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Adenine Induces Apoptosis Markers in B16-F10 Melanoma Cells:
Inhibiting Akt and mTOR and Increasing Bax/Bcl-2 Ratio

Seung-Kiel Park™

Department of Biochemistry, College of Medicine, Chungnam National University, Daejeon 35015, Korea

Free adenine is mainly made during the polyamine synthesis in proliferating cells. Adenine molecule itself acts

biological modulator in inflammation and cell death. In the previous report, we showed that adenine induces apoptotic

cell death of B16-F10 mouse melanoma cells by eliciting of PARP and caspase 3 cleavages. In this study, we examined

the adenine effect on other apoptotic molecules affecting caspase activation in B16-F10 melanoma cells. Adenine treatment

make pro-apoptotic molecules active states. Bax/Bcl-2 ratio was increased and phosphorylation of mTOR and Akt was
decreased in a dose dependent manner. These results showed the possibility that Bax/Bcl-2, Akt and mTOR are engaged

in adenine induced apoptosis of melanoma cells.
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o] AEES FAZE SJALRSE FulEkgitt: adenine
T4 = Sigma-Aldrich, ST Louis, MO, USA; fetal bovine
serum (FBS) 7%+ Gibco/Life Technologies; Dulbecco's
Modified Eagle Medium (DMEM) T-$}*]+= Welgene, South
Korea; anti-Akt, anti-phospho-Akt (Ser473 and Thr308), anti-
phospho mTOR (Ser2448), anti-mTOR, anti-phospho-p70S6K
(Thr389), anti-Bcl-2, anti-Bax antibodies 7% *]+= Cell Sig-
naling Technology, Beverly, MA, USA; ECL chemiluminescence
kit 71+ Millipore, MA, USA; B16 melanoma cell line
T+ American Type Culture Collection.

e

MIZH{: B16 melanoma A& 10% FBSE $Hishe
DMEMeO A B85t 37] CO, 558 5%% 255
37C AR Wg7IeA ulgslth AEE oY FE
2 oS 2471 <t A Eskgith

Western Blot &M: 2|7} 1 AIZE I& JejolA
W7kl PBSE AA kAL &3l hF s Wil A il
3027F Sl AR £3ES Fol 12,000 rpm,

O =2 2037 YA ¢ v gallE EEES Bot
9] 4x SDS A1E ¢S 2al 57 <l the SDS-
PAGEZ S35} tl SDS-PAGEE A Aol A Folg o+
WA S pVDF WHEY R o] FAIFLE B2 &9 =

Ao 59 gx] B
10 mM Tris &%

<} 0.1% Tween 202 3Hi-31= pH 82]
N(TBS-T)S AHE-3I3ItE 4CollA DA}
Aot Tzl HAX MBS A WA ZTH
TBS-TZ H“Haﬂﬂ& AFsla MEAS 5%
E3%13l= TBS-To| %751l horseradish peroxidase2}
Aztel olxF AE FaL 14K RESAIZTE Al e v
chemiluminescence kitE AF&-3te] A=} A9} Qb-§-8h=
Ao Atk HEEAS Image) S AHEEHSITE

9ARf

m1m

Ol X2l EMZ AIE B160lIA Bax/Bcl2 HIES =
IHAIICH

Bel2 715 whujde Al Qlakale] H& 2ilo]
o AlEAE £1042) Bax Wi} o442 Bere] bl

o

£ (Bax/Bel2)o] MEAPE frieol] F a3tk
ol gL A Bl6 A|E2] AlEAES 7] W
of B16°l 2417+ &<t o8] FH1Lo] ofddS A3 o}
+ Bax/Bel2 H]&& 578313tk OMM Al Fkol ¢
EXH 07 Bax @M WAL FUFE AL, Bel2 TS
A3k thFig. 1A). 1ol we} Bax/Bel2 Hl < %7}6
S THFig. 1B). o]elgh A¥= oftldo] SAF Al

o] AZEAPES do7|= o] BaBel2 H&S ?7%1

717] i Aolgt 28 = 3tk

lo
2
-
Ey
X

T oo
i

ol x2l= ESMZ M| B160j|AM Akt2t mTOR 4=
HEYS AH[SICE

PBK/Akt AN ZHE Fo= o BANM T8F TS
skal Quth Akt A= *ﬂ-‘fﬁx}“é | & AE F5 F
3l GAlEe] oGS 7] 7ItH(Madhunapantula et al.,

