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ABSTRACT

Identification of the cellular mechanism of
adenosine—induced cell death in YD—10B and YD—38

human oral squamous cell carcinoma

Shin, Bo Su
Advisor : Prof. Oh, Ji-Su, D.D.S., Ph.D.
Department of Dentistry,

Graduate School of Chosun University

Adenosine 1s known to purine nucleoside composed of adenine
molecule attached to a ribose sugar molecule moiety. It is present in all
biological organs, tissues, and cells. Adenosine has been shown to induce
cell death in a variety of cancer cells via diverse cellular mechanism. It
has been established that adenosine regulates cell proliferation, apoptosis,
differentiation, angiogenesis and metastasis in many tumors such as
breast, colon, leukemia, liver and melanoma. However, cellular
mechanisms of cell death by adenosine in human oral squamous cell

carcinoma (OSCC) has not been studied. This study investigated to
- iii -

Collection @ chosun



understand a cellular mechanism of adenosine-induced cell death in the
YD-10B and YD-38 human OSCC.

To verify the cell viability and cytopathic effect of adenosine in YD-10B
and YD-38 human OSCC, MTT assay and crystal violet staining were
performed. Cell viability reduces to 50% of control level on 24 h at 3.0
mM treatment. And crystal violet staining showed that adenosine
treatment reduced the cell staining. Moreover, to understand cellular
mechanism underlying the apoptosis in YD-10B and YD-38, DNA
fragmentation assay and western blot analysis were performed. A DNA
ladder formation was found in cells adenosine (3.0 mM) treated cells. In
western blot analysis, adenosine treatment consistently increased
accumulation of Bax and decreased of Bcl-2. It also adenosine induced
activation of caspase-9, the effector caspase-3 and PARP cleavage
indicating the mitochondrial mediated apoptosis in YD-38. In order to
investigate, whether the cellular mechanisms of adenosine involved in the
regulation G1/S cell cycle arrest in YD-10B and YD-38, the expression
G1/S cell cycle regulatory proteins such as CDK4, plb, pl6 were
examined. CDK4 protein level was downregulated but pl5 and pl6 protein
levels were upregulated in adenosine (3 mM) treated cells in YD-10B. In
contrast, G1/S cell cycle regulatory protiens levels were not changed in
adenosine treated YD-38 cells. This data indicated that adenosine
treatment induced the apoptosis in YD-10B and YD-38 cells. However,
cell cycle arrest caused only in YD-10B not in YD-38 cells.

The present study suggest that adenosine can induce cell death through
G1/S cell cycle arrest and mitochondrial mediated apoptosis depend on

cell contexts.
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ofd =4l A2 oA ATP (olul=21 4FR14F adenosine triphosphate) 2]
o] o3 AMAHEE FH FFd Aol =(purine uncleoside) A, AlXE U9
oA EHH BARNA, AAATFAE, I5E, ASHA 5o APl
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1. Material and cell line culture

Sigmacll A ot :=Al-& FF§iste] DMSOO| oA AREstdth. Absr 2
d AHAAES Foll Al YD-10B 3t A%< YD-38 ¢ b= =x5
2 3)(Korea Cell Line Bank, Seoul, Korea)2ZHE FTU}HoH, 10% fetal
bovine serum (FBS, Gibco BRL, Rockville, MD, USA) % & A(100 peg/ml
penicillin, 100 Unit streptomysin)7} % RPMI-1640 #} =4 37Ce &%
o 5% CO7F A== &7l v ekstaArt.

2. MTT assay

YD-10B} YD-38 ¢Al¥xe] AEES A Y38t 12 well culture plate
ol 4x10° cells/well M¥EE seeding 8Fal 24 AlzF Fo oldiile Frmwz
(1.0 mM-5.0 mM) = A elste] 24A3F & AFEAEES SASHAT 12 well plate
of = wiFAE AA g = 900 pb RPMI-1640 v =t 100 p¢ MTT &4
A7F 3 3 12 well plate2 37T, 5% CO, w7l 4 A7+ vk-g-5ict w)
FAS AAST DMSO 1 mé H7}ste] 96 well culture plateo] 100 (& &+
Epoch Bioteck ELISA reader (Bio—Tek Instruments Inc., Winooski,

