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abstract

Background

Fanconi anemia (FA) is a genomic instability disorder 
associated with high risk of AML. Ring chromosomes 
are results of genomic instability and observed in many 
human neoplasias. The present study aimed to assess the 
role of ring chromosome in the progression of FA. 

Material and Methods

The study included 60 patients with provisional diagnosis 
of FA. A total of 5 ml of venous blood was collected and 
processed for complete hemogram, peripheral blood 
film, and breakage test. Patients with positive breakage 
test were followed-up every 3-months interval for 
a maximum of 24 months. Subsequently, 2 ml of BM 
aspirate was collected to determined BM morphology, and 
cytogenetic analysis.

results

Of the 60 patients, 21 (35%) showed positive breakage 
test including ring chromosome in 4 (19%) patients. 

During the follow-up of the 21 FA patients, the 4-patients 
with ring chromosome developed AML within the interval 
of 8-14 months. However, another patient without ring 
chromosome developed AML after 23 months of the 
diagnosis. BM analysis showed non-random clonal 
chromosomal abnormalities such as del (20) (q11) in 3 
cases; add(1)(q12); -7, -8, and +9 in one case each. 
Normal karyotype was seen in the 5th patient without ring 
chromosome. 

Conclusion

The present study suggested that the ring chromosome 
formation in FA may single the progression of the 
disease. Thus, early BM transplant for patients with ring 
chromosome is crucial to avoid the development of AML.
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introduction
Fanconi anemia (FA) is delineated as a cancer-prone 

chromosomal instability (CIN) disorder, which results 
from defective DNA response and mitotic chromosome 
segregation (1-3). This CIN in FA patients is detected by 
chromosomal breakage test in which DNA clastogenic 
agent such as Mitomycin C is added to the lymphocyte 
culture media. The test involved the detection of 
chromosomal aberrations and rearrangements such as 
breaks, gaps, triradial, quadriradial, and ring chromosome 
formation (4). 

Ring chromosomes results due to CIN; it is caused by 
breaks in chromosome arms followed by fusion of the 
proximal broken ends leading to the loss of distal material. 
Another mechanism is the dysfunctioning of the telomeres 

that triggers fusion of the reactive chromosome ends 
without major loss of genetic material (5). Acquired-ring 
chromosomes have been reported in many cancers and the 
majority of them are solid malignancies. High incidences 
of ring chromosomes were seen in dermatofibrosarcoma 
protuberans (70%), liposarcoma (21%) and gall bladder 
cancers (21%)(6). These are very rare in hematological 
malignancies and can be seen in approximately 2% of 
AML (7). Other reports revealed that ring chromosomes 
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occur mostly in highly complex karyotype, suggesting 
that the ring chromosomes are secondary changes in the 
course of disease progression (8, 9).

FA patients, and due to CIN, have more than 500-
fold higher risk of acute myeloid leukemia (AML) than 
general population (10). The cumulative incidence of AML 
approaching 33% by 40 years of age (11). Chromosomal 
aberrations are important in diagnosis, treatment, 
and prognosis of malignant disorders (12). Gains of 
chromosome 1q and monosomy 7, and Del 7 implying 
leukemic transformation of FA patients (13).

Hematopoietic stem cell transplantation is the only 
curative therapy that can restore a normal hematopoiesis 
in FA patients. The successful transplantation is 
reduced in patients with poor prognostic features, as 
transformed to AML(14). So the detection of patients in risk 
of transformation to AML is important for the treatment 
and outcome of the disease. To our knowledge, no 
previous report suggesting an association between ring 
chromosome and FA progression exists. The present study 
aimed to assess the role of ring chromosome formation in 
the natural history of FA disease.

Materials and Methods
The present study included 60 patients; aging between 

1 and 14-year-old; with aplastic anemia and provisional 
diagnosis of Fanconi anemia attended to at Gaffer Ibnaof 
Pediatric Hospital. All patients were referred to Elite clinic, 
Khartoum, Sudan for chromosomal breakage test and 
bone marrow cytogenetic study during February 2013 and 
September 2015. The study also included 54 matched 
healthy controls. 

