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FANCM promotes PCNA monoubiquitination and lesion bypass factor recruitment
during recombination-independent ICL repair

Next | sought to investigate how FANCM functions to promote the recombination-
independent repair of ICL. A key step in this particular ICL repair pathway is PCNA
monoubiquitination. Ubiquitinated PCNA recruits the lesion bypass polymerase to replace
the normal replicative polymerase and to enable translesion DNA synthesis (Kelsall et al.,
2012; Shen et al., 2006). Therefore, | first examined whether the absence of FANCM will
affect PCNA monoubiquitination in response to MMC. To eliminate potential interference
from PCNA-monoubiquitination in response to replication fork stall, cells were grown to
over-confluency to maximally enrich for cells in G1/GO phase, during which the
recombination-independent ICL repair is the predominant ICL removal mechanism. As
shown in Fig 55, loss of FANCM caused a significant reduction of PCNA
monoubiquitination in response to MMC, whereas cells lacking FAAP24 or FANCB
exhibited wild-type levels of PCNA monoubiquitination. These results indicate that FANCM,
but not FAAP24 or the FA core complex, functions in the recombination-independent repair

of ICLs.
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Fig. 5.5 Immunoblot of PCNA monoubiquitination in confluent FANCM and FAAP24
mutant cells exposed to MMC. Upper and lower bands represent monoubiquitinated and
native forms of PCNA respectively.
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To determine whether impaired PCNA monoubiquitination observed in cells lacking
FANCM leads to decreased recruitment of lesion bypass factors, | examined Revl
recruitment in response to ICL damage, using the eChlP assay established by our group
(Shen et al., 2009). This assay (Fig 5.6A) allows protein recruitment at site-specific ICLs on
an episomal plasmid to be directly examined by chromatin immunoprecipitaion followed by
quantitative PCR (ChIP-QPCR). The plasmid substrate contains an Epstein-Barr virus (EBV)
replication origin (OriP), which allows its unidirectional replication only in the presence of
Epstein-Barr nuclear antigen 1 (EBNAL). | introduced the control substrate and the ICL
substrate in parallel into wild type HCT-116 and FANCM™ cells that were both EBNAL-
negative, and measured Rev1 enrichment at the defined ICL site, which was reflective of in
vivo Rev1 recruitment during recombination-independent ICL repair. As shown in Fig 5.6B,
Revl was significantly enriched at the ICL sites in wild type cells. However, lack of
FANCM greatly impaired Revl recruitment to site-specific ICLs, suggesting that decreased

PCNA monoubiquitination resulted in compromised recruitment of lesion bypass factor.
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Fig. 5.6 Loss of FANCM impairs Rev1 recruitment at ICL sites.

(A) Schematics of the eChIP assay. Control and crosslinked substrate represent the
unmodified and site-specifically crosslinked plasmid substrates, respectively. EBV OriP:
EBV replication origin.

(B) eChlP assay for Revl recruitment to a site-specific ICL in wild type and FANCM™”
mutant cells. Ctrl: unmodified substrate. XL: crosslinked substrate. Percentages of relative
enrichment were calculated by normalizing comparative concentration of each sample
against that of its input. Error bars represent stand deviation of triplicates. The asterisk (*)
denotes P < 0.01 vs. wild type.
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FANCM is required for the recruitment of nucleotide excision repair factors during
recombination-independent ICL repair

Reduced PCNA monoubiquitination in FANCM deficient cells may reflect
insufficient upstream incision of crosslinked DNA by the nucleotide excision repair (NER)
proteins, since the NER-mediated ICL unhooking creates a repair intermediate necessary for
the onset of PCNA monoubiquitination. | therefore investigated whether lack of FANCM
affects the recruitment of NER factors to ICL damage sites. To this end, | examined
recruitment of XPA and ERCC1 to site-specific ICLs using the eChlIP assay. As shown in Fig
5.7, XPA and ERCC1 were significantly enriched at the defined ICL site in wild type cells.
In contrast, in FANCM” knockout cells, the recruitment of XPA and ERCC1 were
significantly reduced. These results suggest that FANCM promotes ICL unhooking by
facilitating localization of incision activities in the absence of DNA replication. Consistent
with its proficient ICL repair efficiency (Fig 5.1B), the FAAP24™ mutant did not show visible
defect of ERCCL1 recruitment (Fig 5.7B). This result further suggests that the function of

FANCM in recombination-independent ICL repair is independent of FAAP24.
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Fig. 5.7 Loss of FANCM impairs XPA and ERCC1 recruitment at ICL sites.

