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ABSTRACT
FANCD2, a key factor in the FANC-BRCA1 pathway is monoubiquitinated and targeted to discrete nuclear foci following DNA damage. Since

monoubiquitination of FANCD2 is a crucial indicator for cellular response to DNA damage, we monitored the fate of FANCD2 and its

monoubiquitination following DNA damage. Disappearance of FANCD2 protein was induced following DNA damage in a dose-dependent

manner, which correlated with degradation of BRCA1 and poly-ADP ribose polymerase (PARP), known targets for caspase-mediated

apoptosis. Disappearance of FANCD2 was not affected by a proteasome inhibitor but was blocked by a caspase inhibitor. DNA damage-

induced disappearance of FANCD2 was also observed in cells lacking FANCA, suggesting that disappearance of FANCD2 does not depend on

FANC-BRCA1 pathway and FANCD2 monoubiquitination. In keeping with this, cells treated with TNF-a, an apoptotic stimulus without

causing any DNA damage, also induced disappearance of FANCD2 without monoubiquitination. Together, our data suggest that FANCD2 is a

target for caspase-mediated apoptotic pathway, which may be an early indicator for apoptotic cell death. J. Cell. Biochem. 112: 2383–2391,

2011. � 2011 Wiley-Liss, Inc.
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A poptosis, also known as programmed cell death, is a tightly

regulated phenomenon ensuring that cells that accumulate

irreversible DNA damage do not replicate [Das et al., 2008; Boulon

et al., 2010]. Apoptosis is a distinct form of cell death that occurs not

only in response to DNA damage but also to other stimuli [Wyllie,

1980; Song et al., 1996]. Although the mechanisms by which DNA

damage-induced apoptotic responses are not well understood,

evidence suggests that the transcription machinery might be used in

DNA-damage surveillance and in triggering DNA-damage responses

to suppress mutagenesis [Ljungman and Lane, 2004]. Apoptosis is

mediated by a group of stimuli-activated proteases, called caspases

[Yuan et al., 1993]. Caspases constitute a family of cysteine

proteases that share a stringent specificity for cleaving their

substrates after aspartic acid residues in target proteins. In

mammals, seven caspases are involved in apoptosis [Fuentes-Prior

and Salvesen, 2004], and their targets include BRCA1, poly-ADP-

ribose polymerase (PARP), DNA-dependent protein kinase-catalytic

subunit (DNA-PKcs), and replication factor C (RF-C) [Lazebnik et al.,

1994; Casciola-Rosen et al., 1995; Song et al., 1996; Rheaume et al.,

1997; Blagosklonny et al., 1999; Zhan et al., 2002]. PARP, DNA-

PKcs, and BRCA1 are all nuclear proteins implicated in DNA double-

strand break (DSB) repair pathway [Jackson and Jeggo, 1995;

Schultz et al., 2003; Susse et al., 2004].

Fanconi anemia (FANC) is a rare autosomal recessive genetic

condition associated with a defect in damage-induced cell cycle

arrest, a high level of chromosomal aberrations, and hypersensi-

tivity to DNA crosslinking agents. Thirteen FANC complementation

groups have been identified (A, B, C, D1, D2, E, F, G, I, J, L, M, and N)

[Moldovan and D’Andrea, 2009], and recently, mutation in Rad51C

gene also exhibited FANC-like disorder [Vaz et al., 2010]. Among

them, 8 FANC proteins (A, B, C, D1, D2, E, F, G, L) cooperate in a

common cellular pathway (also known as the FANC/BRCA pathway)

leading to monoubiquitination of FANCD2 [Meetei et al., 2003;

Vandenberg et al., 2003; Kennedy and D’Andrea, 2005; Moldovan
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and D’Andrea, 2009]. Upon DNA damage, FANCD2 cooperates with

