Korean Society for Biotechnology and Bioengineering Journal 30(5): 223-229 (2015)

http://dx.doi.org/10.7841/ksbbj.2015.30.5.223

ISSN 1225-7117 / elSSN 2288-8268

AP

HCT116 t)AHA| o A] Akt-mTOR 415

(AAE)9] Al =37 A &3k

g, 423, A2A'

[0

1
AR, AL

b

2 =3
A8 s 4

A28 FRAEL 728

L
Cﬂéu

=

Cell Cycle Arrest of Extract from Artemisia annua Linné. Via Akt-
mTOR Signaling Pathway in HCT116 Colon Cancer Cells

Bo Min Kim', Guen Tae Kim', Eun Gyeong Lim', Eun Ji Kim', Sang Yong Kim?, Sung Ho Ha’, and Young

Min Kim'*

Received: 22 June 2015 / Revised: 24 August 2015 / Accepted: 27 August 2015
© 2015 The Korean Society for Biotechnology and Bioengineering

Abstract: In this study, extract from Artemisia annua in L.
(AAE) is known as a medicinal herb that is effective against
cancer. The cell cycle is regulated by the activation of cyclin-
dependent kinase (CDK)/cyclin complex. We will focus on
regulation of CDK2 by cyclin E. cyclin E is associated with
CDK2 to regulate progression from Gl into S phase. Akt is
known to play an important role in cell proliferation and cell
survival. Activation of Akt increases mTOR activity that pro-
motes cell proliferation and cancer growth. In this study, we
investigated that AAE-induced cell cycle arrest at G1/S phase
in HCT116 colon cancer. Treatment of AAE shows that redu-
ced activation of Akt decreases mMTOR/Mdm? activity and then
leads to increase the activation of p53. The active p53 pro-
motes activation of p21. p21 induces inactivation of CDK2/
cyclin E complex and occurs cell cycle arrest at G1/S phase.
We treated LY294002 (Akt inhibitor) and Rapamycin (mTOR
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inhibitor) to know the relationship between the signal trans-
duction of proteins associated with cell cycle arrest. These re-
sults suggest that AAE induces cell cycle arrest at G1/S phase
by Akt/mTOR pathway in HCT116 colon cancer cell.
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Aol A Hloju 2|44 Q1 N2 dS Folf Zdt A4
= Stk [6,7]. Al2227]1 9] 13E G, SE G27], M7] &= U+
o] A=t S7]+= DNAZS, M7| = Al L& F o] Yofittt. Gl
712} G27]= S71eF M7| Abolof] £ et A L2 vt T
£ 93t =H|7L o] Fof Rt o] Y3t | 57 & XA 7] =
g Qloja] AHA A O 2 Z-8-5}= Z 0] cyclin-dependent kina-
ses (CDK)&} cyclino]t}. CDK O} ZHd 3h= M 37| 7} %18
= 5o YA A& fAskL QA cyclin 5270
upet Wttt 7F F7|nbc o2 A S-S 2= cycling S
F710llA L 71 wf o] FIFskA| R A 27| 7}
BAEAL & 712 dol7HA =¥ &EefEoh o H3t
cyclin®] &/dof whe} 32714 02 CDKE S 3AIXIth Al
7)o A= Al 71 9] checkpointZ} &3] 5}+=t]] G1/S check-
pointE £ A s}t= tfE 2l Tl A o] = CDK2¢} cyclin E7}
i gy [8].

