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The DNA damage checkpoint is activated during residual
tumour cell survival to methotrexate treatment as an initial
step of acquired drug resistance
Josep M. de Antaa,c, Antonio J. Pérez-Castrob,c, Raimundo Freireb and
Xavier Mayola

In the process of acquired drug resistance, the absence

of tumour cell subpopulations already resistant before

treatment implies an initial adaptive stage of cell growth

following drug exposure that, under the selective pressure

of the drug, allows the emergence of stably resistant cell

variants. Here, we show that p53-defective HT-29 colon

cancer cells overcome methotrexate-induced cell death

owing to DNA damage checkpoint-mediated cell survival

at the adaptive stage that precedes stable resistance

acquisition. HT-29 cell cycle progression was dramatically

delayed in the presence of a lethal dose of methotrexate,

leading to DNA damage during S-phase transition and to

cell death as treated cells progressed to G2 and M phases.

As a result, the DNA damage checkpoint was induced as

indicated by the presence of activated phosphorylated

forms of checkpoint proteins Chk1 and Rad9. As we

recently described, in-vitro resistance to methotrexate

occurs without cell subpopulations already resistant

before treatment, hence resistance is acquired through a

multistep process that includes an early stage of transient

cell survival. Our present results showed that this acute cell

survival stage was due to a minor percentage of cells that

could complete the first division cycle after drug exposure.

Cell survival was enhanced by drug withdrawal during

S-phase transition and suppressed if drug withdrawal was

followed by treatment with the checkpoint-inhibitor drug

caffeine. These results thus point to checkpoint-mediated

transient adaptation as a target to prevent the emergence

of acquired resistance to methotrexate. Anti-Cancer Drugs
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Introduction
The process of tumour drug resistance is responsible for

many therapeutic failures in the treatment of cancer and

may be considered one of the main consequences of

tumour progression to increased malignancy. Two types of

drug resistance exist, depending on the mechanism used

by tumours to undergo drug insensitization [1]. First,

inherent resistance occurs in tumour cell populations

already resistant before treatment; i.e. cells less prone to

drug-induced apoptosis as a result of tumour progression

to apoptosis-defective phenotypes [2]. Similarly, certain

extracellular conditions may favour drug insensitization as

inherent resistance, e.g. the presence of extracellular

nucleosides that salvage nucleotide synthesis in anti-

metabolite-treated cells [1]. Second, acquired resistance

occurs when tumour cell populations lacking resistant

cells before treatment give rise to resistant genetic

variants as a consequence of the treatment; such acquired

resistance is thus selected by the pressure of treatment

amid the sensitive population and is permanently

expressed in the tumour because of its genetic nature.

Methotrexate (MTX) is an anticancer drug that shows

therapeutic efficacy in the treatment of osteosarcomas

and lymphomas, but some of these tumours undergo

resistance and others, such as colon cancer, appear

refractory to MTX antitumoral effects [3]. While several

genetic mechanisms of MTX resistance have been

identified both in vivo and in vitro [4], it is still obscure

to what extent inherent versus acquired resistance is

responsible for the failure of some MTX-based therapies.

On the other hand, colon cancer cell lines display high
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sensitivity in vitro to MTX and provide experimental

models suitable to investigate the mechanisms under-

lying the expression of drug resistance phenotypes. In

particular, the HT-29 colon cancer in vitro model of

resistance to MTX is a paradigm of the complex

mechanisms of colon cancer cell resistance to antimeta-

bolites [5]. We have recently characterized the early

stages of the process of resistance acquisition to MTX

using HT-29 colon cancer cells. We found that resistance

acquisition is preceded by an adaptive cell survival stage,

in a minor fraction of cells, early during treatment and

coincides with the peak of MTX-induced cell death [6].

No resistant subpopulations are present in the HT-29 cell

line before exposure to the drug and the mechanism of

the adaptive cell survival phenomenon is yet poorly

characterized. Of note, the minor HT-29 cell population

that overcomes MTX treatment does not exert perma-

nent resistant features but, instead, needs to undergo

through a process of high cell renewal in the continuous

presence of MTX before stably resistant cell clones

appear [7]. Therefore, the HT-29 model of resistance to

MTX provides a process of complex cell population

dynamics, including adaptive and selection responses to

treatment, that models tumour cell progression to

acquired drug resistance, such as resistant tumours arising

from minimal residual disease.

