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Aim: The ATR-interacting protein (ATRIP) is responsible for the recognition of DNA damage-induced structure
and regulation of cellular responses to DNA damage and replication stress. The purpose of our study was to
identify the underlying mechanism with respect to chromatin loading and phosphorylation of ATRIP in mantle
cell ymphoma (MCL). Methods: JeKo cells were used in our study. Differently tagged ATRIP (Myc-, hemaglutinin
(HA) or Flag) and minichromosome maintenance (MCM) complex (MCM2, MCM3, MCM5, and MCM®6) were
transfected into 293T cells. After 48 h, ATRIP-interacting protein was identified by mass spectrometry (MS). Cell
fractionation was done to localize proteins inside the cells. Immunoprecipitation (IP) and immunoblot (I1B) anal-
ysis were used to identify immunoreactive species, and Glutathione S-transferase (GST) pull-down assays were
performed to detect protein-protein interaction between ATRIP and MCM complex. After silencing the expression
of MCM2 and MCM6 by short hairpin RNA (shRNA), chromatin fraction were analyzed. The expression of
ATRIP phosphorylation (pS224-ATRIP) was determined after application of different doses of MCM2 shRNA
(0.5 pg, 1 pg, and 2.5 pg). Results: ATRIP directly interacts with MCM2, MCM3, MCM6, and MCM?7 in JeKo
cells. Downregulation of MCM2 and MCM®6 significantly reduced ATRIP chromatin fraction. Downregulation of
MCM2 statistically decreased the expression of ATRIP phosphorylation. The expression levels of pS224-ATRIP
were regulated by MCM2 shRNA in a dose-dependent manner. Conclusion: Our results suggest that interaction

between ATRIP and MCM complex is required for ATRIP chromatin loading and ATRIP phosphorylation.

1. Introduction

Mantle cell lymphoma (MCL) is a well-characterized lymphop-
roliferative disorder, accounting for 3-10% of all non-Hodgkin’s
lymphomas (NHL) (Cortelazzo et al. 2012). It is characterized
by rearrangement of DNA fragments interchanged between chro-
mosomes 11 and 14 (Friedenson 2007). The incidence of MCL
has been reported to be increased in many countries, particularly
among the elderly (Anderson et al. 1998; Cortelazzo et al. 2012).
Furthermore, the disease is associated with rapid progression and
a high recurrence rate (Norton et al. 1995; Velders et al. 1996). In
spite of the implementation of multimodal treatment approaches
in recent years, the overall survival of MCL has only slightly been
improved due to the uncertain pathological mechanisms. It has
been well known that complex genomic aberrations are found in
MCL (Fernandez et al. 2010; Jares et al. 2012; Perez-Galan et al.
2011). Therefore, a better understanding of MCL pathogenesis
involving in genetic alteration might facilitate new targets for
personalized drug therapy.

Recently, ataxia-telangiectasia mutated (ATM) and ATM and
rad3-related (ATR) kinases have been paid great attention owing
to their functions at the apex of cell cycle checkpoint (Abraham
2001; Shiloh 2001). It has been reported that inactivation of ATR
is embryonic lethal (Brown and Baltimore 2003) and results in
deleterious DNA damage during S phase (Casper et al. 2002;
Syljuasen et al. 2005). ATR has been regarded as a promising
target in the treatment of cancers including MCL due to its signif-
icant role in intra-S checkpoint in response to replication stress
(Cimprich and Cortez 2008; Menezes et al. 2015; Toledo et al.
2011). ATR-interacting protein (ATRIP) is the regulatory partner
of ATR, which binds directly to replication protein A (RPA)-
coated single stranded (ss) DNA (Namiki and Zou 2006). ATRIP
is independently required for the ATR-ATRIP complex that could
recognize DNA damage-induced structure and regulate cellular
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responses to DNA damage and replication stress (Ball et al. 2005;
Namiki and Zou 2006).

To further understand the functional roles of ATRIP roles in
MCL, we sought to identify specific ATRIP-interacting proteins
in the nucleus. In the present study, we used a JeKo cell line that
represents the blastoid variant of aggressive MCL. We found that
minichromosome maintenance (MCM) complex interacted with
the ATRIP. The interaction between ATRIP and MCM complex
is required for ATRIP chromatin loading and ATRIP phosphor-
ylation. Our data might provide new insights into the molecular
mechanism of MCL.

