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Abstract
Project Code : MRG5680017
Project Title : Mechanisms of Cell Death in Response to Orientia tsutsugamushi infection and
Relationship with Type | Interferons
Investigator : Dr. Wiwit Tantibhedhyangkul, Department of Immunology, Faculty of Medicine, Siriraj
Hospital, Mahidol University
E-mail Address : wiwit167@yahoo.co.th

Project Period : 3 June 2012 — 2 December 2014

Orientia tsutsugamushi (OT), the causative agent of scrub typhus, is an obligate intracellular
bacterium replicating in the cytosol of host cells. OT invades a variety of cell types, particularly
mononuclear phagocytes and endothelial cells. Although previous studies have demonstrated that OT
induces cell death of infected cells, the mechanism of cell death in OT infection remains unclear.
Therefore, this project aims to study the cell death mechanism and the caspase involved in OT infection.
Using LDH release assay, the result shows that OT induces cell death of monocyte-derived macrophages
after 24 hours post-infection. The cell death of macrophages can be inhibited by inflammatory caspase
and cathepsin inhibitors, suggesting that cell death following OT infection is dependent on inflammatory
caspase(s) and cathepsins (lysosomal enzymes). Next, this project shows that OT induces caspase-1
activaton and IL-1B secretion, which are the suggestive evidence of inflammasome activation. IL-1B
secretion is higher in LPS-primed macrophages, compared to unprimed cells. IL-1B secretion is also
inhibited by caspase-1 and cathepsin inhibitors. OT-infected cells do not die by apoptosis because
caspase-3 activation (determined by indirect immunofluorescence technique) is not observed in cells with
TUNEL positive nuclei. Moreover, the result shows that OT induces type | IFN response in infected cells.
However, augmentation of type | IFN response by recombinant IFN-B does not increase the cell death.

Taken together, this project suggests that OT infection induces inflammasome and caspase-1 activation,



subsequent IL—1B secretion and cathepsin-dependent pyroptosis in monocyte-derived macrophages.
Further studies are required to determine the cytosolic receptors responsible for inflammasome activation

and the involvement of other inflammatory caspases (caspase-4 or -5) in OT infection.

Keywords : Orientia tsutsugamushi, caspase-1, cathepsins, inflammasome activation
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- apoptotic caspase inhibitor e
- effector caspase-3, -6, -7 inhibitor : Q-DEVD-OPh
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Indirect immunofluorescence technique
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macrophage ﬁLgﬂﬂu LPS 100 ng/ml wae cycloheximide 10 ug/mi Wulan 24 °ﬁ"ﬂm
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\T8d monocyte-derived macrophage (MDM) ond@aifia OT 7 MOI 20 : 1 %asan 1 Falu Iananisasazgn
A0aN LAz nﬁmwaalfﬁaﬁi’gﬂﬁﬂmﬁ'sﬁﬁ LDH release assay 111281614
% cytotoxicity = (OD sample — OD low control) / (OD high control — OD low control) x 100%

%

ayanuaadiln mean + SEM 989 triplicate samples  Tayafiuandiduaaunuves 3 independent experiment

cell death

EtBr positive cell

time (h)

U7 1.2 namsveaadidanadisn1sdand Ethidium Bromide (EtBr) homodimer

@

ayauraasiFuduasiTasn@ad EtBr homodimer lufinndos

n’ﬁ@l’lﬂ"ﬂa\‘n‘ﬁaaﬂ%nﬁazﬁﬁ caspase lLaz cathepsin inhibitor

Lﬁa\‘iﬁnﬂ caspase ﬁuwmwﬁﬂﬂ”tylumﬁmmladmiaﬁ Tay inflammatory caspase-1, -4, -5 Ilaz
apoptotic caspase-3, -8, -9 FUNUTAUNTAN BRI pyroptosis W8 apoptosis MUY FIN cathepsin Wulan
Fesafle lysosome ﬁﬂ”mﬂu damage associated molecular pattern (DAMP) aﬂﬂd%ﬁdﬁﬂi:(ﬂ'ﬂﬁl‘naﬁmULLUU
pyroptosis MINARBISINATIUNTANBVBILTARIAIZAL inhibitor THAGA 9

NANINARAIWLIN ‘ﬁ% inflammatory caspase inhibitor (YVAD-FMK, LEVD-FMK L8z WEHD-FMK)
AMULTUTH 10 uM, cathepsin inhibitor (FA-FMK wae FF-FMK) LRz pan-caspase inhibitor (VAD-FMK) @214
LUNTH 5 uM FNNINSUSIN TN VD ILTRS L6t (gﬂ'ﬁ' 2) ag19lsAay FMK inhibitor IUIAFI 20 UM wiNwda