(A) eChIP assay for XPA recruitment to a site-specific ICL in wild type and FANCM” mutant
cells. Ctrl: unmodified substrate. XL: crosslinked substrate. Percentages of relative
enrichment were calculated by normalizing comparative concentration of each sample
against that of its input. Error bars represent stand deviation of triplicates. The asterisk (*)
denotes P < 0.01 vs. wild type.

(B) eChIP assay for ERCC1 recruitment to a site-specific ICL in wild type, FANCM” and
FAAP24" mutant cells. Ctrl: unmodified substrate. XL: crosslinked substrate. Percentages of
relative enrichment were calculated by normalizing comparative concentration of each
sample against that of its input. Error bars represent stand deviation of triplicates. The
asterisk (*) denotes P < 0.01 vs. wild type.
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The function of FANCM in recombination-independent ICL repair requires its
translocase activity

FANCM-FAAP24 displays structural resemblance with the XPF-ERCC1 and Mus81-
Emel/2 structure-specific nucleases. It is possible that FANCM recruits ERCC1 and other
NER proteins through protein-protein interaction. However, when tested by Co-IP
experiments, FANCM was not found to interact with ERCC1, or other NER proteins
including XPA, XPC, XPD and XPG (data not shown). Therefore, the function of FANCM
in facilitating the localiztion of NER proteins is likely through mechanisms other than direct
protein recruitment.

FANCM possesses a DEAH helicase domain and associated translocase activity. This
allows FANCM to translocate on DNA. It is plausible that the FAAP24-independent
translocase activity functions in ICL damage recognition, or acts to create lesion access,
thereby allowing the recruitment of NER factors and other downstream repair proteins. To
test this premise, | stably complemented the FANCM™ cells with a FANCM translocase
mutant (K117R) and examined its function in recombination-independent ICL repair. Wild
type FANCM complemented FANCM™ cell lines were also established as controls (Fig
5.8A).

As shown in Fig 5.8B, while wild type FANCM protein rescued the ICL repair
deficiency of the FANCM™ knockout cell line, the K117R translocase mutant complemented
FANCM™ cells remained deficient in recombination-independent ICL repair. This result
strongly suggests that the translocase activity is important for FANCM to function in ICL

repair.
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Fig. 5.8 FANCM translocase activity is required for efficient recombination-independent ICL
repair.

(A) Immunoblot detecting expression of wild type FANCM and the K117R translocase
mutant in two independent stable clones.

(B) Recombination-independent ICL repair efficiencies in FANCM™ cells complemented
with wild type or K117R FANCM. Error bars represent standard deviation of 6 independent
experiments (* P < 0.05 vs. wild type).
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To further understand the function of FANCM in ICL repair, | examined the K117R
translocase mutant for its ability to recruit NER and lesion bypass factors. As shown in Fig
5.9, recruitments of the lesion binding protein XPA and lesion incision protein ERCC1 were
significantly decreased in cells lacking the FANCM translocase activity. In addition, the
recruitment of lesion bypass factor Revl was also markedly reduced in the absence of the
FANCM translocase activity (Fig 5.10). Taken together, these results suggest that the
translocase activity of FANCM promotes the recruitment of multiple repair factors, and it is

therefore crucial for recombination-independent ICL repair.
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Fig. 5.9 FANCM translocase activity is required for XPA and ERCC1 recruitment at ICL
sites.

(A) eChlIP assay for XPA recruitment to a site-specific ICL in FANCM™ cells complemented
with wild type or K117R FANCM. Ctrl: unmodified substrate. XL: crosslinked substrate.
Percentages of relative enrichment were calculated by normalizing comparative
concentration of each sample against that of its input. Error bars represent stand deviation of
triplicates. The asterisk (*) denotes P < 0.01 vs. wild type complemented cells.