2. Investigations and results

2.1. ATRIP interacts with MCMs

To further understand the functional role of ATRIP in MCL, we
tried to identify specific ATRIP-interacting proteins in the JeKo
cells. First, we produced a stable JeKo cell line expressing differ-
ently tagged ATRIP and MCM complex (MCM2, MCM3, MCMS5,
and MCMO6). Then the nuclear extracts were immunoprecipitated
with anti-Flag M2 beads, eluted with 3 x Flag peptide, and mass
spectrometric analysis were carried out. Our data showed that the
peptide recovery of ATRIP from the nuclear IPs was 11%, 16%,
18%, and 10%, respectively. The results indicated that ATRIP
was successfully isolated. MCM complex plays significant roles
in DNA replication and replication checkpoint and the complex
is exclusively in the nuclear. We therefore hypothesozed that
the MCM complex might be the potential interactive protein. To
confirm the speculation, co-immunoprecipitation was performed
to determine the interaction between ATRIP and MCM complex
in the cells. As shown in Fig. 1, there was an interaction between
ATRIP and MCM complexes.
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Fig. 1: ATRIP interacts with MCMs. Differently tagged ATRIP and MCM complex (MCM2, MCM3, MCMS5, and MCMO) are transfected into 293T cells for 48 h. The cells are
immunoprecipitated with the antibody against the tag of ATRIP, and immunoblotted with antibodies against the tag for each individual MCM.
ATRIP, ATR-interacting protein; MCM, minichromosome maintenance complex; WCE, whole cell extracts; HA, hemaglutinin

2.2. ATRIP directly interacts with MCMs

To test whether ATRIP interacts with MCMs directly or not, we
performed a GST pull down assay. GST-ATRIP bound on glutathi-
one-agarose beads were pulled down to MCM proteins individu-
ally. As indicated in Fig. 2, there were interactions between ATRIP
and MCM2, MCM3, MCM 5 and MCM6 in vitro, indicating a
multi-interface association between ATRIP and the MCM complex.
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Fig. 2: ATRIP directly interacts with MCMs. GST or GST-ATRIP proteins bound on
glutathione-agarose beads are purified and used to pull down MCM proteins.
MCM2, MCM3, MCM6, and MCM7 were detected by GST-ATRIP beads.
ATRIP, ATR-interacting protein; MCM, minichromosome maintenance com-
plex; GST, Glutathione S-transferase; HA, hemaglutinin
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2.3. Downregulation of MCMs reduces ATRIP chroma-
tin fraction

To test whether MCMs are essential for ATRIP chromatin loading,
the expression of MCM2 and MCM6 was downregulated by using
shRNA in JeKo cells and chromatin fraction was carried out. As
demonstrated in Fig. 3, after suppression of MCM2 and MCM6
expression, the ATRIP chromatin fraction was significantly
reduced by MCM2 shRNA and MCM6 shRNA compared to the
non-chromatin. Orc2 and PLCy-1 are respectively marker proteins
for chromatin and non-chromatin fractions.
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Fig. 3: Downregulation of MCMs reduces ATRIP chromatin fraction. The expres-
sion of MCM2 and MCM6 was down-regulated by using shRNA in JeKo
cells and chromatin fraction is performed. Orc2 and PLCy-1 are respectively
marker proteins for chromatin and non-chromatin fractions.

ATRIP, ATR-interacting protein; MCM, minichromosome maintenance com-

plex; shRNA, short hairpin RNA
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2.4. Downregulation of MCMs reduces ATRIP phos-
phorylation

To test whether MCMs are essential for ATRIP phosphorylation,
the expression of MCM2 was downregulated by using shRNA in
JeKo cells and ATRIP phosphorylation was analyzed. As shown in
Fig. 4, we observed that the expression levels of pS224-ATRIP were
significantly decreased by MCM2 compared to the control group.
Besides, the levels were statistically reduced in a dose-dependent
manner in JeKo cells. The expression levels of pS224-ATRIP were
at the lowest levels by transfection with 2.5 uyg MCM2 shRNA.
Our data suggested that downregulation of MCMs reduced ATRIP
phosphorylation in a dose-dependent manner.
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Fig. 4. Downregulation of MCMs reduces ATRIP phosphorylation. The expression
of MCM2 is down-regulated by using shRNA in JeKo cells and the expres-
sion levels of pS224-ATRIP are analyzed. Orc2 is a marker protein for chro-
matin.

