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Abstract

Ž .Differentiation-inducing factor DIF is a lipophilic hormone of Dicytostelium discoideum and has been shown to exert diverse effects
in mammalian cells. We investigated the effect of DIF on cell viability in insulin-secreting INS-1 cells. DIF induced cell death in a
dose-dependent manner. In DIF-treated cells, nuclear condensation and shrinkage of the cell body were observed. After 6 h of DIF
treatment, cells became Tdt-mediated dUTP-biotin nick end-labeling-positive, and DNA ladder formation was detected, indicating that
DIF induced apoptosis in these cells. DIF did not activate caspase-3, a key enzyme mediating apoptotic signals generated by various
agents. Furthermore, DIF-induced cell death was not affected by Z-asp-2, 6-dichlorobenzoyloxymethylketone, a broad inhibitor of the
caspases. As is the case in other types of cells, DIF increased cytoplasmic free calcium concentration in INS-1 cells. However,

Ž .DIF-induced cell death was not affected by chelating intracellular free calcium by 1, 2-bis 2-aminoophenoxy ethane-N, N, N, N-tetra
Ž .acetic acid BAPTA . These results indicate that DIF induces apoptosis in INS-1 cells by a mechanism independent of caspase-3.

DIF-induced elevation of cytoplasmic calcium does not mediate the effect of DIF on cell death. q 2001 Elsevier Science B.V. All rights
reserved.
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1. Introduction

Ž .The DIF differentiation-inducing factor is a small
lipophilic molecule capable of inducing differentiation in

Žthe slime mold Dicytostelium discoideum Kay et al.,
.1989 . Upon starvation, vegetatively growing amoebae of

this organism start morphogenesis to form a multicellular
body consisting of two cell types, spores and stalk cells.
DIF is synthesized in developing D. discoideum and is

Žinvolved in stalk cell differentiation Kay and Jermyn,
.1983 .

Ž .Oka et al. 1985 isolated a factor, named differanisole
A, from conditioned medium of the soil microorganism
Chaetomium spp. This molecule induces differentiation of
erythroleukemia cells into hemoglobin-producing erythro-
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cytes and interestingly, this factor closely resembles DIF in
Ž .its chemical structure Oka et al., 1985 . Moreover, it has

now been shown that DIF induces differentiation of murine
Ž .and human erythroleukemia cells Asaka et al., 1995 and

conversely, differanisole A induces stalk cell differentia-
Ž .tion in D. disciodeum Kubohara et al., 1993 . These

results suggest the existence of a common mechanism in
the differentiation of D. discoideum and mammalian ery-
throleukemia cells. In addition, DIF provides a tool to
study the mechanism of differentiation of mammalian cells
and, furthermore, DIF may have therapeutic potential in
the treatment of cancer.

Recent studies have shown that DIF suppresses cell
growth in all the mammalian cells tested including pancre-

Ž .atic AR42J cells Kubohara et al., 1995a , various types of
Ž .leukemia cells Kubohara, 1997, 1999 and some normal

Žmammalian cells Kubohara et al., 1998; Miwa et al.,
.2000 . DIF also promotes differentiation in such cells as

Ž .HL60 myeloid leukemia Kubohara, 1997 and vascular
Ž .smooth muscle cells Miwa et al., 2000 . At high concen-

trations, DIF induces cell death in many types of cells
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Ž .Kubohara et al., 1995a,b; Kubohara, 1997 . Hence, DIF is
a unique factor capable of inducing growth arrest, differen-
tiation and cell death in various types of normal and tumor
cells.

Ž .The mechanism s by which DIF exerts its diverse
actions in various cells is unclear. Since DIF exerts effects
in different types of cells, it is likely that such cells have a

Ž .common target molecule s which is critical in intracellular
signaling. In this regard, DIF has been shown to elevate
cytoplasmic free calcium concentrations in all types of
cells studied so far by mobilizing Ca2q from an intra-

Žcellular pool Kubohara et al., 1995a, 1998; Kubohara,
.1997, 1999; Miwa et al., 2000 . DIF also activates phos-

Ž .phoinositide PI 3-kinase and thereby activates a serine–
Žthreonine kinase Akt in K562 leukemia cells Kubohara

.and Hosaka, 1999 . However, it is not clear at present
whether or not DIF induces its diverse effects solely by the
activation of these pathways. With regard to the regulation
of cell-cycle, DIF reduces the expression of G1-cyclins
and inhibits the activity of cyclin-dependent kinases: cdk2,

Ž .cdk4 and cdk6 Miwa et al., 2000 . Again, it is not certain
how DIF reduces the expression of G1-cyclins.

