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Fanconi Anemia Screening by Diepoxybutane and Mitomicin C Tests
in Korean Children with Bone Marrow Failure Syndromes

Fanconi anemia (FA) is an autosomal recessive disorder of progressive bone
marrow failure in patients with congenital malformations. FA is different from
acquired aplastic anemia (AA) in terms of the natural course and treatment
options. As the frequency of FA is unknown in Korea, we conducted screening
tests using DNA clastogenic agents, diepoxybutane (DEB) and mitomicin C
(MMC) in southwestern Korea. Forty-three children with AA or other bone mar-
row failure syndromes and siblings of known FA were evaluated. Six patients
with AA (6/24=25.0%) and a 2-month-old patient with myelodysplastic syndrome
were found to have increased chromosomal breakage to both DEB and MMC,
confirming the diagnosis of FA. No overlap in chromosomal breakage to both
agents was found between the FA group and non-FA group. The frequency
of FA in this study, much higher than those of previous studies in Korea which
did not incorporate the above tests, was similar to that of other countries. DEB
and MMC tests were readily feasible and useful in screening FA in patients
with AA as well as other bone marrow failure syndromes. A nation-wide screen-
ing and registry for FA should be initiated since FA requires different therapeutic
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and management options from idiopathic AA.
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INTRODUCTION

Aplastic anemia (AA) is a heterogeneous group of dis-
orders charactetized by loss of hematopoietic cells, fatty
replacement of the martow and pancytopenia. Fanconi’s
constitutional aplastic anemia (FA), the most common
form of inhetited bone marrow failure syndrome, is an
autosomal recessive disorder charactetized by the devel-
opment of pancytopenia by the mean age of 6-8 yeats,
and characteristic congenital anomalies (1). However, as
about 30% of FA patients may be relatively normal in
appeatance, the correct diagnosis of FA is no longer relied
upon physical anomalies or the development of AA (2).
Cutrently in Western countties, patients atre identified by
characteristic breaks in the chromosomes of petipheral
blood lymphocytes following clastogenic stress, such as
diepoxybutane (DEB) or mitomicin C (MMC) (2-4).

The incidence of FA has been repotrted to constitute
25% to 30% of pediatric aplastic patients (1, 5). In Korea,
however, the frequency of FA among patients with AA
has not been systematically evaluated and has probably
been undetestimated as DEB and MMC tests have not
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been routinely incorporated in the evaluation of patients
with AA (6, 7). We report here the results of DEB and
MMC tests as screening for FA in patients with vatious
bone matrow failure syndromes from southwestern Kotea.

MATERIALS AND METHODS

The study population were patients with bone marrow
failure syndromes who were diagnosed and followed up
at the Department of Pediatrics, Chonnam National Uni-
versity Hospital. A total of 43 cases were evaluated (Table
1): AA, 24 (6 of them had physical anomalies pertinent
to FA); Diamond-Blackfan anemia (DBA), 4 (2 of them
were identical twins with congenital heart defects; one
twin had polydactyly in addition); myelodysplastic syn-
drome (MDS), 6 (one of them had typical physical charac-
teristics of FA); acute myelogenous leukemia (AML) with
congenital anomalies, 2; siblings of FA patients diagnosed
by DEB and MMC tests, 6. Among them, 28 wete males
and 15 were females. The median age was 72 months
with the range of 0 to 192 months.



624

Table 1. Clinical characteristics of the patients
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Patient Sex Age (mo) Clinical impression ~ Associated anomaly

1 M 7 FA Hyperpigmentation, café-au-ait spot, micrognathia,
broad nasal bases, microcephaly, small eyes

2 M 72 FA Café-au-lait spot, family history (+)

3 F 53 FA Congenital dislocation of hip, polydactyly, café-au-lait spot

4 M 156 FA Hyperpigmentation, café-au-ait spot, microcephaly,
micrognathia, broad nasal bases, polydactyly, small eyes,
developmental delay, mental retardation