(B) eChIP assay for ERCC1 recruitment to a site-specific ICL in FANCM” cells
complemented with wild type or K117R FANCM. Ctrl: unmodified substrate. XL:
crosslinked substrate. Percentages of relative enrichment were calculated by normalizing
comparative concentration of each sample against that of its input. Error bars represent stand
deviation of triplicates. The asterisk (*) denotes P < 0.01 vs. wild type complemented cells.
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Fig. 5.11 The translocase activity of FANCM is not required for its interaction with FA core
complex and FANCD2 monoubiquitination.

(A) Co-immunoprecipitation detecting interactions between indicated FA core components
and wild type FANCM or K117R mutant FANCM.

(B) Immunoblot detecting MMC-induced monoubiquitination of FANCD2 in FANCM™" cells
complemented with wild type or K117R FANCM. L and S represent monoubiquitinated and
native forms of FANCD2, respectively.
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Fig. 5.12 FANCM translocase activity is not required for FANCD2 nuclear foci formation.
(A) Formation of MMC-induced (500 ng/ml) FANCD2 nuclear foci in FANCM™ cells
complemented with wild type or K117R FANCM.

(B) Quantification of FANCD2 nuclear foci formation in FANCM™ cells complemented with
wild type or K117R FANCM. Data represent three independent experiments and error bars
depict standard deviation derived from 5 data sets.
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Discussion

The functional impacts of FA proteins on DNA damage response and ICL repair have
largely been studied in the context of DNA replication. In mammalian cells, there exists an
alternative recombination-independent mechanism for ICL repair which primarily operates in
the G1/GO phase of cell cycle. However, it remains unclear whether FA proteins function in
the recombination-independent ICL repair. In this study, |1 found that FANCM, but not
FAAP24 or the FA core complex component FANCB, is required for efficient ICL repair
through the recombination-independent pathway. | also demonstrated that the function of
FANCM in recombination-independent ICL repair requires its tranlocase activity. My study
therefore uncovers a previously unappreciated role of FANCM in recombination-independent
ICL repair through its translocase activity.

Repair of ICL by this recombination-independent pathway involves a few major steps,
including ICL unhooking via lesion incision by nucleotide excision repair (NER)
endonucleases, PCNA-mediated polymerase switch, translesion synthesis across the lesion,
and lesion removal by NER factors (Shen et al., 2006). The data | presented here
demonstrated that FANCM deficiency leads to compromised ERCC1 recruitment to ICL
sites, reduced PCNA monoubiquitination, and impaired recruitment of lesion bypass factor
REV1. Therefore, it is very likely that FANCM functions at an early step to facilitate ICL
processing by endonucleases.

The recruitment of structural-specific endonuclease complex XPF/ERCC1 is less
likely to be through direct FANCM association, since the interactions among XPF family
members (XPF/ERCC1, Mus81/Emel or Eme2, FANCM/FAAP24) are quite specific (Ciccia

et al., 2007). Indeed, | did not detect any direct interaction between FANCM and ERCCL. In
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addition, FANCM was not found to interact with other NER factors including XPA, XPC,
XPD and XPG. Collectively, these results suggest that FANCM promotes the recruitment of
NER factors through a mechanism other than protein-protein interaction.

Since FANCM possesses ATP-dependent DNA translocase activity, it may slide on
DNA and act as a DNA damage sensor that facilitates the recruitment of XPF/ERCCL1 and
other repair components upon lesion recognition. Consistent with this model, | found that
FANCM™ cells carrying a FANCM K117R translocase mutant showed defective recruitment
of repair factors including XPA, ERCC1 and Revl, and consequently displayed impaired
recombination-independent ICL repair.