MTX inhibits reversibly the dihydrofolate reductase gene

(DHFR), thus blocking the folate cycle required for the

synthesis of thymidilate and purines [1]. Secondly to

the nucleotide starvation, MTX treatment results in

apoptosis induction and/or clastogenicity, depending on

the cancer cell genotype [1]. Many drugs used to treat

cancer are intended to interfere with the tumour cell

division process and cell cycle checkpoints exert a role in

the tumour cell response to therapy [8–12]. These

checkpoints ensure that cell cycle progression takes place

orderly and without errors; in the presence of problems,

checkpoint activation results in cell cycle block to allow

repair or to get rid of damaged cells by apoptosis.

Moreover, checkpoints are frequently altered in tumour

cells, so that these alterations may be determinant in

their cell cycle response to drug treatment [13]. In this

context, MTX and other antimetabolite drugs induce

intracellular nucleotide starvation. While some inhibitors

of ribonucleotide synthesis elicit TP53-dependent cell

cycle arrest, e.g. PALA, inhibitors of dNTP synthesis,

such as MTX, result in the arrest at the G1/S boundary in

a manner independent of the TP53 status [1,14,15]. TP53
deficiency is associated with inappropriate transit through

S phase and DNA breakage, which, in MTX-treated cells,

is a requirement for gene amplification and acquisition of

resistance [1]. Moreover, the mechanisms of colon cancer

cell resistance to MTX are largely dependent on the

nature of their genetic instability, which is known to arise

on particular altered checkpoints [16]. As MTX targets a

key metabolic pathway of the cell cycle, i.e. de novo

nucleotide synthesis, we aimed at understanding whether

cell cycle checkpoints impinge on the acute cell survival

response to MTX in the HT-29 cell line. Although MTX

employs genotoxicity as part of its antitumoral activity

[1], the cell cycle response of tumour cells in terms of

cell sensitivity and resistance to the drug had never been

addressed before. Within the context of HT-29 cell

population dynamics of adaptation and resistance to

MTX treatment, we obtained evidence indicating that

acute cell survival to MTX, i.e. the initial step of the

drug resistance acquisition process [6], is mediated by a

checkpoint response that involves the DNA damage

checkpoint.

Materials and methods
Cell culture and treatments

HT-29 cells were routinely seeded at 2� 104 cells/cm2

and cultured using Dulbecco’s modified Eagle’s medium

medium, supplemented with 10% fetal bovine serum, at

371C with 7.5% CO2. Where indicated, 0.1 mmol/l MTX

(Almirall, Barcelona, Spain), 10 mmol/l caffeine (Sigma,

St Louis, Missouri, USA), or both, were added to the

cells. Cells were first synchronized by maintaining

cultures at confluence for 6 days, so G0 arrest

was induced, and then they were released by reseeding

at 2�104 cells/cm2. Clonogenic assays were performed by

seeding cell suspensions at a density of 10 cells/cm2 in

standard culture medium; these cultures were main-

tained for 10 days, then washed with phosphate-buffered

saline (PBS) and fixed in 2% formaldehyde, stained with

Coomassie blue, and the colonies formed were counted

with the naked eye.

Antibodies and Western blot analysis

Cells were harvested, washed with PBS and then lysed in

denaturing buffer (6 mol/l urea, 50 mmol/l Tris–HCl, pH

6.8, 1% sodium dodecyl sulphate) by mild sonication on

ice for 5 s using a UP100H ultrasonic processor adjusted

at 70% of amplitude (Hielscher Ultrasound Technology,

Teltow, Germany). Whole-cell extracts were subjected to

electrophoresis in 12% sodium dodecyl sulphate–poly-

acrylamide gels and transferred to nitrocellulose mem-

branes. Mouse monoclonal anti-phospho-Histone H2AX

(S139) antibody clone JBW301 (Upstate, Charlottesville,

Virginia, USA), anti-b-actin clone AC-15 (Sigma) and

anti-phospho-Chk1 (Ser345) (Cell Signaling, Danvers,

Massachusetts, USA) were used following the manufac-

turer’s instructions. Rabbit anti-human Rad9 antibody

was used at 1:2000 dilution [17]. Reactions were revealed

by chemiluminescence, using the SuperSignal West Pico

detection kit (Pierce, Rockford, Illinois, USA).

