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o] dotuute] o3 FEHE Jurkat T AE Abd o]
calpain¥} ROS9] 9

AA e ofmvpyd FAI s F T& o= VIAAFYA o
Aolw vl (Antamoeba histolytica)= Yo]lH Fo] Fo]dl=
b TATY 22 HIAEE A AEAF R
= 39T = dv 2y ol Hopuute] o3 SFAEY Abdol] ¥
ofsts AlXW Aasdd 71de & ddA A Foh 2 dFdA =
ol o Hotuute] HFol o8 FEYHE sFAIES AEo] )
o] Al¥W calpain¥} reactive oxygen species (ROS)2] A& dg& <&

ofR ottt Jurkat T AIZ£E ol Zofunbsel ujck Al wix]e] wjckd A

I v AlEY AEEo] A% HAaedoen,  HEd
phosphatidylserine (PS) <] nj7Zk M| 3o 2 9 rE,
Poly[ADP-ribose] polymerase (PARP)¢] Zt 2 DNAS H 3 A o]
- S7FE A ol dotrutel o5 fFRie A FEAPE A= o

nko] Gal/GalNAc lectin® &5 A¥ FWol| d+ galactose ZH7] 2}9]
A3S Wl sk thiodigalactoside (TDG) ¥+ D-galactoseE 3 7}s}
He W EHAHoR AGHATE Ee ojHotuute =FA1Z] Jurkat
T AZWAAME ZH (Ca¥)e =7t 715 on, oy Z%o)EA
Alz=H QD SR & 49 calpain®] #A4 = FEEHAG. ol Holunl=
Jurkat T A ¥UW caspases—3, -6, @ -79] &AS FE=3aL, o] A2
calpain S} AI A} calpepting T Al Eoll A2 Al A= A}, wha o]
pan-caspase A A ¢l z-VAD-fmk: o] dolrnte] o3 T AHZUW
calpain® A4S AAA7IA EsH . z-VAD-fmk$} calpeptine &



t} o] Joluute] 3] FE¥E PSSO =EFS AAAIIA EKIAAT,
z=VAD-fmk¥= o] Zolunte] g DNA @3PS on A oA
SEAT. 23 Y calpeptin o] @olunto] o] fF %% = DNA

s JAANIA Eakglth. ol dotvut= Jurkat T AlE ] ©lAbs)
(dephosphorylation) ¢ SHP-2 Elo] 24l QI4t7l=#-3] &4 (tyrosine
phosphatase)d] &S AHsA FE3+9 3, Jurkat T A EZof
calpepting A x| Al o] Ao}lw|nlo] o HEH SHP-2 Efo]Z 4l <l
AZbER sl E e 4ol A ET. o] Aolmul= Jurkat T AU
of EAst= calpain® WA A AAQD calpastatin®] HFw@S %
a3, o] A2 calpeptinl ol # A= A H Ao z-VAD-fmkel <]
M= A3 A A @Fskek. ol Hofuntel o5 fFE¥= AlFEANE
£ NADPH #F3t& 4  (oxidase) < #1A1¢l  diphenyleneiodonium
chloride (DPDE A A o zA ou QA AH Ak v A A
(mitochondria) & A A ¢l rotenone @ 5-lipooxygenase (LO) & A A ¢l
eicosatetraynoic acid (ETYA)E ofdnlel] 93 Jurkat T A ZAE S
A FPT old AyEs Tkl B o] dotmule] ofg A E
Al o] = calpaing E 3 caspase % QAR T A AR Y
NADPH #tstg4 @4 s F8 5= ROSE wiA=d o4z

bl sads 4 ¢ vk

A= o o)l Aoluul Jurkat T cell, Al A, calpain, reactive

oxygen species, caspases, calpastatin, tyrosine phosphatase
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amoebaporeE WH[T F 5o TS EYAA AEY F5E
EER N
o] Fofunto] ofgk AE APEL WA A EANE VA H= G
dojub= Aoz olsfetar e, 2 A2 AFAE A @l
Bel-25 #H2dAZAE w AJadzite] & AEALELE A H oA
gk o) dolwuto] o & AFEAIE L AE A A ekgkrh = o] F
ol vl = caspase-9 A A E A2 ¥ caspase-8 A& AlEE 4
d T ARy gLo] ojAolmul= Fas/Fas g HE (ligand) W &%
HAFJI A} (tumor necrosis factor [TNF]) +8A& &3 AxAE 2l
SHAGARI AdEol Y w2z BHAEE A F AUt’ o
o3 A3E FHHRY ofdotunto] o7 SFAE A