How FANCM promotes the recruitment of downstream repair components upon
DNA damage recognition remains unclear. FANCM translocase activity may function in
creating lesion accessibility for incision activities and subsequent repair factors. NER
incision requires a significant span of nucleosome-free duplex DNA (Hara et al., 2000). A
feasible role for FANCM is therefore to release DNA flanking the ICL lesion from
nucleosome contact via its translocation actions, thus allow access of NER factors.
Consistently, recent observations by Kelsall et al show that FANCM participates in the NER
process (Kelsall et al., 2012). Alternatively, FANCM may promote the relaxation of
chromatin structures and exposure of DNA flanking the ICL lesions. DNA is highly
compacted in G1/GO phase, and chromatin remodeling processes are likely required for
efficient ICL repair through the recombination-independent pathway. It remains a possibility
that FANCM recruits certain chromatin remodeling factors upon ICL recognition, and
subsequent DNA exposure will allow better access of NER factors, particularly the

XPF/ERCC1 endonuclease complex which mediates the ICL unhooking.
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CHAPTER VI

Conclusions and Future Directions

Conclusions

The purpose of this study was to generate human genetic models for FANCM and
FAAP24, and to systematically investigate the functions of FANCM and FAAP24 in DNA
damage response and repair.

| found that while FANCM™ and FAAP24™ single mutants displayed readily
detectable hypersensitivity to ICL damage, FANCM”/FAAP247 double-knockout cells
exhibited much more severe hypersensitivity. Consistently, |1 found that MMC-induced
chromosomal breakage occurred at a higher frequency in FANCM™/FAAP24" double mutant
than in either single mutant. These results suggest that FANCM and FAAP24 are not fully
epistatic in cellular response to ICL damage, and prompted me to explore cooperative as well
as unique functions of FANCM and FAAP24 in DNA damage response.

| found that by facilitating chromatin loading of the FA core complex, FANCM and
FAAP24 promote FANCD2 monoubiquitination and FANCD2 nuclear foci formation in
response to ICL damage, which are central events in FA pathway activation. Notably,
FANCM™”/FAAP24” double mutant showed no further decrease in FANCD2
monoubiquitination compared with either single mutant, suggesting that FANCM and
FAAP24 work in concert to promote FA pathway activation. In addition, | found that
FANCM”, FAAP24" and FANCM”/FAAP24" cells displayed comparable amount of tetra-

radial chromosomes and sister chromatid exchanges in response to ICL damage, suggesting
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that FANCM and FAAP24 cooperatively suppress crossover recombination during ICL
repair.

Besides their cooperative functions, | discovered unique functions of FANCM and
FAAP24 in DNA damage response that is independent of the FA pathway. | found that
FAAP24 but not FANCM promotes ATR-mediated checkpoint activation specifically in
response to ICL damage. A V198A FAAP24 mutant which failed to interact with FANCM
could restore the ATR-mediated checkpoint activation and partially rescue ICL
hypersensitivity of FAAP24" cells, further indicating a FANCM-independent function of
FAAP24 in DNA damage checkpoint activation. Conversely, | found that FANCM but not
FAAP24 promotes recombination-independent repair of ICL during G1/GO phase, leading to
delayed G1/S transition. Mechanistically, | established that FANCM exerts its function in
recombination-independent ICL repair through its FAAP24-independent translocase activity.
In the absence of FANCM translocase activity, the recruitments of NER factors including
XPF/ERCC1 which are crucial for ICL incision, as well as the Rev1-containing lesion bypass
complex that is important for translesion DNA synthesis, were greatly impaired. In addition,
the FANCM translocase mutant was capable of supporting FA core complex interaction and
FANCD2 monoubiquitination, further suggesting that FANCM functions independently of
the FA pathway to promote efficient ICL repair through the recombination-independent
mechanism.

