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ABSTRACT

Inhibition of cell proliferation through the mTOR
phosporylation by adenosine treatment in human FaDu

hypopharynx squamous cell carcinoma

Chul Man Kim
Advisor : Prof. Kim, Soo-Gwan, D.D.S.
Department of Dentistry,

Graduate School of Chosun University

The akt/mammalian target of rapamycin (mTOR) signal transduction is
considered to be a central regulator of protein synthesis, involving the
regulation of cell proliferation, differentiation, and survival in cancer cells.
The inhibitors of mTOR as anticancer reagents are undergoing active
evaluation in various cancer cells. However, akt/mTOR signal
transduction in human head and neck squamous carcinoma for adenosine
effect remain unknown. This study performed to understand a akt/mTOR
signal transduction of adenosine-induced cell death in human FaDu
hypopharynx squamous cell carcinoma. To verify the cell viability and
cytopathic effect of adenosine in human FaDu cells, MTT assay and
crystal violet staining were performed. To understand the mechanism of
cell death by adenosine treatment in cells, DNA fragmentation and
western blot analysis were examined. Adenosine reduced FaDu cell
viability in a concentration (1.5 mM, 3.0 mM) compared with untreated

with adenosine (p<0.01, ANOVA) for 24 h and cell staining was
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gradually reduced, which indicated the elevation of cytopathic effect for
adenosine in FaDu cells. After treatment with adenosine (1.5 mM, 3.0
mM) for 24 h, FaDu cells harvested and then confirmed apoptosis by
DNA fragmentaion assay. A DNA ladder formation was clearly found
with cells adenosine (3.0 mM) treatment for 24 h, indicating that
adenosine induces apoptosis in FaDu cells. Moreover, to understand
mTOR signal transduction for adenosine effect underlying the inhibition
of cell growth in FaDu cell, western blot analysis was performed.
Adenosine significantly decreased phosphorylation of PI3K, akt, mTOR,
4E-BP1 and S6-ribosomal protein. It also downregulated Bcl-2 expression
and then caused activation of caspase-9, the effector caspase-3 and
PARP cleavage.

This present study demonstrates that adenosine can negatively regulate
akt-mTOR pathways, which is associated with cell proliferation. It also
suggest that cell proliferation inhibits by a novel signal transduction for
adenosine effect in human FaDu hypopharynx squamous cell carcinoma

cells.
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I. As o "y

1. otdllxAl Fn] gl Al Zuf ek

Azl G Ao A obEl =AlS 4 Eke] DMSO® 5ol A4 ARR-SEATE. AR
fel FaDu 3% MEZF(ATCC® HTB-43™)&= 10% fetal bovine serum
(FBS, Gibco BRL, Rockville, MD, USA) % A A(100 pg/ml penicillin, 100
Unit streptomysin)”} % Dulbecco’s Modified Eagles Medium (DMEM,
Gibco BRL, Rockville, MD, USA)S A}-83}$3 T}

2. MTT assay

Al -8l FaDu 3FQl 7 AMEQ AEES A7 $l8e] well plateol Al
EZ seedingdt ¥ 24 A7+ Fo 500 uM, 1.0 mM, 1.5 mM, 3.0 mM =9 o}
O=2ls APt obdeAls Az Al & 24 Az ol e A A
st & AAikdFd o2 well plateE washing 3 ¢ 450 pl DMEM w2} 50
we MTT &H4E5 H7Fete] 4 AIZF wbgstdeh. MTT &) H7F @ wjdd=
A AL DMSO 500 pt H7Fste]l ALoA 30 & ¥h8 § 96 well culture plate
of 100 wE +F3te] Epoch Bioteck ELISA reader (Bio-Tek Instruments
Inc., Winooski, VT) 565 nm 53 E5 o]&3sto] Ax AEES glstsdnh