Protein kinase B (PKB)2} &-2]+= Akt+= serin/threonine Kin-
ase® Akt ZA4J-2 THE ThlAS QAIS} A|F] QB4 AL
7124, Ao} B E, HAFE SHITIT o] 23t Akt Al S 2
o 282 | HAFA YA EY S oA st 2 T
2 3t} [9]. Akt= Tuberous Sclerosis Complex 2 (TSC2)E Q1
AFSEA] A Mammalian target of rapamycin (mTOR)S &4 5}
Al7]:=t] mTOR+= A3 2] A, 541& 2 4st= 58 24
A2 ZoF Ao Todttl. Murine Double Minute 2
(MDM2)+= A| 29| g7 #rofst= A= Akte} mTORS)
o) Saetel whel &2 7HA Al et Aktol] ©f 3 serl66
AR A Q1AFEFE Mdm2= p532] A AFEHA] (transactivation)
o Agste] p539] ubiquitinationdtth, 1222 Akt/
mTOR/Mdm2 Al &z Ao Atz 2o 283 AlTHAR
A8 5 98-S BolZTh [10-12]. $%F oA 4842l ps3
& thoke 59l pane WA Ao N AESY|E
£ 28131 apoptosisE f=5t0] 4| 27} St = S
AN B} p219] A& HAARRIALS] Ak Sl pS3e] 94
¥t} [13]. CDK inhibitor (CKI)¢l p21-2 S7]| & S & 5}+=
CDK/cyclin 534 of] A%tsto] CDKO| &2 A3t =
W AEZF7] G17]19 A S oA A Aoz Ao F4]
= A= A= A QU [14].

wpeba] 2 Aol A= HCT116 thAobA| 2ol AAEE A 2
S, AlZF7] AA ol ©7F HCT116 A obA| 29 F4]
o] AA| = =A] ghelstarz} shgich. T3k o] gt A b glo]
A AAE®Q] A 2]of i}2 Akt-mTOR 415 7 2 9] #3512} TSC2,
Mdm2, p53, p21, CDK2/cyclin E ¢H 2 71o] At A S <&
of & 112} &}t

2. MATERIALS AND METHOD
21 AEA R

B A0 H ALSE AESL o shek Aol 4 75}
of 7|4 2712 250 gof o EHE 200 mLE 751o] 72417

100 mg/mL stock ©. 2 BHE-0] -20°Co| B 7Hako] AFEaHA T,
ojtf 582 0.64%0] Ut} ZF F= 1 AAE= DMSO9|| =
of RHEqlen, -20°Cof| Eysto] AHE-SHRI. 3-(4,5-dime
thylthiazol-2-y1)-2,5-diphenyltetrzolium bromide (MTT)+= Si-
gma Aldrich (Sigma-Aldrich, St. Louis, MO, USA)ol| 4] ++<%]
31o] 5 mg/mL stock .2 TS| A AME-3F STt 3 LY294
002%} Rapamycin2- Calbiochem (San Diego, CA)o| 4 415}
o] DMSO9] =91 5 Z+-2F 20 mM1} 100 pg/mL stock & &2 Tt
Sof Ag3te

2.2. )<k

H Ao A AF-&% HCT116 A|3E+= American Type Culture
Collection (ATCC, Rockville, MD, USA)of| A] B-oF qFQF o o,
10% FBS (Hyclone, LaboratorisIne, Logan, UT, USA)2} 1%
antibiotics (Hyclone, LaboratorisInc, Logan, UT, USA)7} &t
& RPMI 1640 ®j %] (Hyclone, Laboratris Inc., Logan, UT,
USA)E A}-8-3}91 11 Fibroblast Al 3+ American Type Culture
Collection (ATCC, Rockville, MD, USA)oj| 4] E-oF HFQF O 1
10% FBS&} 1% antibiotics7} 323+ DMEM (Hyclone, Labo-
ratris Inc., Logan, UT, USA) v} %] & A}-&35}4 5% CO,, 37°C
2 715}0] WjoFs}aic). o 48412k vk} Trypsin-EDTA (Hyel-
cone, Laboratories Inc., Logan, UT, USA)E ©]8-3}o] A&
BHoH 2 thE e A EZ S 1x10° cellsymL 2 H323}11 7|

of vl 3kt

2.3. MTT assayo] Q& M ZPE&& 4

A 3Euf oF-8- 12 well plateo] HCT1162} Fibroblast Al & 1x
10* cells/mLE B33} 12A]7F, 24X 7F S0 vjokA ] &
AAEE A 2]5}4 th LY294002¢} Rapamycin & 2] A o] = LY
294002, Rapamycing 3052 HA 2| 2|3t & AAES =¥ E
Aejsto] 12A417F, 244171 5-¢F v ot gitt. MTT-E-9) 5 mg/
mL-& 30 uLA A 7}ste] 308 52t CO, incubatoro]] A 1l 9F
gk 5, MTT Al eFo] 5019l v A1 & Al A 3FaL DMSOE 150
uLg o] wello]] A A % formazang X5 =0 96 well plateo]|
100 pLA &A A Microplate Reader (BIO-RAD Laboratories,
Inc, USA)Z 595 nmoj| A &34 =& =434 th

