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Phosphorylted extracellular signal regulated kinase up reguhted
p53 expression in shikon in- induced Hela cell apoptosis

WU Zhen WU Lt un TASHIRO Shinichi ONODERA Sabshi and KEJMA Takashi
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Background The mwle of extracellilar signat regulated kinase 1 2 (ERK 1 2) in shikonin induced HelLa cells
apoptosis ran ains vague. This study was b investigate the activation of caspase pathways and the wle of ERK1/

2 in human cervical cancer cells Hel.a by shkonin.

Methods The nhbiotwy effect of shikonin on the gowth of HeLa cells was measured by MTT assay.
F hioescentm icroscopic analysis of apoptotic cells stained wih 4, 6’- oliiam icline 2- phenylindole C ( DAPI)
and Hoechst 33258 was carried out. Caspase3 and -8 activities were detected using caspase-3 substrate and
caspase 8 substrate as substrates respectively. The pwotein levels of ERK, p53 and p ERK were detem ined by
W estern blot analysis.

Results Shkonin inhibited cell growth in a tme and dose dependen tm anner C aspase3 and caspase 8 were
activated in the apoptotic process and caspase inhibitors effectvely mversed shkonin induced apoptosis.
Phospho1y lation of ERK mesulted in up egulation of p53 expression which was blocked by mitogen actvaied

potein kinase (MEK ), inhibitor PD 98059.

Conclusion Shikonn induces Hel.a cell apoptosis thiough the ERK, p53 and caspase pathw ays.

that

Inducton of

a biological process M oves

pop bsis is
Acancerous or virally nfeced cells
apoptlosis is a viable and mportant new thempeutic
approach to contwl cancer. The development of cancer is
associaked w ith several key events including deregulated
cell grovh n 1esponse lo oncogene activation hat
sensitizes cells to apoptosis. Apoplosis is executed by
a fanily of mntacellular asparate specific
cysleine poteases which anplify the apoptotic signal and

caspases

poteoly tically process numerous cellular targetmokcu ks
wih diffierent finctions. '
actvation of upstrean caspase 8 or caspase 10 induced
by various stmuli led to actvation of downstean caspase
3 -6 or—7%
sinal transduction patw ays.

Once apoptosis was initiated
regulating pwieins participating in these
23

The extracelln lar signal regulated kinase (ERK ), one of
hem itogen activaied potein kinase (MAPK) family s
an mportant mediator of signal transductbn processes
hat serve b coordinake the celllar responses to a variety
of extrace llular stmuli. Three major m anmalian M A PK
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subfam iles ERK's the ¢ Jun N- tem inal kinases ( INK )
and the p38 knass were actvaied hrough a specific
phosphory lation cascade.’  ERK patway is actvaied in
a variety of cell types by diverse ex tracellular stinuli and
participates in aw ide mnge of cellilar poograns incid ng
proliferation  differentiaton and movement.”

Activation of he ERK swas also associated with apoptosis
of wmor cells induced by various stm uli.”®  Natural

products regulate cell growh in response to oncogene
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actvation that induces cell cycle arrest and apoptosis in
wmor cell lines.” Shikonin  a naph hoqu none
campound isolated fran the ground thizane of the
Lithospemum ery hrothizon Sieb. et Zuce which has
been used in East Asia for
antiinﬂzmmablym " and antitmor effects.”” It was
reported that shkonin inhbited cell grovh n wmor cell
A lthough sh konin induced apoptosis in human
prmyelocy tic leuken ia HI60 cells involved n activation

treatng bums  has

lines.
of caspase 3 mechanisn, '~ identification of upstiean
mediators and their targets mmans vague. The signal
transduction pathway of shikonin- nduced Hela cell
apoptosis is unclear In the prsent sudy we
demonstrated that phosphory lated ERK contrbuted © p53
expession in shikonin nduced apoptosis and amplified
the activation of caspase 8 cascadeé mwsulting in apopiosis