BRCA1 and forms nuclear foci at DNA damage sites [Garcia-Higuera

et al., 2001]. In addition, monoubiquitinated form of FANCD2

appeared during S-phase or in response to DNA damage [Garcia-

Higuera et al., 2001; Taniguchi et al., 2002]. Monoubiquitination of

FANCD2 may be necessary for its function in DNA repair since a

mutant protein lacking the monoubiquitination site cannot

complement the MMC sensitivity of human FANCD2-deficient

cells [Garcia-Higuera et al., 2001]. In this study, we found that DNA

damage induced disappearance of FANCD2 in a caspase-mediated

pathway. Disappearance of FANCD2 also occurred following

treatment with non-DNA damaging agent, tumor necrosis factor-

a (TNF-a), and was not dependent on its monoubiquitination status,

suggesting that FANCD2 is a target for caspase-mediated apoptotic

pathway.

MATERIALS AND METHODS

ANTIBODIES AND CHEMICALS

An anti-FANCD2 (monoclonal Ab; Novus Biologicals), anti-Ku70

and Ku80 polyclonal antibodies from goat (Santa Cruz Biotechnol-

ogy), anti-BRCA1 and -PARP polyclonal antibodies from rabbits

(Santa Cruz Biotechnology), and an anti-DNA-PKcs polyclonal

antibody (BD Pharmingen) were commercially purchased. Mito-

mycin C (MMC) and cisplatin (CDDP) were obtained from Sigma

Chem. Co. (St. Louis, MO), and the MTT cell proliferation kit I was

from Roche Diagnostic Corp. (Germany). All caspase inhibitor

peptides and caspase-family inhibitor were purchased from Gentaur

(Belgium) and ALLN was from Sigma Chem. Co. (St. Louis, MO).

CELL CULTURES AND PREPARATION OF CELL EXTRACTS

HeLa cells were grown in Dulbecco’s modified Eagle’s media-F12

(DMEM/F12, GIBCO-BRL) supplemented with 10% fetal calf serum

(GIBCO-BRL), penicillin (10 U/ml, Sigma), and streptomycin

(0.1mg/ml, Sigma). Wild-type fibroblast (GM637), human FANCA

mutant (PD220), and human FANCG mutant cells (PD352) were

grown in the same culture media except using DMEM. Cells in

exponential growth phase were used for all the experiments

described in this study. To prepare cell extracts, cells were washed

with phosphate-buffered saline (PBS) and lysed directly on the

100mm plates by adding 500ml of cold lysis buffer (1% NP-40 in

PBS in the presence of 1mM Na3VO4, 1mM NaF, and mammalian

protease inhibitor cocktail) and scraped into microcentrifuge tubes.

Cell lysates were centrifuged for 30min at 20,000g at 48C. The
supernatants were collected as a soluble protein fraction and used

for SDS–PAGE electrophoresis and immunoblot analysis.

SDS–PAGE AND WESTERN BLOT ANALYSIS

Cell lysates (25mg per lane) or purified proteins were resolved on

6–8% SDS–PAGE under reducing conditions (10mM DTT or 1%

b-mercaptoethanol) or under non-reducing conditions. Proteins

were then transferred to polyvinylidene difluoride membrane,

probed with an anti-FANCD2 antibody (monoclonal mouse IgG,

Novus) followed by horseradish peroxidase-conjugated secondary

antibody [Park et al., 2004]. Proteins were visualized by using the

ECL system (Amersham Biosciences).

PREPARATION OF CELL LYSATES AND WESTERN BLOT ANALYSIS

Cell lysates were prepared as described previously [Park et al., 2001].

Cells (1� 105 cells/sample) were collected by centrifugation, washed

in PBS, and lysed in JNK lysis buffer containing 25mM HEPES

(pH 7.5), 0.3M NaCl, 1.5mM MgCl2, 0.2mM EDTA, 0.5% Triton

X-100, 20mM b-glycerolphosphate, 1mM sodium vanadate, 1mM

DTT, protease inhibitor cocktail. Cell lysates (50mg) were loaded

onto a 8% or 10% SDS–PAGE and following gel electrophoresis,

proteins were transferred to a PVDF membrane (Millipore, Billerica,

MA) and immunoblotted with primary antibody followed by

peroxidase-coupled secondary antibody (Amersham, Piscataway,

NJ) and an enhanced chemiluminescence (Amersham) reaction prior

to visualization on Kodak-o-mat film.

