<RNE,

? Kobe University Repository : Kernel

R
S
4oge

PDF issue: 2025-12-05

Casein kinase I & down-regulates phospho-Akt
via PTEN, following genotoxic stress—-induced
apoptosis in hematopoietic cells

Okamura, Atsuo ; Iwata, Nobuko ; Tamekane, Akira ; Yakushijin, Kimikazu
; Nishikawa, Shinichiro ; Hamaguchi, Miyuki ; Fukui, Chie ; Yamamoto, ---

(Citation)
Life Sciences, 78(14):1624-1629

(Issue Date)
2006-02

(Resource Type)
journal article

(Version)
Accepted Manuscript

(URL)
https://hdl. handle. net/20.500. 14094/90000304

KOBE
\f].\]'l'l'.lii\l Y
J

%)



Casei n ki nase | & down-regul at es phospho- Akt via PTEN, follow ng

genot oxi ¢ stress-i nduced apoptosis in hematopoietic cells

Atsuo Okamura, Nobuko Iwata, Akira Tamekane, Kimika zu Yakushijin,
ShinichiroNishikawa,MiyukiHamaguchi,ChieFukui, KatsuyaYamamoto,

and Toshimitsu Matsui

Hematology/Oncology,DepartmentofMedicine,KobeU niversityGraduate
School of Medicine

7-5-2, Kusunoki-cho, Chuo-ku, Kobe 650-0017, Japan.

Corresponding author: Toshimitsu Matsui
Hematology/Oncology,DepartmentofMedicine,KobeU niversityGraduate
School of Medicine

7-5-2, Kusunoki-cho, Chuo-ku, Kobe 650-0017, Japan.

Tel: 81-78-382-5885 Fax: 81-78-382-5899

E-mail: matsui@med.kobe-u.ac.jp

KeyWords:caseinkinasel €,Akt, PTEN, cellsurvival,leukomogenesis



Abst r act

Here, we show a functional role of casein kinase I (CKI) gin
hematopoietic cell survival through the modificatio n of
phosphatidylinositol 3-kinase (PI3K)/Akt signaling. Introduction of

wild-type (WT)-CKI € into interleukin-3 (IL-3)-dependent 32D cells
increasedthesensitivitytogenotoxicstresses su chas y-irradiation,
etoposide, and IL-3 deprivation, whereas kinase-neg ative (KN)-CKI €
suppressedit.ContrarytoKN-CKI €, WT-CKI eattenuatedthellL-3-induced

activation of Akt with the increase of PTEN activit y. Similarly, the
increase of Akt activation, as well as PTEN inactiv ation, was
accompaniedbothbyadecreaseof CKI gexpressioninducedby all-trans
retinoic acid and by the addition of a specificinh ibitor for CKI €in
HL-60cells.CKI eseemstoactivatePTENbyphysicalinteraction.Th ese
results suggest that the CKI e-induced down-regulation of PI3K/Akt

signaling through PTEN lead to amplified sensitivit y to apoptosis.
Thus, the suppression of CKI € in many human leukemia cell lines may

play a role in the cell immortalization.



| nt roduction

Members of the casein kinase | (CKI) family of mo
serine/threonine kinases are highly conserved from
and are ubiquitously expressed in different cell ty

Anderson, 1998; Vielhaber and Virshup, 2001). In ma

nomeric
yeast to human,
pes (Gross and

mmals, seven

isoforms( o, B, y1-3, d,and ¢)havebeenidentified.Byregulatingthe

stability of potential substrates in vitro and tran
cellularprocesses, CKlislikelytoregulate DNAa
cellular morphology, vesicular trafficking, DNA rep
activity of various transmembrane receptors. In add
genetic analysesin diverse fields have demonstrate
an essential role in regulating several critical in
suchascircadianrhythm (Lowreyetal.,2000),and

morphogenesis via Wnt signaling in various species

dthat CKI

sport-dependent

ndRNAmetabolism,

air, and the

ition, recent

ViVO processes,

embryogenesisand

(Peters et al.,

1999).Inthe CKlfamily, CKI 0andCKI ¢&,whichwerefirstclonedwhile

screeningforabuddingyeastmutant,
functions because of their structural similarity (H

1991; Fish et al., 1995).