2.4. Fluorescence-Activated Cell Sorting (FACS)°f 2]§t
AzF7 3A dF

AAE7} HCT116 A|329] Nl25=7 o] v]A]= FF& 2ALS)H
7] 93k 60 mm dishol] HCT116 M| ZE 1x10° cells/ml 5=
= Estel 207 o 5, A2 EUE Aeshach
LY2940022} Rapamycin *] 2] A]of|&= LY294002, Rapamycin
= 304 WA ATt 3 AlmE A soith 2447w g
| R & A| 7 5FAL trypsin-EDTAE A 2]5}a Y452 (3000
rpm, 5 min)3}to] A Z5& Fopa=¢lth PBS 0.3 mLof| A&
FfA1713L 0.7 mL2J 99% ol k-, 4°Coll A a7 Al Zich. Al 32
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WEL FES(AAE)Q| M=ZF7| AH 20} 225

53 t}A] PBSE A& 3}l RNase (10 mg/mL) 2.5 uL2} PI
(25 mg/mL) 2.5 uLE 3 7}3} t}2 Flow cytometryFACS Canto
(Becton-Dickinson Biosciences, Drive FranklineLage, NJ, USA)
2 BAstel AnE 24 sHl.

2.5. Western blotting

6 well plateo]] HCT116 A :ZE well G 1x10 cells/mLZ £
gko] 24417 Sk Hj R & AAES = E A gskqith
LY294002, Rapamycin®} 8 * 2] A]of|+= inhibitorE 30+
WA Aestglon, He E4e F A e F 641 5t
CO, incubatoro A ujFsgict. uieFo] &t Al o] RIPA
lysis buffer [25 mM Tris-CI (pH 7.4), 1% NP40, 0.5% sodium
deoxycholate, 150 mM NaCl, | mM PMSF|E Z} wellof 150
uLA g 7sko] el S Je] et ] 14000 rpm, 4°Cofl A 20
3 5o 214 Bejelo] 4501 Folch 2EF Bl A e
ELISA-readerE ©]-8-3}9] 595 nmo|A SFHEE &5}
AeFsl et 1 th2of 8%, 12% acrylamide gel2 ©]-&3}9
A 719 %5& A A3t & nitrocellulose membrane®]| transfer &}
Yot 19 th2 2% Bovine serum albumin (BSA)& ©]-£3
blockings}al, 12} &3 & 4°Cof| 4] overnight & 2] gt T}-2 24}
FAE AFAIA 1AZE 58 WAl 71§ Blue X-ray film
of g5t A AXE S

il

2.6. Wound healing

6 well plateo]] HCT116 A 3Z2& well & 1x10 cells/mLZ £
5Fo] 48417k 5ok Hl k3t 5 200 pL tip O &2 F o] L 04| 7
AAE B F AAES SEAR A 2|sto] 12413, 24171
=9} CO, incubatorof| A vljofF = 2519} LY294002, Ra-
pamycin} X2 | 2] Aol = inhibitorE 304 WA A 2|5}
on, B= 284S AF AT 5 12417, 24471 5 CO,
incubatoro]| A ulj ¢F 5 ¥-2k5} Gl ).