In the present study, we further studied the mechanism
by which DIF induces cell death in mammalian cells.
Herein we used INS-1 cells, glucose-responsive pancreatic

Ž .b-cells Asfari et al., 1992 . These are endocrine cells but
resemble in many respects, neuronal cells. Since many

Ž .factors induce cell death in b-cells Efanova et al., 1998 ,
we studied the effect of DIF in these cells.

2. Materials and methods

Ž ŽDIF-1 1- 3, 5-dichloro-2, 6-dihydroxy-4-methoxyphen-
. .yl hexan-1-one was purchased from Affinity Research

Ž .Products Mamhead, Exeter, UK . Unless otherwise men-
Žtioned, DIF means DIF-1 in this study. 1- 2, 4, 6-trihydro-

. Ž .xyphenyl -hexan-1-one THPH was kindly provided by
Ž . Ž .Dr. R.R. Kay MRC, Cambridge, UK . 2- 4-morpholinyl -

Ž .8-phenyl-4H-1-benzopyran-4-one LY294002 was pur-
Ž .chased from Calbiochem La Jolla, CA, USA and 1,

Ž .2-bis 2-aminoophenoxy ethane-N, N, N, N-tetra acetic
Ž .acid acetoxymethyl ester BAPTArAM was from Re-

Ž .search Biochemicals International Natick, MA, USA .
Anti-caspase-3 antibody, anti-Bcl-2 antibody and anti-Bax
antibody were purchased from Santa Cruz Biotechnology
Ž .Santa Cruz, CA, USA , and RPMI 1640 and fetal calf

Žserum were purchased from GIBCO BRL Gland Island,
. Ž w xNY, USA . MTT 3- 4,5-dimethylthiazol-2-yl -2,5-diphen-

.yltetrazolium bromide , ionomycin, and wortmannin were
Ž .purchased from Sigma St. Louis, MO, USA . The apopto-

sis detection kit and 2-mercaptoethanol were purchased
Ž .from Wako Osaka, Japan . Z-Asp-2, 6-dichlorobenzo-

Ž .yloxymethylketone Z-Asp-CH -DCB was obtained from2
Ž .Funakoshi Tokyo, Japan .

2.1. Cell culture

INS-1 cells were maintained in a Acomplete mediumB
Ž .CM composed of RPMI 1640 supplemented with 10 mM

Ž .HEPESrNaOH pH 7.4 , 10% serum, 5 mM NaHCO , 13

mM sodium pyruvate, 50 mM 2-b-mercaptoethanol and
Ž .antibiotics penicillin and streptomycin under humidified

Žconditions of 95% air and 5% CO at 378C Asfari et al.,2
.1992 . Cells were harvested every 3–4 days.

2.2. Measurement of Õiable cells

The viability of cells was determined by staining with
Ž .acrydine orangerethidium bromide Kanzaki et al., 1994 .

The number of viable cells was assessed by using MTT
Ž .Carmichael et al., 1987 . Cells were suspended at a
density of 5=105 cellsrml in CM, dispensed into 24-well
plates and incubated for 24 h at 378C. Cells were incubated
for 24 h in medium containing various concentrations of
serum as specified in the legends. Then DIF was added
and cells were further incubated for 24 h. Then, 1r10
volume of MTT solution was added to each well and
incubated for 3 h. The supernatant was then removed, 200
ml of 0.04 N HCl–isopropanol was added and each sample
was measured by a microplate reader.

2.3. Measurement of DNA ladder formation

Cells were cultured at 1=105 cellsrml for 24 h. Either
DIF or ionomycin was added and cells were further incu-
bated for 6 h. Then, cells were scraped off and centrifuged
at 800=g for 5 min at 48C. The pellet was suspended in

Ž .200 ml phosphate-buffered saline PBS and centrifuged at
800=g for 10 min at 48C. The pellet was suspended with

Ž Ž .100 ml lysis buffer 1 M TrisrHCl pH 7.4 , 0.5 M EDTA
Ž . .pH 8.0 , 10% Triton X-100 for 10 min on ice and
centrifuged at 15,000=g for 5 min at 48C. The super-
natant was incubated with RNase for 1 h at 378C and then
with proteinase K for 30 min at 508C. Samples were
incubated with 20 ml 5 M NaCl and 120 ml isopropanol
overnight at y208C, and centrifuged at 15,000=g for 15
min at 48C. The pellet was used as a sample for the DNA
ladder, separated by electrophoresis using 2% agarose gel
and visualized with ethidium bromide.