ATRIP, ATR-interacting protein; MCM, minichromosome maintenance com-
plex; shRNA, short hairpin RNA

3. Discussion

In the present study, we provide new evidence for the interac-
tion between MCM complex and ATRIP. Our data demonstrate
that ATRIP directly interacts with MCM2, MCM3, MCM6, and
MCM7 in JeKo cells. Suppression the expression of MCM2
and MCM6 markedly reduces ATRIP chromatin fraction, and
suppression the expression of MCM?2 statistically decreases
the expression of ATRIP phosphorylation in a dose-dependent
manner. These results indicate that interaction between ATRIP
and MCM complex is essential for ATRIP chromatin loading and
ATRIP phosphorylation.

MCL is a distinct lymphoid malignancy characterized by low-grade
lymphoproliferative disorders derived from mature B-cells. The
disease is particularly aggressive with short responses to treatment,
and few patients could be cured with the current therapies. Recent
studies have focused on genetic and molecular mechanisms (Jares
et al. 2007). It has been suggested that the cell cycle and the DNA
damage response are involved in the pathogenesis mechanism of
MCL (Fernandez et al. 2005; Jares et al. 2007). The deletion of
chromosomal region 11q22-23 is the most common secondary
cytogenetic alterations in MCL, including ATM (Stilgenbauer et
al. 1999). In addition to ATM, Checkpoint Kinase (CHK) 1 and
CHK2 have been reported to be responsible for the DNA damage
response pathway in MCL (Tort et al. 2002, 2005). CHK1 and
CHK2, two kinases of ATM downstream, play critical roles in
prevention of cell cycle progression with respect to ATM and ATR
activation following DNA damage (Zhou and Elledge 2000).
Recently, the ATR-ATRIP complex has been reported to play a
significant role in DNA damage and replication stress. ATRIP and
its homologues have multiply regulatory roles in the respective
kinase complexes (Ball et al. 2005; Namiki and Zou 2006). ATRIP
has at least three functional domains: an N-terminal domain, a
coiled-coil domain, and an ATR-interaction domain. The N-ter-
minal domain is required for its stable association with replication
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protein A (RPA)-ssDNA and facilitates recruitment of ATR-ATRIP
to damaged lesions of nuclear foci (Ball et al. 2005; Kim et al.
2005). The coiled-coil domain regulates the dimerization of ATRIP
and is of importance to ATR signaling pathway (Ball and Cortez
2005; Itakura et al. 2005). The ATR-interaction domain that is
localized in the C-terminus of ATRIP is of great importance for
the stability of both proteins (Ball et al. 2005; Falck et al. 2005).
These two proteins are mutually dependent partners in cell cycle
checkpoint signaling pathways. It has been reported that loss of
ATRIP by using specific small interfering RNA (siRNA) results
in destabilization of ATR (Cortez et al. 2001; Ogi et al. 2012).
Suppression of both ATRIP and ATR leads to the loss of check-
point responses to DNA damage (Cortez et al. 2001). In addition,
previous studies have confirmed that phosphorylation of ATRIP
regulates the G2 checkpoint, while the underlying mechanism has
not yet defined (Myers et al. 2007; Venere et al. 2007). Therefore,
a better understanding of the ATRIP function might develop new
target therapeutics for treatment human diseases.