ZHA 4 2 AR AE AEVAYNE g2 AE22 AEY 50

_H
ik}
flo
)
2L

ojdotmutrt wFAE JF A AEZW ZFe w7t 5479
7t o w FrkHE Aow Z 4HA gk’ o)dd AMEW 24
ol F&o FAY Wzte ANEFIH HAHPAHOR AdHo Ut
& 59 oldolmnte]l 9% F= FE WA (Chinese hamster
ovary [CHOl) AlXxe ANEL&s] (cytolysis)7t Zw  ZdolH
(chelators)q) EDTAS EGTAE A48 9l & o A= rta "
H%ol CHO MEE AAALHEAFAA verapamilZ A 2319 S u
obwulo] o g M EAbE] & gAYt weba o] Aojuue] 9

g A ZAE A Slo] ZgoEd A2H Q] I EHE A calpain

_ 12 - - - - = =
o B0 wS Fad AVE T & YL F35T & Y} oA
obel Ul Jurkat T Aol A% A AZW BHA59 el ol

2F3} (tyrosine dephosphorylation)7} dojupm  ojuj] thulz glo] 2 2
olA7 Rl @4 1B (protein tyrosine phosphatase 1B [PTP1B]) 9]
FAL calpain® FAF HFAA #BA grh” Calpaine A =

S5 AZY ZAsn Y v 22 G R g oy

=y
R

b
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AxEF7] 24, AAIAEA, #3 2 APE Sl #osta Stk
Calpain< u-calpain® m-calpain 270 ©]3& #| (isoforms)Z < A3}
o z}z} Zufzg (catalytic) subunit (80 kDa)9} =H#&
(regulatory) subunit (28 kDa)7} A% o] A o] A (heterodimer)]
ez otk B8 o AF A (pro-enzymes)7t B4 3hE 7] 9 A
= vuWRdete A7FA (autoprocessing)S H oz @'’ oz g
calpain® A4 AA L AJAAW AEZAE RdoAN F HEd
o A2 A EArd s el 9ol calpain® 24 caspase® @4
Fole Aeisxzdo]l e Zoew Hiw
calpaine caspase-3, -7, -8, -9, ¥ -12¢] A9S HFEFchFH uk
) 2 caspasex calpain® A XU A A2 calpastating Ao
24 calpain® #AHE FAH)E @7 gt ol Woluule]
3 A EAME Al calpain?} caspase®] A 7Ee] AT ZAA A &) A
= A3 gzl 3lo] o

Reactive oxygen species (ROS)& #4bst&E &o] (superoxide
anion [O2 1), #Z4Fst+4 (hydrogen peroxide [H202])
ol =HAES AEAES FEde AT daxdEdolt.
o Kae] w2 o] doluute] o g Al AR glo] 4
4o HwWe FoFs &+ Ud. = ROS  AAAQ
diphenyleneiodonium chloride (DPI) & A ¥Z HAx XS wf o4
ofuluiell g FA - AFE I AlEU ROSE %ol wif AA A
ATk ey opA7tA o] Aojululel] o % Jurkat T A EALE] Al
XU ROS7F of® 9&e & A daiAde e ez Aol
sitt.

oA o] dolulel 93] =% Jurkat T Al EAFE |

o] calpain®} ROS®9 4l5 9SS AE3] ZAStL A 1T o] &g
AT ol HolHnte} &3t AT HALY HYAg SFAY

T

5971 4e we o o] ol
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Pan-caspase Al #] 2z-VAD-fmk, calpain & A#] calpeptin,
diphenyleneiodonium chloride (DPI), NO synthase ¢ Al A L-NMMA,
5-LO 9 AlA ETYA, bongkrekic acid, caspase-9 A4
z-LEHD-fmk, rotenone, %&4F3}#]2l N-Acetyl-L-cysteine (NAC),
Glutathione (GSH)< Calbiochem (La Jolla, CA, USA)S 25 H ¢
st t}h. Thiodigalactoside (TDG): Sigma chemial company (St.
Louis, MO, USA)°o =2Z%¥ FU3F% . Fluorescein isothiocyanate
(FITC) - labeled annexin Vi BD Pharmingen (San Diego, CA,
USA)e 2538 F93A . Fluo3/AM< Molecular probes®%¥E -
&t tl. Caspase-3, -6, -7, PARP9} SHP-2 Elo]ZAl QA7}41
sl &4 (tyrosine phosphatase)ell Wld+ rabbit TEE A 9
phospho-tyrosine © ™3 mouse ©EFE A= Cell signaling
technology (Beverly, MA, USA)Z% ¥ T4t At}t. Calpain =4z
4 subunit (regulatory subunit)¥} calpastatin®] ©™ 3 mouse TZF&