Recently, we have reportedthe specific biologica

hr r 25,areknowntohavesimilar

oekstra et al.,

[function of CKI

usingrecombinant CKI € cDNA-introduced murine myeloid progenitor 32D

systems (Okamura et al., 2004). CKI
hematopoietic granulocytic differentiation. Then, i

cytokine-induced granulocytic differentiation by st

suppressorofcytokinesignaling3(SOCS3)and
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overexpressing CKI € grew as well as wild-type (WT) 32D cells in the
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seemedtobe moreapoptoticinthe poorculturecon dition. Therefore,

we speculatedthat CKI emightbeinvolvedintheregulatorymechanism
ofthecellsurvival.Thisstudyisfocusedonthe sensitivityofvarious
genotoxic stresses.

Phosphatidylinositol 3-kinase (PI3K)/Akt signalin g, which can be
activatedoymanygrowthfactorsandcytokines,was showntobeinvolved
inavariety of cellular functions includinginhibi tion of apoptosis
(Nicholson and Anderson, 2002). The serine/threonin e kinase Akt, a
noveldownstreamtargetofthissignaling,stimulat esseveralpathways
andsynergisticallypromotescellsurvivalbyphosp horylatingsuitable
substrates such as Bad, caspase-9, IKK a, the Forkhead transcription
factors, Mdm2, YAP, and the tumor suppressor TSC pr oteins (Nicholson
and Anderson, 2002; McCormick, 2004). Recent findin gsindicate that
Akt is constitutively activated and promotes cellul ar resistance to
chemotherapy, ionizingradiation,and TRAIL in many tumors (Martelli
et al., 2003; Pommier et al., 2004). Specifically, a branch of its
pathways involving the kinase mTOR seems relevant f or cancer cell
survival(BjornstiandHoughton,2004).Theactivat ionofAktislikely
to be achieved by two main mechanisms (Pommier eta l.,2004). First
is due to direct Akt amplification. Second, Akt can be activated

indirectly by PTEN inactivation.

Here, we showed the biological modulation of PTEN by CKI ¢ for
hematopoietic cell survival. CKI € increased the sensitivity to
genotoxic stress-induced apoptosis by down-regulati ng PI3K/Akt

signaling through stimulating PTEN.



Mat eri al s and net hods

Cells and cul ture

The murine interleukin-3 (IL-3)-dependent myeloid progenitor cell
line,32D,wasmaintainedinRPMI1640containing1 0%fetalcalfserum
(FCS) (JRH Biosciences, Lenexa, KS) and 15% WEHI-co nditioned medium
(WEHI-CM). Wild-type (WT)- or kinase-negative (KN)- CKle cDNA
(accession number AB091043) fragment was introduced into 32D cells
bytheretroviralvectorasdescribedpreviously(O kamuraetal.,2004).
KN-CKI ginterferesinthe biological activityinadominan t-negative
manner.Asacontrol,32Dcellsexpressingonly Neo-genewereemployed.
The human promyelocytic leukemiacellline, HL-60, was maintainedin
RPMI 1640 containing 10% FCS. Other human leukemia cell lines used
in this study are the following; ML-1, THP-1,and U -937 derived from
myeloidseries,Mo7Efrommegakaryocytes, CCRF-CEM, HPB-ALL,HPB-MLT,
Jurkat,MOLT-14,andMOLT-16fromTcellseries,an dNalm-6andNalm-26
from B cell series. CD34-positive (CD34 ") hematopoietic cells were
isolated from mobilized peripheral blood cells by | solex50 (Baxter,

Deerfield, IL) (Matsuoka et al., 1997).