2.4. Detection of apoptosis

Apoptosis was assessed by a terminal deoxynucleotidyl
Ž . Ž .transferase technique TUNEL method Gravriedi, 1992 .

Cells were seeded at a density of 1=107 cellsrml on
uncoated glass coverslips, incubated for 24 h in CM, and
then incubated for 24 h in medium containing 1% serum.
The medium was changed to one containing 1% serum,
with or without 25 mM DIF and cells were further incu-
bated for 6 h at 378C. The cells were then fixed in 4%



( )S. Fujimaki et al.rEuropean Journal of Pharmacology 421 2001 93–100 95

formalin at room temperature and washed twice with PBS.
After rinsing with PBS, the cells were covered with 1%
sodium citric acid–0.1% Triton X-100 for 2 min on ice
and rinsed twice with PBS. Then, the cells were covered
with a terminal deoxynucleotidyl transferase reaction mix-
ture for 10 min and rinsed with PBS three times. After the
terminal deoxynucleotidyl transferase reaction, the cells
were inactivated by 3% H O , washed twice with PBS,2 2

covered with peroxidase-conjugated antibody for 10 min
under humidified conditions at 378C, and washed again
with PBS three times. The cells were then covered with a
3-3X-diaminobentizine solution for 5 min, washed with
water and counterstained with a methylgreen solution for 5
min.

2.5. Measurement of cytoplasmic free Ca2q concentration

2q Žw 2qx .The cytoplasmic Ca concentration Ca wasc

monitored by measuring fura-2 fluorescence in a basal
buffer containing: 140 mM NaCl, 5 mM KCl, 1 mM

Ž .MgCl , 10 mM HEPES pH 7.4 , 2.5 mM CaCl and no2 2

glucose. Cells were seeded on uncoated glass coverslips at
a density of 5=105 cellsrml. The cells were incubated
with 2 mM fura-2rAM for 30 min at room temperature.
Fura-2 fluorescence was then measured using microfluo-

Ž .rometry as described elsewhere Kojima et al., 1992 . The
Žratio of the emissions excited by 340 and 380 nm 340:380

.ratio was used as an index of cytoplasmic free calcium
Ž .concentration Kojima et al., 1992 . To chelate cytoplas-

mic calcium, cells were loaded with BAPTA by incubating
them for 1 h with 10 mM BAPTArAM.

2.6. Western blot analysis

After incubation with the respective substances, the
cells were harvested in PBS by trypsinization, equilibrated

Ž Ž .in hypotonic buffer 20 mM HEPESrNaOH pH 7.4 , 10
.mM KCl, 2 mM MgCl , 1 mM EDTA and centrifuged at2

800=g for 5 min. The resulting pellet was then dissolved
in hypotonic buffer by addition of 0.1 mM phenyl-
methysulfonyl fluoride and incubated on ice for 15 min.
The cells were homogenized by passing it through a

Ž .syringe 20 gauge for approximately 10 times. The super-
Žnatant of the second centrifugation 10,000=g at 48C for

.10 min was used as cytosolic extract. The protein concen-
Žtration was determined by using a protein assay kit Bio-

.Rad Laboratories, Hercules, CA, USA . Then, 40 mg of
cytosolic protein from each sample was separated on a
15% sodium dodecyl sulfate-polyacrylamide gel by elec-

Ž .trophoresis SDS-PAGE and blotted onto a polyvinylidine
Ž .difluoride membrane Nihon Millipore, Yonezawa, Japan

by electroblotting. To reduce nonspecific antibody binding,
the membrane was blocked with 10% BlockaderTris–

Ž .buffered saline TBS for 3 h at room temperature, then
incubated overnight with rabbit polyclonal antibodies to
caspase-3 in 1:200 dilution and washed with TBS. After

Ž .Fig. 1. Effect of DIF on the number of viable cells. A INS-1 cells were
incubated for 24 h in medium containing 25 mM DIF and various

Ž . Ž .concentrations of serum in the presence v and absence ` of 25 mM
DIF. Changes in the number of viable cells were assessed by using MTT.