n HelLa cells

METHODS

Materals

Shikonn was purchased fuum N ational Instinte for the
Con trol Pham aceutical and Biological Products ( Beijing
China) . Detection kit for caspase-3 and -8 rabbit
polbcbnal antbodies against ERKL ERK2 p38 INK,
p INK; p p38 and mouse monocbnal antbodies against
p ERK wewr purchased fiunm Santa Cruz Bioechnology
(Santa Cuz CA, USA ). Mouse monoclonal antbody
against pS3 was obtaned fiom Oncogene Research
Products (Boson MA, USA). Z-lleGlu (OMe)-Thr
Asp (OMe ) fioranethy ketone ( Z-IETD-FMK ) were
purchased fran CN (Aurora OH, USA ). Inhibitor of
m itogen activated protein kinase (M EK ) ( PD98059 ),
benzy loxycaibonyl AspG lr ValAsp fhiommethy ketone
(ZDEVD-IMK ) and benzyloxy catbonytV atA la-A sp-

fuommethyketone ( ZVAD MK ) were fian
Cabochen (La Jolla CA, USA). Hoedist 33258
wormannin 4, 6 ’-diiamidino-2- phenylndok
( DAPI), RNase A, protenase K and 3 (4 5

dinethylthiazmt 2 y1)-2 5 diphenyltetrazo lium b ide
(MTT) were purchased fim Signa Chemical Co. (St
Louis MO, USA).

Cell Ines and cell culture

The human cewical cancer cells (HelLa #.CL2) wer
obtained fran the American Type Culure Colkction
(M anassas VA, USA ). The cells were culured in
RPM 11640 (GIBCO, NY. USA) supplenented wih
10%,, fetal bovine semm, (Dalian Biological Reagent

Factory Dalian China), Izghtanine (2 mmol/,
G B0, USA), penicillin (100U m1) and streptomycin
(100 g m1), and maintaned at37C in 4% CO, in a
hum d ified am osphe re.

V abilily assay

The mhibitory effect of shkonin on the growth of Hela
cells was measured by MTT assay. The cells were
dispensed n 96-well flat botom micwotiter plates
(NUNG Roskide Denmaik) at a density of 1X 10
cells per well Afier 12 hours incubaton they were
treated w ih various concentratbns of shkonin for he
indicated tme periods. The cells were incubated with
inhibitors for 1 hour prior to the administation of
shikonn. Cell goowth was measured with an ELISA
reader (TECAN SPECTRA, Wetzhr Gemany) byMTT

assay at the ndicated tme poinis.

Vability (%) =100 [ (Asgg conrol =Aasn shikonn ) Pago contor’< 100/ ]

Apoptosis assay

The apoptotic effect of shkonin on HelLa cells was
analyzed by DNA stanng Hela cells wer placed on
glass coverslips in hewells of a6 well plate. Aftera 12
hour cell culture they wer treated with shikonin for he
indicated tme perbds. The cells were washed by PBS
and fixed in 3.7% fomaldehyde Hr 12 hours and
centrifugated at 2500 r/min at 4C for I0 mnwes then
stained w ih Hoechst 33258 or DAPI and fixed on glass
m icwscope slides. Apoptotic cellswere ilentified as cells
with condensed and fragnented nuclei. The fraction of
apop btic cells was detem ined by counting fran 400 to
500 cells for each cell population.

Caspases activily assay

HeLa cells ( 1X10° cells) wer incubated with orw ihout
shikonn. Harvested cells at various tme points were
washed with PBS and centrifugated at 1500 rfmin for 5
m inues. Supematant was aspiraed off and cell lysis
buffer ( proviled) was added © an Eppendorf centrifuge
at0.5 ml per 1 X 10° cells. Cells in lysis buffer were
incubated on ice for 10 minutes. Reaction buffer
contanng 5 1 DDT. 5 #1 of [ETD-AFC ( or DEVD-
AFC) substrate and 380 #1H,0 was added to each
aliquot of cell lysate. M ktures were incubated at37 C for
1 hour. The fluorescence of he cleaved substrates was
detem ned wih a spectoflioraneter set at 400 nm

excitation, , wavekngth and  at 505 mn . emissbn
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wavelength. The unit of enzyme activity corresponded to
the actvily that ckaved the respective substrate in 1 mn /
mg proein at37°C.

