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ABSTRACT

Fanconi anemia (FA) is a rare disease, but it ig tilmost common among the inherited bone marrowré&ilu
syndromes. In the present study, one family diaggh@dth Fanconi anemia was examined. There wasyeap-old
female in this family who was diagnosed with botbeabt cancer and with Fanconi anemia. The chromatom
breakage in karyotyping was compatible with Fancanemia Chromosomal analysis of mean breaks and
rearrangements were calculated. The BRCA2*617d80é8'G and the BRIP1 (c.2392C>T) mutations which ar
associated with Fanconi anemia and breast cancee\wesestigated. In order to, genomic DNA was eotlrd from
blood samples collected from the case with botlastreancer and Fanconi anemia, from her brothegs, disters
and her parents, followed by Polymerase Chain Reastto detect the BRCA2*617delT/88delTG and BRIP1
(c.2392C>T)mutations of exons 11 and1Y chromosomal analysis, four cases with a meaA1083 breaks and
rearrangements (SEM of +1.2) were observed in thuce of the prob and, yielding an average of ®.88eaks per
metaphase, while only an average of 0.03 breaksnpetaphase was detected in the control group.Thaltee of
DNA sequencing and data analysis showed that thexs no variation between the individuals in thisniig
forBRCA2*617delT/88delTG and BRIP1 (c.2392C>T)miates after alignment to the nucleotide sequences.
Investigation of other mutations linked to the BR@#hway such as FANCJ, BRCA1 and RAD51C/FANC@heor
use whole-exome sequencing for the further invastig of the disease are recommended.

Keywords. Fanconi Anemia, Breast Cancer, BRCA2, BRIP1, Chsontal Breakage.

INTRODUCTION

Although Fanconi anemia (FA) is a rare diseasis, the most common inherited aplastic anemia. ¢haracterized
by multiple congenital abnormalities, developmeatabmalies, cellular sensitivity to the DNA cross«ing agents,
progressive bone marrow failure, and cancer suiiyt [1].Characteristic features of FA includéat stature,
caféaulait spots, small eyes, mental retardatiohskeletal anomalies [2].

The average age at diagnosis is 6.5 and 8 yeal®farand girls respectively [3]. Mutations haveméaentified in
at least 15 different genes that are involved enghthogenesis of Fanconi anemia [4].

Due to the defective DNA repair, complications ainEoni anemia may include leukemia in approximai®¥o of
patients, liver tumors in 5% and cancers (excepkdenia and liver tumors) in approximately 5% of esmsin
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addition, clinical and radiologic investigation ohildren with Fanconi anemia resulted in the deteation of
survival factors, prognostic factors and other clicagions of disease were determined [5].

There are many different genes that can cause Raacemia, and the condition has been broken iifferent

subtypes including A, B,C, D1(BRCA2), D2,E, F, G,JI L, M, N, O and P[20].85% of patients belongtie

subtypes A (approximately 60%), C (10-15%) and G%}, and a minority of patients (approximatelyl5ib)
distributed over the other 12 subtypes [6]. MetHddberitance for all subtypes of Fanconi anemiagosomal
recessive, expect for Fanconi anemia-B which isnKdd [6]. If both parents carry a mutation in 8&mne FA gene,
each of their children has a 25% chance of inimgyithe defective gene from both parents [7].

Increased expression of some genes due to polyisonpimay increase the risk of breast cancer. Itheesh also
reported that the recognized mutations that magease the risk of breast cancer within suscepfdoidlies are
quite rare: BRCA1, BRCA2, BRIPI, RAD50, PTEN, ATMP53, CHEK2, CDH1 and MSH6[8]. Studies have
revealed that some of the breast cancer suscdptilgiénes are associated with Fanconi anemia [&n@
10].Although the majority of the diagnoses of theseast cancers are sporadic, approximately 590% af these
cases are associated with the inheritance of bozaster susceptibility genes such as BRCA1, BRGAREN,
CDH1, CHEK2, TP53 and ATM [11].