2011). @A B16 A|2EelA] o8] sEe] oftd-E 244
7+ X]Tﬂo}_l_ Akt AT A AV thFig. 2). obdld
A Tol o]EX o7 Akt FA 3} AASHAKtS] Ser
473%L Thr308 91219] QIMbshE Akt olefgh Aw}
+ ofdldoe] MEAES do7]= olf+= Akt IAFSHE
AAE] YEY Aow 223 4= )
L3 Akt mTORE QIAFSIA|A oF W8S =
-5 SHo(He et al., 2021; Thorpe et al., 2015). mTOR”} &
dstE Az e] g o] FXE A, AlEApd ]
AA| = o] HAFE7F 4] FebA gk kA mTOR+:
o] Azl Fa3gk Bzlo] Har glvk webA ofrid A
2]7} mTORS] &443} AAFSHmTORS] Ser2448 2A4Hs}

EX R

-202 -



Adenine (mM)

Bax

Bel-2

B-actin

4 -
*
*
o 37
® *
a
S 21
om *
R
o
1-
0-
0 05 1 2 3

Adenine (mM)

Fig. 1. Adenine modulates Bax and Bcl-2 protein levels. (A) B16-
F10 cells were exposed to various doses of adenine for 24 h in
complete media. Cell lysates were used for Western blotting to
detect indicated proteins. (B) Densitometry analysis of Bax and
Bcl-2 done using ImageJ software and ratio of Bax and Bcl-2 was
calculated. Data presented after normalizing the ratio with untreated
control group. The data shown are representative of three inde-
pendent experiments. Significant difference against control group
is indicated as *P < 0.05.
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Fig. 2. Adenine inhibits Akt/mTOR signaling. B16-F10 cells were
exposed to various doses of adenine for 24 h in complete media
and were used for Western blotting to detect phosphorylation of
indicated proteins. The data shown are representative of three
independent experiments.

FI

2020).

axs

AfelA] ol A= MEAPE 214 2t
TIA 712 M EAPE
t}. &, ol X E]7} caspaseS A 3HA

&S S7A1717) WiEde BeFa
A /‘1]_:_01]’\1 Bax/B

=
=
AT

= 1w
44 Bel2Z 7247

oo}

HP#
o
?.94 ofN T

!
o]4+= Bax/Bcl2 H] &=
Atk ole gt Ayb= W
& e o A& A

etal., 2000).

i

oo
s
l.‘
S
mO
@I

Tﬂ(Shplcewc et al., 2005).
oA AEEM ghxje] APE
2005). Akt gHdsh= AEAES

Al7]13L A sh= Txlw—% 7+ =X 21 CH(Franke et al., 1997).
aee R oF x| EA4 At = PBK/Akt A SHE A2
(Deng et al., 2012)9} —12] 3}-14 ¥49 mTORY $HE F+
3 tKShaw and Cantley, 2006). M3=APEol| Z 2.8k Bel-2
71 el F 238 PI3K/Akt A3 A o] o]}
<, PBK/Akt A& E2 Baxs AAA713 Bel2& 57t
AA MEAEE oJAgt) 2 Aol A SAF Ao
obel S A 2Jat Bax/Bel2 HlEo] F7akqlnt o]l
AFNEL olddo] PBK/Akt AEAE HRE Asle]
Bax/Bel-2 H- &S S7HAIA AZAES S7HAZTHAL A
748k ¢ it

r°"

-203 -



AEAoR 2 At ofdlde] S4F Bl6 AEE Al

A Fo) Foli 7148 oleve] PBK/AK A5

:]j‘

oo

==

24 oAeb) dzolen 253 4 ek o] A7}
4t

Al Fhell 71oqg 4= l71E mkt

.Jl

ACKNOWLEDGEMENT
This work was financially supported by research funds of
Chungnam National University.

CONFLICT OF INTEREST
The author has no conflict of interest with regards to this

study.

REFERENCES

Avila MA, Garcia-Trevijano ER, Lu SC, Corrales FJ, Mato JM.
Methylthioadenosine. Int J Biochem Cell Biol. 2004. 36: 2125-
2130.

Cory S, Adams JM. The Bcl2 family: regulators of the cellular
life-or-death switch. Nat Rev Cancer. 2002. 2: 647-656.

Dai DL, Martinka M, Li G Prognostic significance of activated
Akt expression in melanoma: a clinicopathologic study of
292 cases. J Clin Oncol. 2005. 23: 1473-1482.

Debatin KM. Apoptosis pathways in cancer and cancer therapy.
Cancer Immunol Immunother. 2004. 53: 153-159.

Deng W, Gopal YN, Scott A, Chen G Woodman SE, Davies MA.
Role and therapeutic potential of PI3K-mTOR signaling in de
novo resistance to BRAF inhibition. Pigment Cell Melanoma
Res. 2012. 25: 248-258.