Lactate dehydrogenase ( LDH ) activity based
cybbtoxicily assay

IDH actwvily wasmeasured in both floating dead cells and
viable adherent cells. 100 £ 1( 1X 10° cells in ) of acell
suspension was placed in the wells of 96well plates.
They were culured in he incubabrat 37°C for 12 hours.
After teament with shikonin  floatng cells wewr
collected fum culure medum by centrifugation at 2500
rinin at 4C for 10 minues. The IDH released n the
culure mediun was used as an ndex of necwtic cell
death ( referred to as LDHdn) . The pelletswere lysed by
1% NP40 in RPMI 1640 (100 #1) at 37°C for 30
minutes and centrifugated at 2500 rfmin at 4C for 10
m inutes. The supematan tw as tansferred to other 96 well
plates. The LDH content fran the supematant was used
as an index of apoptotic cell deah ( eferred to as
IDHda). The viabk adherent cells were ksed by 1%

NP40 in RPM 1 1640 (100 # 1) at37°C for 30 m inutes

and centrifigated at 2500 rimin at 4C for 10 m inutes.

The IDH present in the adherent viable cells was used as
an index of viable cells ( LDHv) . The percentage of
apoptotic and necwtic cell death was calculated as
follow s

apoplosis (% ) =LDHda /(LIDHdn+LDHda+ LDHv) X
10024
necwsis (%5 ) =LDHdn A LDHdn+ LDHda+ LDHv) X
1004

Westem bbtanalysis
HelLa cellswerwr harvested and kysed for 1 hour on ice in
ysis buffer [ 50 mmol/l. 4 ( 2hy dwoxyetkl)-F
piperazine ethanesulfonic acid (g 7.4), 1% T riton X-
100 2 mmol/L sodum orthovanadata 100 mmol/L
I mmol L EDTA, 1 mmol/L ethylene
glycol tetracetic acik 1 mmol L. phenyhethanesulfonyl
foride ( PMSF )],  supplamented with prokinase
nhbiors 100 *gm] apotnin 10 #gm 1 kupeptin

100 #g M1 pepstatin. The lysate was centrifugated at 16
000 r min at4C for 10 m nutes Equal anounts of total
potein were mixed n 2X bading buffer [ 50 mmol /L
TrisHC1(pH 6.8), 2% sodim clodecyl sulfalwm 10%
2 mercaptoethanol ~ 10%  glycerol  and 0. 002%
brmphenolblie], boiled 5minutes and run on a 12%§
SDS polyaciyan de  gel

sodium fhoride

electrophoresis.  Equivaknt

loading w as confimed by Bio Rad (USA ) protein assay.

Protens were electotransferred onto nitrocellulose

m enbranes. A fier being bbcked with Tween 20 Tris
buffered saline [ 50 mmol /L trisHC1 ({#H 7.5), 150
mmol L NaCl and 0.02% Tween 20] containing 5%
nor fatmilk at wan tempewmure. The menbranes were
incubated for 2 hours at room tenperature wih the
prmmary an tibodies at I 1000 dilution in washing buffer.
A fier being washed three tmes for 10 minutes each in
T ris bu ffered saline themenbrane was ncubated wih a
diluted horserad ish peroxidase labeled secondary antibody
(1 3500) in washing buffer at room temperaure for 1
hour. A fier further three washes protenswer detected
by chem ilm inescence according to the manufae urer’ s

instuctons (BioRad Hercules CA, USA).