Germline mutations in BRCA1 or BRCA2,some genesodacfor BRCA1- and BRCAZ2- interacting proteins,
PALB2 and FANCJ are DNA repair genes associatetl iéreditary breast cancer and also with Fancogmam
Also, the inheriting of biallelic mutations in sonbeeast cancer genes isa consequence of Fancaniaarend is
associated with the complementation groups BACHNEA/BRIP1, PALB2/FANCA and BRCA2/FANCDL1 [12,
13].

The FANCDI1/BRCA2 protein is one of the Fanconi ai@emroteins that is also a breast/ovarian cancer
susceptibility protein[14]. BRCAL1 is another bréasgarian cancer susceptibility protein that coopesawith
Fanconi anemia proteins in a DNA repair pathway cihis required for resistance to DNA interstrand
crosslinks[15].Some studies reported that bialletiotations in BRIP1/BACH1 (FANCJ) and PALB2 (FANCN)
cause rare subtypes of Fanconi anemia[10, 16,]tMuataof BRIP1 (FANCJ) have also been identifiedbatients
with the early onset of breast cancer, and as PAiRE directly to the BRCA2/FANCD1 protein, this ght
account for the strong clinical resemblance betwEANCN and FANCD1 patients [10, 16]. Mutations bkt
FANCJ gene (BRIP1 helicase) have been found in stamdlies with potentially inherited breast/ovariaancer,
including 1396G-T, 658C-T, 2392CG-T, 2636G-A, 718G—-A. 2778G-A, 2945T-G, 3552C-T, 3968A—-C

and 4049C->T[17].

Offit et al (2003) examined four kind reds afflidtavith Fanconi anemia for the presence of the BR@ARation
[18]. Koren-Michowiz et al (2005) investigated 10fhkkenazi women with known BRCA1 and BRCA2 mutations
who were also screened for the Fanconi anemia motéyS+4A—T, and their results revealed that there is an
increased prevalence of the Fanconi anemia mutatioiers in the specific population studied whempared with
the general Ashkenazi population[19].

The objective of this aspect of the paper is toveste the chromosomal analysis of mean breakseardangements.
Then to consider the BRCA2*617delT/88delTG and BR(€2392CG T) mutations associated with Fanconi anemia
and breast cancer in a family that was diagnoséd Fanconi anemia.

EXPERIMENTAL SECTION

Casereport
The family described in this report has seven membieur of whomare known cases of Fanconi aneie
pedigree of this family is shown in Figurel.

Chromosomal Analysis

Fanconi anemia was diagnosed in the four indivsluasing the chromosomal breakage .td&stne marrow
karyotyping of four chromosomal spreads were stliffiem routine cultures, 60 spreads from cultuneppared with

the addition of Mitomycine C (Vidal, France), aritese were compared with 60 spreads from age-reteiadal
controls. G-banding was performed with the Olym@»$43 microscope (Tokyo, Japan) and at 450-500 band
resolution. The co-occurrence of breast cancerFRamtoni anemia was observed in a 22-year-old feinathis
family.
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Figure 1. Pedigree of the family diagnosed with Fanconi anemia
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DNA Extraction and Polymerase Chain Reaction (PCR)

Genomic DNA was extracted from blood samples ctdigdrom the female with breast cancer and Fangaoemia,
her parents without Fanconi anemia, her brothedshar sisters with Fanconi anemia using a commeBiA
isolation kit, the AccuPrep Genomic DNA Extractid€it (Bioneer, South Korea), in accordance with the
manufacturer’s protocols. After measuring the DNoheentration and its purity with a Nanodrop 2008ctpmeter
(Thermo Scientific, USA), the genomic DNA was dddtto a final concentration of50 ng/pl iniand was stored
at 4°C until subsequent experiments took place. B@Blification was accomplished in a thermal cydldPersonal
(Biometra, Germany) in a final volume of 50ul. TRER mix contained |8 buffer 10X, 1.5 mM MgCI2, il of
dNTPs (10 mM each), 1.2bof each primer (10 pM), 50 ng genomic DNA, 1.266JTaq DNA polymerase and
36.751 ofddH,O (Cinna Gen, Tehran, Iran)in 35 cycles. PCR camit for all fragments were initial denaturation
at 95°C for 5 minutes, denaturation at 95°C fore8@sds, annealing at 59°C and at 61°C for 30 secdéod
amplifying BRCA2*617delT/88delTG and BRIP1 (c.23%Z0respectively,extension at 72°C for 30 seconds,
followed by a final extension at 72°C for 5 minufése list of primers used in the identification tfe
BRCA2*617delT/88delTG and BRIP1 (c.2392T) mutations and their product lengths are showTable 1.
Amplified PCR fragments were separated by elecoogdis in a 1% agarose gel, then stained with iethid
bromide and viewed under a UV light.