CELL SURVIVAL ASSAY

Cells (1.0� 104 cells/ well) were seeded in a 96-well plate and

incubated for 24 h prior to the treatment of cells with DNA damaging

agent. Following further incubation at 37oC 5% CO2 for 72 h, cell

survival was measured using a colorimetric cell survival assay from

Boehringer Mannheim (MTT Cell Proliferation Kit). Each point

represents mean values� SE, each conducted with triplicate plates.

The P-values were obtained from two separate experiments using

one-way ANOVA method (SigmaStat for Windows, version 2.03).

TUNNEL ASSAY

Cells (50,000–100,000 cells/well) were cultured on sterilized cover

slide in six-well non-tissue culture plate containing 2ml culture

medium (a-MEMþ 15% FBS) per condition. After overnight

incubation for attachment of cells to cover slide, culture medium

was removed, and each well was washed with PBS to get ride of dead

cells. Following addition of new culture medium, cells were treated

with various concentration of MMC (10, 50, 100, 500, and 1,000 nM)

diluted in the same culture medium, and were incubated for 72 h at

378C. After 72 h, all the culture medium in each well were collected,

centrifuged, washed, and cytospined. Then, cells collected from each

well and from cover slide were analyzed by terminal deoxynu-

cleotidyltransferase-mediated nick-end labeling (TUNEL) assay

according to the manufacturer’s recommendation (Roche, Indiana-

polis, IN). For each sample, at least 100 cells were evaluated (DAPIþ)

to determine the percentage of apoptotic cells (TUNELþ) using

fluorescence microscope. The mean of three independent experi-

ments was calculated and considered for the figure.

RESULTS

DISAPPEARANCE OF FANCD2 PROTEIN IN HeLa CELLS FOLLOWING

TREATMENT WITH DNA DAMAGING AGENTS

FANCD2 is a key member of FANC-BRCA1 pathway and is

monoubiquitinated following DNA damage prior to colocalization

with BRCA1 at the DNA damage sites [Garcia-Higuera et al., 2001;

Moldovan and D’Andrea, 2009]. Monoubiquitination of FANCD2

usually found in chromatin fractions [Wang et al., 2004b; Bogliolo

et al., 2007; Yuan et al., 2009; Chou et al., 2010; Liu et al., 2010]

requires other FANC proteins [Moldovan and D’Andrea, 2009],

suggesting that FANCD2 and its monoubiquitination is crucial for

the FANC-BRCA1 pathway. Since monoubiquitination of FANCD2 is
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an indicator for cellular response to DNA damage, we prepared

whole cell extracts and monitored FANCD2 and its monoubiqui-

tination following DNA damage (Fig. 1). Treatment of HeLa cells

with DNA damaging agents (MMC, CDDP, and UV) induced

monoubiquitination of FANCD2, but caused disappearance of

FANCD2 protein in later time points (Fig. 1). Disappearance of

FANCD2 is likely due to a proteolytic degradation, although we were

not able to detect proteolytic fragment(s) from our immunoblot

analysis even in cells showing almost complete disappearance of full

length of FANCD2. It is possible that the epitope(s) that the anti-

FANCD2 antibody recognizes may exist within a small degradation

fragment that is difficult to detect on 10% SDS–PAGE. In fact,

FANCD2 has 9 DXXD motifs, a potential cleavage site for caspase-3

protease. Among them, 4 sites were located very close to the C-

terminus (data not shown).

