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Akt is known to play an important role in cell proliferation and differentiation, and is also over-ex-
pressed in several types of cancer cells. In this study, we explored the anti-proliferative effects of sele-
nium in HT-29 colon cancer cells, mediated through effects on Akt and COX-2. Selenium treatments
at different concentrations and for different durations inhibited proliferation of HT-29 colon cancer
cells and increased apoptotic cell death. Selenium treatment decreased Akt phosphorylation and
COX-2 expression. Treatment with LY294002 (an Akt inhibitor) decreased proliferation of HT-29 cells,
while a combined treatment with LY294002 and selenium resulted in even further decreases in cell
proliferation. Inactivation of Akt by Akt siRNA treatment abolished these inhibitory effects on cell
growth. COX-2 expression decreased in Akt transfected cells compared to non-transfected cells. These
results suggest that selenium induced both anti-proliferative and apoptotic effects by inhibiting Akt
phosphorylation and COX-2 expression. Selenium treatment also appeared to induce synergistic an-
ti-proliferative effects by inhibition of Akt in HT-29 colon cancer cells.
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of T ARl dAEHE AR RuHITH14].
Protein kinase B2} &2+ Akt serine/threonin kinase®

upstream kinase$! PIBK A2 & 3 €43} 5= Aoz &

HA dom, Axe FA7 B RN T oY e

S 2Hste W9 83 2EAEA F83 PBK/ Akt
ASARE oA GFAAM FEAS Hof Jokar Baud bt
Aom Qe ZE A= AAEd o PBKE At A
25 Akt7} Al EZ A M ERFC 2 0] F3FHA] serine 473

717k 3kgkE o] 25t et "o1]. ol E4E F
3l Akt= 3FE AR GSK3B, FOXOs 1831 mTOR 5=
SN A Ax S} £85 714171, proapoptotic
14421 BAD, procaspase-9, forkhead (FKHR) HAFIZ} &
Hl 25t Ao 2N A2 AAME S dAste AR &
HA AT2,17].

Cyclooxygenase (COX)= Al oA COX-1% COX-29]
T 7FA isoform o E A5 COX-1& ¢, v#, E48S
HI 3 2o 24oM 2dE AEZS Hishs 92<
gk COX-2%E cytokines, 373217}, o212t Fol ofs) &
A3t e Zez gefA glon Be dFedA Cox-27t
FEH o] vt Bag vh Q23] 53] B el A COX-2
7} - Eo] ok B o n COX-29 AfAS 2

SHAE W gt AT FAE AAlsta RSt AR aHE
el o2 B HATHS]. webs & Aol = HT-29

AZ AelES Aefatle W GAHES S o] qAHEA
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B Ao AHE-H A#F-S Sigma (Sigma Aldrich, St.
Louis, MO)ollA T3t ZHll %<9 H 10 mM stock 2.2
vhso] 20T B#ste] Agstqlth 3-(4,5-dime thylth-
iazol-2-yl)-2.5-diphenyltetrzolium bromide (MTT)= Sigma
(Sigma Aldrich, St. Louis, MO)l| Al +%8}4 5mg/ml stock
o2 "tEojA ARSI 3 celecoxibt LY294002+
Calbiochem (San Diego, CA)el A T3t DMSO %<1 H
747} 25 mM3 10 mM stock &2 THE0] A3}

M= B

HT-29 X+ American Type Culture Collection (ATCC,
Rockville, MD, USA)oll A £ Hgtony, 10% $-ejo}d
(fetal bovine serum, FBS, Gibco BRL, Grand Island, NY,
USA)#} 1% antibiotics (100 mg/1 streptomycin, 100 U/ml
penicillin)7} Z3¥ RPMI 1640 8 A (WelGENE Inc., Seoul,
Korea) & AH&3}ed 5% CO,, 37T 27 sloll A wj &3l
o 48A) 7wttt Trypsin-EDTA (WelGENE Inc., Seoul, Korea)
g ol g3l AEES FAAHE BE T AEE 131070 /ml
Z EFsta Althste] Al AHgetit