To investigate PI3K/Akt signaling, gene-infected 32D cells were
starved in only RPMI 1640 for 60 min, and then stim ulated with mouse
recombinantIL-3 (Genzyme, Cambridge, MA)inamedi umcontaining 10%
FCS.Similarly,starvedHL-60werestimulatedwith al | -t r ansretinoic
acid (ATRA) (Sigma Chemical Co. St. Louis, MO) or ¢ ultured in the

presence of CKI e-specific inhibitor, CKI-7 (Seikagaku Corp. Tokyo,

Japan).



Ant i bodi es

CKI e-specificpolyclonalanti-serawereobtainedafter
ofhealthyrabbitswithapeptide,IPASQTSVPFDHLGK,

limpethemocyaninbyutilizingglutaraldehyde (Okam

immunization
coupledtokeyhole

uraetal.,2004).

Antibodies to the total and serine 473-phosphorylat ed Akt (P-Akt),
serine 380/threonine 382/383-phosphorylated PTEN (P -PTEN) and
Horseradish peroxidase (HRP)-conjugated anti-rabbit IgG were
purchasedfromNewEnglandBiolabs (Beverly, MA). A nantibodytoPTEN
(FL-403)waskindlyprovidedbySantaCruzeBiotech (SantaCruze,CA).
Apopt osi s st udy

For induction of apoptosis, 1 x 10° cells/ml exponentially growing
gene-infected 32D cells were irradiated at room tem perature using a

“Co y-raysourcewithadoseof7.0GyortreatedwithO
(Sigma) incomplete medium, and/or incubated withou
deprivation. Apoptotic cells were assessed daily by
(FACScan;BectonDickinsonSanJose,CA)usingfluo

anticoagulant (Annexin-V-FLUOS; Roche, Germany).

| mmunobl ot anal ysi s

Immunoblotanalysiswas performed as described pr
etal., 2004). Briefly, cells were lysed in lysis b
50 mM Tris-HCI, pH 7.5, 50 mM NaCl, 2 mM EDTA, 1% T
mMsodiumpyrophosphate, 1 mMsodiumvanadate, 50m
1.0 pg/mlleupeptin, 1.0 pg/ml aprotinin, 1.0

mMphenylmethylsulfonylfluoride. Forimmunoprecipi
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cell lysate was incubated with specific antibodies, followed by the

addition of protein G-Sepharose (Amersham Pharmacia Biotech) on a
rotatingshakerfor4hoursat4 °C.Theimmunoprecipitateswerewashed
threetimeswithlysisbuffer,andthreetimeswith phosphate-buffered
saline. The cell lysate was separated on 12-15% sod ium dodecyl
sulfate-polyacrylamide gels (SDS-PAGE) and transfer red onto
nitrocellulose membranes (Protran, Schleicher & Sch uell, Germany).
Themembraneswere probedwith specificantibodies. Immune-complexes
were detected by chemiluminescence (SuperSignal Wes t Pico

Chemiluminescent Substrate, Pierce, Rockford, IL).

RNA bl ot anal ysi s

TotalRNAsofhumanleukemiacelllinesandCD34 ‘cellswereisolated
bytheacidguanidiniumthiocyanate-phenol chlorofo rmmethod (Nagata
et al., 1996). RNA blots were hybridized with *P-labeled human

CKl e-specific cDNA probe, which was prepared from the

C-terminal-coding (nucleotide 920-1302) fragment.

Statistical analysis

Dataare presentedasthe means + SEMoftwoorthree clonesofeach
gene-infected 32D cell line from three independent experiments.
Student t -testwasappliedinanalyzingtheresults ofthe a poptosis

study. P <0.05 was considered significant.



Resul ts

CKl €increases the sensitivity of genotoxic stress-induced apopt osi s

To elucidate the functional significance of CKI € in hematopoietic
cellsurvival, apoptosisinduced by several genotox icstresses, such
as Y-irradiation (7.0 Gy), etoposide (0.2 HUM), and IL-3 deprivation
in32DcellsexpressingWT-orKN-CKI ecDNAwereexamined. The Annexin
V positive rate was measured as apoptotic cells by flow cytometry.
Under normal culture conditions without any stress, there was no
significant difference in cell growth or viability among the three
celllines as described previously (Okamura et al., 2004). However,
WT-CKIe cells were significantly more sensitive to these a poptotic
stressesthancontrolcells(Tablel).Incontrast, KN-CKI ecellswere
relatively less sensitive during the first few days after the
treatments(Table 1). Theseresultsindicatedthat CKleincreasedthe
sensitivity to genotoxic stress-induced apoptosis | n hematopoietic
cells.