Ž .Values are the means"S.E. for four experiments. B INS-1 cells were
Ž . Ž . Ž .incubated for 24 h in medium containing 1% v , 5% ` or 10% ^

serum and various concentrations of DIF. The number of viable cells was
assessed by using MTT. Values are the means"S.E. for four experi-

Ž .ments. C INS-1 cells were incubated for various times in the presence
of 25 mM DIF and 1% serum. The number of viable cells was counted by
using MTT. Values are the means"S.E. for four experiments.
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Fig. 2. Effect of DIF on the morphology of INS-1 cells. INS-1 cells were
incubated for 6 h in medium containing 1% serum in the presence and
absence of 25 mM DIF. Cells were then stained with hematoxylin.
Results are representative of three independent experiments.

incubation with peroxidase-labeled anti-rabbit immuno-
globulin G antibody for 1 h at room temperature, the

membrane was washed with TBS and analyzed by expo-
sure to X-ray film using ECL Western blotting detection

Ž .reagent Amersham, Bucks, UK .

3. Results

3.1. Effect of DIF on Õiability of INS-1 cells

We studied the effect of DIF on cell viability in INS-1
insulinoma cells. First, cells were incubated in medium
containing various concentrations of serum in the presence
or absence of 25 mM DIF for 24 h, then the number of
viable cells was assessed by using MTT. In the absence of
DIF, cells were alive for 24 h irrespective of the serum
concentration. As shown in Fig. 1A, 25 mM DIF reduced
the number of living INS-1 cells depending upon the
serum concentration. Most of the cells died, as assessed by
acrydine orangerethidium bromide staining when the
serum concentration was less than 1%. Fig. 1B shows the
dose–response relationship for DIF-induced cell death in
the presence of various concentrations of serum. DIF
induced cell death in a concentration-dependent manner. In
the presence of 1% serum, most of the cells died after
incubation with 25 mM DIF. The ID was approximately50

12 mM. In the presence of 5% serum, the effect of DIF
was observed at 25 mM. In the presence of 10% serum,
DIF-induced cell death was observed at 200 mM. DIF-in-
duced cell death was therefore attenuated by an increase in
serum concentration. It should be noted that THPH, the
dechlorinated analogue of DIF, was ineffective in inducing

Ž .cell death under the same conditions data not shown .
Therefore, the following experiments were done using

Ž . Ž .Fig. 3. Effect of DIF on apoptosis. INS-1 cells were incubated for 6 h in medium containing 1% serum in the presence B or absence A of 25 mM DIF.
Apoptotic cells were detected by the TUNEL method. Results are representative of two independent experiments.
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medium containing 1% serum. Fig. 1C depicts the time
course of cell death induced by DIF. Cell death was
detected after 6 h of DIF treatment.

We then investigated whether or not DIF-induced cell
death was apoptotic. First, we observed the changes in the
morphology of the cells after treatment with DIF. Cells
were incubated in medium containing 1% serum in the

Ž .presence and absence of 25 mM DIF for 6 h Fig. 2 . The
cells shrunk after DIF treatment and the nuclei were
condensed in DIF-treated cells. Most of the DIF-treated

Ž .cells became TUNEL positive Fig. 3 . To further confirm
that DIF induced apoptotic cell death in INS-1 cells, we
observed the ladder formation of DNA. As shown in Fig.
4, DIF induced DNA ladder formation in INS-1 cells as
did ionomycin, a calcium ionophore. These results indicate
that DIF-induced cell death can be defined as apoptosis.

3.2. InÕolÕement of the caspase in the action of DIF

We then studied the involvement of the caspase system
in the action of DIF. Among various types of caspases,
caspase-3 is a key enzyme regulating apoptosis induced by

Ž .various agents Villa et al., 1997 . Caspase-3 is activated
by members of the death receptor superfamily and the
mitochondrial pathways associated with cytochrome c re-

Ž .lease Hengartner, 2000 . As shown in Fig. 5, treatment

Fig. 4. Effect of DIF on the formation of DNA ladder. INS-1 cells were
incubated for 6 h in medium containing 1% serum in the presence or
absence of either 10 mM ionomycin or 25 mM DIF. DNA was extracted
and separated by agarose gel. The result is representative of four indepen-
dent experiments.