Tablel. Sequences of forward and reverse primersused in the identification of the BRCA2*617delT/88del TG and BRIP1 (¢.2392C>T)

mutations
Sequence Primer name Product Length
F-5'- GGTTGTTACGAGGCATTGGAT-3' BRCA2*617delT/88del TG
R-5'- AGTGAAGACTATGCTCAGTTCTG-3' 607bp
F-5'- AGCAGAGATTACCAGACTGGATAA-3' BRIP1(c.2392C>T)
R-5'- TTCACTCCACTTACCTACCAAGG-3' 695bp

DNA Sequencing and Data Analysis

The PCR amplicons were analyzed on agarose g@rify wize. The resulting amplicons were sequericaa both
directions. The detection of the mutation withie tamplification products of the BRCA2 and BRIP1 genvere
carried out by Bioneer standard sequencing meth@isneerinc, South Korea). Then the sequences egited
and 600bp and 680 bp of the results sequencescteshg were analyzed for BRCA2*617delT/88delTG afiod
BRIP1 (c.2392CT) mutations. Sequence Aliments were analyzedgusie CLC Main Workbench 5.5.
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RESULTSAND DISCUSSION

The chromosomal and clinical results showed, utiegchromosomal breakage test, that there was Raanemia

in this family (Figure2)In chromosomal analysis, four cases of this famigmbers with a mean of 41.33 breaks
and rearrangements (SEM of +1.2) were observelddrculture of the proband, yielding an average.686 breaks
per metaphase; only an average of 0.03 breaks @phmase was detected in the normal control gidrgakages of
more than 10 fold in comparison to the control eliaically significant. The four cases were diagedswith
multiple breaks and so were consistent with Fan@m@mia. Moreover, three cases in the family wase
investigated for chromosomal aberrations, and tftegenetic analysis revealed that there were 3S¥\V of +
0.8819) with no chromosomal aberration (Figure 3).

Figure 2.Cytogenetic report indicated chromosomal breakage syndrome
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Figure 3. 41.33 breaks and rearrangements (SEM + 1.2) were observed in the culture of the proband, yielding an average of 0.686 breaks
per metaphase; while only average of 3.66 breaks per metaphase detected in other cases
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PCR amplified the 607bp and 695bp fragments of BRCA2*617delT/88delTG and BRIP1 (c.2392T)
respectively. The fragmentsamplified by Polymer@bain Reaction are shown in Figure4 and Figure5.
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Figure 4. The 607 bp fragment of BRCA2*617del T/88del TG amplified by Polymerase Chain Reaction, in which the molecular marker is
M 100 (gene Fanavaran co., Tehran)

Figu5. The 695 bp fragment of BRIP1 (c.2392C>T) amplified by Polymer ase Chain Reaction, in which the molecular marker is M 100
(gene Fanavaran co., Tehran)

Figure 6. Sequences aligned for BRCA2*617del T/88del TG mutation in the patient and her family

6174-70 F
B174-TO R rov
B8174-T1 F
6174-T1 R rov
B174-T2 F
B174-7T2 R rav
B174-F3 F
T174-T3 R roav
6174-T4 F
B174- T4 R rav
B174-T5 F
B174-75 R rav
B174-TG F
61-76_R--D&1
Amplicon

Consonsus

1

AAAJ\TETGT CCAGGTATCA GATGCTTCAT
Cl:-ﬂ‘d-l:swnllaﬂ

[TI] I \I [T T
Sequence ioge. GATTTTTAGC ACAGCAAGTG GAAAATCTGT CCAC"‘TATCA GATGCTTCAT

The results of DNA sequencing and data analysisveidhat there was no variation between the indadislin this
family forBRCA2*617delT/88delTG and BRIP1 (c.2392T) mutations when we aligned the nucleotide segeenc
(Figure 6 and S7).