Han et al. (2014) have found that MCM complex facilitates the
recruitment of CHK1 onto chromatin and the interaction between
CHKI1 and MCM complex is essential for DNA damage-induced
phosphorylation of CHK1. The MCM complex is a well-known
component of the replicative DNA helicase in eukaryotic cells and
has been considered as a critical player in ATM and ATR check-
point kinases (Cortez et al. 2004). Therefore, we speculated that
there might be an interaction between ATRIP and MCM complex.
To confirm the results, we first produced a stable JeKo cell line
expressing differently tagged ATRIP (Myc-, HA or Flag) and
MCM complex (MCM2, MCM3, MCM5, and MCM6). After
transfection for 48 h, we identified ATRIP-interacting protein by
using MS. We observed that ATRIP interacts with MCM2, MCM3,
MCM6, and MCM?7 in JeKo cells. GST pull-down assay was
performed to confirm the direct interaction between ATRIP and
MCM complex. In addition, to test whether MCMs is essential for
ATRIP chromatin loading, we silenced the expression of MCM2
and MCM6. The data showed that ATRIP chromatin fraction
was significantly reduced by suppression of MCM?2 and MCM6
compared to the non-chromatin. We further tested whether MCMs
was essential for ATRIP phosphorylation. MCM2 expression was
downregulated and different doses of MCM?2 shRNA were added,
and then the levels of ATRIP were analyzed. The results showed
that the expression levels of pS224-ATRIP were significantly
decreased by MCM2 shRNA compared to the control group in a
dose manner.

In conclusion, we suggest that interaction between ATRIP and
MCM complex is required for ATRIP chromatin loading and
ATRIP phosphorylation.

4. Experimental
4.1. Cell culture

JeKo cells were purchased from American Type Culture Collection (ATCC, Manassas,
VA). All the cells were cultured RPMI-1640 medium or Dulbecco’s modified Eagle’s
medium (DMEM) medium (Invitrogen, Carlsbad, CA) supplemented with 10%
heat-inactivated fetal bovine serum (FBS, Invitrogen, Carlsbad, CA) and 1% peni-
cillin/streptomycin (Sigma-Aldrich, St Louis, MO, USA) at 37 °C in a humidified
atmosphere of 5% CO,.

4.2. Plasmid construction and cell infection

Myc-, or Flag-tagged vectors expressing ATRIP wide type (WT) or mutants were tran-
siently transfected into 293T cells using Lipofectamine 2000 (Invitrogen) according
to the manufacturer’s protocol. MCMs were produced by using standard polymerase
chain reactions (PCR) with lentiviral vectors for each MCM (Tsuji, Ficarro et al.
2006). In addition, small hairpin RNA (shRNA) against MCM2 and MCM6 were
transiently transfected by using Lipofectamine 2000 (Invitrogen). After transfection,
the supernatants were prepared and JeKo cells were infected with retroviral medium
with polybrene.

4.3. Chromatin fractionation

Cell fractionation was performed as previously described (Guo et al. 2006; Mendez
and Stillman 2000). Briefly, JeKo cells were suspended in buffer A (150 mM HEPES,
pH 7.9, 150 mM KCl, 1.5 mM MgCl2, 0.2% NP-40, 5 mM NaF, 1 mM dithiothreitol,
and 10% glycerol). The cell suspension that contains cytoplasmic fraction was then
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centrifuged, re-suspended in buffer B (3 mM EDTA, 0.2 mM EGTA, 1 mM DTT),
and centrifuged again. The cell suspension that contains cytoplasmic fraction and
non-cytoplasmic fraction was re-suspended in buffer C (50 mM Tris-HCI, pH 8.0,
300 mM NaCl, 1% NP-40, 1 mM DTT, and protease inhibitors) and centrifuged. The
proteins in these fractions were analyzed by using western blotting.

4.4. Identification of ATRIP-interacting protein by mass spectrometry (MS)

The ATRIP-interacting protein was identified by MS as previously described (Han et
al. 2014). Briefly, JeKo cells stably expressing differently tagged ATRIP fractionated
into cytoplasmic and nuclear compartments. ATRIP-interacting proteins were isolated,
eluted, and denatured in urea. The ATRIP-interacting proteins were subsequently
reduced with tris-(2-carboxyethyl)-phosphine hydrochloride (Molecular Probes,
Eugene, OR), alkylated with iodoacetamide (Sigma-Aldrich), digested overnight with
trypsin (Invitrogen), and immobilized to monolithic silica capillary columns (Restek,
USA). A quaternary high performance liquid chromatography (HPLC) pump (Agilent
Technologies) was connected to flush the columns and a linear ion trap (LTQ) mass
spectrometer (Thermo-Fisher, San Jose, CA) was applied to detect ions. MS raw data
were extracted to obtain MS/MS files using RawXtract (version 1.9.9) (McDonald
et al. 2004).