Elmore S. Apoptosis: a review of programmed cell death. Toxicol
Pathol. 2007. 35: 495-516.

Franke TF, Kaplan DR, Cantley LC. PI3K: downstream AKTion
blocks apoptosis. Cell. 1997. 88: 435-437.

He Y, Sun MM, Zhang GG, Yang J, Chen KS, Xu WW, Li B.
Targeting PI3K/Akt signal transduction for cancer therapy.
Signal Transduct Target Ther. 2021. 6: 425.

Hershfield MS, Snyder FF, Seegmiller JE. Adenine and adenosine
are toxic to human lymphoblast mutants defective in purine
salvage enzymes. Science. 1977. 197: 1284-1287.

Kamatani N, Carson DA. Dependence of adenine production upon
polyamine synthesis in cultured human lymphoblasts. Biochim
Biophys Acta. 1981. 675: 344-350.

Kerr JF, Wyllie AH, Currie AR. Apoptosis: a basic biological

phenomenon with wide-ranging implications in tissue kinetics.
BrJ Cancer. 1972. 26: 239-257.

Leiter U, Schmid RM, Kaskel P, Peter RU, Krahn G Antiapoptotic
bcl-2 and bel-xL in advanced malignant melanoma. Arch
Dermatol Res. 2000. 292: 225-232.

Lowe SW, Lin AW. Apoptosis in cancer. Carcinogenesis. 2000. 21:
485-495

Madhunapantula SV, Mosca PJ, Robertson GP. The Akt signaling
pathway: an emerging therapeutic target in malignant mela-
noma. Cancer Biol Ther. 2011. 12: 1032-1049.

Marone R, Erhart D, Mertz AC, Bohnacker T, Schnell C,
Cmiljanovic V, Stauffer F, Garcia-Echeverria C, Giese B,
Maira SM, Wymann MP. Targeting melanoma with dual
phosphoinositide 3-kinase/mammalian target of rapamycin
inhibitors. Mol Cancer Res. 2009. 7: 601-613.

Ola MS, Nawaz M, Ahsan H. Role of Bcl-2 family proteins and
caspases in the regulation of apoptosis. Mol Cell Biochem.
2011.351: 41-58.

Paluncic J, Kovacevic Z, Jansson PJ, Kalinowski D, Merlot AM,
Huang ML, Lok HC, Sahni S, Lane DJ, Richardson DR.
Roads to melanoma: Key pathways and emerging players in
melanoma progression and oncogenic signaling. Biochim
Biophys Acta. 2016. 1863: 770-784.

Shaw RJ, Cantley LC. Ras, PI(3)K and mTOR signalling controls
tumour cell growth. Nature. 2006. 441: 424-430.

Silwal P, Shin K, Choi S, Kang SW, Park JB, Lee HJ, Koo SJ,
Chung KH, Namgung U, Lim K, Heo JY, Park JI, Park SK.
Adenine suppresses IgE-mediated mast cell activation. Mol
Immunol. 2015. 65: 242-249.

Silwal P, Park SK. Adenine Inhibits B16-F10 Melanoma Cell
Proliferation. Biomedical Science Letters. 2020. 26: 179-185.

Simon ER, Chapman RG, Finch CA. Adenine in red cell pre-
servation. J Clin Invest. 1962. 41: 351-359.

Slipicevic A, Holm R, Nguyen MT, Bohler PJ, Davidson B, Florenes
VA. Expression of activated Akt and PTEN in malignant
melanomas: relationship with clinical outcome. Am J Clin
Pathol. 2005. 124: 528-536.

Snyder FF, Hershfield MS, Seegmiller JE. Cytotoxic and metabolic
effects of adenosine and adenine on human lymphoblasts.
Cancer Res. 1978. 38: 2357-2362.

Thorpe LM, Yuzugullu H, Zhao JJ. PI3K in cancer: divergent roles
of isoforms, modes of activation and therapeutic targeting.
Nat Rev Cancer. 2015. 15: 7-24.

Watanabe S, Yoshimi Y, Ikekita M. Neuroprotective effect of
adenine on purkinje cell survival in rat cerebellar primary
cultures. J Neurosci Res. 2003. 74: 754-759.

-204 -



https://doi.org/10.15616/BSL.2023.29.3.201

Cite this article as: Park SK. Adenine Induces Apoptosis
Markers in B16-F10 Melanoma Cells: Inhibiting Akt
and mTOR and Increasing Bax/Bcl-2 Ratio. Biomedical
Science Letters. 2023. 29: 201-205.

- 205 -