 A total of 5 ml of peripheral blood samples were collected 
and processed for complete hemogram, peripheral blood 
film, and breakage test. For the breakage test, cultures 
from the patients and healthy controls were performed 

as described early (15). In brief, 0.5-1 ml of heparinized 
peripheral blood was added to 10 ml of RPMI 1640 media. 
The media was supplemented with 25% fetal bovine serum 
(Sigma®), 3.4% phytohemagglutinin (Sigma®10µg/ml), 
and 1% penicillin/streptomycin (1000U/ml). About 80 µl 
of Mitomycin-C (MMC) was added to the media before 
blood cultured for 72 hours. Metaphases were harvested 
by adding Colcemid for 30 minutes followed by hypotonic 
treatment and several fixations. The clonality criteria and 
the karyotypic descriptions were according to the ISCN 
recommendations(16). The test was considered positive 
for chromosomal breakage when the breaks and radial 
formation were increased in patients’ culture compared 
with the healthy control. Patients with positive breakage 
test were followed up every 3 months for a maximum 
of 24 months with the median duration of 15.8 months. 
A total of 2 ml of BM aspirate from them were used to 
determined BM morphology and cytogenetic analysis.

The ethical board at the Ministry of Health, Khartoum-
Sudan, granted the ethical approval for the study.

results
Of the 60 patients with aplastic anemia, 21/60 (35%) 

showed positive chromosomal breakage test. In addition 

table 1: Chromosomal abnormalities in fa-aMl patients

figure 1: ring chromosome in four fanconi anemia patients
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to breaks, gaps, rearrangements, radials, exchanges and 
endoreduplications, ring chromosomes were presented 
in 4 (19%) FA patients (Figure 1). During the follow up 
of the 21 patients, 5 (23.8%) patients (including the 
4 patients with rings chromosome) developed AML of 
which 2 patients had AML- M4, 2 patients had AML- M5, 
and 1 patient had AML- M6 (Figure 2). The interval for 
progression to AML was 8-14 months for those with ring 
chromosome and 23 months for the patient without ring 
chromosome. 

The cytogenetic study of BM aspirate in the 21 patients 
showed chromosomal abnormalities in only 4 patients (all 
showed ring chromosome during early breakage test). 
The detailed karyotypic description showed 46XY, del (20) 
(q11) in case 1; 46XY, add (1) (q12-q24), del (20) (q11) in 
case 2;  46XX,-8,+del 9 (q10) in case 3; and 45XX,-7, 
del (20) (q11) in case 4 (as shown in Table 1 and Figure 3). 

discussion
FA patients known to have increased risk for the 

development of AML, account for 27% before the age 
of 20, it increases to 43% by the age of 30. That risk of 
developing AML can be avoided if the disease is early 
treated, as recent published evidence suggests that earlier 
allogeneic hematopoietic progenitor cell transplantation 
in children with FA is leading to better outcomes over 
time(14). 

Our findings showed that 5/21 of FA patients in our 
study have transformed to AML. Worthy to note is that 4/5 
of the patients have ring chromosome in chromosomal 
breakage test, the interval duration of transformation 
to AML of those patients was rather short (8-14 
months). Previous study showed that the duration of FA 
progression to AML ranged from 24 to 28 months with 
the median duration of 26.5 months (17). The presence of 
ring chromosome in initial breakage test and the rapid 
progress of the same cases to AML, all argue strongly for 
an association between the presence of ring chromosome 
and the progression to AML. 

One may explain the rapid progressive course of the 
disease by the genomic instability brought by loss of the 
telemetric function and eventually leading to the formation 
of the ring chromosomes. Our finding confirms which 
reported before that ring chromosomes, are associated 
with a dismal prognosis and seem to add prognostic 
information, even in complex karyotype AML(18).

The specific chromosome involved may distinguish 
patients with FA AML from de novo AML, since 
chromosomes 1 and 7 were more frequently abnormal in 
FA-AML(19). Karyotypic abnormalities in FA-AML in this 
study revealed the present of monosomy7, and add1q, 
all in complete accordance with previous study (20). The 
novel chromosomal abnormality in the present study was 
deletion 20(q11), which present in 3 different patients. In 
fact, this non- random and novel cytogenetic change had 
not been reported in any previous case of FA-AML.

figure 2: Bone marrow aspirate of patients with fa-aMl a) aMl M4, b) aMl M5, c) aMl M6

figure 3: Bone marrow Karyotype a) 46Xy,del(20)(q11), 
b) 46Xy,add(1)(q12-q24) del(20)(q11), c) 46XX,-8, +9, d) 
45XX,-7,del(20)(q11).
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Conclusion
The presence of ring chromosome may signal the 

transformation of FA to AML and thus detection of 
such abnormalities in FA patients should point toward 
aggressive and appropriate management before AML 
transformation. 
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