kA= Calbiochem (La Jolla, CA, USA)o &8 ¥ T3},

2. ol dopunl ¥ o Ftul

TYI-S-33 wjA] (& 1)olA] o] &Aolwnl (Entamoeba histolytica)
HMLIMSS F& 37Col A T3 ol gat g oh™ 48-72413F § ok vl
log phase A|7]19] o]dolunlE Eorow 107 Fok Ao Yo]Fl
th7F 5% F9 4ToA 1,000 rpmo 2 94 ®2lste] st o]
HolwutE 10% fetal bovine serum, 25 mM HEPES, gentamicin
sulfate (50 mg/L)7F &% RPMI 1640 w2 A o] A&3 o] 4
ofWlnlE A H & F thA] RPMI 1640 wiA|o F-HA A Ago] A

45 obwlule] AEELS trypan blue ¥4/ 98% o] o] ATt

_7_



¥ 1. TYI-S-33 vjA 9] %A

d 8 &
Trypticase (BBL) 20 g/L
Yeast extract (BBL) 10 g/L
Glucose 10 g/L
NaCl 2 g/L
K-HPO4 1 g/L
KH2PO4 0.6 g/L
L—-cysteine HCI 1 g/L
L—ascorbic acid 200 mg/L
Ferric ammonium citrate 22.8 mg/L

Distilled Water 880 mL (pH 6.8)

Fetal calf serum 10% 100 mL

Vitamin 2% 20 mL

3. Jurkat T A9 FFn]¢k
o1 leukemia T AlEF Jurkat-F6-1 (American Type Culture
Collection, USA)E 10% fetal bovine serum, 25 mM HEPES,
gentamicin  sulfate (50 mg/L)7F X3¥  RPMI 1640 u]#]
(Gibco-BRL)o| B /A%l % 37T, COz vl 7] (5% o]Aibsteta) 95%
F7D) A -t s AT Jurkat T MEZE 538 59 4TeolA 1,000
rpmo 2 HHAA & T RPMI 1640 v Ao Zo]Foith. Adlo] A}
49 T AEF9 AELL trypan blue G2 A 99% o] o] 2l t}.

O

A AELELS trypan blue @4 WS o] &ste] FAAT

48-well tissue culture plateo] o] Zolwnle} Jurkate] H &S 15%

_8_



Wi 37C, 5% CO, =3t A 30% 2 60% &b widkstirh. uik
T AEE Rol PBSE A23 T 04%2] trypan blue £ 95 Al X9}
24 o] hemacytometerS o] &3Fo] 2007019 AEES HAste] AETAHES
&5 Axtednt. ol HotHnte] Gal/GalNAc lecting &3 3 5ol
FAE APl F8% JTS ste=AE A Y8 lectint
We] ARE welste TDGE H7beh & o] dolmute] g T A
o AELES YxI vaskg o

5. Jurkat T Al Zoll theFgh A A A

Jurkat T A& 302 &<+ 37CAA z-VAD-fmk (50, 100, 200 u
M), DPI (5, 10, 20, 50 uM), rotenone (10, 20, 50 uM), L-NMMA (1,
2, 5 mM), ETYA (35 65 100 uM), NAC (5, 10, 20 mM),
Glutathione (5, 10, 20 mM), bongkrekic acid (50, 100 pM),
z-LEHD-fmk (50, 100 uM)= HAAH A 39k, Calpain & Al Al
calpeptin® 05 mM and 1 mM = 15% %<t Jurkat T A Eo| A
Ask3, 10 UM, 100 M, 250 UM 2 1A7F S9F A4 A st A
A T MEE oldotmute} whgA1717] Mol gH RPMI 1640 #j A
2 MAAY. e A A" il A tix (vehicle control)
DMSO= WA &% 1%5 dA &3

6. AZW Ca¥ & =4
Jurkat T AIE (4x107/wel) ¢} o] Aolulul (4x10"/wel)E 48-well
tissue culture plated 4] 5% &<t 37C, COz viF7]olA v e %
2otk B AXE FAo] gl RPMI 1640 wlA] 400 peoll -+ Al
& Ztgpo] Wzer @3 A A9 Fluo-3/AM (Molecular Probes, W]
=)< 2 uMo] 7hsted 154 5ot 37Col A A A s A Th F Al
7] (flow cytometer)E ©]&3te] AxXy Zgol9o FT7hofi