VT)E AHE&&to] 562 m F3 =S ol&sto] AxYEES Al

il

o
o

i

3. Crystal violet staining

YD-10Be} YD-38 Axe]l Ax¥wWasts FAsh7] #1812 well
culture plated] 4x10° cells/well A ¥EZ seeding 33l 24 A|7F Fof o}d| Al L
3 mM A#strh 12 well plated] 9l W¥AL A & F QagFAow
well plateE washing 3+ % 0.2% Crystal violet solution (0.5g crystal violet,
35% formaldehyde, 100% Ethanol)& 500 wf H7F & 2o 15% Wk A Zth
e & oA EA o2 33 washing® 10% SDS 500 w0 H7Fste] 96 well
culture platee] 100 plE ¥ 3 ¥ Epoch Bioteck ELISA reader (Bio-Tek

_3_
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Instruments Inc., Winooski, VT)& A}-&3te] 562 nim &3 =& o] &3ste] AX

EEEE S

4. DNA fragmentation assay

DNA #d3 @45 A7) 98 4x10° cells/well M EE seeding 8t o}
g x=A 3 mME AHste] 24 AzF & 1500 rpm e & 5 & F<F dAEY F A
XE F33AY. 500 ul genomic DNA extraction buffer ( 20 mM EDTA, 10
mM Tris pHS8.0, 200 mM NaCl, 0.2% Triton X-100, 100 rg/mll Proteinase K)&
56C incubatorel 1 AlZF &<t MEE && Azl = 12000 rpme = 5 & &<t
At AFAS AEE FEAA %A %9 PCI  solution
(Phenol:Chloroform:isoamylalcoho 25:24:1) & ¥ il A oA 5& HkgA|7]l ¥
12,000 rpmo.= 20 ¥ &<+ YA E8 st genomic DNAS 23ttt &2 s
genomic DNAZE Ethanol precipitationd}¢] ethidium bromide’} ®3%¥ 1.5%
agarose gel= ©]83}o] 100 voltageol| A 30% A 719 53Fe] UV transilluminator
(Spectronics Corporation Westbury, NY, USA)&lo| 4 genomic DNA #4&
ekl

5. Western blot analysis
4x10° FaDu $HAIZ£Z 12 well plates] W% 3 ofel:=2 3

24 AIZE 3 1500 rpme 2 5 & Fot Al Elste] AlxE St Qi
fANog F M AH3IA protein lysis buffers o]&3sle] dlzadS Ryst &
BCA Protein Assay Kit (Pierce, Rockgord, I, USA)S o] &3to] iz S
A gl 20 pgd @A S 12% SDS-PAGE® loading 3+ % 150 voltage
A 1 AIZE Bt AV E Sk A AdolA ZElE @ ELS western blot
analysisE F338t7] 93 polyvinylidene fluoride(PVDF) membrane®l| transfer
3l % plocking solution (5% BSA in TBS-T containing 0.1% Tween-20)<
o] g3sle] 1 A7 FoF WkE-3kith 1% 84| Bax, Bel-2, cleaved caspase-9,
-3, PARP, CDK4, pl5, pl6(Cell Signaling Technology, Beverly, MA)<%}
actin(Santa cruz Biotechnology, Inc)E& TBS-TE ©]&3}o] 1:2000 H| &= 3|4
3 4T =7 sl 16 AlZF &9 wkgsksth TBS-TE o] &3te 3 A3
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% 22} &-A anti-rabbit =+ anti-mouse antibody(Amersham Biociences, UK)+
TBS-TE ol&ste] 1:2000 H&= 3Aste] 1 AZF wkg % ECL kit
(Amersham Life Sciences, Arlington Heights, IL, USA)S ©] &3} western

blot= 3 skt
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el 7+ AFAAEFQA YD-10B, YD-38 A<
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Figure 1. Dose-Dependent inhibition of cell viability by adenosine in
the YD-10B and YD-38 human oral squamous cell carcinoma. (A) The
effect of adenosine on cell viability in YD-10B and (B) YD-38 human oral
squamous cell carcinoma were treated with various concentrations (1.0-5.0
mM) of adenosine alone for 24 h, and viability was assessed by MTT
assay. Adenosine reduced cell viability in YD-10B, YD-38 human oral
squamous cell carcinoma in a dose-dependent manner. Results (mean + SD)
were calculated as percent of corresponding control values. *P<0.05,
*xP<(0.01, are significant. Statistical analysis was performed by ANOVA.