2.7. 3AAE
A ZRZIIRRI SPSS 22.02 ARE-SHAIL AR A off gt
TAREAE HestE AAISHo] g3t
o] wkEE AL F5tod

3. RESULTS AND DISCUSSION

3.1. AAAZ} HCT116 A2 9] 2] 0] n] = &3}

ore AlZAA T BAR A ) AB AR T sto]
2} ] g AL ol A ZEAlo] ojubiz Alolth. H ol of 2]
oF % 2o AL EIE FHAI0] HAEL Haskslun} A%
FL AT 2 HAR| REES LT o oY W
2 477} ool N1 ek Ao e AAREE
of TSk, FHSL, thoke EH of 2 GhAIES] Aol Al
2£37] A48 Fo) oA Hrhn Bt [15],

Aol A= AAEZFHCT116 o 9h Al a2 o] A& 5
} T23517] 98 MTT assay2 Wound healing&

ZJAFA) 3£ 2] Fibroblast A 3o t st AAES] A &
= Fig. 1()°] YEFH T AAES 5=
) 0, 100 ug/mL)2 ] |3t 3 24A| 7} E-9t
o) g/ 22 o] A EE0] 90% o2 [ A H =
Ao & Hol 2&E0] m40| gl Zelsksith Fig. 1(b)]l
M = X149 (10, 20, 40, 60, 80, 100 pg/mL)Z A 2]
S 3 12A17b3} 244]7F 59t RESAI S W AAES] F =9}
A 7boll 9] &2 o 2 HCT116 WA Z o] A Z8o] 7hAs}
© A gkl Fig. 1(0)9} Fig. 1(d)ol A= AAES &=
3 (40, 60, 80 ug/mL)&E A 2|3t 3 124713} 2441 7F E-F BF
2 A HL ) AAEQ] %0 9&A 02 HCTII6 celle] &
AlEo] Farshe AS gelskqlnth o] & 55to] AAES 5%
W2 22 S uf, HCT116 Al 29 AE&3} A 5o] =8
A ZHaE= Ao Hol AAE7F HCT116 thAFHA 9]
A Ao A o g AH-getrh= A ghelsk it
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3.2. AAE9] 9J3 HCT116 A|ZZ 4] 0] A L& N ZF7]
g

o]} Z-2 HCT116 A 22| FA A A 3p7} A ZE7] ] o]
Ao A doft ARIA drobr 7] 93l thAF¢hA 2 HCT116
of AAEE 5582 A 2]5}al 2447 -, FACSE AHE-510]
M2F715 S48k Fig. 2(a)ol A€k o], AAE 40 ng/
mL, 60 pg/mL, 80 ug/mLE 24417k S¢t A 2| L o, A|E
F71 A2 B E 8w 2 AAE 40 pg/mL A 2] A] o
G17] 40.69%, S7] 27.19%, G27] 29.12%, 60 pug/mL % 2] A]
o G17] 43.2%, S7] 27.68%, G27] 24.41%, 80 pg/mL ] 2] A]
o G17] 48.75%, S7] 26.1%, G27] 14.97%= YEhd Aoz
Hol AAEQ] 5&7t S7tghol| whel Gl7]of #2381 9=
M|z 2] w]go] Z718kar S7]9F G27] A2 u]-&-2 7hAas)
= A0 2 ZRIE I o] & F3l HCT116 A2 9] F-A] A
of Sl AAEZ} B atA 0 & 2-8-5km A i2327] G17]of A
BAEE AS AT ¢ UG B3 =7 FIHek o
2} sub-G17] 2] H| & o] Z7}ot= A 0 & Hol A ZE7] 7
£ 33l apoptosis7t ol 4= U< & 4= ATt

3.3. AAE7F N 2F7] $¥ A sddF o v X &= a3

NZzF71= AZEES 53 Ax3Aa HE o s
Q1 AF3} & 4 ¢l CDKE} cyclin®] &4 of
o A<= cyclin E7} #rof st 24 o1 CDK2¢} Ajtsto] &

i)
iv)
N
i)
(i
s
o)
N

mTOR pathways Tl 2 5413} A 4 4ol & w2
chl 2 ool A glon of Bl S-S AsharaS v, oA
O] 7ol Al s = A o= HaE Qi) [16,17]. oF A|Ql
ZFel p53of &AsE p212 CDK/eyclin B34 7} A8sl=
Ae AAstH o5 Foll AlEF7] GI71E "FA sho] Al
E27] AW 2 AT} A EAE Sof Tolsh A OF o