To further understand monoubiquitination and disappearance of

FANCD2 following DNA damage, we carried out kinetic analysis of

FANCD2 following treatment of cells with varying concentrations of

CDDP. At a low concentration (5mM), cells induced monoubiqui-

tination of FANCD2 that was maintained up to 24 h without any

change in FANCD2 protein level (Fig. 2). Cells treated with a high

concentration of CDDP (100mM) induced a massive disappearance

of FANCD2 protein in 12–16 h, whereas only a fraction of FANCD2

was monoubiquitinated (Fig. 2). Kinetics of FANCD2 disappearance

correlated with proteolytic degradation of BRCA1 and poly-ADP

ribose polymerase (PARP; Fig. 2, middle & bottom panels), both of

which not only play crucial role in DNA repair and protecting cells

from DNA damage but also are the targets for caspase-mediated

apoptotic cell death.

FANCD2 IS A TARGET FOR APOPTOSIS MEDIATED BY

CASPASE(S)- NOT PROTEASOME-MEDIATED PATHWAY

FOLLOWING DNA DAMAGE

Similar to PARP and BRCA1 [Lazebnik et al., 1994; Zhan et al.,

2002], disappearance of FANCD2 shown in Figures 1 and 2 may

be due to the proteolytic degradation mediated by caspase(s).

Alternatively, disappearance of FANCD2 may occur in a protea-

some-dependent degradation pathway since FANCD2 is mono-

ubiquitinated upon DNA damage [Haglund et al., 2003]. To test these

two possibilities, HeLa fibroblast cells were pretreated with either a

proteasome inhibitor (ALLN) or a caspase inhibitor (Z-VAD-FMK)

and examined for disappearance of FANCD2 following CDDP

treatment (Fig. 3). Disappearance of FANCD2 was not affected by

pretreatment with a ALLN (Fig. 3A, top panel), but was significantly

blocked by a caspase inhibitor (Z-VAD-FMK; Fig. 3B). More

importantly, FANCG mutant cells defective in monoubiquitination

of FANCD2 also showed disappearance of FANCD2 that was

not affected by treatment with a ALLN (Fig. 3A, bottom panel).

Together, our data suggest that FANCD2 is a target for apoptosis

mediated by caspase(s)-dependent not proteasome-dependent

pathway.

To see whether DNA damage-induced disappearance of FANCD2

is mediated by a specific caspase(s), we examined the effect of

various caspase inhibitors on disappearance of FANCD2 (Fig. 4).

FANCD2 was almost completely disappeared upon treatment of cells

with CDDP (100mM), but its disappearance was significantly

blocked in the presence of caspase inhibitor or a caspase family

inhibitor (Fig. 4). A similar inhibitory effect of these peptide

inhibitors on degradation of PARP was also observed.

Fig. 1. Disappearance of FANCD2 occurs following treatment of cells with DNA damaging agents. HeLa monolayer cells with 50% confluence were treated with 1mM

mitomycin C (MMC, panel A), 100mM cisplatin (CDDP, panel B), or 100 J/m2 germicidal UV light (panel C). Cells were harvested at various time points and analyzed for FANCD2

by Western blot. FANCD2-L and FANCD2-S represent monoubiquitinated and non-ubiquitinated forms of FANCD2, respectively. Ku70 was used as an internal loading control

for disappearance of FANCD2.
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DISAPPEARANCE OF FANCD2 CORRELATES WITH CELL KILLING

FOLLOWING MMC TREATMENT

Since FANCD2 is a likely target for caspase following DNA

damage(s), we reasoned that disappearance of FANCD2 is an early

indicator for apoptotic cell death. We therefore examined whether

there is a correlation between disappearance of FANCD2 and

apoptotic cell death. WT fibroblast cells and FANCmutant cells were

treated with various concentrations of MMC and analyzed for

disappearance of FANCD2 in parallel with apoptotic cell death

(Fig. 5). Amount of FANCD2 disappearance following MMC

treatment was more evident in FANCA-deficient cells (Fig. 5A),

and correlated with MMC-induced apoptotic cell death (Fig. 5B),

suggesting that disappearance of FANCD2 may be an early indicator

for apoptotic cells death.