ke

3. AlZzHH B

AbE fEl FaDu a5 Az AEES 2A18H7] 91519 well platedl] Al
X E seedingdt ¥ 24 Al7F Fof 500 uM, 1.0 mM, 1.5 mM, 3.0 mM X< o}
Heils Ageith obdle=Al S AEol A2 F 24 AZE Fof wjgFlo] AA
g & QAT A O R well plateE washing 8 % 0.2% crystal violet solution
(0.5 g crystal violet, 35% formaldehyde, 100% ethanol)= 500 @ H7} & 44
oA 15 & &t ¥EEAATE 156 i e F QAT Ao 3 H AF = 10%
SDS 500 gt F7Fete] A8}t
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4. DNA #43} 4t

shel=Al 1.5 mM, 30 mMS Helske] 24 Az % 1500 rpmO.2 5 B Eot
44 Bt AxEs 3 3 F 500 pb genomic DNA extraction buffer (20
mM EDTA, 10 mM Tris-HCI (pH 8.0), 200 mM NaCl, 0.2 % Triton X-100, 100
re/mé proteinase K)Z AXE £33 AA 56T incubatore] 1 A|ZF &< HES A]71
< 12,000 rpme.2 5 & ot YHEE o A
#2] Phenol : Chloroform : isoamylalcohol (PCI) solutions %3l -2 A] 5
b RS $ 12000 rpm e ® 20 & b AR E ko] AFHEs A2 Tube
&7 F 100% ol eh-2S o]-83}e] genomic DNAS HAste] ¥latdnt. g
genomic DNAE ethidium bromide”} ¥&¥ 1.5% o}7F=Z= o]€3}4] 150 voltage

®
ol
o

NS AEZLE FRA &4 F

O
>

ol 30 ¥ BoF A7]9E3te] UV transilluminator (Spectronics Corporation

Westbury, NY, USA)&}o 4 genomic DNA #4245 3¢5t}

buffers o]g&3sle] wwWAES Egdk & BCA Protein Assay Kit (Pierce,
Rockgord, 1L, USA)S o] &3te] AHstAth 20 pug S AS 12% SDS-PAGE
geld loading 3 ¥ 150 voltageol A 1 AlzF F¢t A7]dF vk A Ao A
Tl @A e western blot analysise 33t7] 9@l polyvinylidene fluoride
(PVDF) membrane®| transfer 3+ % blocking solution (5% BSA in TBS
containing 0.19 Tween-20)= ©]-&3tod 1 AlZF &<k blockingatAtt. 12+ A
p-akt, p—mTOR, p-70s6, p-4EBP1, Bcl-2, cleaved caspase-9, cleaved
caspase-3, 18] il cleaved PARP (Cell Signaling Technology, Beverly, MA)%}t
actin (Santa cruz Biotechnology, Inc)E& TBS-T (TBS containing 0.1%
Tween-20)E ©]-&3te] 1:2000 vl &= 31X g & 4T Z7ste] 16 AlF &<k 1k
3tk TBS-TE ol&3st] Al W A5 F 22 A anti-rabbit %+

Collection @ chosun



anti-mouse antibody (Amersham Biociences, UK)+= TBS-T (TBS containing
0.1% Tween-20)= ©o]-&3}e] 1:5000 H]&= 3]4ste] 1 AJZF w8 & ECL kit
(Amersham Life Sciences, Arlington Heights, IL, USA) & g *

Microchemi 4.2 (DNR Bio-Imaging Systems Ltd, USA)& o]-&3}o] whulz vt

uj & apoptosis =4l wW-$- F&3HA AFEE T T3 annexin VO PIS F 4]
o 27 P& w MEAIH] that apoptosise}t necrosis AJH-S FAHs =
wala] H A Ho| e annexin VO PIS ot =A1S A3 FaDu sFel5<F Al

Eo Al ALstel FAE BAL ST

EE A4S Hy £ g5dAE dedla, 4 Add e 794 HA
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m. 2 =

H

1. obdlmalo] o]g A% §9 FaDu sh5eHAE Areln)
oft|=Alel o]gk FaDu stlFAEe] AFdAAE =<2lst7] fla] 500 uM,

15 mM, 3 mM< 24 AIZF A2 & MTT assays Stk ofvwAal 15

mMell Al ¢F 30% AL AxEAFGo] A HAo™, ME REFXALE ICHe 3.0

o}
mMe S &l tH(Fig.1).

hok .