5 M 47 FA Café-au-lait spot, horseshoe kidney

6 M 2 FAIMDS Hypopigmented macule, café-au-lait spot, hand & foot
anomaly, flat nasal bridge

7 M 81 AA Café-au-lait spot

8 M 71 AA )

9 M 46 AA )

10 F 134 AA )

1 M 158 AA )

12 F 59 AA )

13 M 122 AA )

14 F 146 AA )

15 M 153 AA )

16 M 81 AA )

17 M 166 AA )

18 M 119 AA )

19 M 108 AA )

20 F 101 AA )

21 F 64 AA )

22 M 148 AA )

23 M 55 AA )

24 F 101 AA )

25 F 47 AA )

26 F 3 DBA Mitral valve prolapse, mitral insufficiency

27 F 2 DBA Polydactyly, atrial septal defect

28 M 1 DBA )

29 M 4 DBA )

30 M 42 MDS )

31 F 74 MDS )

32 M 144 MDS )

33 M 108 MDS )

34 M 2 MDS )

35 M 28 MDS )

36 M 108 AML Hyperpigmentation, microcephaly, micrognathia, mental
retardation, small eye

37 M 19 AML Down syndrome, complete AV septal defect

38 M 46 Sib. of 1 )

39 F 32 Sib. of 3 )

40 F 192 Sib. of 4 )

41 F 38 Sib. of 6 )

42 F 0 Sib. of 6 ?

43 F 162 Sib. of 7 )

M, male; F, female; AA, aplastic anemia; DBA, Diamond-Blackfan Anemia; MDS, myelodysplastic syndrome; Sib, sibling.

DEB and MMC tests were catried out according to
the methods described elsewhere (8-10) with minor mod-
ifications. Briefly, hepatinized peripheral blood lympho-
cytes were stimulated with phytohemagglutinin (Gibco,
USA) for 3- or 4-day cultures according to the standard
procedute in a culture medium containing RPMI 1640
(Gibco, USA) supplemented with 15% fetal bovine serum

and 1% penicillin-streptomycin. DEB (Aldrich, USA) was
added at the final concentration of 0.1 yg/mL to the
culture 48 houts before harvest. MMC (Sigma, USA) was
added at the final concentration of 0.1 yg/mL to the
cultutre 24 houts before harvest. Control cultures without
DEB or MMC were ptepated at the same time.

For prenatal diagnosis DEB and MMC tests wete cat-
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tied out on chotionic villi obtained at the 10th gesta-
tional week (No. 42). The method was modified from
Simoni’s description (11, 12). Chotionic villi were sepa-
rated from maternal tissue under stetile conditions and
ptimaty cultures were plated in Chang Medium (Hana
Media, Inc.) at 37C, in an atmosphere of 5% CO..
Seventy-two hours after subculture, the growth medium
was replaced with fresh medium containing DEB and
MMC at 0.1 yg/mL, respectively.

Harvesting and slide preparations were petformed
accotding to standard methods for preparation of chromo-
somes using hypotonic solution, 0.075 M KCl, and meth-
anol-glacial acetic acid as a fixative. Giemsa staining was
applied.

Analyses were performed on 20 metaphase cells from
untreated, DEB-treated and MMC-treated pteparations,
respectively. Chromatid and chromosome abertrations wete
scored according to the recommendations of the Interna-
tional System for Human Cytogenetic Nomenclature (13).
Breaks, fragments, and deletions were scored as one break,
and quadriradial figures as two events (8).

RESULTS

According to DEB and MMC sensitivity, there was a
clear discrimination between the two groups; 7 patients
showed hypersensitivity to both DEB and MMC, while
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the test showed no hypersensitivity. Seven hypetsensitive
patients tevealed increased chromosomal breaks/cell of
1.95+1.35 (mean =S.D.) (range 0.45 to 4.25) to DEB,
and mean breakage/cell of 1.5010.52 to MMC (range
0.90 to 2.50). The remaining 36 patients showed no
increased hypersensitivity; chromosomal breaks/cell of
0.027F0.03 (range 0.00 to 0.15) to DEB, and 0.06+
0.05 (range 0.00 to 0.15) to MMC. The values to both
DEB and MMC wete significantly different between the
two groups (P<0.001), respectively, with no ovetlap
between the two groups. The 7 hypersensitive patients
were confirmed to have FA (Fig. 1). The results of chrom-
osomal breakage studies of FA patients are summarized
in Table 2. Increased spontancous breakage was found
in 4 among 7 FA patents with DEB-sensitivity (range
0.05 to 0.25), while spontaneous breakage was not found
in 3 FA patients as well as non-FA patients. Thus, spon-
taneous breakage was unable to distinguish the two
groups.

