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Abstract: Fanconi’s anemia is an autosomal
recessive disorder with manifestation of
chromosomal instability inducible by
alkylating agents. Since 1989 we studied 85
patients with suspected Fanconi’s anemia
(FA) to confirm diagnosis. Cytogenetic
analyses were performed on spontaneous
and induced cultures of peripheral blood
samples. Induction was carried with
mitomycin–C (MMC) or diepoxybutane
(DEB). The normal range of spontaneous,
MMC and DEB–induced breaks were
0.00–0.10, 0.00–0.16 and 0.00–0.16 per
cell respectively. Fanconi’s anemia was

confirmed when breaks were above the
normal threshold. According to this criterion
59 patients were confirmed as having FA.
Some of the siblings were also investigated to
exclude disease especially when donors for
bone marrow transplantation are sought.
Among 28 studied siblings, we found 6
affected. Therefore, 65 cases were diagnosed
as FA according to cytogenetics criteria. In 13
out of the 65 patients (20%) instability was
detected only after induction.
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Introduction

Fanconi’s  Anemia (FA) is the most common genetic
form of aplastic anemia which is an autosomal recessive
disorder characterized by progressive pancytopenia,
diverse congenital abnormalities and predisposition to
malignancy (1–13). It was first described in 1927 in
three brothers who had aplastic anemia and congenital
physical abnormalities (1–3, 5, 8, 11). The features seen
in FA are growth retardation, skin
hypo–hyperpigmentation, combined radial ray and thumb
deformities, hypogenitalism, microcephaly, renal
malformation, mental retardation, ear malformation and
microphtalmia (1–13). The physical findings range from
extremely abnormal to normal, covering one or more
systems. The haematological manifestations also show a
broad spectrum; ranging from severe aplastic anemia to
normal, depending on the time of diagnosis. Leukemia,
carcinoma or liver tumor are the most frequent
malignancies seen in the course of the disease (2, 4, 5, 7).
FA occurs in all racial and ethnic groups (8, 10). The
disease frequency varies among ethnic groups, with an
estimated heterozygote frequency of 1/200–1/300 (5,
10). FA has a prevalence of about 1 in 350.000 in North
America (11). Although the exact figure for FA is not

known in Turkey, observations indicate a high incidence
(12). 

The observation of increased chromosomal breakage
in FA patients was made in the early 1960’s (5). Since
then chromosomal breakage studies have been used to
confirm clinical diagnosis. Sensitivity of cells to DNA
crosslinker agents such as MMC, nitrogen mustard and
DEB has been noted and application of these has been
carried out for pre–and postnatal diagnosis (6, 10). In
this respect patients were classified as FA or non–FA
based on the sensitivity of cultured peripheral blood
lymphocytes to DNA crosslinking agents.

We report our experience with patients and their sibs
to confirm diagnosis of FA since 1989.

Materials and Method
Peripheral blood samples or bone marrow aspirates

were derived from 85 referred patients and 28 sibs of 59
patients after cytogenetic confirmation. Typical congenital
malformations or haematologic involvement alone were
the criteria for referral to cytogenetic analysis.
Spontaneous and MMC and/or DEB–induction were
performed on each sample. MMC was applied to 44
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samples, MMC and DEB to 5 samples and only DEB to 64
samples along with untreated cultures. MMC (0.01
µgr/ml) or DEB (0.01 µgr/ml) was added at the last 24
hours and cells were harvested at 48 hours. Slide
preparations were made according to standard
procedures (14). Chromosomal breaks were counted on
50 Giemsa stained metaphases from each untreated and
treated culture. Each cell was scored for chromosomal
breaks. Achromatic areas less than a chromatid width
were considered as gaps and was not scored, whereas
exchange configurations, translocations, dicentrics, and
ring chromosomes were grouped as rearrangements.
Rearrangements were scored as two breaks. In our
laboratory the normal range of spontaneous, MMC and
DEB–induced breaks in cells were 0 to 0.10, 0 to 0.16
and 0 to 0.16 respectively.

Pedigree analysis and physical findings were also
evaluated.

