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ABSTRACT

A well-accepted hallmark of cancer is genomic in-
stability, which drives tumorigenesis. Therefore, un-
derstanding the molecular and cellular defects that
destabilize chromosomal integrity is paramount to
cancer diagnosis, treatment and cure. DNA repair
and the replication stress response are overarching
paradigms for maintenance of genomic stability, but
the devil is in the details. ATP-dependent helicases
serve to unwind DNA so it is replicated, transcribed,
recombined and repaired efficiently through coordi-
nation with other nucleic acid binding and metabo-
lizing proteins. Alternatively folded DNA structures
deviating from the conventional anti-parallel double
helix pose serious challenges to normal genomic
transactions. Accumulating evidence suggests that
G-quadruplex (G4) DNA is problematic for replica-
tion. Although there are multiple human DNA heli-
cases that can resolve G4 in vitro, it is debated which
helicases are truly important to resolve such struc-
tures in vivo. Recent advances have begun to elu-
cidate the principal helicase actors, particularly in
cellular DNA replication. FANCJ, a DNA helicase im-
plicated in cancer and the chromosomal instability
disorder Fanconi Anemia, takes center stage in G4
resolution to allow smooth DNA replication. We will
discuss FANCJ’s role with its protein partner RPA to
remove G4 obstacles during DNA synthesis, high-
lighting very recent advances and implications for
cancer therapy.

INTRODUCTION

Biallelic mutations in the gene encoding the FANCJ/BR
IP1/BACH1 DNA helicase are linked to Fanconi Anemia
(FA) (1–3), a disease characterized by hematopoietic stem
cell defects, progressive bone marrow failure and cancer,

particularly blood cancers at an early age. Somatic muta-
tions in FANCJ are associated with various cancers, espe-
cially those of the breast and ovary, classifying it as a tu-
mor suppressor (4). Like the 21 other FA genes identified so
far (5), FANCJ is implicated in interstrand cross-link (ICL)
repair (1–3). Specifically, FANCJ is believed to function
at the homologous recombination (HR) step of repairing
double-strand breaks (DSBs) generated after unhooking of
ICLs (3,6,7). FANCJ, originally discovered by its interac-
tion with the tumor suppressor BRCA1 (8) (Figure 1), also
plays a role in DSB repair beyond the correction of ICL-
induced lesions (3,8,9). Many of FANCJ’s protein partners
are implicated in DNA damage sensing, and DSB repair in-
cluding the mismatch repair proteins MLH1/MutL� (10)
and MSH5 (11), Bloom’s syndrome helicase (BLM) (12),
and the DNA end-processing nuclease MRE11 (9) and fa-
cilitator CtIP (13) (Figure 1). Recent work suggests that
FANCJ must balance its function in DNA strand transac-
tions during HR repair with DNA end-processing events
orchestrated by factors such as the DNA end binding pro-
tein RAP80 to ensure timely and faithful repair (14). A
Fancj mutant mouse model displayed a defect in spermato-
genesis that is accompanied by defective regulation of DSB
repair (15).

In addition to FANCJ’s well accepted importance for
ICL repair and DSB repair, the Shiekhattar group pro-
vided early evidence for a role of FANCJ in replication
progression (16). Indeed, FANCJ protects from replication
stress and FANCJ-deficient cells are sensitive to the replica-
tion stress-inducing agent hydroxyurea (12). Research from
the Cantor laboratory demonstrated that FANCJ helicase
coordinates with the replication fork remodeling enzyme
helicase-like transcription factor (HLTF) to promote fork
integrity (17). FANCJ interacts with Replication Protein A
(RPA) (18) (Figure 1), a eukaryotic single-stranded DNA-
binding protein originally identified as an essential player
in SV40 DNA replication (19,20) and found to be im-
plicated in mammalian DNA replication as well (21,22).
RPA is also implicated in DNA damage recognition (23–
26) and facilitates the initiation of checkpoint signaling
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Figure 1. G4 binding pocket, catalytic domain, mapped protein interaction sites, and sites for post-translational modifications of FANCJ. Certain key
residues are shown, but not all for simplicity. Lys 141 and Lys142 are implicated in G4 binding. The nuclear localization sequence (NLS) and Fe-S domain
are comprised by residues 159–174 and residues 270–263, respectively. The conserved PCNA interaction motif (PIP) corresponds to residues 1001–1017.
FANCJ directly binds to the RPA70 subunit of the RPA heterotrimer. The FANCJ Q25A substitution disables the ability of FANCJ to effectively dimerize.
The binding site on FANCJ for MSH5 (not shown) has not yet been mapped. See text for additional details and references.