Each point represents four repeats, each triplicate.
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2. 77 RHPATE] AL WE Gz 2 3 o Fejstd W} gl
) 77 AFGAEFQ YD-10B, YD-38 A Eol A
At oldmAlE 30 mM FEE 24X 7F FoF A
g]38le] Crystal violet &4 et Ay oldlx=AlS 30 mM A7 3 Ao
A AE EE gl fga o138t th(Fig. 2A). AE XA} FolA Jehts
gejsts Sdeoem  dEAd e DNA Ed3s  F9s7]9lsl  DNA
3t YD-10B, YD-38 Ao ofdx=Al
MS Agste] 24 A7 & AEES 54389 genomic DNAS ¥ &lo]
3 Ay YD-38 AlEolA F3d DNA 243=s 39 & 5 U

= U =2 MMJ—

YD-10B M 2zoA = DNA E437F doyx] g5S g2l (Fig. 2B).

£ 3

fragmentation assay 23S 3
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YD-10B
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L
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Figure 2. Cytopathic effect and Fragmentation of genomic DNA by
adenosine in YD-10B and YD-38 human oral squamous cell carcinoma.
Cells were seeded at 4x10° and then treated with 3.0 mM of adenosine for
24 h. (A) Cytopatic effect was observed by crystal violet staining at 24h
after treatment. (B) Electrophoretic analysis of internucleosomal DNA
fragmentation. Genomic DNA was subjected to 15% agarose gel

electrophoresis with ethidium bromide.

_7_

Collection @ chosun



3. 77 BHSHATAA AEA Bofehs Bl A s
-10B, YD-38 7% #AHGAFNA ol e AEAA F=
NS rEsty] f18) mEZ=Eol outd EAlste
Bax @23 A ZAFE A9 Bel-2 @ 2dS Felagdrh. YD-38
Ao A Bax wdo]l F7Fetg e, Bel-2 a2 #Z43kith YD-10B Ao
AeE HH2 Bax #dE 7F4dta, Bel-2 @9

YD-38A ol A MEAA AL Ame] el AE dde] dAgAQl JES o=
cleaved caspase-9, -39 @& o] F7}etil PARP7F &4 3tH o AXEAAE =
kS gl th(Fig. 3B). LEit YD-10B Al ¥EoA cleaved caspase-9, -3 3ol
Heto] g1l o cleaved PARP &2 7+4313 tHFig. 3A).
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A ¥D-10B
Adenozine 0OmM 3mM

e - = | Bax

e @ | Bcl-2

|||Mt"[i mM ratio)

W W | Clcaved caspase—90

P Cleaved caspase—3

‘Z‘JQ' 5 -] v
e r.rr < ¥ & 5

B YD-38 YD—38

Adenozine 0 mM 3mM
e a»| 5=

R Bel—-2

nsily
mM/0mM rato)

' ®w| Cleaved caspase—9

“ Cleaved caspaze—3

PARP

Actin

Figure 3. The effect of adenosine on pro-apoptotic and anti—apoptotic related
proteins in YD-10B and YD-38 human oral squamous cell carcinoma. Cells
were treated with 3 mM of adenosine for an indicated time. Total proteins
(20 ug) were prepared and the expressions of Bax, Bcl-2, cleaved caspase-9,
-3 and PARP proteins were analyzed by Western blot analysis. (A) The
expression of pro—apoptotic and anti—apoptotic relate proteins in YD-10B, (B)
YD-38 human oral squamous cell carcinoma. Each column represents the

mean (£ SEM) fold change larger than non adenosine-treated groups.
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4. 7 WHLAZAN HIEFT] 3 Al Pofshs whjd
gl

obdl:=Alo]l YD-10B, YD-38 77 HB A LA A S4& AT =A]l
ek A4 7S k] skl AEFV] #EAEe] Td Ars &l
ShATE AlEZF7]eF o] 2 A T CDK4¢] 2dS 543 23 YD-10B
Ao obdlnals 3 mM A Al wdo] @A Facelon, YD-38 Al
e Ao Walrt glodth CDK A&tz deld e plb, plee] HaA =S
74 & A3 YD-10B AEolA pl5, pl6e] wdo] F7iatalon, YD-384x%
oA plse] WAL Frhaglon, plee] WAL 7)o War} 9SS G983
tH(Fig. 4A, B).
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A &TD_]_OB "0 mM
¥D-1C0B

_ 3mM
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i 3 |
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i
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Adesosine  0mM 3mM =
Z2Z 135
na
@ & CDK4 2
g2 1 . T r

g
[y
=
Rel
{(Adenosme
(=]