Fig. 5. Proteolytic activation of caspase-3. Cells were incubated for 6 h
with 100 nM ionomycin or 25 mM DIF. Western blotting was performed
using anti-caspase-3 antibody. The results are representative of three
independent experiments.

with ionomycin induced proteolysis of caspase-3, indicat-
ing that caspase-3 was activated by the proteolytic cleav-
age. In contrast, DIF did not cause proteolysis of caspase-3
Ž .Fig. 5 . Consistent with this observation, DIF-induced
apoptosis was not attenuated by a broad inhibitor of cas-

Ž . Ž .pases, Z-Asp-CH -DCB Mashima et al., 1995 Fig. 6 . It2

should be noted that this inhibitor attenuated cell death
Ž . Ž .induced by transforming growth factor-b TGF-b Fig. 6 .

The Bcl family controls apoptosis in many cell systems
Ž .Hengartner, 2000 . We determined whether or not DIF
induced changes in the expression of the Bcl family. As
shown in Fig. 7, DIF increased the expression of Bax, a
proapoptotic member of the Bcl family, at 24 h. In con-
trast, the expression of Bcl-2 was already significantly

Ž .reduced by DIF at 6 h Fig. 7 .

3.3. Role of Ca2q and phosphoinositide 3-kinase in the
action of DIF

w 2qx ŽDIF increases Ca in many types of cells Kuboharac
.et al., 1995a,b; Kubohara, 1997, 1999 . Since excessive

Fig. 6. Effect of caspase Inhibitor on cell viability. Cells were incubated
for 24 h with 100 pM TGF-b or 25 mM DIF in the presence and absence
of 100 mM Z-Asp-DCB. The number of variable cells was assessed by
MTT. Values are the means"S.E. for four experiments.
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Fig. 7. Changes in the expression of Bcl-2 and Bax. Cells were incubated
for the indicated times with 25 mM DIF and changes in the expression of
Bcl-2 and Bax were measured by Western blotting. Results are represen-
tative of three independent experiments.

w 2qxelevation of Ca causes apoptosis in many types ofc
Ž .cells including b-cells Efanova et al., 1998 , we examined

w 2qxwhether DIF induced cell death by increasing Ca inc

INS-1 cells. To this end, we chelated cytoplasmic Ca2q

by adding the membrane-permeable calcium chelator,

Fig. 8. Effect of DIF on cytoplasmic calcium concentration. BAPTA-
Ž . Ž .loaded B or unloaded A cells were incubated with fura-2rAM as

described in Section 2. Cells were then stimulated by 25 mM DIF, and
w 2q xchanges in Ca were measured by monitoring fura-2 fluorescence.C

Results are representative of six independent experiments.

Fig. 9. Effect of DIF on the viability of the BAPTA-loaded and unloaded
cells. BAPTA-loaded or unloaded cells were incubated for 24 h in
medium containing 1% serum and 25 mM DIF. The number of viable
cells was assessed by using MTT. Values are the means"S.E. for four
experiments.

BAPTArAM. As shown in Fig. 8A, the addition of DIF
w 2qxinduced a rapid elevation of Ca , as it did in otherc

types of cells. In BAPTA-loaded cells, however, DIF did
w 2qx Ž .not increase Ca Fig. 8B , indicating that BAPTAc

w 2qxeffectively chelated the changes in Ca . Nevertheless,c
ŽDIF induced cell death even in BAPTA-loaded cells Fig.

.9 .
As already mentioned, DIF induces various changes in

Žcellular signaling systems Kubohara et al., 1995a, 1997,
.1998; Kubohara, 1999; Kubohara and Hosaka, 1999 . Since

DIF was shown to activate phosphoinositide 3-kinase and
Ž .subsequently activate Akt Kubohara and Hosaka, 1999 ,

we examined whether the activation of phosphoinoside
3-kinase and Akt is required for DIF-induced apoptosis in
INS-1 cells. However, DIF-induced apoptosis was not

Ž .affected by either wortmannin Okada et al., 1994 or
Ž .LY294002 Vlahos et al., 1994 , both of which are in-

Ž .hibitors of phosphoinotide 3-kinase data not shown . Fur-
thermore, these inhibitors did not affect the dose–response

Ž .relationship for DIF-induced cell death data not shown ,
indicating that the activation of these two kinases is not
required for the DIF-induced apoptosis in INS-1 cells.
These results are consistent with the general notion that
phosphoinoside 3-kinase and subsequent activation of Akt
should protect cells from apoptosis-inducing agents, rather

Ž .than induce apoptosis Marte and Downward, 1997 .