LIRS (gﬂm‘%uﬁ' 1) &% apoptotic caspase inhibitor ldun effector caspase-3, -6, -7 inhibitor : Q-DEVD-OPh,



caspase-8 inhibitor : Q-IETD-OPh, caspase-9 inhibitor : Q-LEHD-OPh Sadu caspase inhibitor juelmjﬁvl,mﬂu

Audaiaad Wiawsndudinsanoransadld (U 3)

48 h

**k

% cytotoxicity

% cytotoxicity

Eﬂﬁ 2 nMIngvadTAaNaAaTaluAILNd inflammatory caspase inhibitor (10 pM) Was cathepsin, pan-
caspase inhibitor (5 pM) N8N 48 WA 72 TILNI LOAR bAIUNNT pretreat @8 inhibitor tdutIan 2 Talusnan
M3fiaiTa 9N supernatant QNLALNLIAN 48 Uz 72 77139 LWaANEMIAN VR Taaa283T LDH release

assay

* ** %% 5 value < 0.05, 0.01 Waz 0.001 NRIAU Waifisuiy DMSO control
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was IL-1B mmmﬁ"gn prime ¢8 LPS 100 ng/ml 5 72139 WANIE6U caspase-1 @11 ATP 5 mM Wuaan
1 $2lug e lWlin1snas IL-13 WamMINaaoIwLIN Z-YVAD uaz Z-WEHD U89 caspase-1 l@@nin Z-LEVD

fanaldanmsaaadvas IL-1B Awnni (3UN 4) @wdﬁuﬁdﬁ§ﬂ1ﬁjﬁ Z-YVAD uaz Z-WEHD anunsaltidu
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A

U7 4 manas IL-1B s ldsy LPS/ATP Tun11zd inflammatory caspase inhibitor
\as MDM l@3UMT prime ¢28 LPS 100 ng/ml twiaan 5 1219 1n12zd inhibitor sfad1a9 anuun a3y
MInszduean ATP 5 mM supernatant gniiufiaan 1 $alus nasla ATP

BUNUEAY mean * SEM %84 triplicate samples

** p value < 0.01

n13N32AwN13%9a9 IL-1f3 uas caspase-1 laaiza OT
A dw . . o & d‘f 1 o o v 3
Wasanisa OT 1w cytosolic bacteria AINUTRN TN IR TR ATIINL pattern or damage-
associated molecular pattern (PAMP or DAMP) mulu cytosol uaziin1inszeu caspase-1 vilwiianinaade
& & \ 2 o & v 0 wal 3
Talest IL-1B uazmsaevoITasauAN minanadda llisdasnmnaseuindamanianzduliinnmai IL-

1B ldn3elai wanmaaas wut luiwad MDM fignnszdu (prime) dae LPS 100 ng/mi 1w 5 521w 2z
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fimwssdolaladilluszaugeaond 6 Talus nainsdada druluaadnlaild prime dan LPS finmwas IL-

1B luszaudn 97 24 Trlwmasnsdausa (U 5)

LPS-primed MDM MDM without LPS priming
200+ 5
E 150 e E*
g T 3]
g 100, B
2 2 2
2 2
= N 21
ND ND ND
0 T T T 0 T T 1
) © > ° © U2
hours after OT infection hours after OT infection

3Uf 5 m3nas IL-1B 3niwad MDM fidaude OT

MDM @n prime 28 LPS 100 ng/ml tiluiian 5 s lug (Fhe) wie'lafl LPS priming (121) udrinmsdiade oT
#MOI20: 1 91N%iuLAiL supernatant AAN 0, 6 Waz 24 TalasnasnsaaLte

ND = not detectable (< 4 pg/ml)