Immunofluorescence assay

Cells growing on coverslips were fixed by immersion in

50% methanol–50% acetone for 2 min. Then, they were

permeabilized using 0.5% NP-40 in PBS for 10 min and

blocked using 0.5% bovine serum albumin in PBS for
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20 min. Mouse monoclonal anti-phospho-Histone H2AX

(S139) antibody was diluted 1:500 in 0.5% bovine serum

albumin and incubated for 1 h at room temperature. After

a brief wash with PBS, samples were incubated with

secondary rhodamine-conjugated goat anti-mouse anti-

bodies (Jackson Immunoresearch, West Grove, Pennsyl-

vania, USA) for 1 h at room temperature. Before

visualization under the microscope, Vectashield mounting

medium for fluorescence with DAPI stain was used

(Vector Laboratories, Burlingame, California, USA).

Results and discussion
HT-29 tumour cells contain a TP53 arginine-273 to

histidine mutation that inactivates its function; similarly,

TP53 loss of function has also been lost in about half of

colorectal cancer [18]. As the kinetics of MTX-induced

genotoxicity during the cell cycle under defined tumour

genetic backgrounds (such as TP53-mutated HT-29

tumour cells) are largely unknown, we first characterized

the HT-29 cell cycle under MTX treatment. We

synchronized HT-29 cells in G0 by maintaining cultures

in a confluent state for 1 week, approximately, and

released them from the arrest by seeding at subconfluent

density. Using this protocol, HT-29 cultures entered the

cell cycle synchronously to reach G1/S-phase transition

after 18–24 h of seeding and to complete the cell division

cycle after 36–40 h (Fig. 1a). Cell cycle reinitiation in the

presence of 0.1 mmol/l MTX, which is a dose that

provokes 99% cell death in the HT-29 cell line [6], also

allowed S-phase entrance, but cell cycle progression was

dramatically delayed, so that the cells remained at

S-phase during the following days (Fig. 1b and c). The

earliest mitotic figures were observed from 3 days after

cell cycle reinitiation and extension of the bromodeox-

yuridine (BrdU) pulse–chase experiment shown in Fig.

1(c) revealed that the first wave of G1 cells that had

completed the cell cycle (i.e. labelled with BrdU) was not

detected until the fifth day approximately (data not

shown). Interestingly, increasing fractions of cells with a

sub-G1 DNA content and with more than 4n DNA

content were observed at the latest treatment time

points, suggesting that both apoptosis and mitotic

alterations, respectively, occurred. To correlate these cell

cycle effects with the cytotoxicity induced by MTX, we

analysed the rates of cell death and survival during

treatment by means of cell clonogenic assays. We

observed a significant reduction of cell clonogenicity

after 48 h of reinitiation in the presence of MTX, which

was further reduced to a nadir of less than 1% of

cell survival after 4 days during continuous treatment

(Fig. 1d). Afterwards, increased cell clonogenicity was

observed corresponding to an adaptive drug resistance

phenomenon described previously and by which the

surviving cell population adapts to grow at a low cell

density in the presence of MTX [6]. Therefore, the cell

population treated with a lethal dose of MTX could

progress through the cell cycle, but most of the cells did

so in an aberrant manner because progression was

importantly slowed and cell viability mostly lost in the

S phase. Importantly, a minor fraction of the cell

population survived this aberrant cell cycle to undergo

the above-mentioned adaptive resistance (see below).

As MTX has clastogenic effects [1] and it enhances

centrosome reduplication [7], we postulated that aber-

rant cell cycle progression by MTX occurred in the

presence of chromosome abnormalities. Consistent with

this notion, we detected histone H2AX phosphorylation

at serine-139, referred to as g-H2AX, which is a marker of

DNA double-strand breaks [19], as early as 48 h of cell

cycle progression in the presence of MTX (Fig. 2).

Therefore, MTX induces DNA damage in correlation

with the loss of cell viability observed in the clonogenic

assays (Fig. 1d). Moreover, figures of mitotic cells with

multiple spindles, and spindle-unattached and condensed

chromatin were frequently observed during MTX treat-

ment, suggesting the induction of mitotic catastrophe

[7]. This latter result raises an issue that merits further

discussion. First, cells progressed slowly through the S

phase from day 2 to day 4 and cell death (revealed by cell

detachment and appearance of sub-G1 cells) was not

observed until days 4–5, coinciding with the major

detection of mitosis (Fig. 1d). Second, sub-G1 cells

had undergone DNA replication as observed by BrdU

pulse–chase labelling experiments (data not shown).