MONOUBIQUITINATION OF FANCD2 IS NOT REQUIRED FOR

DEGRADATION OF FANCD2

Both monoubiquitination and disappearance of FANCD2 were

induced upon DNA damage. Monoubiquitination of FANCD2

occurred immediately after DNA damage and is required for

colocalization of FANCD2 with BRCA1 at the damaged DNA sites

during early stage of DNA repair, while FANCD2 disappearance

occurs much later (Fig. 2). We therefore examined whether FANCD2

monoubiquitination affects its disappearance following DNA

damage. For this, we compared WT cells and FANCA-deficient

cells for disappearance of FANCD2 following CDDP treatment

(Fig. 6A). FANCA-deficient cells showed no modification (mono-

ubiquitination) of FANCD2, while the protein from WT cells were

effectively monoubiquitinated. Nonetheless, no significant differ-

ence in FANCD2 degradation was observed between WT cells and

FANCAmutant cells following CDDP treatment (Fig. 6A), suggesting

that monoubiquitination of FANCD2 is not required for disap-

pearance of FANCD2.

To further analyze a possible relationship between monoubiqui-

tination and disappearance of FANCD2, we carried out a kinetic

analysis with WT cells and FANCG-deficient cells following

treatment with varying concentrations of CDDP (Fig. 6B). Both

WT cells and the FANCG mutant showed disappearance of FANCD2

in a CDDP dose-dependent manner (Fig. 6B). Again, no significant

Fig. 3. Disappearance of FANCD2 is mediated by the caspases and not

proteasome-dependent pathway. A: WT fibroblast or FANCG-deficient cells

were treated with 100mM CDDP for 6 h and harvested for immunoblot

analysis. Where indicated, 25mM of a proteasome inhibitor (ALLN) was added

at the time of CDDP treatment. B: WT fibroblast cells were treated with 0 or

100mM CDDP for 16 h and harvested for protein analysis by immunoblot.

Where indicated (lane 3), 10mM of caspase inhibitor (Z-VAD-FMK) was

treated at the time of CDDP treatment. DNA-PKcs and PARP were included

as positive controls, while Ku70 was used as a loading control.

Fig. 2. Kinetic analysis of disappearance of FANCD2 following CDDP treatment. HeLa monolayer cells were treated with indicated amount of cisplatin (CDDP), harvested at

various time points, and analyzed for disappearance of FANCD2. Cell extracts were subjected to SDS–PAGE and analyzed byWestern blot for FANCD2 (top panel), BRCA1 (middle

panel), and PARP (bottom panel). FANCD2-L and FANCD2-S represent monoubiquitinated and non-ubiquitinated forms of FANCD2, respectively.
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difference was observed betweenWT cells and the FANCGmutant in

disappearance of FANCD2 following CDDP treatment.

DISAPPEARANCE OF FANCD2 ALSO OCCURRED FOLLOWING

TNF-a TREATMENT

In addition to MMC treatment, FANC-deficient cells are also

sensitive to a non-DNA damaging agent, TNF-a and, at least, one of

the FANC proteins, FANCC, modulates apoptotic responses to TNF-a

[Freie et al., 2003]. We therefore examined whether disappearance of

FANCD2 can also be observed in cells treated with TNF-a. Similar to

MMC and CDDP, TNF-a also induced disappearance of FANCD2 in

a dose-dependent manner (Fig. 7), while it had little or no effect

on FANCD2 monoubiquitination. Our recent study showed that

disappearance of FANCD2 following TNF-a treatment was also

blocked in the presence of a caspase inhibitor (data not shown),

suggesting that disappearance of FANCD2 following TNF-a

treatment was also mediated by caspase(s). This finding suggests

that disappearance of FANCD2 is likely a response to an apoptotic

signal that is independent of monoubiquitination of FANCD2.

DISCUSSIONS

Upon DNA damage, monoubiquitination of FANCD2 is induced in

the presence of other FANC proteins, which is likely targeted to the

chromatin for the assembly of FANCD2 nuclear foci [Garcia-Higuera

et al., 2001; Moldovan and D’Andrea, 2009]. In this study, we

investigated the fate of FANCD2 following cellular exposure to DNA

damaging agents. We found that treatment of cells with DNA

damaging agent induced monoubiquitination of FANCD2 initially,

but caused disappearance of FANCD2 protein later. Disappearance

of FANCD2 correlated with proteolytic degradation of other

caspase-mediated apoptotic targets such as BRCA1 and PARP,

and was in keeping with damage-induced cell death, suggesting that

FANCD2 is a key apoptotic target for caspases.

