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ABSTRACT

Terpinen-4-ol, a monoterpene, is found as the main component of essential oil
extracts from many plants. In this study the apoptogenic and autophagic activities and
mechanisms of cell death induced by terpinen-4-ol were investigated in human
leukemic MOLT-4 as p53 wild-type and HL-60 as p53-null cell line models.
Terpinen-4-ol exhibited cytotoxicity in both human leukemic cells, which showed
characteristic morphology of apoptosis in MOLT-4 cells and autophagy in HL-60
cells by Wright’s staining and transmission electron micrographic examination. The
mode of cell death in MOLT-4 cells was confirmed to be apoptosis by flow
cytometric analysis after staining with annexin V-FITC/propidium iodide and the
increase of caspase-3 activity. Terpinen-4-ol induced-MOLT-4 cell apoptosis was
mediated through mitochondrial intrinsic pathway involving the loss of mitochondrial
transmembrane potential (MTP) and release of cytochrome c into the cytosol. In
addition, terpinen-4-ol also induced apoptosis via extrinsic pathway by caspase-8
activation resulting in the cleavage of cytosolic Bid. Truncated-Bid (tBid)

translocated to mitochondria and activated mitochondrial pathway in conjunction with



the down-regulation of Bcl-2 and Bcl-xL proteins and activation of Bax protein

expression.

Nevertheless, the development of autophagic features in HL-60 cells following
exposure to terpinen-4-ol was observed with the increased formation of
autophagosomes. At the molecular levels, the results from Western blot analysis
showed that terpinen-4-ol significantly induced accumulation of LC3-1/1l, ATG5 and
Beclin-1, the regulatory proteins required for autophagy in mammalian cells. The
dynamic effect of apoptotic response in HL-60 cells to terpinen-4-ol was the release
of cytochrome ¢ from mitochondria and the cleavage of Bid protein without caspase-3
activation. There was no alteration of Bcl-2 and Bax protein expression but slightly
decrease of Bcl-xL protein level by immunoblot. Autophagic cell death occurred
after terpinen-4-ol exposure in HL-60 cells and amplified the terpinen-4-ol-mediated
apoptotic-related program. An alternative mechanistic death pathway through
autophagic cell death and apoptosis induced by terpinen-4-ol as a potential way of
cancer treatment was proposed to enhance cancer cell death. The relationship of both
types of cell death, viz. apoptosis and autophagic cell death, in human leukemic cells

requires further study, such as the role of p53.

In conclusion, terpinen-4-ol induced-human leukemic p53-wild type MOLT-4
cell apoptosis was via both intrinsic and extrinsic pathways and treated-human
leukemic p53-null HL-60 cells underwent autophagic and apoptotic cell death. This
study not only reported terpinen-4-ol-induced modes of cell death regulators but also
highlighted the existent relationship of apoptosis-related mechanism and autophagy in

p53 models of human leukemic cells



Vi

A

%6!56&37]81{11/‘114% Nﬂ"’l]@\‘]f’f1il‘1/]ﬁ]§ﬁﬁu-4-ﬁlﬁlﬁ ADMTHHEIIMTAULL

a = J 3 I A 4
pzwon InFauazes Inhn luwaduz s uladoaruyyd
Y A 4 J
RNy W gunad v1700u
Sy MemansurIumaa (Funi)
¢ a a J @ a o
21013 INNUNUE 37, A3, WYY, AU VIIIANIATY
U |l
unAnge

A I ~ ] 1 = FY %’ v A o A
mimaiWuu—4—aamﬂumimgiuﬂ’qﬂﬂumaiwu WTJHLQGLHL!TJJL!‘VIﬁ'ﬂﬂﬁﬂﬂWGHTTaWJ

=\

a g s A Q’ § o a
FUA ﬂ'liﬁﬂ’]el"lﬁﬂﬁ]ﬂﬂi%ﬁﬂﬂlﬁ@@ﬁ’Jﬁ]ﬁfJ‘]JE]VI‘ﬁLﬁﬁfJ?‘L!TﬂWiGI"IEJLL‘iJU’E)ZWGWTVI"M’{ 1asoo

q

= J 3 I A J A A a
IﬁV‘hﬂ Gluwaaumﬂmmaamnmgyﬂ%uﬂ MOLT-4 NUMIUTAAIDDNVDN pS3 ae ¥UA HL-

~ 12 [ dan =\ I a [ o I~ <3 A
60 N JilNsaEneBnYBd ps3 NUNETIMeI N U-4-eealinnuluniuaeaaiTudaden
a’%ﬂ a J a a J a
PINYBINIT0ITiA Taoisadyiia MOLT-4 AouuDognon Inda taziyaawiia HL-60 A0
= ax 9 = . 9 /a I
uuvee Iawd Tas35n158oud Wright wazgininainndesganssmisanasou n15asav lag
4 a 4 [ 4 1 % a A 4
0309 1a ls Indiwes wadsandousaaale annexin vV saunuTdsmaenleolo'lad tazns
o 4 d‘ A dg! A Y a J A
Mauvesou laiuaala-3 Anuuinuu sudunamsarsuuuszwon Indalursadsiia
A ~ o a a 4 1
MOLT-4 e13mosniu-4-ooamngni linanmsmeuuuszwon Inda lucsaa MOLT-4 Wiy