FHwe) Wk Fa 2499

i

oy
4
i
k1
Jhu
et

g

Fel
M

duv

i
e}
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A2 4 (Flow cytometry)

JLAL (apoptosis)E € AEAPE S 54 A x| o g o] PSY
o] % annexin V @S T SAHSAY. Jurkat T  AHE
(4x10°/wel) 9 o] Aopmul  (8x10"/wel)S  48-well tissue culture
platecll A1 1A1ZFE 3t 37T, COx Ml F7] ol A vl ¥t & Rokvh. A3 &
A (0.1% sodium azide & 1% FBSS ¥ 33+ phosphate-buffered
saline [PBSDo.2 F ¥ Al H gk Ao FITC-labeled annexin-V (2
wWH7F e A= 289 (binding buffer [10 mM Hepes, 140

7.

7.

mM NaCl, 25 mM CaCl,, pH 7.4]) 200 @& #7}sto] 162 &< 4
2ol A A e g
IR EE A E

AlE A7)

o] &3} annexin-Veol &4 5o

Al

8. Western blot

ofe]  7kA F=A AAAZ IAHAT Jurkat T AE
(1x10%group)el o] Aolwlu} (1x10°/group) S H7tsta Alzbd = w) ok
stk Aol Ed F AAEVE ol&dt] AEE Hol ATbE
PBSE ¥ol A A Eobxl AxZFAbe] A7be &8 (20
mM Tris-HCl pH7.5, 60 mM B-glycerophosphate, 10 mM EDTA,
10 mM MgCly, 10 mM NaF, 2 mM dithiothreitol, 1 mM NasVOy, 1
mM APMSF, 1% NP-40, 5 ug/ml leupeptin)= H7F% & A 2o 30
T A AY. 30 A F AlggdI Eeske] 100TC ol A
5% ot A Xyt &
A & A4 st TS e Rop AEE FEE 74 A
el AbgE wj7bx] -20Ce] B#sAn. o9 £ WHozE AL
A5 E 10%, 12% T+ 15% sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE) “JollA A7]19dF Azl T A
immobilon P polyvinylidene fluoride 2} (Millipore, 5 ¥)°o & 100 V

ol A 1AIZE &F o AT, o] HAIZ #& 5% YA EAr (non—fat

n
>
Al
il
e
o
=
olff

(o3
o
al
A
o~
ol
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dry milk)E #3322 Tris-buffered saline (TBS [0.1%
Tween-20])oll ¥ F 4204 1AIF 59 vESA|Zth TBST=Z &
Ho A HEd T S caspase-3, -6 and -7, £ calpain =4 #E
subunitel]l g YA} FAZ 4T A 18A7FE et WG A FITE WEE-A]
7l @& TBSTE A ¥ A& 3 % HRP-conjugated anti-rabbit IgG
8} A T+ HRP-conjugated anti-mouse IgG FA=Z Ao A 1A%k
sob WA HFAor, FA-FA wrELS LumiGLO (Cell
Signaling, Beverly, MA, USA)E A}&3Fo] &<Q18} %t}

9. DNA ©# 34 (fragmentation)

ol dolwule] 93 Jurkat T A¥ W DNAS dHAIFAE =A3}
71 98] Jurkat T A (5x10%/group)et o] Ao}rnl (5x10°/group)=
1A ZFEet 37Co A wiekg § =gkt ol Fopmuke] Gal/GalNAc
lecting &% AFEAEEAE FAdstr] Ha AAAHA AAAA
D-galactoseS Jurkat Al¥o] &3 & 58 % o] HolwntE Yt
Z& AEE PBSE 3 W AlF s 3 TaKaRa kit (# MK600)& AH-4
5to] DNAES F=3l3 . DNAE 2% agarose Aol #7] o &3}t
DNAS @ g4 S FAstd
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|

10. A9
A= 3 ~ 59 AYE 77 5yddor Y5y, He + &
Z0 22 YJeto A"y xat9 EA A 8= Student’s ttest
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o) g3ke] p < 005 oW T el Kol oIk At Ao®
F otk
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m. 23