CKl £ down-regul ates the phosphoryl ation of Akt via PTEN

Inreferencetothisbiologicalresponse,itwas consideredthatCKI €
mightbeinvolvedinacellsurvivalsignaling, P13 K/Akt.Becausethe
pathway was one of the downstream targets of cytoki ne stimulation,
theinvolvementofCKI ginlL-3-inducedAktactivationofthe 32D cell
lineswasinvestigatedbyimmunoblotanalysis. Ther eweresignificant
differencesinthe phosphorylationlevelsof Aktam ongthethreecell
lines (Fig. 1). By IL-3 stimulation, serine 473-pho sphorylated Akt
(P-Akt), an active form of Akt, was induced strongl y within 20 min
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in all cell lines. In comparison to control cells, P-Akt decreased

rapidly, and was barely detectable by 60 min in WT- CKlecells. In
contrast, a high level of P-Akt was sustained for 1 20 minin KN-CKI €
cells.

Next theactivityofPTEN anegativeregulator ofPI3K/Aktsignaling,
wasevaluatedafterthellL-3treatment.PTENiskno wntobeinactivated
by phosphorylation of serine 380/threonine 382/383 initsregulatory
domain (Vazquez et al., 2000; Miller et al., 2002). In the absence
of IL-3, serine 380/threonine 382/383 was already p hosphorylated to
someextentinallcelllines(Fig.1).Incontrol cells,IL-3increased
thephosphorylationgraduallyinatime-dependentm anner.Ontheother
hand,itdecreasedinWT-CKI ecells,whereasitmoreclearlyincreased
in KN-CKI € cells (Fig. 1). These results suggested that CKI €
up-regulated the PTEN activity following the inhibi tion of

IL-3-induced PI3K/Akt signaling.

Physi cal interaction of CKI ewith PTENto down-regul ate Akt signaling

HumanpromyelocyticleukemiaHL-60cells,whichw eredifferentiated

into granulocytes by treatment with ATRA (Matsuietal., 1984), were
alsoemployedtoassessthefunctionalsignificance ofCKI  &inPI3K/Akt
signaling.Immunoblotanalysiswasperformedforth edetectionofCKI €
andP-Aktorphosphorylated-PTEN (P-PTEN). Theexpr essionofCKI ewas
down-regulatedalongATRA-inducedgranulocyticdiff erentiation(Fig.
2A).Onthecontrary thesteadystateofbothP-Ak tandP-PTENgradually

increased day by day (Fig. 2A).

To further confirm the functional interaction of CKl e with the Akt
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activation via PTEN, HL-60 cells were cultured in t he presence of a

specific inhibitor for CKI g, CKI-7. Both the P-Akt and P-PTEN were
increasedbyCKI-7inadose-dependentmanner,alth oughtheexpression
levels of CKI € were not affected (Fig. 2B).

Wealsoexaminedthephysicalinteractionof PTEN withCKI  €inHL-60
cells treated with or without ATRA. As shown in Fig ure 2C, PTEN was
co-immunoprecipitated with CKI e-specificantibody. Inaddition, CKI €
wasco-immunoprecipitatedwithPTEN-specificantibo dy.Theseresults

suggestedthatCKI ephysicallyinteractedwithPTENtoup-regulateits

activity following the Akt inactivation.