by binding to exposed single-stranded DNA at sites of
DNA damage and recruiting the protein kinase complex
ATR-ATRIP necessary for ATR-mediated Chk1 activa-
tion (27). Indeed, FANCJ and RPA strongly co-localize
in human cells exposed to agents that impose replica-
tion stress or DNA damage (18). FANCJ also interacts
with Topoisomerase Binding Protein 1 (TopBP1) (28) (Fig-
ure 1) and helps to ensure replication fork integrity and
restart by mechanisms that still remain to be fully charac-
terized (17,29). FANCJ deficiency in both mice and human
cells results in microsatellite instability (30,31), suggesting
a difficulty in replicating these repetitive elements of the
genome.

Aside from its ability to catalytically unwind duplex
DNA structures associated with replication forks (32) and
branch-migrate mobile D-loop structures that represent
strand invasion intermediates of HR (14), FANCJ is a po-
tent resolvase of G-quadruplex (G4) DNA structures de-
rived from guanine-rich DNA sequences located in various
regions of the genome including oncogene promoters, ribo-
somal DNA and telomeres (33,34). Missense mutations in
FANCJ’s Fe-S cluster domain (Figure 1) that are linked to
FA (35) or associated with cancer (36) result in the inacti-
vation of its helicase activity on G4 or duplex DNA sub-
strates. There is much interest in G4 DNA, given its unique
structure and potential to interfere with nucleic acid trans-
actions such as DNA synthesis, transcription or recombi-
nation (37). FANCJ suppresses DNA damage and genomic
instability caused by G4 in human cells (33,34). However,
until only very recently did we begin to appreciate more
mechanistic details of FANCJ’s involvement in G4 resolu-
tion as it pertains to DNA synthesis in vivo. The body of ex-
perimental work, and most recently an important advance
by Lee et al. (38), provide molecular details for an emerg-
ing picture of FANCJ’s unique role in cellular DNA repli-
cation; moreover, FANCJ closely collaborates with its pro-
tein partner RPA allowing the single-stranded DNA bind-
ing protein to bind the unwound single-strand to facilitate
smooth DNA synthesis past guanine-rich sequences prone
to form G4 and trigger the ATR-mediated replication stress
response.

FANCJ’s UNIQUE ROLE IN G4 RESOLUTION TO FA-
CILITATE DNA REPLICATION

In two new publications, Odermatt et al. (36) and Lee et al.
(38) provide elegant data from single-molecule localization
microscopy (SMLM) imaging studies conducted in human
cancer cells and in vitro experiments with purified recom-
binant proteins and defined G4 DNA substrates which to-
gether demonstrate that FANCJ plays a uniquely important
role in G4 unwinding to allow smooth DNA replication. By
coordination with its interacting partner RPA, FANCJ was
shown to efficiently resolve stable G4 DNA structures to al-
low binding by RPA, which serves two purposes: (i) efficient
replicative DNA synthesis past a formidable endogenous
obstacle and (ii) RPA-mediated signaling to suppress DSBs.
Collectively, these findings represent a significant advance
in understanding a key mechanistic event whereby persis-
tent fork stalling is avoided and the replication stress re-
sponse is preserved. At this juncture, we contend that plac-
ing these findings in the context of recent work will help
to inform both mechanistic aspects of DNA replication in
cancer cells and therapeutic opportunities.