FANCD2 shares some of its biochemical properties with two

known targets for apoptosis, PARP and BRCA1. Both PARP and

BRCA1 are DNA repair factors that immediately respond to DNA

breaks. In addition, both proteins become targets of caspase(s) for

apoptotic cell death following severe DNA damages. FANCD2 is

associated with chromatin following DNA damage and localized to

the damaged DNA sites, suggesting a direct role for FANCD2 in DNA

repair [Garcia-Higuera et al., 2001; Nakanishi et al., 2002]. In

addition, DNA damage induces interaction of FANCD2 with BRCA1

at the damaged DNA site(s), although the exact role for BRCA1-

FANCD2 interaction is not clear. FANCD2 also interacts with

Nijmegen breakage syndrome 1 protein (NBS1) and forms sub-

nuclear foci [Nakanishi et al., 2002]. Purpose of targeted proteolytic

degradation of FANCD2 upon DNA damage or stress would be in line

with degradation of PARP and BRCA1. Proteolytic degradation of

key DNA repair factors is a part of the damage-signaling pathway

towards apoptosis when cells encounter enormous amount of DNA

damage. Considering both PARP and BRCA1 are the key repair

factors essential for protecting cells from DNA damages, it is not

surprising that FANCD2 is also a target for caspase(s) following

DNA damages. A previous study indicated that FANCC is also

proteolytically degraded in a process of caspase-mediated apoptotic

response [Brodeur et al., 2004]. Lack of proteolytic modification at

the putative cleavage site delays apoptosis but does not affect MMC

complementation. It would be interesting to see whether proteolytic

cleavage of FANCC is linked to disappearance of FANCD2 following

DNA damage.

Both monoubiquitination and disappearance of FANCD2 were

induced following DNA damage. Monoubiquitination is for

redistribution of FANCD2 to nuclear foci containing BRCA1

following DNA damage [Meetei et al., 2003], which is a part of a

Fig. 4. Effect of the caspase inhibitors on disappearance of FANCD2 following CDDP treatment. HeLa cells were treated with 100mM CDDP for 24 h and harvested for

immunoblot analysis. Cell extracts were subjected to SDS–PAGE and immunoblot using an antibody for FANCD2 (top panel), PARP (middle panel), and Ku80 (bottom panel).

Where indicated, 10mMof caspase inhibitor [lane 3, caspase family (Z-VAD-FMK); lane 4, caspase 1 inhibitor (Z-YVAD-FMK); lane 5, caspase 2 inhibitor (Z-VDVAD-FMK); lane

6, caspase 3 inhibitor (Z-DEVD-FMK); lane 7, caspase 6 inhibitor (Z-VEID-FMK); lane 8, caspase 8 inhibitor (Z-IETD-FMK); lane 9, caspase 9 inhibitor (Z-LEHD-FMK)] was added

at the time of CDDP treatment. Ku80 was used as a loading control.
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Fig. 5. Disappearance of FANCD2 correlates with cell death following MMC treatment. A: Disappearance of FANCD2 in WT fibroblast cells following treatment with various

concentrations of MMC for 72 h. Cell extracts were subjected to SDS–PAGE and immunoblot using an anti-FANCD2 antibody (top panel). Relative amount of FANCD2 protein

(%) was obtained from the Western blot using the NIH image system (version 1.62). Ku70 (bottom panel) was used as an internal loading control. B: Apoptotic cell death

(% TUNELþ cells) of WT and FANC mutant cells following MMC treatment. Values are the average (�SEM) of three separate experiments. P< 0.01; �P¼ 0.05; ��P¼ 0.07.

C: Disappearance of FANCD2 protein correlates with apoptotic cell death following MMC treatment.