Collectively, my studies defined that FANCM and FAAP24 maintain genomic
stability via intercalated mechanisms - facilitating FA pathway activation, activating DNA

damage checkpoint, and promoting recombination-independent ICL repair. These findings
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reveal novel mechanistic insights into how genome integrity is both coordinately and
independently protected by FANCM and FAAP24.
Working Model

Based on the above findings, | propose a model that depicts refined understanding of
FANCM and FAAP24 in the maintenance of genomic stability (Fig 6.1). FANCM and
FAAP24 protect cells from crosslinking damage via intercalated mechanisms - facilitating
FA pathway activation, suppressing crossover recombination, activating ATR-mediated
DNA damage checkpoint, and promoting recombination-independent ICL repair. When cells
are individually devoid of FANCM or FAAP24, the FA pathway activation is partially
disabled and the SCE phenotype manifests, accompanied by impaired recombination-
independent ICL repair or DNA damage checkpoint control, respectively, resulting in
intermediate sensitivities to ICL damage. When FANCM and FAAP24 are both absent, the
compounded defects in FA pathway activation, DNA damage checkpoint control and

recombination-independent ICL repair is expected to cause significantly increased sensitivity.
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Fig. 6.1 Coordinated and non-epistatic functions of FANCM and FAAP24 in response to
DNA interstrand crosslink damage.
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Future Studies
Structure-function analysis of FAAP24

As was described in Chapter 1V, | found that the function of FAAP24 in ICL-induced
ATR-mediated checkpoint activation was independent of its interaction with FANCM (Fig
4.5). It would be interesting to determine whether and how the FANCM-associated FA
pathway activation function and the FANCM-independent checkpoint activation function of
FAAP24 are segregated. To this end, | initiated a structure-function analysis of FAAP24.

FAAP24 contains an ERCC4 domain and an (HhH), domain. The conserved
ERKXXXD motif in the ERCC4 domain is degenerated to LYVTEAD in FAAP24, and
consequently FAAP24 was not found to possess any nuclease activity. However, whether the
degenerated ERCC4 domain remains important for FAAP24 function is not clear. (HhH);
motifs are present in many DNA-binding proteins, and are found to be important for
dimerization of XPF-ERCC1. Whether the (HhH), domain of FAAP24 mediates FANCM
interaction and confers DNA binding activities needs to be determined.

I first generated a series of FAAP24 truncation mutants (Fig 6.2A) to determine
which domain of FAAP24 was responsible for FANCM interaction. As shown by Co-IP
experiments (Fig 6.2B), the (HhH), domain of FAAP24 is required for its interaction with
FANCM. Importantly, the (HhH), domain was also required for its in vitro sSSDNA binding
activity (Biochemical experiments were performed by our collaborators and data were not
shown here). These results suggest that the C-terminal (HhH), domain of FAAP24 is

important for both dimerization with FANCM and DNA binding.
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Fig. 6.2 The (HhH), domain of FAAP24 is required for FANCM interaction.
(A) Schematics of FAAP24 truncation mutants. The conserved ERKXXXD motif in ERCC4-
like domain critical for nuclease activity is degenerated to ILYVTEAD, as indicated in pink.

The HhH motifs are indicated in green.
(B) Co-immunoprecipitation of Myc-tagged full length FAAP24 and the truncation mutants

with FANCM.
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To better understand the function of the (HhH), domain of FAAP24, we collaborated
with structural biologists and determined the C-terminal structure of FAAP24 (data not
shown). | also generated a series of FAAP24 point mutants according to insights from
sequence alignment (Fig 6.3) and structural data. We tested the FAAP24 mutants for
FANCM interaction and DNA binding activity. | co-expressed the FAAP24 mutants along
with wild type FANCM in HEK293T cells, and examined their interaction. As shown in Fig
6.4, replacement of the GVG, LLL, VVG and FF residues of FAAP24 resulted in severe
disruption of its FANCM interaction. In vitro DNA binding assay performed by our
collaborators showed that disruption of K171 and K173 residues significantly reduced the

DNA binding activity of FAAP24 (data not shown).
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Fig. 6.3 Sequence alignment of the core ERCC4-like domain and (HhH), domain across
species. Locations of the degenerated ERKXXXD motif in ERCC4-like domain critical for
nuclease activity and the conserved HhH motifs are indicated in blue. Mutation sites are
indicated in red.
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Fig. 6.4 Co-immunoprecipitation of Myc-tagged wild type FAAP24 and point mutants with
FANCM.
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To allow in vivo functional studies, | introduced the FAAP24 mutants into the
FAAP24" cells and generated a series of stable cell lines each carrying a unique FAAP24
mutation. Co-IP experiment using endogenous proteins confirmed that the GVG, LLL, VVG
and FF residues are important for FAAP24 to dimerize with FANCM (Fig 6.5). I also tested
the in vivo DNA binding activity of FAAP24 mutants by examining their chromatin
association. As shown in Fig 6.6, chromatin fractionation experiments confirmed that the