4.5. Immunoprecipitation (IP) and immunoblot (IB) analysis

Cells were lysed in 1% Nonidet P-40 lysis buffer (20 mM Tris-HCI pH 8.0, 137 mM
NaCl, 1% Nonidet P-40, 10 mM NaF, 1 mM CaCl,, 1 mM Na,VO,, 1 mM dithio-
threitol, 1 mM phenylmethylsulfonyl fluoride, and a protease inhibitor mixture),
incubated on ice, and centrifuged. The cell lysates were immunoprecipitated with
anti-Flag, anti-HA, anti-GFP, or anti-Myc and immunoblotted with the indicated
antibodies: anti-MCM2 antibody (ab4461, Abcam Inc., Cambridge, MA, USA),
anti-MCM3 antibody (ab4460, Abcam), anti-MCMS5 antibody (ab17967, Abcam), and
anti-MCMG6 antibody (ab201683, Abcam).The immunoprecipitates were then washed
three times with 0.1% Nonidet P-40 lysis buffer, subjected to immunoblot analysis,
and separated by sodium dodecyl sulfonate (SDS)-polyacrylamide gel electrophoresis
(PAGE). The membranes were then transferred to polyvinylidene difluoride (PVDF)
membranes and incubated with the above antibodies, and were visualized using
chemiluminescence (MicroSpin GST Purification Module; GE Healthcare).

4.6. Expression and purification of glutathione S-transferase (GST)-

tagged proteins

GST fusion proteins were transformed into Escherichia coli BL21 using glutathione
agarose (GE Healthcare) affinity chromatography. The cells were then inoculated into
Luria Bertani (LB) (Sigma-Aldrich) (pH 7.0) at 37 °C.The recombinant protein was
induced by addition of 1 mM isopropyl 1-thio-f-d-galactopyranoside (IPTG, Thermo
Scientific, Waltham, MA). Four hours later, the cells were lysed and centrifuged, and
the supernatants were collected. Then the supernatants were purified with a Gluta-
thione Sepharose 4B column (GE Healthcare). The recombinant GST or GST-tagged
proteins were eluted by an elution buffer containing 50 mM Tris-HCI (pH 9.5), 150
mM NaCl, 0.1 mM EDTA, 0.1mM ZnCl,, 2 mM MgCl,, I mM DTT, 5% glycerol and
10 mM reduced glutathione), and detected with SDS-PAGE.

4.7. Statistical analysis

All experiments were carried out in triplicate and the results were represented as
the meanzstandard deviation (SD). Differences comparison between groups was
performed by one-way analysis of variance and/or t test with SPSS 16 (IBM, New
York, NY). P < 0.05 was considered with statistically significant differences.

Conflicts of interest: Authors declare that there is no conflict of interests.

References

Abraham RT (2001) Cell cycle checkpoint signaling through the ATM and ATR
kinases. Genes Devel 15: 2177-2196.

Anderson JR, Armitage JO, Weisenburger DD (1998) Epidemiology of the non-Hod-
gkin’s lymphomas: distributions of the major subtypes differ by geographic loca-
tions. Non-Hodgkin’s Lymphoma Classification Project. Ann Oncol 9: 717-720.

Ball HL, Cortez D (2005) ATRIP oligomerization is required for ATR-dependent
checkpoint signaling. J Biol Chem 280: 31390-31396.

Ball HL, Myers JS, Cortez D (2005) ATRIP binding to replication protein A-sin-
gle-stranded DNA promotes ATR-ATRIP localization but is dispensable for Chk1
phosphorylation. Mol Biol Cell 16: 2372-2381.

Brown EJ, Baltimore D (2003) Essential and dispensable roles of ATR in cell cycle
arrest and genome maintenance. Genes Dev 17: 615-628.

Casper AM, Nghiem P, Arlt MF, Glover TW (2002) ATR regulates fragile site
stability. Cell 111: 779-789.

Cimprich KA, Cortez D (2008) ATR: an essential regulator of genome integrity. Nat
Rev Mol Cell Biol 9: 616-627.

Cortelazzo S, Ponzoni M, Ferreri AJ, Dreyling M (2012) Mantle cell lymphoma. Crit
Rev Oncol Hematol 82: 78-101.