MTT assayoll 2|st M=o MEE £X

A ) k& 12 well plateo] HT-29 Al 5 1x10*7 /mlE
oAl 4AZT S WA F A ES Asdd
Celecoxib®} LY2940025 A 2] Al o= celecoxib®} LY294002
£ 302 WA HEs & Adus AYstdoem MIT €945
mg/ml)< 30 pl¥ H7ste 1A412F ¢ CO; incubatore] A1
ettt MTITAI ¢kl Eo9le HiAE AT Fo
DMSOE 150 ul o] wello] A H formazans EF =9l
=, 96 well plated] 100 pl® &7AA] Microplate Reader
(BIO-RAD Laboratories, Inc. USA)Z 595 nmol| A &3 =&

A3 4L 5 A W e, Jo m2e Hd
# EF QA= Microsoft Excel programs ©]-83ho] #4
B

Fluorescence-Activated ~ Cell ~ Sorting  (FACS)Ol 9

§t apoptosis ZH&

Apoptosist FITC-Annexin V apoptosis detection kit (BD
PharmingenTM, San Diego, CA, USA)E AH&-3te] 4319
t}. AnnexinV-PI staining S 3}7] 913l], HT-29 A|ZEdl| celecox-

ib 25 uM, LY294002 20 pM< 30 A AZs ¥ ddw
0.25 mM2 2] st} 24413t v Fahgleh. A2 ® AlE= 27}
< PBSZ A H &t YA trypsin-EDTAR 2 thg, 1x10°7H
/ml¥] F=A binding bufferZ suspensiond} ¥t 7L Th&
ol 1x10°7§¢] HT-29 Al £Z Annexin V-FITC$} prodipium
iodide (P)E 15%7F A4 &, 1X7F A& flow cytometry
(Becton-Dickinson Biosciences, Drive Frankline Lages, NJ,
USA)Z #4319t

Western blotting

A Es 5 H2 A F 641 5 CO; incubatord]
A g &, @ A3 FE3817] $lsto] RIPA lysis buffer
[50 mM Tris-HCl (pH 8.0), 150 mM NaCl, 1% NP 40, 0.5%
sodium deoxycholate, 1 mM phenylmethysulfonyl]E 7
welloll 150 pl¥ A7}ske] Wh-E-A171 %, 14,000 rpm, 4T ol A
0% ¢ AAEY st Asds FHAskAd 29t
ELISA-reader 59 nmel|l 4| £4 =5 FA3to 2 %29 &
4 58 27439t 5% Laemmi sample buffer (loading
dye; 250 mM Tris-Cl (pH 6.8), 40% glycerol, 4% f
-mercaptoethanol, 0.08% bromophenol blue, 8% SDS)<}
HT-29 A|Zol| M F23 Sl dS sgteto] RE23 A2 §,
p-Akt, COX-2, B-actin® 1x #AE Cell Signaling
Technology (Beverly, MA, USA)Z2 FE #S)3te 27t 34
o &, wEgAI AT 23 A= GenDEPOT (Barker, TX)ll A1
TFYste] 47t 3143ke] 1A3F ¥HgA1 7] thy, LAS4000 (Fuji
Film, Japan)s ©o]-&-3to] 733t th

Immuofluorescence

A F 05 mMS A2l F 6413 F3 CO, incubatorl A
Hl st F WX E A AL 3.5% formaldehydedl 2087k 1L
4 3 H 0.1 % triton X-100 8-H o) permiabilization 3} % T}
9 o 1% BSA £l Wil 1417 blockingdt ¥, p-Akt,
COX-2¢] 12 A E Cell Signaling Technology (Beverly,
MA, USA)Z ¥ F9Jsto] 7zt 848t vh3-AI 7t 23
YA = Invitrogen (Carlsbad, CA)elA] Alexad88 (green)?
Alexa546 (red)S T9438te] 22} g Asto] 143F vH3-A17
<, confocal microscope (Carl Zeiss, USA)E ©]-§-3}] 7343}