%

BU8 = mean SEM of duplicate samples

M3l LPS-primed MDM fimsnas IL-13 ’Lui:@"uﬁgamhmﬂ p1aflesunan mafi LPS nazgulAd
mIuaasaanvesdin IL-13 Iéunninga OT deillid TLR ligand wuana1nit LPS dsanafinatiinnis
uaAIBanuad NLRP3 Gﬁal,ﬂum“'ﬁ'uﬁﬁﬂﬂ”zymaamsﬂi:@ju inflammasome  n1IMaaaseall Fevimsdnsinis
UEAIBANYBIDW TNF, IL-1B uaz NLRP3 6287375 real-time RT-PCR
NANINARD (Eﬂﬁ 6) Wui1 LPS (100 ng/ml) mminﬂi:@jﬂﬁﬁmnﬁuﬁmad IL-1B mRNA vlﬁgaﬂ'j'n‘fj?a oT
Uszanm 2° v Twamsfinsuaadaonuosin TNF usz NLRP3 liuanenanuann a3t nnsfi LPS primed
MDM fimsnds IL-1B El,mmvuﬁqaﬂ'hmﬂ Wazfinanmsfl LPS nizguliiimiusasaanvasiu IL-1[3

' dw ) [ =
ynnLa OT LINGIaeNIlaen
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-AAct A
Fold change =2, &3 AACt = (Ctrarget = Cloapon) stimulated — (Ctyarget— Clapppr)unstimulated

waga = mean + SEM of duplicate samples
***p value < 0.001
minesaddall §ITudainiinaseudn caspase-1 uaz cathepsin fiannudududaniinas IL-13
, oA o & A y RV v % & @ Aa
diwdpinumIaovesaas wiald  9laviiniInszduiaad MDM dap LPS 100 ng/mi lun1iendl caspase
WAz cathepsin inhibitor 1Ha@199 1wan 5 Talus ¥inmsdaida OT nuulRpITasaa lkAEATALELLH
< 4 2 SNPUNY  S 4 .
caspase LazLNyU supernatant NI 6 T laanadnsaaisa tWelaUSu IL-1B (E‘Ll“n 7) Taswuin caspase-1,
o & < o A vad a A o &
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12



IL-1b secretion by OT-infected cells
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UM 7 wawe ELISA ugasuSanmaas IL-1B Ainaaan LPS-primed MDM fivamn 6 alus lumaziiddaduds
TAAG 9

DUNURAY mean =+ SEM %84 triplicate samples

** ** 5 yalue < 0.01 WAz 0.001 MNUE1AL tialfisuny DMSO control

mineasdae lhidwnImuaaseanvedllsiiv pro-caspase-1 uaz pro-IL-1B  lwiwas  uazluséin
cleaved caspase-1 @875 Western blot \Nafudui1 1a OT maninnszduliiian1sda (cleavage) 789
¥ a A 1 & fni ' v v & A
caspase-1 1339 wWam1snamed (U 8) lawwud wadlunnnniz vwmaaaanlildgnnszdu Afinng
LEIaanwad pro caspase-1 lalmasgnNNIzduaIs LPS ia \Iia OT Admainduvas pro IL-1B lwaad
' I3 > @ ¢ o A ada ' v
269 13NaN NaUed Western blot FNARENUNAVEI RT-PCR 21318481310 35 Western blot ajlaidu
. . § ] o =) . -~ V ] { 1 1 v { a J A
quantitative test i nian real time RT-PCR uazfidasanansatnsfissnadannuiduaduganiiads 24
liAuanuuanditaiausznivimanizdudis LPS U nanszdudini@a OT uananfimadanadinianas
6 o v 1a 3 A em o Yo a & @ . v
mature IL-1B aananuaniadynlidianm IL-1 lumadaaas Safitpazldariudvluaadnanms prime dan
LPS uddiladlenszgudaniio (LPS prime +, no inflammasome activator) luminanasaiswin  &aun1anad
1136w cleaved caspase-1 aananuanimas gnasiawuldlu supernatant TS NYNNIZGUAILITA OT (19
7l 6 uaz 24 2lad : lane 3-6) lagladududasinig prime ¢e LPS rau atndlshonn ladwy cleaved

{ . v v v Q; IA a Iﬁa’
caspase-1 VBJLUR N Qﬂ prime @38 LPS LLﬂZQﬂﬂit@!%@]’J&l ATP 3 °E'JIM{1 F991UNAINIZOLIRNLAL
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supernatant 1asls ATP wiwAnly vldinmsFevanmwueslusin 4 ﬁam:vlei”aadam:ﬁmmﬁﬂi:@juﬁw
ATP wae 1 talus lumsnasasasawihn

Namsmaaogﬂﬁ' 5-8 a;ﬂvléﬁ’l \Fa OT mmmmz@jﬂﬁﬁ@ caspase-1 activation LLazﬁvaﬂgjmwé'la
solalard IL-1B lda3s m3 prime dan LPS vildioasnas IL-1B sananlduinduuazisitu oieznfinn