100 k
= kek
= 80 ~
_: Hok
= 60
E *k
- an 4

N l

0

0 mb 300 uM 1 mhI 1.3mM 3.0

Figure 1. Inhibition of cell viability by adenosine in human FaDu
hypopharynx squamous cell carcinoma. The effect of adenosine on cell
viability in human FaDu cells were treated with various concentrations
(0.5-3 mM) of adenosine alone for 24 h, and viability was assessed by MTT
assay. Adenosine reduced cell viability in FaDu cells in a dose-dependent
manner. Results (mean *= SD) were calculated as percent of corresponding
control values. *p<0.05, **p<0.01, are significant. Statistical analysis was

performed by ANOVA. Each point represents four repeats, each triplicate.
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2. A §-¥ FaDu 3}l FgAE AbHe o3 Az a3
FaDu Al Eo A ofdlwAle] oa AZAFo] A4 =HAS uf el AE
H o gE #g2d37] Y& crystal violet FAeFS o]g3le] AlE W AH I

stATh otdl:=4lE 1.5 mM¥} 3.0 mM A2l S W Hazm g Foj==

o

._.

(]

=]
i

adenosine OmM 1.5mM  3.0mM . | iy

FaDu

Cylopathic elTecl (%)
() = (= [=zl 5
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oy
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oy
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Figure 2. Cytopathic effect by adenosine in human FaDu hypopharynx
squamous cell carcinoma. Cells were seeded at 4X10° and then treated with
1.5 mM and 3.0 mM of adenosine for 24 h. Cytopatic effect was observed by
crystal violet staining. **p<0.01, are significant. Statistical analysis was

performed by ANOVA. Each point represents four repeats, each triplicate.

3. A% %9 FaDu shISebAE Aaelel sig & o o
21 3}

AEAPE frieo] et 545 Selsty] 918l DNA 43t 2 3
DNA $=% DNA fragmentation assay ©]-&3dte] AdS 483 t}t. Fabu &

Az obdl:=Al 15 mM, 3.0 mMS A2kl 24 A3 F AES FH 5k

Ll
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genomic DNAS ##]3slo] 1.2% ol7tz= Ao H7|ds3ste] DNAZF 243}

2]
He AS ge 23 3.0 mMollA DNA we] gt Holes As 1

ol

il

ot

0mm 1.5mM  3.0mM

Inter-nuclecsomal DNA

Figure 3. Fragmentation of inter-nucleosomal DNA and condensation of
nuclei by adenosine in FaDu human hypopharyngeal squamous cell
carcinoma. Cells were seeded at 4x10° and then treated with 1.5 mM and
3.0 mM of adenosine for 24 h. Genomic DNA was subjected to 1.5% agarose
gel electrophoresis (A). Adenosine treated cells were stained with 1 pg/ml of

Hoechest solution.

4. FAL F4E o)g3tod At f2 FaDu skl T E A
FaDu ¢tAl%el ofdlx=2 1.5 mM, 3.0 mME 24 A7+ A 2]3ke] Annexin Vo
P& &2l

|

u&l'

Aeto] AlZARE S gl 3 A3 gz By opd=4ls 3.0
mM A 2] & METoA Z7] M EAFE(lower right quadrant)e] 10.14% =7} 3}
dom, TV A EAFE (upper right quadrant)& 10.10% =713S 3213 Az} of
dx=2le]l FaDu ¢AZe 84S A sted 237 A= ZdeA ok (Fig.