A

Small interfering RNA (siRNA) transfection

siRNA transfection®]] 2 23+ Aktl siRNAS} Dharmafect=
Dharmacon (Lafayette, CO)ol A +%3}¢] transfectionS 4
A&tgth A EE plated] 1x10'70/mlE £33 5 2447 5
o} CO; incubatordl| A ¥i%3 % 5 nmol®] Aktl siRNA9}:
Dharmafect, 28] 1 mediaS ¥H$-A17] TS 72 welld 1 ml¥
B8 5 4847k F<F CO; incubatoroll A v s} ATk, 484]



T NEF mediaZ B} F FHoll 72417 & Adw 025
mM, 0.5 mM< A& gF th3 24413 5<¢F CO; incubatorl] 4]
]} ¥k & MTT assayE A A3+ Th Western blotting®] 785
6 well plateo]] 2} welld 2 ml¥ #5:3 5 72412 & AdF
05 mMS A 2|gh o 6A17F ol RIPA lysis bufferg ©]-8-3}
o s

SAHAMz|

E7 =29l SPSS 17.02 Ab&3te] A A tjgt
BARAS ANOVAZ, Z+ A TE #9 vas g
BAHEAS AAstY AASIAT 4 A5 e 39 o4 ke
H APS ot doixl A#E AASAN p<0.05% 5

SAACZ fositta #As

Z
M0 HT-29 CHAH MZo| ZA{n} Aol 0|X|= P&t
B A o ME A o] HT-29 AE Z4d) nxe 93

=0 Yt

dolr 7] et AEEs =
mM, T mM)3} A17H(0, 3, 6, 12, 24 hr)Z A 23
AEEE S48 A 1 23 Fig. 1A%} 2o] 455
W2 247 AYEES W 0125 mMAAE o 78%, 025 mM
A= F 61%, 05 mMel M= <F 34% 8] 1 mMOMh
o N%E FE JEHOE A X F40] JAES F9ls
o} T3 Fig. 1BollA19} Zo] A#F 025 mMS Al ﬂtgi Bk

E

(0125 mM, 0.25 mM, 0.
l

[$31

4@
il

AL W 147 ol 98% = =LA 2ol 7} sl ot 3417t
SHE A H 07 GoatA AEY 220 A PL delst
Aot
Miefs0l| 2|8t HT-29 MZQ| apoptosis = &1
A gol HT-29 AEZ 9] apoptosisdl] W= Fas #23}
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7] flste] AEF 05 mM< A 25t Annexin V-PI ¢4
53l apoptosisA] UERE phosphatidyl serine®] &S
Aol Bttt 2 A3 delwe A2skd< v phosphatidyl
serineS S48 Annexin V @A ko] positivedt A X 9]
27} Z7heke AL BolaltH(Fg. 2). meb HT-29 A% e)
A SlojM A go] asHos Agein, AE
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Fig. 2. Treatment of selenium induces apoptosis in HT-29 colon
cancer cells. Cells were treated with selenium 0.5 mM.
Apoptosis was measured by Annexin V-fluorescein iso-
thiocyanate and popidium iodide.
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Fig. 1. Selenium inhibits cell proliferation in HT-29 colon cancer cells. Cell viability was measured by MTT assay. Treatment of
selenium inhibits cell proliferation. Cells were treated with 0.125 - 1 mM of selenium (A). Cells were treated with selenium
0.25 mM in 1-24 hr (B). a,b,c,d,e; p<0.05 (each experiment’s n=3)
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HT-29, Selenium, 6 h
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p-Akt
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Fig. 3. Selenium effects on p-Akt and COX-2 in HT-29 colon
cancer cells. Cells were treated with 0.125-1 mM of
selenium. Protein levels of them were determined by
Western blotting.