1. o] Aolwnlol] o]k Jurkat T A X AFE

Jurkat T A 25 o] dofunte} vigstS W Fevs HdT Al
FAPE Aol diste] dobE okvh. Jurkat AlEXE ol Aolwutet FHA
et & trypan blue® @A S W 52> AE7F HES 1A F
of @A F7tE A olHetHvtE HIleA B2 AT AE
AEE] 100%Ad wraf, o] Hdelwuls H7kgk & 307 60 ol A
Zbzy 75.0 % 5l16% = AHAaEHAW (Fig. 1A). E=gk o] dofwn}e}
Jurkat MEZE vt = Ax ¢ o] phosphatidylserine (PS)¢] =
=< annexin-V @ME& Fal vt ojdotvntE Hrbd F
Annexin-V ¢4 ML &L Hd 4%=2 A RbS H7be gxza 2
Hlagk o o 8wjAdR= Frbeldv (Fig. 1B). DNA &7 49
Poly(ADP-ribose) polymerase (PARP-1)&= Al XAl A] Atk o]
g Ak wekd B Ao o] dopuule] o3 Jurkat
AZW PARPO Ado] ¥ e=XE dolr gttt ol Hotruts H7}
F Jurkat T AXWe PARPY Ho& vk AIgb} H7bgk ofvut
Fol wel oy Jje dwmREFgow Add AL F 2 5 vt (Fig.

. B%o] Jurkat T AlZo] o]dotuutE H7betd & W o
Hlell @43 3 DNAS @ g Aol =% At (Fig. 1D).

jus)
==

tlo

o

)

32

_12_



Fig 1A. Viability of Jurkat T cellsincubated with or without E. histolytica.

1207

o 1007

Viability (%
5 8 8

N
o

o

medium  30min 60min
Entamoeba

Jurkat T cells (4% 105well) were incubated for 30 or 60 min at 37°C with or without E.
histolytica (8 x 10%well). After incubation, cells were stained with trypan blue for
quantification of viability of Jurkat T cells. Data are presented as mean £ SEM from three
independent experiments. Significant differences from the value obtained with cells incubated
with medium alone are shown. *, p < 0.05

Fig 1B. Phosphatidylserine exposurein Jurkat T cellsincubated with E.
histolytica.

60 | A &
8 *
g 50 1 -|- 2
3
g 40 T - gs—
.H C g
8 30 8 =
- O
> o0 o
< 20
o] .
g 10 1 10? 10! Fﬂé-zu 10% 109
< 0 ' ' .
medium  Entamoeba Annexin-V

Jurkat T cells (4% 105/well) were incubated for 60 min at 37°C with or without E. histolytica
(8% 10%well). After incubation, cells were stained with FITC-conjugated annexin V for flow
cytometric measurement. Data are presented as mean = SEM from three independent
experiments. Significant differences from the value obtained with cellsincubated with medium
alone are shown. *, p< 0.05
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Fig 1C. Cleavage of PARP in Jurkat T cells stimulated with E. histolytica.

Time(min) © 1 5 s
PARP | @9 o = w» |+ 116kDa
- - e
‘ e L ]
- + - - + = = + - - + E. histolytica(10: 1)
- - 4+ - - 4+ - - + - - E. histolytica(20: 1)
- - - + - - 4+ - - + - Ehisolytica(50: 1)
+ + + + + + 4+ + + + - JurkatTcdls

Jurkat T cells (1% 10%/sample) were incubated for 1-15 min at 37°C with or without E.
histolytica at aratio of 10:1, 20:1, or 50:1 (Jurkat T cellsto E. histolytica). After incubation,
whole cell lysates were subjected to SDS-PAGE and blotted with anti-PARP Ab. Thefigureis
representative of three experiments showing similar results.

Fig 1D. DNA fragmentation in Jurkat T cellsinduced by E. histolytica.
1 2 3 4 5

Lanel: 100 b.p Marker

Lane2: Only Jurkat (1 hr)

Lane 3: Jurkat + Entamoeba (30 min)
Lane4: Jurkat + Entamoeba (1 hr)
Lane5 : Entamoeba histolytica only