Third, 80% of mitosis under treatment displayed aberra-

tions, such as multiple spindle formation and nonaligned

metaphase chromosomes [7]. Finally, micronucleated

cells, a hallmark consequence of mitotic catastrophe

[20], were typically observed as a result of MTX

treatment (data not shown). Therefore, these results

suggested that cells carrying DNA damage, or at least part

of them, could progress to mitosis in the presence of

MTX, so that one of the main consequences of treatment

was the mitotic catastrophe of cycling cells carrying DNA

damage. In addition to mitotic catastrophe, however, the

concomitant occurrence of apoptosis or other cytotoxic

effects compromising cell viability cannot be ruled out.

Interestingly, the possibility that cells carrying DNA

damage could enter mitosis would imply that these cells

could bypass the G2/M checkpoint in response to S-phase

damage. Ascertaining this hypothesis might uncover a

defect of HT-29 cells in the control of mitosis entrance in

the presence of cell cycle abnormalities, such as damaged

DNA or centrosome amplification. This phenomenon

would be consistent with the fact that the G2 DNA

damage checkpoint has also been shown to be under p53

control in response to g-irradiation or drugs [21,22].

We next asked whether the DNA damage checkpoint was

induced in response to treatment. For this purpose, we

analysed the phosphorylation status of Chk1, which is an

effector kinase of the DNA damage checkpoint in

response to UV or hydroxyurea treatments. Chk1 is

Methotrexate induces a cell cycle checkpoint de Anta et al. 1173

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



activated by the kinase activity of the checkpoint protein

ATR and, when active, it directly phosphorylates key

proteins involved in the cell cycle progression machinery,

so that the cell cycle is delayed [23,24]. Using antibodies

specific for the activated form of Chk1 (phosphorylated

at serine-345) MTX-treated cells showed induction of

Fig. 1
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Methotrexate (MTX) treatment delays S-phase entry and cell cycle progression concomitant with drug-induced loss of cell viability. (a) Nontreated
HT-29 cells were arrested in G0 and reinitiated by reseeding at subconfluence density (2�104 cells/cm2). Cell suspensions were obtained at the
indicated time points after reinitiation and stained with propidium iodide for flow cytometry analysis. The kinetics of cell cycle progression are shown
by the percentages of cells with G0/G1 (open squares), S (open triangles) and G2/M (closed triangles) DNA content profiles in each time point. (b)
DNA content profiles by flow cytometry, as in (a), on synchronized cell cultures treated continuously with 0.1mmol/l MTX at the time of reinitiation.
Treated cells first entered S phase at 24 h after reinitiation, and S phase progression to G2/M phases occurred slowly through the following days. (c)
Reinitiated cells as in (a) and (b) were labelled with bromodeoxyuridine (BrdU) for 1 h at day 2, and cell suspensions subjected to
inmunofluorescence with fluorescein isothiocyanate (FITC)-labelled anti-BrdU antibodies (FITC log), stained with propidium iodide and analysed by
flow cytometry. The BrdU labelling profile revealed that almost 100% of the cells were in the S phase after 2 days of MTX treatment. (d) Left:
percentages of cells remaining attached in the culture plates during reinitiation in the presence of MTX; cell detachment was not detected until day 5,
coinciding with mitosis progression as shown in (b), which is consistent with cell detachment driven by mitotic catastrophe. Right: percentages of
cell viability during cell cycle reinitiation expressed as the percentage of colonies formed after seeding 10 cells/cm2 from MTX-treated cultures with
respect to 100% of clonogenicity from control cultures. Almost 90% of cell viability was lost by day 2 after reinitiation, a time point period coinciding
with S-phase progression.
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activated Chk1 to levels comparable to, or even higher

than, UV-induced activation, while activated Chk1

remained undetectable in untreated cells (Fig. 3a).