Western blotting A8ttt Fig. 201 Wehd wpsh 2o
AYEE 0125 mM, 025 mM, 0.5 mM, 1 mME AP
o, ol QEHOZ p-Akt} COX-29] TdHo] Fhasdh= A
S gelstgth =8 Adw 05 mME 6417 AHE 8t im-
munofluorescence® AAIS A%, AHFS AHestdS o Al
EA Yo 2438 o] = p-Akt (red)o] Tdo] A
om, AEA 2 A o] FrtEo] YW COX-2 (green)7t
71/\ O}OﬂE}(Flg 4)

Akt, COX-2 Aol Xz| I Akt siRNAZ} HT-29 A=
9| B4l njxl= 21t

Akte] A A Q1 LY2940029F COX-29] A A2l celecoxib
£ A ad HPdAstHS v HT-29 Al 29 F2ldl] nA]=
FES Yolr 7] A5t MIT assayS A A|81 T} Fig. 5914
9} 7+o] 1Y294002 20 uM, celecoxib 25 1M, A& F 025 mME
24A 7 FRE A2 2o WA s W AT 54
& A% A, LY2040028 SEH0.2 A5 Hole oF

DAPI COX-2

0 mM

. . . . .

Cell viability (% of control)

Nilily

+  Selenium 0.25 mM
= —  Celecoxib 25 pM
= —= = = + +  LY294002 20 pM

£
L

Fig. 5. Selenium inhibited cell growth through p-Akt and COX-2
inhibition in HT-29 colon cancer cells. 0.25 mM selenium
was treated with 25 pM of Celecoxib or 20 yM of
LY294002. HT-29 cells were pre-treated with 25 tM of
Celecoxib or 20 pM of LY294002. Cell viability was
measured by MTT assay.

81%9 HEES BYlaL, A w3 LY2940025 H YA 2] e
S o= 2F51%9 AEEES HAY. T3 celecoxibE @5
o2 AP eH S wol= oF 89% 9 HES HYoy A wH
celecoxib® WA 3 HS Woll= oF 49% ] HEES Ve
WA o]9} o] A F3 Akt, COX-29] A AE A2
S At AYEs dE0E Astis wf Bk AEFAY
A E37E 8 el e A2 Ssd,

HT-29 MXZo| Akt siRNAE ©]&3}o] gene knockdowns

A F NESAGA 275 Lolr 7] 938t MIT assay s
AlstAth 1 A3 Fig. 601419} 2] controlo A= A
S 025 mM HE3HS W oF 57%9] AEES BHoy
A3l Ao A Akt siRNA transfection A= 2F 43% 2]
85 2Yt AdES 05 mM A8 S W% con-

Al 7

ox off o rui

p-Akt Merge

Fig. 4. Cells were treated with 0.5 mM of selenium. The phosphorylation of Akt and expression of COX-2 shown with immune-fluo-
rescence staining using Alexa 488 (green), Alexa 546 (red) and nuclei shown with Hoechst 33342 dye (blue) (B).
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Fig. 6. Inhibition of cell growth through Akt deficiency in sele-
nium treated HT-29 cells. Cells were transiently trans-
fected with p-Aktl siRNA or a nonspecifiec siRNA
(control) for 72 hr and treated with selenium (0.25-0.5
mM). Cell viability was measured by MTT assay (A).

Control Aktl
siRNA siRNA

0 0.5 0 0.5 Selenium (mM)

Fig. 7. Regulation of COX-2 by Akt dependency in selenium
treated HT-29 cells. Cells were transiently transfected
with p-Aktl siRNA or a nonspecifiec siRNA (control)
for 72 hr and treated with 0.5 mM of selenium for 6
hr. Protein levels of p-Akt and COX-2 were detected by
Western blotting.