4. Discussion

In the present study, we investigated the effect of DIF
in INS-1 cells. As in other types of mammalian cells
Ž .Kubohara et al., 1995a,b, 1998; Miwa et al., 2000 , DIF
induced cell death in INS-1 cells. Results indicated that the
DIF-induced cell death can be defined as apoptosis. First,
DIF-treated cells shrunk and nuclear condensation was

Ž .observed Fig. 2 . Second, DIF-treated cells became
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Ž .TUNEL positive Fig. 3 , suggesting that DIF treatment
caused cleavage of genomic DNA. Third, DNA ladder

Ž .formation was observed in DIF-treated cells Fig. 4 . Like
the calcium ionophore, ionomycin and TGF-b, DIF was
confirmed to induce apoptosis in INS-1 cells. However,
DIF-induced apoptosis was different from that induced by
ionomycin or TGF-b. As shown in Fig. 5, ionomycin
caused proteolytic activation of caspase-3, whereas DIF
did not. Caspase-3 is a key protease involved in apoptosis

Žinduced by various agents Villa et al., 1997; Hengartner,
. Ž . Ž .2000 . Tumor necrosis factor-a TNF-a and Fas CD95

ligand activate caspase-3 by signaling through the death
receptors, with subsequent activation of caspase-8. Cas-
pase-3 is also activated by caspase-9, which is activated by
the release of cytochrome c from the mitochondria. How-
ever, DIF-induced apoptosis was resistant to an inhibitor of
caspases. There are several agents which induce apoptosis
by a caspase-3-independent mechanism. For example, toxi-

Ž .city and Jun-N-terminal kinase inducer TAJ , a member
of the TNF-a receptor family, activates c-Jun-N-terminal
kinase and induces apoptosis by a caspase-independent

Ž .mechanism Eby et al., 2000 . Activation of calpain-I leads
Žto apoptosis via a caspase-independent pathway Lankie-

.wicz et al., 2000 . Also, amyloid b-induced neuronal cell
Ž .death is independent of caspase Selznick et al., 2000 .

Furthermore, apoptosis induced by Bax and Bax-like pro-
teins is independent of the caspase system and is resistant

Žto inhibitors of caspases Xiang et al., 1996; Gross et al.,
.1998; McCarthy et al., 1997 . Apoptosis induced by H O2 2

Žis also independent of the caspase system Kim et al.,
.2000 . Hence, DIF is listed as another example of agents,

which cause caspase-independent apoptosis. In this regard,
DIF increased the expression of the pro-apoptosis factor

Ž .Bax and reduced the expression of Bcl-2 Fig. 7 . Since
DIF-induced apoptosis was not accompanied by the activa-
tion of caspase-3, a decrease in Bcl-2 expression may not
be critical for DIF-induced apoptosis. With regard to Bax,
apoptosis induced by Bax is resistant to caspase inhibitors.
Therefore, it is possible that Bax participates in DIF-in-
duced apoptosis. However, the increase in the expression

Žof Bax was detected at 24 h after the addition of DIF Fig.
.7 while DIF-induced DNA ladder formation was observed

Ž .within 6 h Fig. 4 . Therefore, DIF may induce apoptosis
by a mechanism independent of Bax expression.

DIF affects several intracellular events. Among them,
activation of the calcium messenger system, which should
be evaluated as a cause of apoptosis. To this end, we
chelated cytoplasmic Ca2q by introducing a membrane-
permeable calcium chelator BAPTArAM. As shown in
Fig. 9, DIF could induce apoptosis without an elevation of
cytoplasmic Ca2q, indicating that Ca2q is not a critical
mediator of DIF-induced apoptosis.

In summary, DIF induced apoptosis in insulin-secreting
cells through a caspase-3-independent mechanism. The
target molecule of the action of DIF remains to be eluci-
dated.
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