Cortez D, Glick G, Elledge SJ (2004) Minichromosome maintenance proteins are
direct targets of the ATM and ATR checkpoint kinases. Proc Natl Acad Sci USA
101: 10078-10083.

Cortez D, Guntuku S, Qin J, Elledge SJ (2001) ATR and ATRIP: partners in check-
point signaling. Science 294: 1713-1716.

Falck J, Coates J, Jackson SP (2005) Conserved modes of recruitment of ATM, ATR
and DNA-PKcs to sites of DNA damage. Nature 434: 605-611.

Pharmazie 72 (2017)

Fernandez V, Hartmann E, Ott G, Campo E, Rosenwald A (2005) Pathogenesis of
mantle-cell lymphoma: all oncogenic roads lead to dysregulation of cell cycle and
DNA damage response pathways. J Clin Oncol 23: 6364-6369.

Fernandez V, Salamero O, Espinet B, Sole F, Royo C, Navarro A, Camacho F, Bea
S, Hartmann E, Amador V, Hernandez L, Agostinelli C, Sargent RL, Rozman M,
Aymerich M, Colomer D, Villamor N, Swerdlow SH, Pileri SA, Bosch F, Piris MA,
Montserrat E, Ott G, Rosenwald A, Lopez-Guillermo A, Jares P, Serrano S, Campo
E (2010) Genomic and gene expression profiling defines indolent forms of mantle
cell lymphoma. Cancer Res 70: 1408-1418.

Friedenson B (2007) The BRCA1/2 pathway prevents hematologic cancers in addi-
tion to breast and ovarian cancers. BMC Cancer 7: 152.

Guo C, Tang TS, Bienko M, Parker JL, Bielen AB, Sonoda E, Takeda S, Ulrich
HD, Dikic I, Friedberg EC (2006) Ubiquitin-binding motifs in REV1 protein are
required for its role in the tolerance of DNA damage. Mol Cell Biol 26: 8892-8900.

Han X, Aslanian A, Fu K, Tsuji T, Zhang Y (2014) The interaction between check-
point kinase 1 (Chkl) and the minichromosome maintenance (MCM) complex
is required for DNA damage-induced Chkl phosphorylation. J Biol Chem 289:
24716-24723.

Itakura E, Sawada I, Matsuura A (2005) Dimerization of the ATRIP protein through
the coiled-coil motif and its implication to the maintenance of stalled replication
forks. Mol Biol Cell 16: 5551-5562.

Jares P, Colomer D, Campo E (2007) Genetic and molecular pathogenesis of mantle
cell lymphoma: perspectives for new targeted therapeutics. Nat Rev Cancer 7:
750-762.

Jares P, Colomer D, Campo E (2012) Molecular pathogenesis of mantle cell
lymphoma. J Clin Invest 122: 3416-3423.

Kim SM, Kumagai A, Lee J, Dunphy WG (2005) Phosphorylation of Chk1 by ATM-
and Rad3-related (ATR) in Xenopus egg extracts requires binding of ATRIP to
ATR but not the stable DNA-binding or coiled-coil domains of ATRIP. J Biol
Chem 280: 38355-38364.

McDonald WH, Tabb DL, Sadygov RG, MacCoss MJ, Venable J, Graumann J,
Johnson JR, Cociorva D, Yates JR 3" (2004) MS1, MS2, and SQT-three unified,
compact, and easily parsed file formats for the storage of shotgun proteomic
spectra and identifications. Rapid Commun Mass Spectrom 18: 2162-2168.

Mendez J, Stillman B (2000) Chromatin association of human origin recognition
complex, cdc6, and minichromosome maintenance proteins during the cell cycle:
assembly of prereplication complexes in late mitosis. Mol Cell Biol 20: 8602-8612.

Menezes DL, Holt J, Tang Y, Feng J, Barsanti P, Pan Y, Ghoddusi M, Zhang W,
Thomas G, Holash J, Lees E, Taricani L (2015) A synthetic lethal screen reveals
enhanced sensitivity to ATR inhibitor treatment in mantle cell lymphoma with
ATM loss-of-function. Mol Cancer Res 13: 120-129.