trololl A+ &F 34% 9] AEEE B Yo Akt siRNA trans-
fection FolAE ¢ 13%8EES YA

Akt SIRNAOI| 2|3t Mlefl=o| COX-2 MEERlS =X

Akt7} COX2E5 z243ste 2AAEM 48 = eA ¢
olR 7] 93l Akt siRNAE ©] &3} gened knockdown
A7l H AFFE-S 05 mM A2t COX-29 LE S g3}
HAty. 1 AT} Fig. 79419t 2] controlTol 3} Akt
siRNA transfection 91419 COX-2 L& ka7 Vrepyto
U COX-29] ‘%M 443 A HAE Fuon AHFs
A2 A v o AE A2 3kA %2 nonedl] HISH] COX-2
o] wg o] AsH d% lstArt. ol s A= A Fol
Akt ZE2E AR F1% COX-29 &HES Aste A=
Bt}
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A 2] =l 'é‘)r:x—q,‘i AR, @S A5

o] At 7)5s v, AWM F2 f7] el
A9 = E] £ (selenomethionin, Sem) % A=A 2~H 2
(selenocysteine, Sec), GArstE A9} A=A 2HAS X3
dhe A G d e EAAT19]. AdEe Pt A48 3
W7l Fst, FYadE /AL e A7 RuFd
o} A Ee AFetd ~EHAE WokS o glutathione perox-
idased} 22 FAsass Ads ol Fitst AES sk
Aoz ¢efA Jn18]. £ o FHAZFAN AL
A, FARIAS B4dE At FAIE] AFAFE
ke Aow deA o57.21].