K171 and K173 residues are crucial for the DNA binding activity of FAAP24.
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Fig. 6.5 Co-immunoprecipitation of FAAP24 with FANCM in FAAP24" cells stably
expressing Myc-tagged wild type FAAP24 and point mutants.
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Fig. 6.6 Chromatin association of FAAP24 in FAAP247 cells stably expressing Myc-tagged
wild type FAAP24 and point mutants.
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Future studies will be carried out to further understand how the FANCM interaction
and DNA binding activity of FAAP24 contribute to ICL resistance and genomic stability
maintenance. To this end, | will examine the stable cell lines carrying various FAAP24
mutations for their MMC sensitivity, chromosomal stability, FA pathway activation, SCE
formation, and ATR-mediated checkpoint signaling. In addition, efforts will be taken to work
with collaborators to determine the co-crystal structure of full length FAAP24 bound with
FANCM C-terminal domain. Attempts will be made to include DNA molecules in the
structural work. These studies are anticipated to provide additional valuable insights into the
FAAP24 function on both structural and molecular/cellular levels.

Further investigation of the FANCM function in recombination-independent ICL
repair

I demonstrated in Chapter V that the translocase activity of FANCM is important for
its function in recombination-independent ICL repair (Fig 5.8B). How this DNA interacting
activity allows FANCM to promote efficient repair of ICL through the recombination-
independent pathway warrants further investigation. In the absence of FANCM translocase
activity, recruitment of NER factors ERCC1 and XPA as well as lesion bypass factor Revl
was severely impaired (Fig 5.9 & Fig 5.10). These results indicate the possibility that
FANCM acts as an ICL damage sensor, and upon lesion detection it functions to create lesion
accessibility to allow the recruitment of repair factors. Since in G1/GO phase the highly
packed chromatin structure presents obstacles for DNA access, it is likely that FANCM alters
the chromatin/DNA structure, directly or otherwise, to allow efficient recruitment of other

repair proteins.
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Interestingly, tandem affinity purification of FANCM identified that RuvbL1 and
RuvbL2, two integral components of the INO80 chromatin remodeling complex, strongly
associate with FANCM (Fig 6.7). Co-immunoprecipitation experiment using tagged proteins
verified that FANCM, but not FAAP24, interacts with RuvbL1 and RuvbL2 (Figs 6.8A&B).
This specific interaction was also verified by Co-IP of endogenous proteins (Fig 6.8C). Since
RuvbL1 and RuvbL2 belong to the INO80 chromatin remodeling complex, it is likely that
FANCM recruits the INO80 complex to remodel chromatin/DNA structure and therefore

allows access of ICL repair proteins.
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Fig. 6.7 IP-mass spec analysis of FANCM-interacting proteins via tandem affinity
purification. Numbers of peptides recovered from mass spectrometry analysis are presented.
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Fig. 6.8 FANCM but not FAAP24 interacts with RuvbL1 and RuvbL2.

(A) Co-immunoprecipition of Flag-FANCM with Myc-RuvbL1l or Myc-RuvbL2 in
HEK293T cells.

(B) Co-immunoprecipition of Myc-FAAP24 with HA-RuvbL1 or HA-RuvbL2 in HEK 293T
cells.

