one males and nine out 
of nineteen females inves-tigated in the present series. While comparing the fre-quency of the incidence of fragile 
sites between MEM media and folate free RPMI 1640 media used , MEM had a percentage of 33.3% ( 3 out of 9 
cases of Zuzue et al) and folate free RPMI 1640 had a percentage of 55% (22 cases out of 40 cases in the present 
series) among the cases investigated. 

The involvement of 3p14 and Xq21.3 with the frequency of 12 % as stated by Ajit et al was not observed in the 
present series. Ajit et al had observed these fragile sites in RPMI 1640 media with folic acid and with 5-Azacytidine. 
Marilia et al has further observed the involvement of 3p14 in both the age groups ie younger and older (6). However, 
the involvement of 3q26.3 was observed in the current series. In the present series fragile sites affecting 3q26.3 were 
seen in 3 cases below 5 years of age and none in the older. In the older age group it was stated to be 5q.31, 6p21 
and 9q12. But in the present series 1p32 and ring – 21 were observed in children above 5 years. 

The involvement of 6p in older children with a frequency of 7.4% as referred by Marilia et al was not observed in the 
current series; but, 6p.21, 6q.22 and dicentric variety affecting 6th chromosome were observed affecting the younger 
age group between 8-18 months only. 6p21 which hosts the gene for microtubule associated tau like protein 
( MTBT2) which is responsible for ageing process in Down syndrome as suggested by Kidd et al (7,8).There was a 
single instance of a case of 8 months old baby with 6p21 involvement. Involvement of this gene for prema-ture aging 
process in the current series could not be ascer-tained as the case was an infant. 

Fragile sites affecting 2q11 region, both in the older and younger age group which is often called as unstable sec-
ondary constrictions was not observed in the present se-ries(9). This is often associated with typical or atypical 
phenotypic features affecting cardiovascular malforma-tions, growth retardation and mental retardation. Instead, 
2p22, 2q32, 2q33 were observed in below 12 months age group in our series. It has been observed that folate 
free RPMI 1640 with 5-Azacytidine enhances the appearance of fragile sites and these fragile sites were seen in 
varying age groups. 
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