One patient with AA without apparent physical stig-
mata of FA except for several café-au-lait spots had
increased chromosomal breakage to both DEB and MMC
(No. 7). Moreover, two patients with DBA (patient No.
26 & 27) and two patients with AML (No. 36 & 37) who
shared common congenital anomalies found in FA did
not show hypersensitivity to either DEB or MMC. The
siblings of proven FA patients (No. 38 to 43) wete also
evaluated as the recutrence rate for FA in other siblings

& FA (n=7)
o non-FA (n=36)

p<0.001

Fig. 1. Spontaneous and induced chromosomal breakage tests to diepoxybutane (DEB) and mitomicin C (MMC) in patients with

Fanconi anemia (FA, ) and non-FA (O).
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Table 2. Increased chromosomal breakage results in 7 pa-
tients with Fanconi anemia

Patient Sgrcg;tsg/izﬁs breSEsE/acell bre,\gtt/ls?cell
1 0.00 110 1.15
2 0.05 1.95 1.15
3 0.05 425 2.00
4 0.05 115 2.50
5 0.00 1.05 0.90
6 0.00 045 1.50
7 0.25 3.70 1.30
Mean 0.06 1.95 1.50
S.D. 0.08 1.35 0.52

is estimated to be 25% in autosomal tecessive disordets.
None of the siblings, including samples obtained by
chotionic villi biopsy, was found to be a FA patient on
the basis of the tests. Three FA patients (No. 1, 4, 7)
were transplanted using HLA-identical siblings who were
proven negative to DEB or MMC.

DISCUSSION

FA is a rate autosomal trecessive disorder, with a high
degtee of clinical and genetic heterogeneity. Patients may
exhibit congenital anomalies of any major organ system,
ot lack malformations and present with hemartologic
abnormalities such as bone marrow failure or AML (1, 2).
However, diagnosis on the basis of clinical manifestations
is often difficult and unreliable, due to the considerable
ovetlap of the FA phenotype with that of a variety of
genetic and nongenetic bone matrow failure syndromes.
To support this we experienced a FA patient without
typical physical anomalies except for café-au-lait spots
(No. 7) and 2 other patients with DBA who shared com-
mon congenital anomalies of the two diseases (No. 26
& 27).

Diagnosis and differentiation of FA from other ac-
quited AA ot other similar inhetited bone mattow failure
syndromes, such as DBA are critical for many reasons:
1) About 30% of FA patients may be relatively normal
in appearance. These patients were initially described as
congenital AA type II or Estren-Dameshek AA (14), but
later found to be variants of FA (8). 2) Treatment options
are different as patients with FA do not respond to im-
munosupptessive treatments (8, 15), such as antithymo-
cyte globulin or cyclosporin A, which have been com-
monly used and sometimes successful in patients with
acquited AA (16, 17). On the other hand, patients with
FA have a high rate of response to androgen therapy (2,
18). 3) Although the only available curative therapy for
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FA so far is a bone marrow transplantation (BMT) or
umbilical cord blood transplantation (19-21), the condi-
tioning tregimen should be modified from that for
acquited AA as the cells from FA patients are extra-
ordinatily sensitive to alkylating agents and radiation (14,
22). 4) As FA is inherited in autosomal recessive fashion,
each sibling donor of BMT should be screened for FA
with the chance being 25%. 5) A curative measure
should be attempted before the onset of leukemia which
develops at a mean age of 14.5 years in about 10% of
patients (23, 24). 6) The congenital anomalies in FA
patients are not unique in FA patients, as DBA and
thrombocytopenia absent radii syndrome may share some
featutes of thumb and radial anomalies (25). Thetefore,
the diagnosis of FA is no longer relied upon the physical
anomalies of the development of AA.