S tatistical analysis

All data represent at least three independent experiments
and awre expressed as mean = SD unless ohen ise
indicated. Statistical camparisons wewr perfomed by
Students” s ¢ test A P valbie kss han 0.05 was
considered as statistically sign ificant.

RESULTS

Inhbitory effects of shikonin on the growth of
Hela cells

To evaliate the mhbibiwy effects of shkonin on the
grow h ofHelLa cells the cells wer treated with 5 — 80
Pmol /L of shikonin for 12 24 and 48 hours and the
cell viability was detem ned by MTT assay. Shikonin
inhibited the grow th of HeLLa cells in a tine and dose

dependent manner. sy of 48 hours tme course was

18.8 1.2 t'mol /L (Fig. 1).
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Fig. 1. hhbitory effects of shikonin on he growh of
HelLa cells. HelLa cels were treatd wih various
concentratbns of shkonh ©r12 24 and 48 hours. The
vabiltywas deem hed by the MTT assay. Dat of he
hree independent experment are expressed as mean
+SD.

Shikonin induced HelLa cell apoptosis
Towonfim whelierHelia cell death induweed by shikonin
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was caused by apoptlosis or necrosis m icroscopic
assessment and LDH activity based cytobxiciy assay
were carried out Hela cells treaed with 40 Mmol/L
shkonin showed that the apoptotic cells had characteristic
condensed nuclei stained by H oechst 33258 (Fi. 2).
Afier exposute to 40 Pmol/L shikonin for 24 hours the
poportion of apoptotic cells maikedly increased ( Fig.
3A ), while a negligible increase n necwtic cell deah
was deeced 14% campared wih 1004 of the contol
(Fi. 3B). These wsulis demonstrated thatmain cause
ofHeLa cell deah induced by shikonin was apop bsis.

Fig. 2. Shikonin hduced apopbss nh Hela celk.

Treaimentw ith O (A) and 40 #mol/L ( B) shikonin for
24 hours Hela cells were stained wih Hoechst 33258
to dentify apoptott celb ( org halm agn ificatbnx< 400) .

Arrow s ind cates fragm ented nuclei

Shkonin induced caspase dependent apop osis
in HelLa cells

To nvestigale the signal tiansduc tion pathw ays underlying
shkonim induced apoposis in HelLa cells caspase
nhibiors wer applied and the enzyme actwities were
measued. As shown in Fig. 4 shikoninr induced apopbsis
was bbcked by pan caspase inhbitor (20 #mol L. Z VAD-
FMK ), indicating that caspase fmily proteinases play a
wle n this sgnalng patway. 20 #moll. caspase 3
nhibior (ZDEVD-FMK ) and 20 Pmol/L. caspase 8
nhbior (% IETD FMK)

significantly ~ reversed

eor . Control A
S0 F [ Shikonin

Apoptosis (%

2 24 18

[ime (hours)

- Control B
50 F 4
D Shikonin

Necrosis (%)

20

12 24 48

[ime (hours)

Fig 3. Characterizaton of cell death hduced by
shikonin inHelLa cells Hela cels were treated w ih 40
!mol/L shkonin or12 24 and 48 hours. The exentof
cell death was assessed by LDH actv ity based assays
The dat are express as mean +SD of he resuls Pr
hree independent experimenst.

40 *mol /L. shikonin nduced apoptosis indicating hat
caspase 3 and caspase 8 were activated in this apop btic
patway. Upon treament ofHela cellswih 40 #mol L.
shikony caspase 3 activities increased maikedly within
12 hours afer he dmg treament then continued to
reachm axinun at 24 hours (Fi. 5). Sinultaneousl

the shikonin treated HelLa cells undewent modemte
It suggesied that shikonin
induced cell apoptosis via capase dependentmechanisn.

activation of caspase 8.