G4-INDUCED REPLICATION STRESS RESPONSE IS
DETERMINED BY ROBUSTNESS OF FANCJ CAT-
ALYTIC ACTIVITY

A minimal threshold of FANCJ catalytic activity is required
in cancer cells to overcome replication stress induced by
the G4 ligand telomestatin (TMS) or DNA polymerase in-
hibitor aphidicolin (APH), as well as DNA breakage caused
by bleomycin (39). In contrast, a greater level of FANCJ
helicase activity is required for repair of pharmacologically
induced ICLs. An additional distinction between the two
responses is that FANCJ rescues TMS or APH sensitiv-
ity independent of the FA pathway, whereas ICL repair is
dependent on an intact FA pathway (39). These findings
suggest that optimal FANCJ helicase activity and an intact
FA pathway are required for cross-link resistance. Further-
more, FANCJ’s role in G4 DNA metabolism may be more
relevant to replication stress observed in cancer cells as op-
posed to the molecular pathology of FA, but this remains
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to be substantiated. Although a threshold of FANCJ catal-
ysis was not assessed in the SM imaging studies (36,38) to
determine a quantitative level of FANCJ ATPase/helicase
activity required for RPA loading onto thermodynamically
stable G4 structures, it would be of interest to ascertain
the relationships of FANCJ catalytic efficiency, G4 stabil-
ity and replication stress response. Rapidly dividing cancer
cells are likely to be characterized by an elevated frequency
of replication fork encounters with G4 and other alterna-
tively folded DNA structures. Presumably, interactions of
the replication machinery with auxiliary replisome compo-
nents (e.g. DNA helicases) and modulation of replication
proteins by post-translational modifications are key deter-
minants of cancer cell proliferation, in addition to check-
point mechanisms. How these factors and events precisely
interplay with the robustness of FANCJ-catalyzed resolu-
tion of G4 structures with varying degrees of stability dic-
tated by nucleotide sequence or architecture remains to be
seen. Consistent with the most recent advance by Lee et al.
(38), FANCJ plays a conserved role to promote DNA syn-
thesis past G4 structures as elegantly demonstrated in a re-
constituted Xenopus egg extract replication system (40).

DISTINCTIVE IMPORTANCE OF FANCJ IN G4
METABOLISM DISTINGUISHES IT FROM OTHER G4-
RESOLVING DNA HELICASES

The employment of multi-color SMLM provided re-
searchers the opportunity to visualize and quantitatively as-
sess the spatial arrangement of nascently synthesized DNA
with replication factors and G-quadruplexes in living cells
(38). The authors delivered strong evidence that FANCJ’s
ability to resolve stable G4 structures enables RPA to load
on to the unwound single-stranded genomic DNA that oth-
erwise would be refractory to RPA binding; consequently,
a cellular response to G4-induced replication stress is en-
acted and smooth replication past G4 obstacles takes place.
The paramount role of FANCJ in this process cannot be
overstated. While it has been reported that many purified
recombinant helicase proteins can bind and/or resolve var-
ious G4 DNA structures in vitro (41), it is apparent from the
Lee et al. study and previously published work from several
laboratories (34,40,42) that human FANCJ is a prominent
player during replication to resolve G4 DNA structures in
vivo. Thus, the presence of other DNA helicases capable of
unwinding G4 DNA substrates in vitro such as BLM (43),
WRN (44), RTEL1 (45), PIF1 (46) and ChlR1/DDX11 (47)
in FANCJ-deficient human cells does not compensate for
the specific loss of FANCJ to deal with G4-induced repli-
cation stress. Interestingly, none of these G4-resolving he-
licases possess the G4 recognition site mapped in FANCJ
(48) (Figure 1), suggesting FANCJ has a distinct mecha-
nism of G4 unwinding. Nonetheless, many of these afore-
mentioned helicases are also important for fork progres-
sion and maintaining genomic integrity, leaving it unex-
plained how FANCJ could have a uniquely critical role
compared to the other G4 unwinding helicases. BLM was
found to directly interact with FANCJ (12) (Figure 1),
which may help to regulate its G4 unwinding function and
response to replication stress. The ChlR1/DDX11 helicase
is also implicated in G4 DNA metabolism to support sis-

ter chromatid cohesion (49), consistent with its importance
in chromosomal stability in yeast (50), as well as chicken
(51) and human (52) cells. Perhaps properties relating to
its mechanism of action [e.g. oligomerization (53) (Figure
1)] in addition to substrate specificity (54) is distinct for
FANCJ.

The reported observation that G4 DNA metabolism is
unaffected in Fancj(-/-) mice (31) suggests FANCJ’s im-
portance in G4 DNA metabolism in human cells may be
unique. It is tempting to speculate that the much longer G-
rich telomeres in mice may contribute to the observed dif-
ference (55,56), but the underlying basis for FANCJ’s ap-
parent importance in human versus mouse is unclear and
additional factors may come into play. The FANCJ ho-
molog in C. elegans known as dog-1 has been implicated
in the stability of regions upstream of G-rich tracts dur-
ing DNA synthesis of the lagging strand (57). A recent re-
port from the Tijsterman group (58) highlights the impor-
tance of dog-1 in preventing deletions at G4 sites from poly-
merase alpha generated repriming of the lagging strand,
building off their previous identification of pol theta medi-
ated end-joining as a key repair pathway for G4 (59). This
most recent study provides a striking example of how the
FANCJ homolog controls pathway choice and genome sta-
bility near G4 structures, but further studies of FANCJ’s
role(s) in human cells are warranted. G4 accumulates in
FANCJ-deficient human cells (60,61), suggesting that there
are likely to be consequences for transcription, recombina-
tion and DNA repair as well.