371 LPS nazduniains pro IL-1B 15Andwae OT ievataiien

. — - Pro caspase-1 (48kDa)

-‘_‘-‘- Beta actin (42kDa)

e e . = Proll-1B (31kDa)

- cleaved caspase-1p20
{supernatant)

- ATP OT OT OT OT Inflammasome

3h 6h 24h 6h 24h activator
-+ + + - - LPS prime

gﬂﬁ 8 Western blot L&aINIHLAAIBENBIIUTA pro IL-1B, pro caspase-1 Wae actin (loading control) Tu cell
lysate LLag 11564 cleaved caspase-1 T supernatant
‘e OT lainszaw caspase-3 luinaanang

minasasdall §Idudasn1sdinsii e OT nazdu caspase-3 uazviliiia apoptosis wiali lay

u

145% TUNEL staining 995 CF488 labeled dUTP 1wiiduiifien 39 indirect immunofiuorescence lagls
primary antibody ﬁﬁﬁLW’]:@ia cleaved W38 active caspase-3 WLae secondary antibody ‘ﬁla(ﬂamﬂﬁ’m Cy3 qad
Namimaamaﬂﬂugﬂﬁ 9 Tagwuin 1w positive control w84 apoptotic cell Garlwiaas MDM 7ilasy LPS 100
ng/ml LRz cycloheximide 10 pg/mi (e 24 fﬂm WNLANMUVAY apoptosis Gﬁaﬁmﬂmnmaa DNA 1u

fnfoa & nuclear condensation 1AN13AAFYEY TUNEL assay luflaaRos $aunl n1anszgu caspase-3

a

LAWNNIAAFLAIUDY active caspase-3 14 cytoplasm  luptueAisasnaaisa OT aswulsaana TUNEL positive

v Y 1 1 a A U ¥ T v vV a
nuclei 1dtfs udlaiwunisfinfiuasas active caspase-3 dsagullad e OT hishnazdulwifanisansvas

o

LIRRWUL apoptosis WAtNaz¥inlWlAANTANBLLL pyroptosis 1a8W1wN4 inflammatory caspase(s) (w1t

@

A . & o wal A a o 4 @
FINIANBUWUL pyroptosis Ny lRTINsuanuas DNA lufinedos laitunn
3UN 9 nE usasnsfanihiafsavaamadniaseudiu3s TUNEL (dn) Saununnsdaw active caspase-

3 (Fua9) lu apoptotic cell uaz luimaanaaisa OT
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Active caspase-3 Merge

LPS + cycloheximide treated apoptotic cells (24h)
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Active caspase-3 Merge

OT-infected cells (48h)
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\ald recombinant IFN-B lufidenifsaoas wudn sunsniwumsuaasaanvasiin AIM2 lwoas
ad] 1a ¥ [ { A {o o ° v A [ .
Unanlidagald GuUA 12)Fuduluianafsuy DNA lu cytoplasm uazvilWifianiinizdu inflammasome

pathway

256
1284

AIM2 fold change

> ®
IFN-b (ng/ml)

U7 12 miuaadeanvasiu AIM2 #waald3l recombinant IFN-B fianaidutuednse iduna 24 $alus

U @ &R v A tdl v v ) o " lﬂl v v lﬂq’ o Y a
’J‘ﬂUTNVL(ﬂLQE]ﬂ |FN—B NONVULVNVWT ng/ml ﬁ’]ﬂiﬂﬂ’]i‘ﬂ(ﬂﬂﬂd@]@vlﬂ L8N mmmmmuumlmn@

U
a & a v v o v o A a A
MILNVVULDINTULRAIDDNYBIY W AlIM-2 VL@] FIUANULVUYY 10 ng/ml Lﬁ%ﬂj']“L‘U?J’Uu‘ﬂﬁxnﬂuﬂ'flﬂwuluﬂ']i
a . A o & v o
AauswaIUNAVaIINNNIY LSJa“n’m’ﬁ‘ﬂ@aalmﬁ@ﬂﬂ“llau‘ﬁaﬂm‘ﬁaaﬂq@‘iu |FN-B 1 ng/ml LﬁuL’Jm 24 '75'.]13\]\7
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16130 recombinant IFN-B Lilaa3336783T LDH release assay Nitaan 24 uaz 48 $2lus waansdiaie (U0 13)
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LDH release
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MINEBITARYNIAEILTT LDH release assay NI 24 uaz 48 TaluanaInidaiza

DURURAY mean + SEM 283 triplicate samples

NS: not significant
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