To find the genetic and genomic gene links betwlerrast cancer and Fanconi anemia, we should findl&i

Nucleotide Polymorphisms (SNP) that have an esslentie in breast cancers, such as SNPs in the BRCA
BRCAZ2, and BRIP1genes.

Among the SNPs above, we first chose the BRCA2*e1l7/i@8delTG and BRIP1 (c.23920) mutations. These

gene fragments were amplified and then the sequgna@sults were compared. Tlequencing results were
compared with the reference gene.
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The results from Offit et al. (2003) indicated thate kindred who was diagnosed with breast cancer
(BRCA2*617delT/C3069X) compound heterozygotes d&lad Fanconi anemia and brain tumors; a secondéddndr

a child, was diagnosed with Fanconi anemia and BRG27delT/88delTG compound heterozygotes; a third a
fourth kindred, also a child were diagnosed with R*12409T/5301insA and BRCA2*Q3066X/E1308X
compound heterozygotes[18].

23-TOF

Figure 7. Sequences aligned for BRIP1 (c.2392C>T) mutation in the patient and her family
TETATTTTER BARTTETTEG
23-TO R rev
23T1F
23-T1 R rev
23.72F

5
23-72 R rav :
23-73F L
23-73 R rev T
23-T4F T
23-T4 R rav ]
23-75F T
23-75 R rov T
23-76 1 A
23 76 R rov T
amplicon

Consoensus TATATTTTAA AATTATTAGG TTGAACTAAA ACGACAATAC AATGACCACC

conservavor, [ TTTTTITIT TELELETEAT THTNENETAT TCTTTITAT TELTTLTLT]
seavencercse [ATATTTTAA AATTATTAGG TTGAACTAAA ACGACAATAC AATGACCACC

Knies et al. (2012) performed whole-exome sequendnfour FA patients to investigate the potentilthis
method for the diagnosis of Fanconi anemia, and tlesults showed mutations that included homozggand
heterozygous single base pair substitution andbage pair duplications in FANCJ, -Dlor -D2[20]. Tléaole-
exome sequencing method was also used to idetigfyaffected genes in a boy with Fanconi anemia,thoge
results showed non-synonymous mutation(c.3971CPI3R4l) and a new frame shift mutation(c.989_ 995del
p.H330LfsX2) in FANCA[16].

G
G
G
G
G
G
G
G

We didn’t find any mutations. Thus the link betwd®rast cancer and Fanconi anemia was not obserikd two
SNPs that were investigated. For verification, skguence ofhese gene fragments should be amplified for other
family membersand their genome results compared to the referencengendherefore, to find a link between
breast cancer and Fanconi anemia, other genesdsheuhvestigated to find other impressions thaaveecurrently
doing this item to find SNPs associate with breasicer and Fanconi anemia

Recent studies that have reported an associatibmeba some breast cancer susceptibility genes amtoRi
anemia, as well as evidence of a strong link betwegnconi anemia and the BRCA pathway; thereforecave
conclude that BRCA pathway mutations that causadtreancer may cause some Fanconi anemia grotipsygth
we didn’'t observe any mutations in which Fancorgraia was associated with breast cancer. We neegdstigate
other mutations in the BRCA2 gene and also to stttigr mutations in the BRCA pathway such as BRHgat is
also known as FANCJ, BRCA1 andRAD51C/FANCOQI[6], asimhole-exome sequencing to identify the affected
genes in this family.

CONCLUSION

In this study, we have investigated the BRCA2*61T(&8delTG and BRIP1 (c.239200°) mutations linked to
Fanconi anemia in a certain family. We did not ebsdhese mutations in these family members. We siosuld
investigate other mutations of the BRCA pathwayhsas FANCJ, BRCA1 and RAD51C/FANCO, or use the
whole-exome sequencing technique to investigateaasgciation between Fanconi anemia and breasércanthis
family.
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