Shikonin induced phosphoryhtion of ERKs and
p53 expression

To investigate he feaures of cell grov h inhbition by
shikonin W estem blot analysiswas perfomed to exan ne
ERK1 ERK2 and phosphorylated ERK (p ERK) during
this process. Shkonin 0f40 #mol L. produced a m atked
increase in  ERKs phosphorylaton with dan nant
phosphory lation of ERK2 (42 KDa) in Hela cells (F .

6) . Maxin al phospho1ylation was observed in 6 hours
and then declned tovars basal level In contrast

shikon - treated Hela cells resulted n no obsewable
change of the ERK s expression. Exposure ofH el.a cell to
shikonn for 12 hours up regu lated p53 expression.
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Fig 4 Efects of varbus caspase hhibitors on
shkonin nduced HelLa apopbsis Hela cells were
pretreated wih 20 "mol/L caspase inhbiors for1 hour
and then treated w ih 40 #mol/L shikonin ©or24 hours.
The fractbn of apoptott cells was detemined by
counting 400 to 500 cells or each cel populatbn. The
cells were couner stained wih DAPI b vbualke the
nucki Data are expressed as mean®=SD (n=3 *P
<C0. 05 vs shikonin alone group) .

IhiE D Control
6 [l caspase3
5r Caspase-8

Fold increase

12

Time (hours)

Figo 5. Activiies of csapase3 and caspase8 in
shkonin treated HeLa cels. Hela were hcubatd w ith
orw ihout 40 “mol/L sh konh ( control) and caspase 3
and-8 activites ( unitsing proeh) were measured.
Dat are expressed as mean+SD.

3

6 12 24 (hours)

Fig. 6. Effects of shikonin on he expresson of ERKs

p ERK and p53. The celb were teatd w ith 40 “mol L
shkonin or@ 3 6 9 12 and 24 hours. Cell {sakes
were separaed by 125 SDS PAGE electrophoresis

and ERK1 ERK2 p ERK and p53 proe n bands were
deteced by Westem blot analysis

These resulis suggested that shikonin induced activatbn
of ERKs which rsuled in activation of p53.

MEK inhibitor prevented phosphoryhtion of
ERKs and p53 expression

Activated ERK swere responsb k for pS3 accumulation in
amouse JB6 epidem al cell line.” Therfore eflects of
MEK nhbiorPD 98059 on phosphorylation of ERK s and
the exp ession of p53 potein were exam ined ( Fig. 7).

20 Mmol/L PD 98059 effectively  mhbited
phosphory lation of ERK s in 40 #mol L. shkonin treated
Hela cells for6 hours whereas he total level of ERK s in
all the samples shoved no dhanges. Smultaneously the
inhibitor wrversed shikonin induced p53  expression

indicating that phosphowylaton of ERK's contributed to
p53 activation. In addition wormannin an nhbibr of
the catalytic subunit of the PI 3 kmnase fanily of
enzymes failed o block shikonin nduced
phosphory lation of ERKs and p53 expression. Taken
together these data suggested a possbk rok of ERK s on
acting upstrean of p53 in this apoptotic pathw ay.

ERK S S S S S

pERK .

p53

B-actin m_— i

Shikonin

Wortmannin (50 nmol/L)
Wortmanin (100 nmol/L)
PDY98059 (20 umol/L)
PD98059 (40 umol/L)

el Sl

JESSE
1
|
1
1

Fig. 7. PD 98059 prevents he phosphorylation of ERK
and p53 expressbn. Wesem bbt anasis for ERK1

ERK2 p ERK and p53 proke n expressbn in HelLa cells
were treatd w ih shikonin ( 40 “mol/L) for 6 hours

The cells were ncubatd wih PD 98059 and
wortnannh for 1 hour pror b he adm instaton of
shikonin.