FANCJ’s ABILITY TO RESOLVE ENTROPICALLY FA-
VORED INTRAMOLECULAR G4 DNA AND COLLAB-
ORATE WITH RPA

From our earlier biochemical studies, we found that puri-
fied recombinant human FANCJ protein is distinct from
other Fe-S cluster DNA helicases including human DDX11
in its ability to efficiently resolve entropically favored uni-
molecular G4 DNA (54). Aside from the Fe-S helicases,
PIF1 helicase was reported to bind parallel intramolecular
G4 DNA with high affinity but unfold it with very slow ki-
netics, suggesting that auxiliary factors are required for ef-
ficient G4 unwinding (62). It is tempting to speculate that
PIF1 has a specialized role in G4 DNA metabolism (e.g.
at telomeres (63)) whereas FANCJ has a more universal
role in general genome G4 DNA resolution during cellular
replication (40,42). However, yeast strains deficient for the
Pif1 helicase exhibit replication defects around sequences
across the genome predicted to form G4 structures (64,65).
It is plausible that Pif1 (or other G4-resolving helicases) re-
spond locally to replication stress induced by an unusual
DNA structure such as G4 at telomeres (or some other
specific chromosomal region) and elicit global fork slow-
ing in a checkpoint-dependent manner, as recently demon-
strated for DNA damage induced by cellular exposure to
a DNA cross-linking agent (66). In chicken DT40 cells,
FANCJ may coordinate its G4 resolvase activity with the
RECQ helicases WRN and BLM or the translesion poly-
merase REV1 to maintain epigenetic stability (67). Inter-
estingly, FANCJ biochemically interacts with BLM (12)
and REV1 (68) (Figure 1), but their cooperative molecu-
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lar mechanism in cellular G4 metabolism has not yet been
revealed.

FANCJ physically binds RPA (18) (Figure 1), which
stimulates its helicase activity on both duplex (18) and G-
quadruplex (34) DNA substrates, and the two proteins co-
localize with each other in human cells exposed to agents
that induce replication stress (18). In this latest work,
Rothenberg et al. undertook a mechanistic study of the
FANCJ–RPA interaction using a SM FRET-based assay to
show that FANCJ (by virtue of its ATPase-dependent he-
licase activity) operates with RPA to efficiently destabilize
stable intramolecular G4 DNA structures, allowing RPA to
load on to the resolved secondary structure which is other-
wise refractory to RPA binding (38). RPA loading on to the
unwound G4-forming sequence allows the ATR-mediated
replication stress response. Based on in vitro experimental
observations using a SM system, Wu and Spies proposed
that FANCJ repeatedly unfolds and refolds unimolecular
G4 DNA (48). Despite FANCJ’s G4-specific recognition
site (48) and its catalytic motor comprised by the conserved
ATPase/helicase motifs (Figure 1), FANCJ helicase enzyme
requires RPA to stabilize the unfolded G4 (38), consistent
with RPA’s stimulation of FANCJ G4 resolvase activity un-
der multi-turnover conditions (34). On the other hand, RPA
itself can bind to and destabilize certain G4 DNA struc-
tures in vitro (69–71), suggesting that its interaction with G4
may independently regulate G4 stability of certain DNA se-
quences (e.g. those found at telomeres). It is plausible that
RPA acting on its own may resolve less stable G4 struc-
tures, whereas FANCJ coordinates with RPA to unwind
more stable G4. Thus, there may be two effects of RPA on
G4 unwinding: (i) direct interaction with FANCJ to stim-
ulate FANCJ-catalyzed G4 resolution; (ii) thermodynamic
shift in the equilibrium of G4 versus single-stranded DNA,
favoring single-stranded DNA. FANCJ is found at active
replication forks in human cells (17), supporting its special-
ized role during replication stress. The FANCJ–RPA inter-
action provides an excellent modern-day example of molec-
ular matchmakers, originally coined by Aziz Sancar in a dif-
ferent context (nucleotide excision repair) (72). In addition
to its stimulation of FANCJ helicase activity, RPA binds
the G4 unwound single-strand to trigger the ATR-mediated
replication stress response.