A 9 &

FanelumialuInaewese) manmsgadeanuaisdnd lWihiweusuuenvesluInnou

q

Jaa

A = o = = o =< 2 a
w5e uazlimanasveslsanleTalnsuGoanunds laTnwadu wenainil arsimesniiu-4-
@ { o a i an J
poadidnInmtlenhimsmenuvezwew Indaruidmeuen Tasnszquieu laiuadila-
~ o = . @ I = . 4 A =
8 Iwavh1d11)s@u Bid gnaananedlu Tsau id indeudieni luTnaousse uaznszdqu
an = = A
38 luTnneuase aansuaaeenvod 11)sdu Bel-2 1oy BelxL uaziiunsuaainonvyoq

T‘}Js?m Bax

1 < = s 2 I A ’ a A
@EJ"N"lﬁﬂ@nll 'W‘]Jﬂ”lﬁ@?flllll‘]J'E)i’)IGW‘ITﬂclumfﬁaiJ&ﬁﬁLiJﬂ!ﬁ@W’U”nﬂJHHfﬁmﬂ HL-60 0

~ o ¥ A o < by B
RUIIUIAWITAITINDINUU-4-D0Q mmmmuaaiwﬂﬂﬂcﬁmwumu NA31N Western blot LEFAA
@ ' an ~ ° 9 a 2 2 1 =
ﬂa”lﬂiuszﬂuimaf}awum m'im@Twuu—4—6’0aﬁmTiamufl’mﬂmﬂﬂmimumuamm

vedAnveellsAu LC3-II, ATGS 1ay Beclin-1 FuiluTilsauniuaunszuaumsenlavhi



vii

A o J o o'dy 9 [ 1 ~ 9 4 I~ a a
naayluyaddadidesgnaleuy mansenuuuuwaIaduasyIniyaduzi5aria H-60 1na
ATZUIUMIABUUDOLNON INFATINA8 VInHAnFIUNUNLMIHA le Ta Tnsuduazmsda
] o a 1 1]
Tds@u Bid Taglitimsnszdquueueulainamla-3 vnduyTuvaenwuan lilinig
1 o ' ) 3 &
asuulasszauvealls@u Bel2 uag Bax uaszau 1@y Bel-xL anauaniios a13mos
an o Y J A a = A 9 o
NUU-4-00a9 1yaawiia HL-60 tNan1sateuuuee 1ann tazneveanumsaanues
a d'd Y ax d'd =\ 1 = a
won Inganims ldsunsu'ly M@msmeniina lnmaudoniiunises Iavduazozwon Ingea
o Y A o Y 3 ° 9 4 < o o 7
mlvmudnennveanssnu Isavzsalumsm IdaanziS o anudurusvean1saie
g’.: a [ A a = 4 < < A L4
NITeIwiia na1Ae NMsmeuuUozNo Inga tazeoo lavhd lusaauzisudameavuuyyd

v 9 = = 1 ]
fJ\W]'O\“IiJﬂ'Iiﬁﬂ‘H”IGIE]Vl“]J YU UNUINUBY pS3

J an ~ o q ¥ 2 3 & A J a A
I@ﬂt’f?ﬂ mimaiwuu-4-®®amumuﬂ1fiwaammmmaemnnuﬂﬂﬁvuﬂ MOLT-4 Ny

e

P '

NITUTPNDDN p53 Lﬂﬂﬂ’li@\’lﬂuﬂﬂ@$WGWIﬂcﬁﬁ WWU‘VN'J?]ﬂWEJiH agniguan LlaglﬂﬁﬂﬂﬁWGlW

s 3 I A S a AN 1A a a

FAANUSLIIUNALDAVTIINYBYFUA HL-60 'V]llﬂJiJﬂ'lﬁllﬁﬂ\?’t’]@ﬂ p53 Lﬂﬂﬂ’li@]’lﬂllﬂﬂﬂﬂiﬁ‘iﬂhﬂ

P} '

Llag'ﬂg‘W@WIW"ﬁﬁ ﬂ15ﬁﬂT%l’lﬁthLﬁENLW]iWEN'IHWUQﬂJ@Qﬂ'15@'lflllagﬂﬂﬂjﬂﬂﬂﬂfuﬂﬂ'liﬁ'lﬂﬁ
dax 1

{ o v oA o v a
LW‘E!EJ')UWI@EJ?('I?L‘W@ NWUU-4-0l LLG]fN'E]‘ﬁﬂ'lﬂﬁ\?ﬂ')'lllﬁhwu‘ﬁellﬂﬂﬂ?ﬁ@]']EJLLUUQZW’E’]WI‘WCBﬁ

2 A Y ° s 3 4
uazmsaeuuves Tavhin 1% ps3 WuaslunuusiassluseduzFulafoauiuyyd