Moreover, we also analysed changes in Rad9, which forms

part of the 9-1-1 complex, loaded to sites of DNA damage

by the Rad17 complex [25]. We observed that phos-

phorylated forms of Rad9, similar to those induced by UV,

were also induced under MTX treatment (Fig. 3a). As the

9-1-1 complex together with ATR are required for Chk1

activation in UV-treated cells [26], these results in-

dicated that MTX induced a checkpoint response in

HT-29 cells similar to the UV-induced ATR-mediated

DNA damage checkpoint.

We have recently shown that resistance of HT-29 to low

doses of MTX (0.1 mmol/l) is achieved through a multi-

step process that involves a stage of adaptive cell survival

that takes place during the first week of treatment [6]. As

this early phenomenon of cell survival coincides in time

with the elongated cell cycle transition that follows MTX

exposure, we hypothesized that the DNA damage

checkpoint could promote DNA repair and cell survival

during this early stage. To assess this hypothesis, we first

analysed the cell clonogenicity remaining after 2 days of

treatment and found that it was preserved for 2 additional

days after drug withdrawal, without any increase in the

cell number of cultures (Fig. 3b). This behaviour

suggested that cells were recovering from MTX-induced

cytotoxicity while the activated checkpoint was delaying

S-phase progression. Afterwards, to ascertain whether cell

Fig. 2
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Methotrexate (MTX) treatment induces DNA damage as cells progress
through the S phase of the cell cycle. Reinitiated cells as in Fig. 1 were
treated with MTX and cell extracts obtained at the indicated time points
processed for Western Blot analysis. Briefly, harvested cells were lysed
in denaturing buffer (6 mol/l urea, 50 mmol/l Tris–HCl, pH 6.8, 1%
sodium dodecyl sulphate) and mild sonication (see Materials and
methods), and 10mg of whole-cell extracts were subjected to 12%
sodium dodecyl sulphate–polyacrylamide gel electrophoresis and
transferred to nitrocellulose membranes. Mouse monoclonal anti-
phospho-Histone H2AX (S139) antibody was used to detect DNA
damage and anti-b-actin (clone AC-15; Sigma), used for normalization.
H2AX phosphorylation took place first between 25 and 45 h after
reinitiation in the presence of MTX (18.52 ± 6.74 and 73.13 ± 4.19% of
g-H2AX-positive cells at 25 and 45 h, respectively, expressed as the
mean ± standard deviation from three independent experiments), which
coincides with S-phase progression and loss of cell viability. HT-29
cells irradiated with UV (40 J/m2) were used as controls of H2AX
phosphorylation. C, nontreated control; UV, UV irradiation; M, MTX
treatment. Bottom: two panels showing nuclei stained in red by
immunofluorescence using anti-g-H2AX at corresponding time points
indicated by arrows; nuclei were counterstained with DAPI.
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required for cell survival upon drug withdrawal. (a) Western blot
analysis using antibodies anti-phospho-Chk1 (P-Chk1) and rabbit
polyclonal anti-human Rad9 (Rad9) on cell extracts from reinitiated cell
cultures treated for 2 days. Chk1 and Rad9 phosphorylations were
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recovery in this stage depended on the checkpoint, we

used caffeine as an inhibitor of ATM/ATR, upstream

checkpoint kinases responsible for the activation of the

DNA damage checkpoints in response to different insults

[27]. Suppression of checkpoint activity by caffeine

concomitant with MTX withdrawal dramatically sup-

pressed the cell viability, whereas treatment with caffeine

alone had no effects (Fig. 3b). Therefore, a caffeine-

sensitive checkpoint was required for tumour cell

recovery from MTX-induced abnormal cell cycle progres-

sion. Caffeine similarly suppressed Chk1, Rad9 and

H2AX phosphorylations (Fig. 3a and data not shown),

although we observed some g-H2AX-positive cells with

apoptotic morphology. As Chk1 is required for the repair

of DNA double-strand breaks by homologous recombina-

tion [28], its inactivation by caffeine supports its role as a

mediator of cell survival and recovery to MTX treatment.