The suppr essi on of CKI sexpressioninseveral humanl| eukemacell |ines
Finally theCKI gexpressionofhumanleukemiacellineswasexamin ed

by RNA blot analysis. CKI € is strongly expressed in immature normal

hematopoietic cells, and down-regulated along granu locytic

differentiation as described (Okamura et al., 2004) . Thus, itis of

interest how the CKI € expression is regulated in leukemia cells. As

shownin Figure 3, the expression level of CKI emRNAwas differentin

eachhumanleukemiacellline. Comparedtonormal C D34 hematopoietic

progenitors,itwassuppressedinmanycelllines, especiallyinML-1,

THP-1, Jurkat,and MOLT-16 cells, regardless of cel lularorigin. The

suppression of CKI € might affect the biological characteristics of

leukemia cells.

10



D scussi on

Here, we show a new biological function of CKI € for hematopoietic
cell survival. CKI ¢ functionally up-regulated the PTEN activity by
physicalinteractionfollowingtheinhibition of Pl 3K/Aktsignaling.
Itseems compatible withthe factthat CKI eincreasedthe sensitivity
to various genotoxic stress-induced apoptosisin 32 Dcells. However,
the over-expression of recombinant CKI € could not change the IL-3
dependency ofthe 32D celllines by itself. The cyt okine deprivation
finallyledmostcellstoapoptosiswithoutdiffere ncesamongthethree
cell lines two days after the treatment (Table 1). These results
indicate that CKI ¢ affects hematopoietic cell survival only due to
exposuretoagenotoxicstress. Therefore,thefunc tionalroleof CKI
seemsto be different from anti-oncogenes suchas p 53, loss of which

cause cell immortalization by itself.

PTEN, known as a tumor suppressor, negatively reg ulates PI3K/Akt
signaling by dephosphorylating a lipid second-messe nger,
phosphatidylinositol-3,4,5-triphosphate,generated byactivatedPI3K
(Cantley and Neel, 1999). The phosphatase activity of PTEN is
conversely inhibited by the phosphorylation of seri ne 380/threonine
382/383initsregulatorydomain(Vazquezetal.,2 000;Milleretal.,
2002). However, it remains to be elucidated how PTE N is activated.
Here, we showed that the phosphorylation of the neg ative regulatory
sites of PTEN increased with the decreased expressi onof CKI gorin
the presence of CKI-7. Thus, CKI € is thought to be involved in the
phosphorylationofserine/threonineresidue(s)othe rthanthenegative
regulatory sites. Several possible recognition motifs for CKI gexist

11



intheregulatorydomainofPTENincludingPDZdoma in(Wuetal.,2000;

Vazquez et al., 2000; Miller et al., 2002; Das et a ., 2003). Thus,
itisimportanttoelucidatewhetherCKI edirectlyphosphorylatesPTEN
orindirectly activatesit by interacting withanu nidentified novel
regulator for PTEN. Further analysis is necessary t o determine the
molecular mechanism of PTEN activation by CKI €.
Inmanyleukemiacelllines,theCKiI gexpressionwassuppressed,which
would contribute to obtaining the characteristics o fleukemia cells
through the modification of several intracellular s ignalings. The
activation of PI3K/Akt signaling by the suppression of CKI  efunction
would be beneficial to leukemia cell growth. We pre viously reported
thatCKI einhibitedsignaltransducersandactivatorsoftra nscription
3 (STAT3) activation by stabilizing SOCS3 (Okamura et al., 2004).
RecentanalysisdemonstratedthatSTAT3-deficientm icewereresistant
toskintumordevelopment(Changetal.,1997).Con stitutiveactivation
of STAT3hadbeenfoundinvariousmalignancies.Fu rthermore,somatic
mutationofthe CKI ggenewasreportedinmammaryductalcarcinoma(Fuj
etal., 2004). These findings arise a possibility t hat CKI ¢ plays a
role as a tumor suppressor to prevent tumorigenesis not only by the

PTEN activation, but also by the STAT3 inactivation

Moreover, therapy-resistance of many malignancies appears to be
controlled in part by constitutive activation of Ak tduetotheloss
of PTENfunction(NicholsonandAnderson,2002;Ma rtellietal.,2003;
McCormick, 2004; Pommier etal., 2004). Inthis stu dy, we showed the
CKle-induced down-regulation of PI3K/Akt signaling thro ugh PTEN.
Therefore, the suppression of CKI € seen in many leukemia cell lines

12



might have contributed not only to leukomogenesis, but also to the

acquisition of resistance to anti-cancer therapy.