2388 FANCD2, A NOVEL TARGET FOR CASPASE-MEDIATED APOPTOTIC RESPONSE JOURNAL OF CELLULAR BIOCHEMISTRY



protective response involved in the repair of damaged DNA. On

the other hand, caspase-mediated disappearance of FANCD2 likely

leads to a non-reversible cell death. It should be noted that both

monoubiquitinated and non-ubiquitinated forms were disappeared

in response to treatment with DNA damaging agent (Fig. 1).

Disappearance of both mono- and non-ubiquitinated forms of

FANCD2 was not only correlated with proteolytic degradation of

PARP and BRCA1 (Fig. 2), but also blocked by caspase inhibitor(s)

(Fig. 4), suggesting that both mono- and non-ubiquitinated forms

are targeted by caspases following DNA damages. Monoubiquitina-

tion of FANCD2 is an early response to DNA damage and usually

occurred within several hours following CDDP treatment (Figs. 1

and 2), while disappearance of FANCD2 is an apoptotic response that

was observed in 16–24 h after DNA damage. FANC-deficient cells

also induced disappearance of FANCD2 without post-translational

modification (monoubiquitination) following CDDP treatment. Cells

treated with non-DNA damaging agent, TGF-a, also induced

degradation of FANCD2 without monoubiquitination, suggesting

that disappearance of FANCD2 can occur in either DNA damage-

dependent or -independent manner, although it was not dependent

on FANCD2 monoubiquitination. It should be noted that dis-

appearance of FANCD2 was also observed in mouse cells (data not

shown). It would be interesting to see in the future whether

disappearance of FANCD2 correlates with the p53-dependent

apoptosis.

CDDP-induced disappearance of FANCD2 was blocked by

treatment with either caspase inhibitors or a caspase family

inhibitor, suggesting that its disappearance was due to proteolytic

Fig. 6. Disappearance of FANCD2 in WT cells and FANCG mutants following CDDP treatment. A: WT fibroblast and FANCG mutant cells were analyzed for disappearance of

FANCD2 protein following CDDP treatment for 24 h. Cell extracts were subjected to 8% SDS–PAGE followed by Western blot using an anti-FANCD2 antibody. Ku70 was used as

a loading control. Relative amount of FANCD2 protein (%) was quantified from the Western blot (top panel) using the NIH image system. B: Kinetic analysis of disappearance of

FANCD2 in WT cells and the FANCG mutant following CDDP treatment. Cells were treated with indicated amount of CDDP, harvested at various times, and analyzed for relative

amounts of FancD2-L and FancD2-S by Western blot.

Fig. 7. Treatment of TNF-a induces disappearance of FANCD2 protein. HeLa

monolayer cells were treated with indicated amount of TNF-a for 72 h. Cells

were harvested and analyzed for disappearance of FANCD2 by immunoblot.

Ku70 was used as a loading control.
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degradation mediated by caspase(s) (Fig. 4 and data not shown). We

noticed, however, none of the peptide-based caspase inhibitor was

able to completely block disappearance of FANCD2. The peptide-

based inhibitors may have limited capacity in blocking caspase

action in vivo. It is also possible that other protease such as

granzymes may be involved in either caspase-dependent or-

independent apoptotic mechanism [Fan et al., 2003]. Another

noticeable finding was that several specific caspase inhibitors

were able to block disappearance of FANCD2 as well as PARP

degradation. It has been reported that CDDP differentially activated

caspase cascades in various cells [Del Bello et al., 2003; Toyozumi

et al., 2004; Wang et al., 2004a]. For example, CDDP activated the

caspase-8 pathway through TNFR superfamily receptors such as Fas,

but not caspase-9 in HeLa cells [Toyozumi et al., 2004]. On the other

hand, the caspase-9 pathway was significantly activated in HEp-2

cells, while the activation of caspase-8 by CDDP was absent.

Activation of both caspase-9 and caspase-3 was detected in other

cell types after treatment with CDDP [Wang et al., 2004a].
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