Results
Fifty–nine out of the 85 referred patients (69.4%)

and 6 out of the 28 sibs (21.4%) were diagnosed as

having FA on the basis of chromosomal breakage studies
(Table 1). Thirteen of these cases (20%) had a normal
score for spontaneous breaks but high frequency of MMC
or DEB–induced breaks. Consanguinity in FA families was
observed with a frequency of 79.6%, whereas, the
non–FA group had a frequency of 42.3%. The difference
was significant with the χ2 test (P<0.001). On the other
hand, figures from both groups were higher than the
mean consanguinity in Turkey (22.6%) (15) (Z
test–P<0.001).

Ninety–four percent of the patients with FA were
under 16 years of age at the time of diagnosis. Fifteen
percent of non–FA patients  were 16 years of age or older
at the time of diagnosis.

In our groups (FA and non–FA) males were
predominant with a sex ratio of 2.09 (FA) and 2.25
(non–FA), respectively.

Table 2 shows the various physical abnormalities seen
in our patients with FA and non–FA. Prominent
abnormalities which deviate significantly (P<0.001) in
patients with FA from non–FA were skin
hypo–hyperpigmentation, café au lait spots and upper
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FA (n=65) non–FA (n=48)

The range of spontaneous chromosome breaks/cell 0.02–0.80 0.00–0.10

The range of MMC–induced chromosome breaks/cell 0.20–multiple 0.06–0.16

The range of DEB–induced chromosome breaks/cell 0.20–multiple 0.02–0.16

Table 1. The cytogenetic findings in
FA and non–FA.

FA (%) (n=60*) non–FA (%) (n=48)

Growth retardation 56.7 38.5

Skin hypo–hyper pigmentation 58.3 3.8Φ

Skin café au lait spots 56.7 3.8Φ

Upper limb 50 3.8Φ

Hypogenitalism 20 3.8

Microcephaly 15 3.8

Eye 18.3 0ϑ
Renal 16.7 0ϑ
Lower limb 11.7 0

Ear 5 0

Haematologic involvement 90.8τ 92.3

Cancer 6.7 0

* 5 patients were not available for physical examination.

τ n=65

Φ P<0.001 using χ2 test

ϑ P<0.05 using FET

Table 2. Physical abnormalities and
medical problems in FA and
non–FA.
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limb defects (combined radial ray defects, radial ray
reduction deformities, malformed thumb, supernumerary
thumb). Eye and renal malformation differences were less
pronounced (P<0.05). In the non–FA patients the most
frequent finding (apart from the haematologic
involvement) was growth retardation. Growth
retardation and other findings showed no difference
between the groups.

Discussion

Fanconi’s Anemia is in the group of genetic disorders
with autosomal recessive inheritance featuring
chromosomal instability. The main consistent findings in
FA are physical features, haematological findings and
cytogenetic anomalies. However, the age of onset of the
anemia is variable and it is possible that haematologic
involvement may not be present at early ages in spite of
physical signs or chromosomal breakage.

In our study 65 cases out of 113 were diagnosed as
FA on the basis of chromosomal breakage studies. In
thirteen of the FA cases (20%), spontaneous breaks were
within the normal range while MMC or DEB induced
breaks were high. Therefore if FA is to be ruled out we
highly recommend induction with MMC or DEB, as is
seen, normal spontaneous breakage count can give false
negative results.

Earlier studies reported a distortion in the sex ratio,
with more males than females being affected (1, 2, 8, 9).
Our data is is consistent with this, but higher than
another study from Turkey (12).

Pedigree analysis revealed a high incidence of
consanguinity in our patients, a proportion higher than
Turkey’s average. It was highest in the FA group. This is
not surprising when we consider the role of recessive
genes in the etiology of anemias.

In the studied patients with FA, the prominent
physical findings were skin hypo–hyperpigmentation, café
au lait spots, upper limb defects, eye and renal
malformations which deviate among FA and non–FA
groups. In our series non–FA patients did not exhibit
physical findings apart from growth retardation and
anemia. On the other hand, the absence of dysmorphic
features does not rule out the diagnosis of FA because of
the clinical heterogeneity. The question of whether the
extensive phenotypic variation seen in this syndrome is
related to genetic differences has been addressed through
complementation groups. Complementation groups in FA
are likely to represent distinct disease genes, eight of
which (FA–A through FA–E) have been identified (16). In
spite of genetic heterogeneity, chromosomal instability to
crosslinking agents is common for all. Although the role
of FA genes at the biochemical and molecular level are not
known, DNA crosslinking hypersensitivity of FA cells can
be used in diagnosis.
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