13



Concl usi on

CKI eincreasesthesensitivitytogenotoxicstress-indu
bydown-regulatingPI3K/Aktsignalingthroughthep
withPTENinhematopoieticcells. Theaberrationof
suppression might be involved not only in leukomoge
in the resistance to anti-cancer therapy of hematol

malignancies.
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Fi gure Legends

Fi gure 1.

CKl ssuppressedthephosphorylationofAktandP TENby IL-3in32Dcells.

1 x10° cells/ml 32D transfectants were stimulated with 5 ng/ml IL-3
for the indicated periods (min). Total cell lysate was subjected to
immunoblot for analysis of the expression levels of the total and
serine473-phosphorylated Akt (P-Akt) and the total and
serine380/threonine382/383-phosphorylated PTEN (P-P TEN)usingtheir
specific antibodies. These data represent three ind ependent
experiments.

Figure 2

(A) ATRA-induced down-regulation of CKI € activated Akt signaling in

HL-60 cells.

1 x 10°cells/mIHL-60cellsweredifferentiatedtogranul ocytesbythe
additionof10 UMATRAfortheindicateddays. Then,totalcelllys ate
was subjected to immunoblot analysis using anti-CKI €, anti-P-Akt,

anti-Akt, anti-P-PTEN, and anti-PTEN antibodies.

(B) CKI ginhibitor activated Akt signaling with the phospho rylation
of PTEN in a dose-dependent manner.

HL-60cellswereculturedinthepresenceofaCKI g-specificinhibitor,

CKI-7 for24hours.Then totalcellysatewassu bjectedtoimmunaoblot

analysis as well.

(C) Physical interaction of CKI € with PTEN.
HL-60cellsweretreated under conditionswithorw ithout 10 MMATRA.
After the indicated days, total cell lysate was imm unoprecipitated

20



with anti-CKI e( | eft-panel s)oranti-PTEN ( ri ght - panel s) antibody.

Each blot was probed using anti-PTEN ( upper - panel s) and anti-CKI €
(1 ower - panel s)antibodies. Black and white arrowheads indicated the
position of PTEN and CKI €, respectively. These data represent three

independent experiments. 1B, immunoblot; IP, immuno precipitation.

Fi gure 3.

Expression profile of CKI € in human leukemia cell lines.

Total RNAs of human leukemia cell lines was subject ed to RNA blot
analysis using *P-labeled human CKI e-specific cDNA probes. Ethidium
bromide (EtBr) staining indicated the amount of RNA sloadedin each
lane. M, myeloid series; Me, megakaryocyte; T, T ce Il series; B, B

cell series; HPC, human CD34 " hematopoietic cells.
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Tabl e 1.  Apoptotic cells induced by genotoxic stresses (%)

Treatment Cell Day 1 Day 2 Day 3
control 12.80+2.91 38.81+7.31 78.76+0.92
\(g'rgag';’;‘)t'o” WT-CKle/32D  13.28+2.68 61.41+2.88 [11 89.31+1.46 [T]

KN-CKl€/32D  7.81+0.55 (O 38.30+5.11 79.47+2.29

Low-dose control 5.86+0.89 6.00£2.00  11.00+3.01
etoposide WT-CKle/32D 6.53+1.94 13.00+4.02 [1J 27.50+6.59 [1J
0.2 M) KN-CKI €/32D  4.72+0.75 O 5.50+2.25 10.75+£2.95
control 6.00+£0.47 90< ND
o WT-CKle/32D 13.75+0.80 [ 90< ND
deprivation
KN-CKl /32D  5.47+0.46 O 90< ND
Data are presented as the means + SEM of two or three clones of each
gene-infected 32D cell line from three independent experiments.

[P<0.05, (TP < 0.01 for comparison with control.

ND: not determined.
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Figure 1 Okamura et al.
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Figure 2 Okamura et al.
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Figure 3 Okamura et al.
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