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Programmed Cell Death in Insects

Manaporn Manaboon®

ABSTRACT

Programmed cell death (PCD) is an essential event for normal development in animals
including insects. In holometabolous insects, they have shown that the insect steroid hormone
20-hydroxyecdysone (20E) triggers cell death of larval specific tissues during metamorphosis.
This regulation of cell death in insects and vertebrates are parallel because they are under the
control of steroid hormones. Like vertebrate steroid hormone functions, ecdysone exerts its
effects via steroid hormone receptor. In insects, the steroid hormone receptor for ecdysone is
ecdysone receptor (EcR). EcR is a heterodimer of two nuclear receptors, EcR and Ultraspiracle
(USP). The mechanisms regulating apoptosis in insects are initiated by an increasing in hemolymph
ecdysteroid titer. The role of 20E to degenerate larval tissues is the activation of 20E through a
two-step regulatory hierarchy of genes, primary-response genes or early genes and secondary-
response target genes or late genes. In the beginning, the ecdysone/EcR/Usp complex directly
regulates the early genes expression at a transcriptional level while late genes are important for
death protein synthesis. The early genes include the BR-C E73 and E93, and the late genes are
a set of genes which were activated by early genes. The late genes, rpr, hid and dronc, are death
activator genes because they induce a rapid and massive destruction in the death cells. In addition
to the activation of 20E on signal transduction pathway of early genes and late genes on
programmed cell death, members of a family protease known as caspases comprise the core of
apoptosis cell death. Recent researches reveal that the signaling pathway of programmed cell
death mediated by caspase is similar among roundworms, insects and human. Hence, the knowl-
edge obtained from the study of signal transduction pathway controlling programmed cell death
in insects has been implied to the study of various human diseases caused by the degeneration of

tissues or death of cells, such as Alzheimer’s, Parkinson’s and congenital heart disorder (CHD).

Keywords: insect hormones, signal transduction pathway, apoptosis
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d' d d‘ Yo v 4 = 2 1 Yo

51U 1 1 sepluuumsmevensadiiieldsuanudnduves 1wiiwszduieg lagmaisadldsy

15 T wulantasutioy 1sadzAey UBdlAeMIIAA autophagy WNIBAAIATY 13
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Tasufivluiinede  (nuclear condensation) 1AAMIUAATIAYBIAIDUID (DNA fragmentation)
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wulumsmeveusaduuy apoptosis Uag autophagy mswasuulash “unailatade isadin
3 4 g J . a . =2 g
99 (cell rupture) IBadUAZODIMIUAGANY MolusaduIn (swelling) M3IIAA necrosis T
g1 g A v A o A s o . .
MINBY UBIVBNIBAANDANNIVUNIZTAVIRYUNAY (acute) ViIDIEANDAL U (inflammation) [1, 2]
Tunnasmswasunlavedeviisd “unalaganuiiosadifiamsme A 1Aams a1e
Y A I A 4 y e y
fveutlolberseioenn winummnzlussazdiviuen (larval specific tissues) Tudu aie
Aouidn [szazdnud manszuIuMImevedsadgniugs aneliiinanniadnfvesdnud
o Vo 1 A I o g w A 4 =2 < 2 o
wagmddnudli sawdsumaaiudndnisn sysalld [2-5] Jamuldhmsmeveusadly
wasiiany @yuifniunmimeveasadiiialy “aifinszgn “undsdu mnzidunszuumsi
funum dglumsaiuguns aedveddisibeluszniumsnigifulaveadirueunazns
A 1 I [ 4 v 3 v 1 V1 o & A o
wasunlasgUsnlhiudnuduazdnduie nanldhmsmvanmsmeveasadluiieidedivuen
YOIUNAINANN AgdonIzINMIneazlvetunas JluuumImeveusadinuluunaaning
aoagilege wysal (holometabolism) 1Wuuwy apoptosis “MSUMIMEVOUBAAUY autophagy
nwag necrosis NuAMsANMINNTUAY wddeyanldnnmsfnmimsmevessaduny autophagy
AN necrosis WUNMINMPVDUFAAUUY apoptosis A autophagy HaMW “wiusAuLag
= 1 1 d' . .
Nummmamiaaﬂgﬂmumm 1wy Tuunasn (fruit fly, Drosophila melanogaster) yiueU vy
(silkworm, Bombyx mori) Wag i (bee, Apis mellifera) Taasinnumsmevedsad iUy apoptosis
ABULAIMUAEMSIIAA autophagy Tumevas MediileldevesszegimvusuinuInAamsme
YDIBAAUUY apoptosis Az autophagy laun deuthats 590U wagmuduens unan [6]
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NIMILANMIMBYBITaauNatlaggasiuuealalsy
Tu"adlideagndrsun Mimeveusadgnaiugulay Wesesagasluy (steroid
hormone) 15U 10 1@519U (estrogen) uoUlAsAU (androgen) W5 1A0lsu (progesterone) LAY
nglarafiaoan * (glucocorticoids) Tuunasmsmeveusadiiaduluszninamsasag (metamor-
. ¢ Ao v A = v & &
phosis) uazgnauaulae mesesagasluul 1Ayde 20-lansensealalsy wenldiiuasausn
Tuil 1954 1aw Karlson [7] filass Hramdleounuluunasdudy Lepidoptera uag Hemiptera
(M3nh 1) goiluusiaiindaldnndenldsnousaBa (prothoracic gland) luszpzdgou udunag
U o A ] . & X a ¥ . A oy oA
UAUANINDI1 (order Diptera) #03luuilnanlaain ring gland Tumanguiudnuzednns
“uangvgesluuiealalsudunamsiuualdsu 15Uszneu weseanaiislaemsiu Mntuag
wWaswihi 19szasvvedlalasea (ketodiol) wagiiamanmauvesieulsiidnvanssiia midla
gosluuealalsulugun wnsamauld (active form) Mi5endr 20-laasenienlalsy
(20-hydroxyecdysone; 20E) (31 2) luunaw wuineulsinnedesiums “uanzisesluu
20-laasenGrealalsy Taun eulsilungn P450 15y dib, sad, uaz shd [8] We $aud»ziiy
4 X A ' a A = I v QI o ' A o/
v ulisous ielbevesdonllimeusatales Weonnasimsasnanuidudifulsdeniiny aem
1 I~ 1 A 1 a Y oA o A Ao v A o
pgNlsnmunuhuenmilelinadenlimeusaBaudisaiiotoizoug Mimthdl Sweesluuiealalsu
Tadmeisu isadiliadondlulsd (oenocyte) Selduasimviia (epidermis) [9, 10]
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(20E) (20-hydroxylase)  (E)  (2-hydroxylase) (2dE) (22-hydroxylase)  (2,22dE)