Jurkat T cells (4% 108/sample) were incubated for 60 min at 37°C with or without E. histolytica
(4x10°/sample). DNA fragmentation was analyzed by 2% agarose gel electrophoresis. An equal
number of amebae and Jurkat T cells were incubated in medium alone as negative controls.
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2. o] doluuto] o3 =% Jurkat T Al AFE 2 DNA w3 A o
Aol A ol u} Gal/GalNAc lectin®] &t

ol dotunlrt HFAEE APEA 7| =d Lol A obmubel AEZE
o] kg H=o] Jast AL 2 gAA Q. oo whel, ofn
nho] Gal/GalNAc lectin¥ Jurkat Al X9 A= T 7] (sugar
residue) Atol9 23S Wald 4 9 & thiodigalactoside (TDG)Y =
HE AES AT ol dotrnte] i FrE AT S5 TDG H
7holl oef AAs] A4 AL 4 A9t (Fig. 2A). 3] TDG
50 mMol| A= o] Aolunto] g MEAEo] AA A E o] wfA RE
A7 dxza e Aok w523 £xE Rt 3 D-galactose
A7t A S wol e o] Holwnte] 9% A E e DNA ©HFA o]
iAo w AgAE AL FedstAd (Fig. 2B).
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Fig 2A. Effect of TDG (amebic lectin inhibitor) on the E. histolytica-
induced cell death in Jurkat T cells.

No Entamoeba - F

Jurkat (control)
TDG 5mM
TDG 10 mM *
TDG 20 mM *
TDG 50 mM *

0 20 40 60 80 100 120
Viability (%)

Jurkat T cells (4x 105/well) were incubated for 60 min at 37°C with or without E. histolytica

(8% 10%well) in the absence or presence of TDG (5-50 mM). After incubation, cells were stained

with trypan blue for quantification of viability of Jurkat T cells. Data are presented as mean +

SEM from three independent experiments. Significant differences from the value obtained with
cellsincubated with E. histolytica in the absence of sugars. *, p < 0.05

Fig 2B. Effect of D-galactose on the E. histolytica-induced DNA
fragmentation in Jurkat T cells.

1 2 3 4 5

Lanel: 100 b.p Marker

Lane?2: Only Jurkat (1hr)

Lane3: Jurkat + Entamoeba

Lane4 : [Jurkat + D-galactose 100 mM] + Entamoeba
Lane5 : Entamoeba histolytica only

Jurkat T cells (4x 108/sample) were incubated for 60 min at 37°C with or without E. histolytica
(4x10°/sample) in the absence or presence of 100 mM D-galactose. DNA fragmentation was
analyzed by 2% agarose gel electrophoresis. An equal number of amebae and Jurkat T cells
were incubated in medium alone as negative controls.
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oEA A2 @R a4 calpaine] A
%747} calpain®] &Aol wr=A] A g s
T ojdotntrl MEAES FEE o AXE W #
2 F/AN2G N B oA Jurkat T AEW Z
H3lE AEEH ZEAA2Y%  (cell-permeable calcium indicator)
Fluo-3/AME A&3t k. o] dolwutE H7Fst & Wl Jurkat T Al
I ZEFwert fxatel v of 2v) A% SUHE e B o 9
t} (Fig. 3A).
Calpain® &4 2 caspase®t FAFSHAl A7FE Y (autocleavage) &
) frAt dgoz ojgoluutE Jurkat T AZol H7td F
ZHoEA a4 calpain 448 Lolr k) o] HolwnlE

HA7Fek & 172N A 5 H calpain®] 28 kDa =719 424 subunit’t

A 7FE &l (autolysis)® A& gestAd ok (Fig. 3B).

A Zgole vk
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Fig 3A. Increased cytosolic Ca2* in Jurkat T cellsincubated with E.
histolytica.

3 4.
S * .
5 _
§ g 21 T 2]
5 & 2|
= 8 5| &
= "06 o &
e S
S 17 =
c

0 10! 102 10° 10
FLIH
0 T T >
medium  Entamoeba Fluo3/AM

Jurkat T cells (4x 105/well) were incubated for 5 min at 37°C with or without E. histolytica
(8x 10%well). After incubation, cells were stained with fluo3/AM fluorescent dye for flow
cytometric measurement. Data are presented as mean £ SEM from three independent
experiments. Significant differences from the value obtained with cells incubated with medium
alone are shown. *, p < 0.05

Fig 3B. Cleavage of calpain small regulatory subunit (28 kDa) in Jurkat
T cellsstimulated with E. histolytica.

