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The Functional Impairment of Fanconi Anemia Pathway Due to FANCA
Mutation or Polymorphism

Mioko OHZEKI

Fanconi anemia (FA) is a rare hereditary disorder caused by mutations in the FA core com-
plex components such as FANCA, and FANCD2, and other related genes. The FA core complex
is an E3 ligase that mono-ubiquitinates FANCD2 protein upon DNA damage. Cells from FA
patients are highly sensitive to killing by interstrand crosslinking agents such as mitomycin C
(MMC) and cisplatin. Recently, mutations of FA genes have been detected in cancer patients
unrelated to FA. However, the role of the FA mutation in cancer has not been fully assessed.

In the present study, we expressed FANCA ¢DNA having either the patient-derived mutation
or single nucleotide polymorphisms (SNPs) in FANCA-deficient DT40 cell line, and examined
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effects on cisplatin sensitivity, FANCD2 monoubiquitination, and FANCA focus formation. The

cells carrying FANCA with the SNPs displayed incomplete complementation of cisplatin

sensitivity, and mildly decreased FANCDZ2 monoubiquitination after treatment with MMC.

However, these cells formed nuclear FANCA foci after treatment with MMC, similarly to the cells

that expressed wild type FANCA, whercas FANCA with the FA patient-derived mutation formed

no nuclear foci. These results suggest that FANCA SNPs found in cancer patients could cause

genome instability due to partial loss of FA pathway, leading to carcinogenesis. (Accepted on October
10, 2006) Kawasaki Medical Journal 33(2) . 87—99, 2007
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Fig. 2. Targeted disruption of chicken FANCA loci in DT40 cells.
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(A) Schematic representation of partial chicken FANCA locus, the gene disruption construct, and the configuration of
targeted allele. B, BamHL Exon 7 and exon & were deleted by the gene disruption.
(B) Southern blot analysis of BamHI-digested genomic DNA from cells with indicated genotypes using flanking probe

as shown in (A},

(C) RT-PCR analysis of total RNA from wild-type and fanca cells. Primers were designed from FANCA sequences of
two upstream or downstream exons. As a control, the entire coding region of chicken Rad5] was amplified from each RT

product. WT, Witd-type.
(D)

Western blot analysis of whole-cell lysate prepared from wild-type and fanca cells probed with anti-chicken

FANCDZ serum. Cells were treated with MMC (500 ng/ml} for 6 hours. L or S, long or short form of FANCD2, re-

spectively.
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Fig. 5. Visualization of FANCA foci

(A) Expression levels of GFP-tagged wild type, mutant (H492R) or cancer-derived SNP variant (R350Q) chicken
FANCA stably expressed in fanca cells. Expression levels of GFP in each cells were measured as FL1 fluorescence using
FACSCalibur.

(B) Subnuclear focus formation of GFP-tagged wild type, mutant (H492R) or SNP variant (R350Q) FANCA in
fanca cells. DT40 mutants stably expressing GFP-FANCA ¢DNAs were treated with MMC (500 ng/ml, 6 hours) or
left untreated. Cytospin slides were prepared, stained with anti-FANCD2 antibody followed by anti-rabbit Alexafluor594
secondary antibody, and observed under laser-scanning confocal microscopy.
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Fig. 3. Characterization of fanca cells.
{A) Sensitivity curves of cells exposed to cisplatin. The fraction of surviving colonies in 1.4% methylcellulose plates is
shown. The fanca cells expressing EGFP-fused chicken FANCA ¢DNA were compared with wild-type (WT) and
fanca cells. Mean and standard deviation (s.d.) of at least three independent experiments are shown.
(B) Western blot analysis of whole-cell lysate prepared from wild-type (WT), fanca cells, and fanca cell expressing
GFP-ch FANCA ¢DNA probed with anti-chicken FANCD2 serum. Cells were treated with MMC (500 ng/ml) for 6
hours. L or S, long or short from of FANCDZ, respectively.
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Fig. 1. The structure of FANCA
(A} Schematic diagram of wild type human FANCA. Human FANCA is a relatively large protein with 1455 amino acids
and contains a bipartite nuclear localizatopn signal (NLS) at its N-terminus and a leucine zipper-like motif’ between
amino acids 1069 and 1090.
(B) Comparison of human and chicken FANCA. Amino acid sequence of chicken FANCA shares about 50% identity
with human FANCA.
The amino acid residues in either FA patient-derived mutation (H492R, #%) or lung cancer-derived single nucleotide
polymorphisms (SNPs) (R350Q, % or S1088F, ##%) are conserved between human from chicken.
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Table 1 List of FANCA SNPs found in lung cancer
patients unrelated with Fanconi anemia. Whether
single or more patients carried each SNP is indicated.
In the right row, the conservation of the amino acid
residue between human and chicken are also shown,
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I ALII DNAJBIE % 9V A2 TR, DNAETH
5T 3 ¥ v 3 & LT FANCDZ H3ERE T
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Fig. 4. Genetic analysis of fanca mutation or SNPs.
(A) Sensitivity curves of cells exposed to cisplatin. The fanca cell expressing wild type or mutant or SNP varient (R350
Q, H492R, or S1088F) chicken FANCA ¢cDNAs were compared with wild type (WT) and fanca cells in colony surviv-
al. Mean and standard deviation (s.d.) of at least three independent experiments are shown.
(B) Western blot analysis of whole—cell lysates prepared from fanca cells and fanca cells expressing chicken wild type,
mutant or SNP varient (R350Q, H492R, or S1088F) chicken FANCA probed with anti-chicken FANCD2 serum.
Cells were treated with MMC (500 ng/ml) for 6 hours. L or S, long or short from of FANCDZ2, respectively.
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