Although the model proposed by Lee et al. provides new
insight to the interactive mechanism of FANCJ and RPA to
resolve G4 enabling smooth fork progression, there remain
some unresolved questions. Cellular G4 formation induced
by the G4 ligand pyridostatin (PDS) did not decrease over-
all DNA synthesis, as assessed by nuclear staining intensity
of the thymidine analog 5-Ethynyl-2’-deoxyruridine (EdU)
(38). It is plausible that firing of new G4-associated origins
induced by pharmacological G4 stabilization, as recently re-
ported in an in vitro Xenopus laevis replication system (73),
may be at play. In this scenario, global EdU signal remains
robust irrespective of G4 ligand stabilization. A more sen-
sitive and specific readout for in vivo DNA synthesis at spe-
cific G4 loci and origins of DNA synthesis employing DNA
fiber analysis would be informative. The data reported by
Lee et al. (38) also raise some questions about the effect of
FANCJ depletion on RPA binding to all replisomes or just
those associated with G4 as a function of PDS exposure.

Surprisingly, they found that RPA levels at G4-replisomes
remained constant irrespective of PDS treatment. It might
have been expected that FANCJ-deficient cells would have
shown less RPA at G4-replisomes because the G4 struc-
ture would have not been resolved to create single-stranded
DNA for RPA to bind. It is possible that because a base
level of RPA readily binds to single-stranded DNA created
in the wake of the advancing MCM replicative helicase com-
plex as it opens parental double-stranded DNA at the fork
(74), a similar amount of RPA was detected irrespective of
FANCJ status or G4 ligand stabilization. Given the impor-
tance of FANCJ G4 resolution and its coordination with
RPA (and possibly other factors) to shift the equilibrium
from G4 to single-stranded state to promote DNA synthe-
sis, alternative approaches such as proximity ligation assay
to examine juxtaposition of a replisome protein with an an-
tibody that specifically binds G4 as a function of FANCJ
status will likely provide further insight.

IMPLICATIONS

Replication stress occurs due to various reasons including
collisions of replisome-transcription machinery, replication
slow zones, fragile sites, template damage and DNA bound
proteins. Although G4 DNA blocks DNA replication and
cause replication arrest, only a small percent of replica-
tion sites in the human cells coincide with G-rich motifs, as
measured by the fraction of PCNA foci that non-randomly
colocalize with G4s detected by quantitative SMLM clus-
tering (38). This estimate may seem low, given evidence
from G4-seq analysis that >700 000 G4s exist in single-
stranded, purified human genomic DNA (75). However, the
determination was made under G4-promoting conditions
that favored DNA polymerase stalling at G4s during the
Illumina next-generation sequencing procedure. Moreover,
effects of chromatin on genomic G4 DNA formation are
likely to come into play. Nonetheless, the SM localization
data demonstrate that association between G4 and repli-
somes is likely to exist in human cells (38). The highly stable
nature of G4 DNA (76) may lead to its persistence in cells,
requiring specialized DNA helicases to resolve such struc-
tures in an efficient manner.

The collective evidence demonstrates that FANCJ is a
true and prominent G4 resolvase that allows smooth DNA
replication in human cancer cells. Moreover, FANCJ collab-
orates with RPA to not only efficiently unwind intramolec-
ular G4 DNA but also elicit a timely and robust replication
stress response. There are likely multiple factors that con-
tribute to FANCJ’s unique involvement in G4 resolution
to facilitate DNA replication (Figure 2). FANCJ’s nucleic
acid substrate specificity may come into play. For example,
unlike the sequence-related DDX11 helicase, FANCJ effi-
ciently resolves unimolecular G-quadruplexes (54). During
replication, FANCJ may act to resolve G4 structures em-
bedded in the template single-strand for lagging strand syn-
thesis between Okazaki fragments (Figure 2). Alternatively,
FANCJ may load on to the leading strand template gener-
ated by the replicative MCM helicase ahead of DNA syn-
thesis (Figure 2). In either capacity, FANCJ through its co-
ordination with RPA serves to resolve G4 formed by tran-
sient single-stranded DNA to aid in template-directed DNA
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Figure 2. Factors that may contribute to FANCJ’s unique requirement to resolve G4 DNA structures to enable smooth cellular DNA replication of
the leading and lagging strands. (A) FANCJ unique ability to efficiently resolve intramolecular G4 DNA. (B) FANCJ expression abundance in a cell-
type or tissue-specific manner. (C) FANCJ’s protein partnerships with factors directly involved in replication (e.g. RPA). (D) FANCJ’s post-translational
modifications affect catalytic function or replisome association. Factors are not mutually exclusive and may influence one another.