A QA [18].
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Fig. 1. Artemisia annuain inhibits cell proliferation in HCT116 colon cancer cells. (a) Fibroblast cell was not effected by Artemisia annuain
10~80 pg/mL for 24 hr. The statistical analysis of the data was carried out by use of a #-test. N.S.; not significant (each experiment’s, n=3).
(b) HCT116 cells were treated with Artemisia annuain 10~80 pg/mL for 12-24 hr. The statistical analysis of the data was carried out by use
of a t-test. *p<0.05, ***p<0.001 compared to control. N.S.; not significant (each experiment’s, n=3). (c¢) Artemisia annuain inhibits cell
proliferation in HCT116 colon cancer cells. A line was scratched with a 200 pL plastic pipette tip. Cells were photographed at 0, 12, 24
hours after scratch. (d) Graph shows the results of wound healing rate at 0, 12, 24 hours after scratch. The statistical analysis of the data
was carried out by use of a #-test. **¥p<0.01, ***p<0.001 compared to control (each experiment’s, n=3).
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Fig. 2. (a) Cell cycle arrest effects of Artemisia annuain were evaluated by fluorescence-activated cell-sorting analysis. Artemisia annua induces
cell cycle arrest in G1 phase. Cells were treated with Artemisia annuain (40~80 pg/mL) for 24 hr. (b) Artemisia annuain effects on p-Akt, total-
Akt, p-TSC2, total -TSC2, p-mTOR, total mTOR, p- Mdm2, p53, p21, p-CDK2™ , p-CDK2"" cyclin E in HCT116 colon cancer cells. Cells
were treated with 40~80 pig/mL of Artemisia annuain for 6 hr. Protein levels of them were determined by Western blotting. The B-actin probe
served as protein-loading control.
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& Aol A= HCT116 th At Al 3ol AAES =8 = A
s o, Al2257] GI7] BA o BeE AT el d 59
ke S hol R 7] 9] 3] Western blotting2- A A| 5} 44 T} Fig.
2(b)ol| A 2} ZFo] AAEE 5% (40, 60, 80 ug/mL)E 2 2] 5t
T A7) Al S Q1 p-Akt, Akt, p-mTOR, mTOR,
p-TSC2, TSC2, p- Mdm2, p53, p2l, p-CDK2 (CDK2™,
CDK2""), cyclin E€] #& H =& ghlstyict. 1 Aat A2
S4] o] Hofsh= p-Akte} p-mTOR, p-Mdm29| W o]
St A FRIsHL o AR ol ARt B8/ 3} e ¢l
p-TSC29] #ta, 28l &t oF JA|-F-AA¢ ps3e] p2l
o] 84S Z 71X A CDK2/cyclin E B34 9] B4-S A 8|5t
S 2 A|2F=7] G17] ol A B A He Zelsiey. A A+
of W2 CDK A4 214+2] p210] CDKoj| A3tgro =i &
A& JAstE A= g A glom, A7) 249 9
Sk 4] ARt oY 2} apoptosis= =T o Tk Kl
3ok [6]. AA7FA S A7) Aol A= B/dstE Aktrt
Mdm2E QIAFSHA] 7] 3L QIATSHE Mdm27} A 322 of A] 3 1
= o]5sto] p539| WS Adfists Ao ® B el [19].
whebA AAES A 2|92 24 p-Akte] 25 A3}t ps3
o] & S7HA71AL o] = Qlsf p2lo] F7ksto] Ali2F7]
G17]9} I ¥ p-CDK2, cyclin E7} 7448 A& &2lsk4 .
T oh2 AgPeto] o5 CDK27} Q1AkSHE o] B34 3}
ZFHI7E E=Tl G1719] 749 T149F Y15 §A]of| A QlAFS}HE]

LS A B9t o] o] uhet i AT A % 9 4] AAE H
2]of] wke} CDK2™, CDK2"%0] 4 Q14¥37} ol o 24 4]
E27] GI7|oA] B D A2 SAsHe (18], o] &3t b
WEO WAPYS 3t0] AAEY S} £obdS5E HCT
16 e Aol AL FAJo] Tolshe thu g 5e]
BYL Aol MRFT] BAE fESHe US| B
Y& Z7HA71% S skl