4).
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Adenosine (0 mM) Adenosine (1.5 mM) Adenosine (3.0 mM)

g (main) o 04

2.0%

main] bl ) (mani)

8.63% 1210 %

0.9%

Figure 4. Adenosine induced apoptosis in FaDu human hypopharyngeal
squamous cell carcinoma. The cells were treated with 1.5 mM and 3 mM
adenosine for 24 h. The cells stained using Annexin V/PL The apoptotic
cells were then analyzed by FACS analysis. This was determined by FACS
analysis showing the percentage of early (lower right quadrant) and late

(upper right quadrant) apoptotic cells.

5. A 59 FaDu 3544129 akt—-mTOR A|ZAL Xe7 ] Z}
obe=Alo] os] tAE T2, &3 AE, olF B thrtel] st o
o] 24& @IstE akt/mTOR AEdE AR sl dade s}
d WeE el stk mTORE ME7F | F=ZRE Ao #g = s
= PI3KO 9l&l Al 22| Pl(phosphatitylinositol) & <14k3a} A7) a1 o]of u}lz}
Akt kinaseZ} Q14Fs} wol SHAIEE AAA7]=dl obvlx=Al 1.0 mMol A ¢
Aktst PIBK®] wulde] <Q14kst do] qAlgS #lsidrh. E3 mTOR=
akt kinaseoll ]3] &A3std F vd3 2L BEE Tt mRNAS ®
st A "o AAMZ mTOR+= 4EBPI1(Eukaryotic translation initiation factor
4E binding protein 1)< 1418k AlA cyclin D19 @l 23 & F7HA17]H,

ﬂDi

o
[
e

5y
o

)

o

Lo

EAZ p70 S6 kinase= A4Fs} AlA elongation factore] mRNAE Al o=z

FANA AL 4T DS FAAIA Ak B AP A AL ob el
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15 mM A2|g AEFE 4EBPL, 7056 wijd Q14st7h dAA A A2ES
gl sk thFig 5).

0mm 1.5mM  3.0mM 0mm 1.5mM  3.0mMm 0mM 1.5mNM  3.0mM

'- = mTOR p-Pi3k | W8 | p4EBP1

S e e | p-mTOR p-akt "‘3 - p-70S6

Figure 5. Adenosine inhibits mTOR activation in FaDu human

hypopharyngeal squamous cell carcinoma. Cells were treated with adenosine
at indicated concentration for 24 h, phosphorylation levels of PI3K, akt,
4EBP1 and 70S6 were confirmed by western blot analysis. Actin was used

as an internal control.

FaDu @A Eol4 olulmale Ae) shelem ol 4ol #elshi mTOR
AAete] mEZEelel oEq A

a1 A Q= Bel-2 @A BES Gttt ofdleAlS 24 AIRE A $ 7

Zrglopst #ojeh= dd IEHS Flskgit ofdx=4l 1.5 mMt 30 mM
NN HAAowm 4TS Slsith ek AlZAME Fro shelA S A
gdo] 429l d8S 3= cleaved caspase-93 cleaved caspase-3¢] 30|
S7Fetal PARPO] dwho] @A st o] AEZAALE Fidhs A gl vh(Fig.

6).
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OmM  1.5mM  Z.0mM o0mM  1.5mM  3.0mM

— e W | Bel-2 v weesw e | Cleaved caspase9

—— | Actin — _'. cleaved caspase 3

[ — -. cleaved PARP

—— e e | Actin

Figure 6. Activation of mitochondria related proteins by treatment of
adenosine in FaDu human hypopharyngeal squamous cell carcinomas. Cells
were treated with different concentrations of adenosine for an indicated time.
Total proteins (50 ug) were prepared and the expressions of Bax, Bcl-2,
cleaved caspase-3 and PARP proteins were analyzed using Western blot.
The expression of Bcl-2 protein was significantly decreased in response to

the treatment with adenosine. Actin was used as an internal control
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