Akt Y-S HIES o oM HEdH dntar
HuEglon 4L AT 4%, AR, w3t a8x
apoptosis®] A9} & AT F5o] Tk FFE vA
= A0 ¥HA AH9]. Akte=
clic- AMP response element-binding protein (CREB) & &
48t A171H [kBE AAHE}F A7) IkB kinase (IKK)E 43}
ato] kBE #alstal, NF-kB7F 8 2 o] Ao ZH ofg
LRSS BHE FHNTE A og BAHJTHE, 15].
uk o2} Wnt AT 429 8 Z2dA91 GSK3B9] 214k}
ZANZA 2R Wnt A5 7HE 9 HAFIAC] B-catenin®]
3 U o] 5L 2= Nog HuEYCHI0. Ak OHE
ST G Bolste NS AzSdM FoEAREA 2
dtaL gloke Bl whel, B Aol A= HT-29 Al A
s Adatie W AXSHGA a3ES GopE A, Akt
o S A W A% % A A|A BoE Lopr
2 sdtt o] & fste] WA AHES s ARPEE A
g)5te] HT-29 A 29 L Zst9ith. Fig. 1A, BA
Hol= upeh o] ob Ak APshA &2tz vste
AeFe FEEE Aegls o, AelFe w7 bl
w2l HT-29 Al 28] AE8o] 243d3]aL, Fig. 20149 2o
olg) gt IMZJ HEE iy }apOptOSIS"ﬂ g3 Ads &
dlatdeh AHATE A HT-29 AlE L Hep3B 7HHA E ol
A FS Aestds o Al F4o] JAIFH L apoptosis7}
dojdtta BuFglon, AgdT 2 2 APM S5
ATAHAE Tt Adwol AR FHe A
apoptosis Fr=E77F ASS QT 4 AATH12,20].
A 5o AEFHIA B oA A EF 4l Hoist
+ Akt 2 COX2 2z #AFe] €4S Western blotting S &3
13k A3, Fig 3ol Ao} 2ol ddvs s E A2l
Akto] B4l p-Akte] HdE 7459, COX-29
AA] & Ath HZ AF oA ER-negative, HER2-
positivedt fritell A COX-29] # Hd-E Akt A5 Z 9]
F4& 53l dojdrta BauF el Wk Akt AIE
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el A COX-29} Agate] Azde s FXte=A] Golry|
93t immunofluorescences A A1+ A3}, Fig. 4014 e}
o oukel o] Aglgel o] p-Akte} COX-29] E-S 7Ha
HA T p-Akte AEZA Fdo] AT, COX-2& 4]
oA Wdo] Ao} Fo] At FEdte AL ofES
geld 4= AUt Akteh COX-27F HT-29 vl Al £ 9] F4]
of vA= &S Loty Hfste] Akte] AshAS] LY294002
9} COX-29] A A celecoxibE A 2|ste] AHE HEES
43 A3}, Fig. 59 Uehd nkeb 2] LY2940029} celecoxib
£ AFstAs W AEY F4o] JAE S FlstA, o=
A A E Al v HRA S oW 2w *ﬂi%‘é}gi
AEH7F B =4 dehdS S8tk d2 AFElA 4
# 5 o] PBK/Akt AT AZE 16116“42 RuElon, d#
WAz A e A2lstalS o) COX-29] Edo] A3
Hohy BuEQivile]. g HAEY AP A QoA
Akté} COX-2 a7 29 &Ao] vff T 4&S staL
Jtty BuEA, COX-29) upstream&i Akt®} ERK7} 2+
4 5 goa Hus o112, o]y APAT 2 B A
PN T AFARE Blus) Boks o, AdHS A
A o dolue HT-29 Axe FAYA p-Akt 2
COX-29 B A&7t 23 9L 3= A0 2 HogAL
Akt siRNAE ©] 83} gene knockdowns Al S o
HT-29 AlZ9] F4] 9 COX2 Az iAte] W 24& dofi
7] 9)3ke] MTT assay % Western blottingS A A3t L
Z37} Fig. 60 Uehd vie} o] Agw-& A3t W con-
troliol] Bl3}e] Akt siRNA transfectionol 4] T 7%}7-]] Al
X9 F2o] A HE AL ettt APAFES 53
Akt7} COX-2¢] upstream .2 2§ &= Itk B i) ez}
B Ao A Akt siRNA transfections £3}e] COX29 %23
Fds gl A7 Fig. 79 YERY vhe} o] Akt siRNA
transfectioni 9| 4] non-transfectioni ol B 5} 0]——‘?‘34\1?_ A
2]3}4] 242 none®] COX-2 W&o T HAE S st e
™ Akt siRNA transfectiontoll 2@l F 05 mME #2359
W COX-29] T&do] Asfse As FAstATt waha A
AP g 2 AFAHE o] HT-29 gz 54
AR EFHE Ak} COX24 T EAS] 24 & Fal dojuin,
Akt BAAZE COX-29] Hd 2o ® JTFS vH &
Aes I AT HZ AFE014 HT29 A=
Fo AFVNE A2)3H-& W AMP-activated protein kinase
(AMPK)7} COX2&8 Adjgtthe Ao] RuElon, A
S A2letgS W Aktd] AdE AMPKe] 9EHQ =9}
Hl o EARl AR BEFE Bl dojg 4 Ava Rt
[13,14]. wrebAl, Aol 23 COX-29 A= Akte] 499
A& T3l dojye AR o} AMPKYF 22 T E As
BESY 245 Tt dojd & lnta Aztdn.
AEA o, B AFE Tt Aewol HT-29 Alxe] 4

A<} apoptosiss fr=dte Ao| ¥ oH, o= Akte}

<l
COX2 Az 82 AL Afste AL T dojvhes Ao
2 Btk B3 AuFol o3 AxFA o)A E oI
Akt-4 el uﬂT 83 oqf:f;—% s}-:— Ao Vo,

AEZAAA A|A
m; Jepae s :am Q7252 Fapo
Akt siRNAE 53+ Akt gened] FAd % COX-2¢] &
Ehtom, oy st 2o A A Fo] COX-29] Hd-& A3}
v A22 Hol Akv} EAISHA ¥S w] COX2¢] 244 9l
ol A FEAEC] AEsteA G APE AFHAZ o
AR

HAtel 2

2 A7E A4ZATG BRG] A&
AR R 2011 RSB ALOE FFAT
Ao A Y& o} FalE A+ Y (KRE-2010-0021402).
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