FA is a disorder that shows increased chromosomal
fragility or cellular hypersensitivity to mutagenic chem-
icals, and developmental defects. Spontaneous chromo-
somal breakage can be seen not only in FA patients but
in patients with Bloom’s syndrome and ataxia telangi-
ectasia. According to the International Fanconi’s Anemia
Registry (IFAR) report, however, the range of sponta-
neous chromosomal breakage in the FA group (0.02 to
1.9 breaks per cell with the mean of 0.27) was not sig-
nificantly different from that found in normal controls
ot in the non-FA group (0 to 0.12 breaks per cell with
the mean of 0.02). Thus baseline breakage frequency was
ptoven to be not a useful method for disctimination of
FA patients (8). In the present study, 3 FA patients did
not show spontaneous chromosomal breakages.

Hypersensitivity of FA cells to the cytotoxic and clas-
togenic effects of DNA cross-linking agents provided a
unique cellular marker for the disorder, which enabled
it to distinguish itself from other chromosomal breakage
syndromes. Numerous studies showed the sensitivity of
FA cells to a variety of DNA ctoss-linking agents such
as nitrogen mustard (26), cyclophosphamide metabolites
(27), MMC (10) and DEB (8, 9).

Extensive expetience with the DEB test has demon-
strated high sensitivity, specificity and reproducibility of
test results. According to the IFAR data, the mean+S.E.
of breaks per cell for 104 FA patients was 8.96 £0.448,
while that of 224 non-FA group was 0.06+0.004 (P<
0.001). There was no ovetlap in the range between the
two groups. Similarly, the mean=S.E. (%) of cells with
breaks in FA group was 85.15% +1.99%, in contrast to
5.12% %0.28% in non-FA group (P<0.001) (8). In the
cutrent study, the chromosomal breakage of FA cells to
DEB was distinguishable from non-FA patients (1.95 vs
0.02 breaks per cell) (P<<0.001). The reason of discrep-
ancy of mean breaks per cell between IFAR and curtent
data is uncertain but small numbers of our cases, possible
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modification of the test methods, or genetic susceptibility
among different FA complementation groups might be
responsible.

MMC has been used by other tesearchers in a clas-
togenic test for FA (10, 28). However, comparative stud-
ies have led to the choice of DEB as the agent most
widely used for diagnosis of FA. Schroeder-Kurth et al.
(29) compared DEB- and MMC-induced chromosomal
bteakage rates, and implied a significant potential for
false-positive or false-negative diagnoses when MMC sen-
sitivity was used as the diagnostic criterion because the
ovetlap of the range of chromosomal breakage frequency
between FA and non-FA individuals was found in at least
25% of cases. The high ratio of monoadduct production
by MMC, a requirement for metabolic activation and
instability in solution were all factors in the lack of
reliability of MMC for FA diagnosis (3, 8). In this study,
however, the result of MMC test was in accotdance with
that of DEB test without an ovetlap between FA and
non-FA patients based on DEB test. The reliability of
MMC test temains to be established in a larger cohott.

Although we analyzed 20 metaphases, some authots
cautiously recommend mote metaphases to be analyzed
because of somatic mosaicism for DEB sensitivity which
was found in up to 25% of FA patients (30). DEB-
induced chromosomal breakage using cultuted tropho-
blastic cells obtained by chorionic villi biopsy has been
established as a reliable method for prenatal detection of
FA in the first trimester of pregnancy (11, 12, 31). In
this study, we could reliably exclude FA by ptenatal
testing in a mother having a FA patient.

As data from the IFAR showed that 3% and 9% of
FA patients presented with MDS and AML, respectively,
as initial manifestations of FA (23, 32, 33), children with
MDS ot AML, especially with typical congenital anoma-
lies related to FA or family history of AA should be
screened for FA with DEB test. In current study, all
patients with pediattic MDS during the study period and
2 AML patients with congenital anomalies were screened
for FA. A two-month-old patient with MDS (No. 6) with
physical anomalies was found to have FA by DEB test.

The incidence of FA in Korean patients with pediatric
AA has not been adequately evaluated (6, 7). However,
the update of the observation from our institution sig-
nified that 8 wete proven to be FA among 40 pediattic
aplastic patients during the last 6.5 years (20%) (7). This
estimation could not be the true frequency of FA among
Koteans as there might be a chance of selection bias as
our institution is a referral hospital and not all of the
above 40 patients underwent DEB screening. This study
calls for an urgent nation-wide screening and registry as
FA poses unique challenges not only to patients and
families, but to both clinicians and basic scientists.
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