: CDK4 p15 pl6
Actin

Figure 4. Activation of CDK4 and CDK inhibitors (pl5, pl6) by adenosine
treatment in YD-10B and YD-38 human oral squamous cell carcinoma. Cells
were treated with 3 mM of adenosine for an indicated time. Total proteins
(20 ug) were prepared and the expressions of CDK4 and plb, pl6 proteins
were analyzed by Western blot analysis. (A) The expression of CDK4 and
CDK inhibitors (pl5, pl6) proteins in YD-10B, (B) YD-38 human oral
squamous cell carcinoma. Each column represents the mean (£ SEM) fold

change larger than non adenosine-treated groups.
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Armel A3 rh20). 2 TG Aol tiske] thst kA 2 HAES
ol &gt A7t AP glom WA F, AL, FUE T FEE] A
AG A skl fofgh MESAAS dERY ol gh AE5E A EX AL
o AYS WHH2122). "FE o ABAE AEAAE FEITL B
Ha 9o, AEXAY] FEedE AE S 2EI BE 2dY HE
ofs] AAHATE oft xS AMEX AL} T

g3 AlAA PARPE Adste] AEAPES fEsts x4 7|de B
3t 2™ (23), LNcap-FGC-10, DU-145, PC3 A G LA oA = old =il &
A Az MEF7] JAlA #FHoJstE= cyclic dependent kinasse (CDK)<2]
HAS HAste] Gl arrest7b frieso] Aol AAlES K sAtHA10).
F3 GT3-TKB F YA ZA A= ofvlical Fho]dlo] =l o] AMPR %185 a1,
AMPK (AMP-activated protein kinas)®] ZA 02 A ELIALES F%
tATH3). f19F o] ot Alo®m o] GMEFE ol &t AEFT] o
A A B AEANEC o A oAl gk e EAE 7] Al
tete] ATsta YA 7 AGGAEE o] &3k X A B A EA] A
et EAbE 71l sk g 2a gl v gith 2 dAge 7 dAESAE F
YD-10B%} YD-38 MEE o]g3ste] oldimile] odk tpafst AxA AXEX A}
717l tiate] &elsty] 913k 7124 A+t & 4 Advk YD-10B9F YD-38
T BEGAEe] AT AAEHRE FQstr] AAste] WA hAlEo] ofd Al
1.0 mMeollA 50 mM 7+#] 223t 24 A7 & MTT assayE o]&35to] A%
AAE &2l g A3 3.0 mM FEAA AEGTS AATS FlstAchFig.
1A, B). =3 A% W AH Crystal violet GMeES Hglste] A HHEH}E
gt A tHFig. 2A). SAEe] AFAAE AEF7]e] & A = AFEAAL
Sy

Lo ofefA] o] Folxitt. ofdl:=Alel &3 YD-10B2t YD-38 17 3 A E 2
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g el 71de glety] 9ot duE W Ay DNA +4dsts 53
shATh A Abol] ARl FEidhA A4l FMA DNAS #435tE gl
S W 22 FE 3 mM A3 YD-38 MEolA FEl3 BH3 d4S el
& 99 i(Fig. 2B), Bax @l W o] F7tel Bel-2 wald Wy o] FhA,
cleaved caspase -9, -3 43S T PARPY Hukol 2]3te] AN EXALS

%E??;P—% 3kl st th(Fig. 3B). T3 YD-10B Al XA &= DNA 40| dofjih~]
dko ™ (Fig. 2B) AEF7]o] & Ao #Fojsts CDK4 & a9} plb,
pl6 L& F7F= Q18] Gl arrest7} FEHo] AlE Aol AAlES FAsttt
(Fig. 4B). ¢ |5 & 3 & w, A& 7l 774 AFIANEFI YD-10B
Al ofdll=Aledl o3 DNA #4283t 22 AEAAZ APy = JeustE
How o] o)A caspase EA S7FE <% PARP o] o9&k A A AL
2 Ay og ol on YD-38 AlXEo = GO/Gl phase arrestE =
24 AEF7] A dATS & F Ao wEpA otdwAlel o
2 7HA A ZEAA 71AS SRF RN A HE A oA A EE
SAY Thedel #g FR Aled FA v v1He] S8 =
Aow AR EW, ko m ofo gk X EHZQ A7t daste et AE.
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