3.4. Akt ¥ mTOR A A7} HCT116 A|3L2] F4]of u] 3]
9%

Akte} mTOR7} HCT116 A Z 9] F4 o m| 2| = FF
2 3}ol5}7] 93l Akt, mnTORS] A 3) 4| 21 LY2940022} Rapa-
mycin 718|311 AAE ©@& 52 W3] 22|35 & MTT assay=
23 AL o] 287 Wound healingS £3F Al ZZ4] 94
£ 25T Fig. 3(a)2} Fig. 3(b)ol] WERd vhe} o], LY
294002 20 mM<} Rapamycin 100 mg/mL, AAE 60 pg/mL-S
12A17F, 2441t 59F 242 Ze]al A e Sl gAl=
SAS Flskin. & 2447 WS- A1 HCT16 T8 Al
320]| QloA AAE T 0 2 AP FS wfof = oF 65%2] A&
S5 B3, LY2940025 ©=A 2 S wol= oF 60%9]
AZES BTt E3 LY2940029F AAES A P&
ool = oF 46%°] AE&2 H Ut Rapamycing THE o=

A 232 Holl= of 78%9] AEEa EFIL AAES W A

a
@ . EF e o
= = =z
£ % * 0 £ 80 ol
£ b 3 *
= ] = * ® g
5 60 ot i S 60 = 7
$ = = w s
= 40 | £ 10 -
E 20| = 20
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Al 5
© @
HCTI116,24 h
80 o0 ml2 24
_ + — + —  AAE(60ug/mL) : o
— — + + = 4+ LY294002(20 uM) =
— = = — + + Rapamycin(100ngml) & 60
i e
! h o0
0 | " £ w0 .
- [ 5 - ™ -
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= -} * xk m
XY £ x .
E/ 2 xk
: : I [
& ! 0 g B, WO EE NE HEE
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p.

AAE(pg/ml), 24h

Fig. 3. (a),(b) Co-treatment of LY294002, Rapamycin and Artemisia annuain inhibits cell proliferation. Cells were pre-treated with 20 uM LY29
4002 or 100 ng/mL Rapamycin for 30 min and co-treated with 60 pg/mL Artemisia annuainfor 24 hr. The statistical analysis of the data was
carried out by use of a t-test. *p<0.05 compared to control. **p<0.01 compared to control. “p<0.01 compared to 60 pg/mL AAE-treated group
(each experiment, n=3). (c) Artemisia annuain inhibits cell proliferation in HCT116 colon cancer cells. A line was scratched with a 200 pL plastic
pipette tip. Cells were pre-treated with 20 uM LY294002 or 100 ng/mL Rapamycin for 30 min and co-treated with 60 pg/mL AAE. Cells were
photographed at 0, 12, 24 hours after scratch application. (d) Graph shows the results of wound healing rate at 0, 12, 24 hours after scratch. The
statistical analysis of the data was carried out by use of a #-test. **p<0.01, ***p<0.001 compared to control (each experiment’s, n=3).
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23S o= of 55%9] &S B o] & S8 LY29
40022} Rapamycing- A 2|3 ) AAES T A 23S
oF BlzobA| A2 o) AEEo] daeha EHelsklal AAES}
WA e o= AL Faadrt o 24 vebd
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Fig. 4. (a) Cell cycle arrest effects of Artemisia annuain were evaluated by fluorescence-activated cell-sorting analysis. Artemisia annua induces
cell cycle arrest in G1 phase. Cells were pre-treated with 20 pM LY294002 or 100 ng/mL Rapamycin for 30 min and co-treated with 60 pg/mL
Artemisia annuain for 24 hr. Protein levels of them were determined by Western blotting. The B-actin probe served as protein-loading control. (b)
Artemisia annuain effects on p-Akt, total-Akt, p-TSC2, total -TSC2, p-mTOR, total mTOR, p- Mdm2, cyclin E in HCT116 colon cancer cells.
Cells were pre-treated with 20 uM LY294002 or 100 ng/mL Rapamycin for 30 min and co-treated with 60 pg/mL AAE. Protein levels of them
were determined by Western blotting. The B-actin probe served as protein-loading control.
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