Myers JS, Zhao R, Xu X, Ham AJ, Cortez D (2007) Cyclin-dependent kinase 2 depen-
dent phosphorylation of ATRIP regulates the G2-M checkpoint response to DNA
damage. Cancer Res 67: 6685-6690.

Namiki Y, Zou L (2006) ATRIP associates with replication protein A-coated ssDNA
through multiple interactions. Proc Natl Acad Sci USA 103: 580-585.

Norton AJ, Matthews J, Pappa V, Shamash J, Love S, Rohatiner AZ, Lister TA (1995)
Mantle cell lymphoma: natural history defined in a serially biopsied population
over a 20-year period. Ann Oncol 6: 249-256.

Ogi T, Walker S, Stiff T, Hobson E, Limsirichaikul S, Carpenter G, Prescott K, Suri
M., Byrd PJ, Matsuse M, Mitsutake N, Nakazawa Y, Vasudevan P, Barrow M,
Stewart, GS, Taylor AM, O’Driscoll M, Jeggo PA (2012) Identification of the first
ATRIP-deficient patient and novel mutations in ATR define a clinical spectrum for
ATR-ATRIP Seckel Syndrome. PLoS Genet 8: €1002945.

Perez-Galan P, Dreyling M, Wiestner A (201 1) Mantle cell lymphoma: biology, patho-
genesis, and the molecular basis of treatment in the genomic era. Blood 117: 26-38.

Shiloh Y (2001) ATM and ATR: networking cellular responses to DNA damage. Curr
Opin Genet Dev 11: 71-77.

Stilgenbauer S, Winkler D, Ott G, Schaffner C, Leupolt E, Bentz M, Moller P,
Muller-Hermelink HK, James MR, Lichter P, Dohner H (1999) Molecular charac-
terization of 11q deletions points to a pathogenic role of the ATM gene in mantle
cell lymphoma. Blood 94: 3262-3264.

Syljuasen RG, Sorensen CS, Hansen LT, Fugger K, Lundin C, Johansson F, Helleday
T, Sehested M, Lukas J, Bartek J (2005) Inhibition of human Chk1 causes increased
initiation of DNA replication, phosphorylation of ATR targets, and DNA breakage.
Mol Cell Biol 25: 3553-3562.

Toledo LI, Murga M, Zur R, Soria R, Rodriguez A, Martinez S, Oyarzabal J, Pastor
J, Bischoff JR, Fernandez-Capetill, O (2011) A cell-based screen identifies ATR
inhibitors with synthetic lethal properties for cancer-associated mutations. Nat
Struct Mol Biol 18: 721-727.

Tort F, Hernandez S, Bea S, Martinez A, Esteller M, Herman JG, Puig X, Camacho E,
Sanchez M, Nayach I (2002) CHK2-decreased protein expression and infrequent
genetic alterations mainly occur in aggressive types of non-Hodgkin lymphomas.
Blood 100: 4602-4608.

Tort F, Hernandez S, Bea S, Camacho E, Fernandez V, Esteller M, Fraga M, Burek
C, Rosenwald A, Hernandez L (2005) Checkpoint kinase 1 (CHK1) protein and
mRNA expression is downregulated in aggressive variants of human lymphoid
neoplasms. Leukemia 19: 112-117.

Tsuji T, Ficarro SB, Jiang W (2006) Essential role of phosphorylation of MCM2 by
Cdc7/Dbf4 in the initiation of DNA replication in mammalian cells. Mol Biol Cell
17: 4459-4472.

Velders GA, Kluin-Nelemans JC, De Boer CJ, Hermans J, Noordijk EM, Schuuring
E, Kramer MH, Van Deijk WA, Rahder JB, Kluin PM, Van Krieken JH (1996)
Mantle-cell lymphoma: a population-based clinical study. J Clin Oncol 14: 1269-
1274.

Venere M, Snyder A, Zgheib O, Halazonetis TD (2007) Phosphorylation of ATR-in-
teracting protein on Ser239 mediates an interaction with breast-ovarian cancer
susceptibility 1 and checkpoint function. Cancer Res 67: 6100-6105.

Zhou BB, Elledge SJ (2000) The DNA damage response: putting checkpoints in
perspective. Nature 408: 433-439.

673