Time (min) 0 1 2 5 10

calpain small subunit | S g - - e < 28kDa

R L Bt Al

- + - + - + - + -+ E. histolytica(10: 1)
- - + - + - + - + - E higolytica(20: 1)
+ + + + + + + + + - JurkatTcdls

Jurkat T cells (1x 10¢/sample) were incubated for 1-10 min at 37°C with or without E. histolytica
at aratio of 10:1, or 20:1 (Jurkat T cellsto E. histolytica). After incubation, whole cell lysates
were subjected to SDS-PAGE and blotted with anti-calpain small subunit Ab. Thefigureis
representative of three experiments showing similar results.
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4. o] Aolunlo] 2% Jurkat T A XU caspased] &4
Western blotg ©]&3}o] caspase-3, -6, 72 AL X9
th. Fig. 4AclA ®HW olAolwnutE H7F & Jurkat T AXZ9
7 R oufeF AIZE G H7EEE opwuke] Srofl ] st o
et e B o don ojyd ARE2 g 27 1A E
th. 530 oldotmnte] kol s Jurkat A FEU
caspase-3°] Atxo] &gl HAHS 20 kDa¥} 17 kDao] # -z

oj dolmute] o3  FEH  caspase-3 Ao ALHA
(mitochondria)7} #odst=A& otr 7] & AFH A (mitochondria)
9l obA Al (membrane stabilizer)$! bongkrekic acid®} caspase-9 ¢
A AN z-LEHD-fmkE Jurkat T Ao dAxgt & o] @ olufn}o
e =¥ caspase-39] Aol mA= dFS LolrR kT
Bongkrekic acid®} z-LEHD-fmk & U} caspase 39 42 A A]7]
Al %ekdth (Fig. 4B).
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Fig 4A. Cleavage of caspasesin Jurkat T cells stimulated with E.
histolytica.
Time (min) 0 1 5 15

Capase3 | e rne e
cleaved form
20 kDa
1:17kDa
caspase6t |- enepererader o
— - —-— S
-— p— — [ 20 kDa
caspase 7
-k ERE B e
<— 15kDa
- + - - 4+ - -+ - - + E histolytica(10: 1)
- - + - - 4 - - 4+ - - Ehistolytica(20:1)
- - - + - - 4+ - - 4+ - E hisolytica(50: 1)
+ + + + + + + + + + - JurkatTcdls

Jurkat T cells (1% 10¢/sampl€e) were incubated for 1-15 min at 37°C with or without E. histolytica at
aratio of 10:1, 20:1, or 50:1 (Jurkat T cellsto E. histolytica). After incubation, whole cell lysates
were subjected to SDS-PAGE and blotted with anti-caspase 3, 6, 7 Ab. Thefigureis representative
of three experiments showing similar results.

Fig 4B. Effects of bongkrekic acid and z-L EHD-fmk on the E. histolytica-
induced cleavage of caspase 3in Jurkat T célls.

= = = =
3 3 g:%:
8 8 383 8

caspase3 |“EResaREEEREREREE

<+— 20kDa
17 kDa

+ + + + + - JurkatT cells

E. histolytica (10 : 1)
- - - - - - EtOH (vehicle)

- - - Bongkrekicacid

- - - 4 - - - - 4+ 4+ - - Z-LEHD-fmk

- - - - - - - - - - 4 - CapeptinlmM
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Pretreated Jurkat T cells (1% 10%/sample) with bongkrekic acid (50-100 uM), z-LEHD-fmk (50-
100 pM), calpeptin (1 mM), EtOH (1%) were incubated for 5 min at 37°C in the absence or
presence of E. histolytica (1% 10%sample) in a CO, incubator. After incubation, whole cell lysates
were subjected to SDS-PAGE and blotted with anti-caspase 3 Ab. The figure is representative of
three experiments showing similar results.
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5. Calpain &4 & &3 caspase® &4

A ZAFE Ao 9lo] calpain® caspases’} A &2 =gz orw &
A AGEE qm FygHor Hgivte A7 A3t Aok merA
B o Fo| A= pan—caspase HA A z-VAD-fmke} calpain & A #|
ol calpeptine ©o]&3dlo] o]Holwnto] oF FEFH+E calpaind
caspase A7t AT HdE AAES Lolr gt} Calpepting Jurkat T
Aol A A sk w o] dotrnte] ofd] fFR¥= AIEY calpain
caspase-3, -6, -79] Aol T MRS W] THAOR
A=At (Fig. 5A, 5B). 53] calpeptin 1 mMeolA A a7} 7}
A FHor  BPT, o]ekE  HEhE pan-caspase 9 A A ¢l
z-VAD-fmkE &% 100 uM# 200 uME Jurkat T Ao A
A st E well = o] Fotuute] o3 FXEH calpain® ZAHS M

A4 A e (Fig. 50).

2 2
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Fig 5A. Effect of calpain inhibitor on the E. histolytica-induced cleavage of
calpain small regulatory subunit (28 kDa) and caspase-3in Jurkat T cells.

calpain small subunit 1
<+— 28kDa
Dan Do — = —
T .