D SCUSSDN

In this study itshowed hat shikonin nhibited he gow th
of HelLa cells in tme and dose dependent m anner and
activation of caspase 3 and caspase 8 contribued to
apopbsis In  msponse to shikonin adm inistmton.
Morphological changes of nucki by staining Hoechst
33258 suggested that shikonin induced Hela cell death
involved in amechanisn of apop bsis. We found hat his
apopbsis was bbcked by pamcaspase inhibitox
indicating [thatcaspase fam il ipwteinases play a.wle in
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his apoplotic process. Since caspase3 nhbibr (Z
DEVD-FMK ) and caspase 8 inhibitor ( Z IETD-FMK )
effectively educed the shikonin nduced Hela cell
apoptosis Initiabr caspase 8 got nvolved in the apoptotic
cell deat.

A ctivaton of the ERK sgnalng patway pwotects cells
fran a variety of cellular stress.  Blockade of he ERK
pattway by teament with MEK inhibitor PD 98059
suppressed the grow h of wmor cells " The inh bition of
MEK /ERK enhanced paclitaxel nduced apoptosis in
On the contrary ERK activation
plays an active rok n mediating apoptosis in other cells.

) 7
tmor cell lines.

Cisplatin nduced Hela cell apoptosis was involved n a
requirment br ERK activation.’ Grow ng evidence
showed that actvaton of ERKs and MEK nduced by
various stinuli was obsewed in a relatively large number
of wmor cells. The precise cause of consti tive activa tion
of the ERK patway remains vague. Itwas reported hat
Ultravolet B irmadiationr induced phosphorylation of p53
at Serine 15 was mediated directly by ERKs in a mouse
JB6 epidemal cell lne and activation of p53 was
abrogaed by PD 98059." In the present study ERK
phosphorylation was sgnificant fium 3 to 6 hours and p53
expression was obvious fran 12 to 24 hours in sh konin
treated Hela cells. Moreover PD 98059 inhibited
phosphorylation of ERK s and p53 expression indicating
hat he ERK s acted upstrean of p53 in this pathway. In
add ition, the expression of INK and p38 proten did not
change n shkonin inducedHel.a cell apop bsis ( datanot
shown), and activation of NK and p38 was not observed

n his pocess

p53 protein is a regulator of cell cyck pwgression and
mediator of apoptosis inmany cell Ines Phosphoylation
of p53 pwtein at serine 15 plays a critical role in the
stabilization and finctional activation of p53 during
cellar stress™”  Bax a pwapoplotic potem IS
ranscrip ionally eguhted by p53. Bax acts in the
m itochondria b cause the wrlease of cytochime ¢ which
leads © the activation of caspase @ subsequently

. 20
actvates downstrean caspase 3.

M embers of the phosphonositide 3 kinase relaed k inase
( PK ) superfmily fincton
pocesses ncluding DNA epair. The ataxia telangiectasia
mutated ( ATM ), structurally and
fanctionally  distinct gene, subfam ilies,  encodes a, 370

regulating diverse

one of thee

KDa proeins and functions upstrean of p53.21 The
A pwtein regulates several cellular esponses to DNA
breaks. PI 3 kinases are nhibited by wormannin wh ich
covalently modifies consewved lsine residues at their
cataly tic sies”
apop bsis through activation of pS3 in response to DNA
damage n 1929 mouse fbwblasts cells”  The present
data shoved that wormannin did not affect the
phosphory lation of ERK and the expression of ERK's and
p53 suggesting the signal transduc tion pathw ay might be
different frun this DNA damage patw ay.

It was reported that etoposide nduced

Caspases play a crucial rok in the apop totic progression

and they may play signalng wle i the activation of other
proteases mvoled I other patways Pan caspase
inhibitor ZVAD-FMK, casepase 3 inhibior Z-DEVD-
IMK and caspase 8 inhibitor Z-IETD-FMK did not
canpletely mhbit shikonin nduced HelLa cell death.

Participation of unknovn apopbtic pathways m ght be
involved in shikonin nduced HeLa cell apoptosis. These
findings suggest that activation of ERK and p53 plays an
mportant wle in shkonir induced apopiosis of Hela
cells and functions upstrean of caspase activation to

nitiate the apoptotic signal.
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