3UN 2 1 aenszuIums “uaner 20-lansengionlalsy (8]

M 1 0 aelase Teves 20-lensendioalalsuinuluunassiindus [11]

Factor? SpeciesP Tropic/static
20E H. cecropia Physiologically
S. cynthia dependent
M. sexta
O M. configurata

P. brassicae

R. prolixus

M. brassicae

For every family of influencing factors an exemplary structure is presented if characterized

®The species in which activity was described
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Trnesiideldinfovlusesvnavensadudrdamuinsadiyegseuro e Imsinibeq
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Faruiladonais”™ DAPI (4’,6-diamidono-2-phenylindole) [18, 19] (gﬂﬁ 3)

PeIGERES
= & =y
Auandufiai

3UN 3 1 asdnvaizvewen Swlnumeuduveaienlrn (Mi: Seuisedlminazdaulasann [20])
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(v) Hnede 1iedeandis” DAPI
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Az [16, 21] ueanniluddanumsasumlanifanuiiede mewuiu lnewun 20-laasen-
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(nuclear fragmentation) (gﬂﬁ 4) uagmIlna apoptotic body [19-22]

3UN 4 1 aednpaiziinede vesden SNlvuaeuduiia PCD (Mn: Seuisedlminazdnuilas
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MINNUYDN early gene Taun Broad-Complex (BR-C), E74 wag E93 [23, 24] (gﬂﬁ 5) M3
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(order Lepidoptera) siinou 1wy vueulny wazfii e mden (hawkmoth, Manduca sexta) lu
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@9 20E (20E responsive genes) Ao early gene 1@un EcR, USP, BR-C, E74, E75 way E93
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¥4 death gene 1%U rpr, hid, dronc Wag crq anad [27]
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CED-9 v toulmina 1l siia CED-4 mivisadme Tudlun (genome) yeaunaniHwuilsau
fmhidueulsine W efuiammn 7 ofin fe Dronc [31], Decay [32], Drice [33],
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feulsdua 1 Avhwhiimileunuieulssi Dronc vesunasd Foueulsi caspase-9 toulsnil
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¢ a A A "o o ¢ Yy A v P
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nsmgvausas luunasnazmi i 1Fselosu

ASNA BUNNNY1 (pharmacological tests) Tagldshdudamaray (inhibitors) ¥®4
Twanalums s “yapaszdusad Wy fdudims “uaneilisiu (protein synthesis inhibitor)
éf'sé’ugamiﬁmuﬁmLauvleﬁﬁuﬂ 1) (caspase inhibitor) uaaienlelolunos (calcium ionophore)
nazdufimahasug Mlinnunalams ' yanassiusadvessesliu 20 leasendioala-
Isulusgduisad  qUldheeslnuwealalsuiinademssnihvisadiAiamsmari 2 naln Ao naln
fifuraiionnandy (zenomic action) naznalnilildifunalnsasuiiesnandy (hongenomic
action) [19, 20, 22, 29]

fhytumsdnnizesmamevonsadluunaailfiiaanuilussduluanaifiunniy
Tainmgodudimmaassilddnmluiiiobone veunamissniumanianasumlasgi
iliaaanuiilaisesnalnuessesluudemsauaumsmeuaziiosnnalamsmuaumsme
lusgduluianavesunasiianuadisadedunalaiinulumieudinannas “afidsagndroun
TafianumeouiilFunasd iSuduunlumsdneite fesmameifiemeesinenalnfiaouau
maiRalsauaziionhly iomddumsinnlsa fmAfenmeniteilfhmaiiansluanaldud
M3 Naunaanifsunmeiuifl uwlalaemafia RNA interference 4agnm1sng ounaeIfy
uaan hlimnuhnalaauguaszuaumsmameveasadisy 1wl weaveuNaIfin
adhonauazlndifesiunalnmafinlsafifendeatuanufioUnfivesssuntlss M (neurodegenerative
disease) woaAu dodwvaslsafifafuauiiAnfostumsl o mevier smeveusad fe in
‘ﬁuﬁméi’fmﬁ'wmuﬁﬂﬂﬂafﬂmiz‘uuﬂiz M (neurodegenerative diseases) 1BU Tsadalsinos
(Alzheimer’s disease) [46] uazlsamisau “u (Parkinson’s disease) [47] wonwmilolannmsanen
msmeluszuudse messunasiludrdafinsdnmniiluszudude Wy maldrzuumuiiou
Tafigvosunawifulbiaalumsnsuagesinsanuialafvedlsafiterdiostuanuialafvos
wmlaluifnusnifa (congenital heart disorder) [48]
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