synthesis. In the simplest model, the 5’ to 3’ directionality
FANCJ uses to resolve G4 (34) necessitates coordination
with the converging DNA polymerase using the same tem-
plate strand for replicative synthesis; however, the details of
this synchronization remain a mystery. It was recently re-
ported that G4 structures on the lagging strand template
are more disruptive to replication than G4 structures in the
leading strand template (77), suggesting FANCJ’s role to re-
solve G4 is prominent on the lagging strand template char-
acterized by greater single-stranded DNA character, even if
transient. Moreover, cytosine-rich DNA sequences known
as i-motifs residing in the strand opposite to the G-rich
strand may form a non-canonical DNA structure of two
intercalated parallel-stranded duplexes stabilized by hemi-
protonated cytosine-cytosine base pairs (78,79); however, it
is debatable if G4 and i-motif quadruplexes can form simul-
taneously or if they are mutually exclusive due to steric hin-
drance (80). To our knowledge, there are no published stud-
ies on the activity of FANCJ or any other DNA helicases to
resolve i-motif DNA structures.

Because of the growing evidence that FANCJ plays a spe-
cialized role during replication, it will be important to assess
its expression in tissues enriched for rapidly dividing cells in
which there is a high turnover and compare it to other G4-
resolving helicases (Figure 2). Further studies are required
to characterize FANCJ’s regulation mediated by its pro-
tein interactions and post-translational modifications (Fig-
ure 2). FANCJ phosphorylation at Ser-990 and Thr-1133
mediate the BRCA1 (81) and TopBP1 (28) interactions, re-
spectively (Figure 1). FANCJ acetylation at Lys-1249 (Fig-
ure 1) facilitates DNA end-processing (82), by recruiting the
DNA damage response protein CtIP to the sites of DSBs
as recently elucidated (13). Despite these advances, it re-
mains undetermined if these or other post-translation mod-
ifications of FANCJ directly affect its involvement in G4
metabolism. It also remains to be seen if FANCJ localizes

by itself to the sites of G4 at stalled forks, is aided by other
factors, or exists as a constitutive component of replisomes
(or a sub-population of replisomes). Conversely, FANCJ
may regulate the recruitment of other proteins to G4 sites,
as suggested by the stimulatory effect of replication-coupled
G4 formation on FANCJ-mediated RPA loading (38).

Further efforts will help to guide researchers who are
interested in G4 stabilization to achieve synthetic lethal-
ity in defined mutant backgrounds deficient in DNA repair
or the replication stress response (83,84). Indeed, BRCA1-
or BRCA2-deficient cancer cells are hypersensitive to lig-
ands that bind to and stabilize G4 DNA structures (85).
Helicases represent a provocative target for synthetic lethal-
ity (83,84,86). One would suspect that FANCJ-deficient tu-
mors would be highly susceptible to G4-specific drugs. Fur-
thermore, tumors selectively deficient in other helicases that
act specifically on a subset of alternatively folded DNA
structures may also be useful targets in anticancer therapy.
Alternatively, small molecule inhibitors that target FANCJ
or other G4-resolving helicases [e.g. WRN (87–89)] may be
employed to combat cancer with defined genetic deficiencies
and/or in concert with chemotherapy drugs that stabilize
G4 structures.

Recently, a comprehensive mutational analysis of
FANCJ was performed to assess functionality in the
cell-based response to ICL-inducing agents (4). The
loss-of-function (LOF) mutations for ICL resistance were
largely localized to the helicase domain of FANCJ and
not so much in the C-terminal region where protein inter-
actions with such factors as BRCA1, BLM and TOPBP1
are located, suggesting that catalytic unwinding function is
the critical function of FANCJ for ICL resistance whereas
FANCJ–protein interactions modulate its other duties
such as DNA repair or checkpoint activities. Interestingly,
only 12% of the clinically relevant FANCJ mutations were
associated with LOF for ICL resistance, suggesting that
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the remaining (majority) of cancer-associated FANCJ
mutations disrupt other functions, one possibly being G4
resolution. Given the growing number of tumor suppressor
genes implicated in G4 metabolism [e.g. BRCA1 (90),
BRCA2 (90), RTEL1 (91), BLM (92), WRN (93)], it is of
high priority to assess how this information can be utilized
for cancer diagnostics and therapeutics.
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