(C) Immunoprecipitation of endogenous RuvbL1 or RuvbL2 and immunoblot with antibodies
against FANCM, FAAP24 and Arp5.
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To determine whether RuvbLl and RuvbL2 indeed act in the recombination-
independent ICL repair pathway, | established RuvbL1- and RuvbL2- shRNA stable
knockdown cell lines (Fig 6.9A) to study their functional outcome in ICL repair. As shown in
Fig 6.9B, lack of RuvbL1 or RuvbL2 rendered cells unable to efficiently remove ICL in a
recombination-independent manner. In addition, loss of RuvbL1 or RuvbL2 significantly

impaired the recruitment of ERCC1 to ICL sites (Fig 6.10).
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Fig. 6.9 RuvbL1 and RuvbL2 are required for recombination-independent ICL repair.
(A) Immunoblotting of RuvbL1 and RuvbL?2 in HCT-116 cell clones stably transfected with
constructs expressing control shRNA (siCon), RuvbL1l shRNA (siRuvbL1), or RuvbL2

SshRNA (siRuvbL?2).
(B) ICL repair efficiencies in RuvbL1- and RuvbL2- knockdown cells. Error bars represent

standard deviation of 6 independent experiments (* P < 0.05 vs. wild type).
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Fig. 6.10 eChlIP assay for ERCC1 recruitment to a site-specific ICL in RuvbL1- and
RuvbL2-knockdown cells. Ctrl: unmodified substrate. XL: crosslinked substrate. Percentages
of relative enrichment were calculated by normalizing comparative concentration of each
sample against that of its input. Error bars represent stand deviation of triplicates. The
asterisks (*) denote P < 0.01 vs. Ctrl ShRNA.
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While largely preliminary, these results strongly indicate that FANCM recruits
chromatin remodeling activities upon ICL lesion detection, which will create DNA
accessibility to allow recruitment of NER factors to initiate the ICL repair. Future studies
will be conducted to provide further evidences to substantiate such a promising working
model. Specifically, the following experiment will be performed: 1) to test whether
RuvbL1/2 are indeed recruited to ICL sites using the eChlP assay, and to examine whether
FANCM loss impairs the RuvbL1/2 recruitment; 2) to generate FANCM mutant(s) defective
for RuvbL1/2 interaction, and to test whether such mutant(s) could restore ERCC1
recruitment and ICL repair deficiency of FANCM™ cells; 3) to investigate whether other
components of the INO80 complex are also involved in the recombination-independent
repair of ICL. Collectively, these results will potentially uncover novel functions of FANCM
and the INO80 complex in ICL repair.

Role of FANCM and FAAP24 in tumorigenesis

Since the knockout models | generated are on the HCT-116 cell platform, a further
functional investigation of FANCM and FAAP24 in genomic stability maintenance can be
achieved by examining their impact on tumorigenesis. To this end, I will use xenograft
models to study the tumorigenicity of FANCM and FAAP24 knockout cells along with wild
type HCT-116 cells. While a short term assay of tumor formation can be potentially affected
by the impact of FANCM and/or FAAP24 loss on cell proliferation and/or survival, it may
still provide valuable information in terms of the roles of FANCM and FAAP24 in tumor
development.

The FA pathway is important for ICL repair. Therefore, platinum based therapeutics

will be another emphasis in this study. Whether loss of FANCM and FAAP24 affects the
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sensitivity of tumor cells to platinum treatment is of clinical interest. If dysfunction of
FANCM or FAAP24 leads to increased response rate of the colon cancer cells to platinum
treatment, two implications will be obtained. First, although FANCM and FAAP24 mutations
have not been identified in FA patients, minor functional alterations of FANCM and
FAAP24 may be possible in colon cancer patients. In these patients, platinum based
chemotherapy may be emphasized. Second, small molecule inhibitors against FANCM and
FAAP24 will then be of clinical value in colon cancer treatment.

Given the roles of FANCM and FAAP24 in maintaining genome stability, it would
also be interesting to ask whether loss of FANCM and FAAP24 will affect the genomic
stability of cancer cells during tumor development. To this end, a long term follow up of
xenograft tumors will be carried out. By dissecting tumors at later stages during development
and looking for secondary genetic changes in the cells, new information of FANCM and

FAAP24 function in genomic stability maintenance may be discovered.

In summary, my current and extending studies provide novel mechanistic insights

into how FANCM and FAAP24 maintain genomic stability through cooperative as well as

unique functions.
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