Similarly, suppression of Rad9 phosphorylation is consis-

tent with the fact that it lies downstream of ATM/ATR

[29]. Rad9 activation has also been described to protect

from topoisomerase inhibitor-induced genotoxicity [11],

thus supporting our notion that cell recovery from MTX-

induced DNA damage is also mediated by the 9-1-1

complex. Finally, caffeine treatment after MTX with-

drawal enhanced mitosis entry, but mitosis was almost

exclusively composed of highly fragmented condensed

DNA indicative of premature mitotic entrance in the

presence of unrepaired double-strand DNA breaks (data

not shown), as described in p53-deficient, aphidicolin-

treated cells [30]. This result also indicates that the

mechanism of checkpoint-mediated cell survival was the

repair of MTX-induced double-strand DNA breaks.

Nevertheless, and beyond the scope of the present

report, only knockdown experiments against specific

checkpoint proteins will reveal the particular pathway of

cell cycle control involved in cell survival to MTX.

In the present work, we, therefore, report that the

activation of a caffeine-sensitive checkpoint, with the

characteristics of the ATR/Chk1-mediated checkpoint, is

part of the cell response to MTX treatment in tumour

cells. This is an issue that had not been addressed

previously, despite MTX being a known genotoxic agent.

More importantly, this checkpoint is presently shown to

be required for a cell survival phenomenon to drug

treatment that precedes the acquisition of stable

resistance [6]. In particular, we describe that abnormal

cell cycle progression by DNA damage is one of the main

mechanisms of MTX cytotoxicity, and that, amid most of

the cells that die by mitotic catastrophe or apoptosis, a

small percentage of cells under treatment can escape

from damage and complete the cell cycle in a viable

manner. The caffeine-sensitive checkpoint appears to

promote the viability of this cell cycle progression leading

to the survival of some cells. These results will help to

elaborate a mechanistic model to further understand the

acquisition of stable resistance in tumour cell populations

lacking resistant cells before treatment (Fig. 4). We have

recently reported two main stages during resistance

acquisition: (1) an initial stage of growth adaptation to

continuous treatment in which the cell population is

maintained at a low cell number, thus keeping available

survival factors present in the culture medium [6], and

(2) a later stage where stable resistance emerges in some

of the surviving cell clones subjected to the selective

pressure of treatment [7]. Regarding our present results,

we propose that the DNA damage checkpoint is involved

in an additional cell survival stage early after the

Fig. 4
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Schematic model that illustrates the involvement of checkpoint-mediated cell survival in the acquisition of methotrexate (MTX) resistance. (1) HT-29
are sensitive to MTX and, early during treatment, most of the cells undergo massive cell death (white cells), but a minor fraction of cells are able to
survive (black cells). The mechanism by which this minor fraction of cells survives to treatment does not involve the presence of a cell subpopulation
already resistant before drug exposure and was unknown until now [6]. Our present results demonstrate that the cell death and cell survival processes
during acute treatment occur within the first cell division cycle after the exposure to the drug, and that the DNA damage checkpoint is a major
determinant of cell survival during the S-phase transition of this cycle. (2) Afterwards, surviving cells give rise to a cell population (black colonies) still
sensitive to MTX, but able to grow at a low cell density in the continuous presence of the drug, as we previously reported [6]. This adaptation was
shown to be due to the limited availability of extracellular nucleosides that, despite treatment, allow cell growth below a critical cell density. (3) Upon
prolonged treatment, the phenomenon of cell sensitization and cell survival is repeated until some cells undergo permanent changes that lead to the
emergence of clonal variants with stable resistance [7].
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beginning of the treatment by allowing some cells to

complete the first cell cycle after exposure to the drug.

Therefore, inhibiting the DNA damage checkpoint may

help prevent resistance to MTX by blocking one of the

earliest stages of the resistance acquisition process, i.e. a

stage that precedes the emergence of particular genetic

changes that render cells drug stably resistant. Moreover,

the phenomenon of cell survival to acute MTX treatment

in a minor fraction of the HT-29 population resembles in-

vivo situations in which tumour recurrence after drug

treatment is often accompanied by drug resistance, e.g.

minimal residual disease. Inhibiting the DNA damage

checkpoint during MTX treatment may thus be a useful

strategy to suppress tumour relapse by impeding the

survival of residual cells. Finally, DNA damage induced by

MTX and other antimetabolites occurs only in TP53
mutant, G1 checkpoint-defective tumour cells [1], so

that it can be hypothesized that the effects of checkpoint

inhibition on cell viability during MTX treatment will

selectively target these tumour cells and conceivably

spare G1-arrested normal cells, thus providing an

improved therapeutic index.
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