-— + loa
+ + + + + + + + + + + + - JurkatTcels
- - - + - - + - - 4+ - - + E histolytica(10: 1)
- - - - 4+ - - 4+ - - + - - E hidolytica(20: 1)
- - - - - % - - % - - %+ - E. hisolytica(s0: 1)
-+ - - - - 4 4+ + - - - - DMSO (vehicle)
- - + - - - - - - 4+ + + - CapeptinlmM

Pretreated Jurkat T cells (1x 10¢/sample) with 1 mM calpeptin or 1% DM SO (v/v) as a control for
15 min at 37°C were incubated with or without E. histolytica at aratio of 10:1, 20:1, or 50:1 (Jurkat
T cellsto E. histolytica) for 1 min at 37°C in a CO, incubator. After incubation, whole cell lysates
were subjected to SDS-PAGE and blotted with anti-calpain small subunit and anti-caspase 3 Ab.
The figure is representative of three experiments showing similar results.

Fig 5B. Effect of calpain inhibitor on the E. histolytica-induced cleavage of
caspase 6 and caspase 7 in Jurkat T cells.

s =
= E € E =
€ 8 o w E
— [S) S O -

caspase 6 — e —— e ——

— e —— l— 20 kDa

Caspase 7 BT Y— — e e e

—
l— 15kDa
+ + 4+ + - Jurkat T cels
- - - + + E.histolytica (10: 1)
- 4+ - - 4 - - - - - DMSO|vehicle)
- - 4+ - - + + + + - Calpeptin

Pretreated Jurkat T cells (1 x 10%/sample) with calpeptin (0.01-1 mM) or 1% DM SO (v/v) asa
control for 15 min at 37°C were incubated with or without E. histolytica (1% 105/sample) for 1 min at
37°C inaCO, incubator. After incubation, whole cell lysates were subjected to SDS-PAGE and
blotted with anti-caspase 6 and anti-caspase 7 Ab. The figure is representative of three experiments
showing similar results.
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Fig 5C. Effect of pan-caspase inhibitor on the E. histolytica-induced
cleavage of calpain small regulatory subunit (28 kDa) in Jurkat T cells.

=
3
B

200 yM
100 uM
200 uM

calpain small subunit | G <« 28kDa
DD

+ + + + + o+ o+ o+ - Jurkat T cells

- - -+ o+ o+ o+ o+ o+ E. histolytica (10: 1)
-+ - -+ - - - - DM SO (vehicle)

- -+ - - 4+ 4+ + - zVADfmk

Pretreated Jurkat T cells (1% 10%/sample) with z-VAD-fmk (5-200 uM) or 1% DM SO (v/v) asa
control for 30 min at 37°C were incubated with or without E. histolytica (1x 105%sample) for 1
min at 37°C ina CO, incubator. After incubation, whole cell lysates were subjected to SDS-
PAGE and blotted with anti-calpain small subunit Ab. The figure is representative of three
experiments showing similar results.
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6. o] Hojwnte] o3 FE¥E Jurkat T AEolAe PS <33}
(externalization)®} DNA ©@#H & A o] pan-caspase A #]¢ calpain
AAA 7L v A= @

ol dofuute] s FE¥ Jurkat T Al:E° PS® x=%3 DNA
GH G Ao calpain¥ caspase Aol oA E Fsr] ¢
Jurkat T M2E oldolunt 7} A pan-caspase AA E=
calpain A A Z A=A A}t Z-VAD-fmke} calpeptin 5 o] 2
ofunfoll 2] g Jurkat T A*xe PS &Fsts A7 A EIdo
(Fig. 6A, 6B). w3 o] dolmnte] 93] FE%= Al>xd DNA
Aol calpaind} caspased 9T Yol H T} Pan-caspase ¢ A Al
£ Jurkat T AZo]l AAx P& wol= ofrlntel oJ&f #FXx¥ DNA

&

dAggel A5 Had A

(S
r\:l

T AAA T calpain o A A <]

calpepting A 2] et & o= W3 A A &gt (Fig. 6C).
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Fig 6A. Effect of various concentrations of calpeptin on the E. histolytica-
induced PS exter nalization on the surface of Jurkat T cells.

o 60 1 NN medium
> 50 | -] DMSO (venicle)
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Pretreated Jurkat T cells (4% 10°/well) with calpeptin ( 10-100 uM) or 1% DM SO (v/v) as a control
for 60 min at 37°C were incubated with or without E. histolytica (8 10%well) for 60 min at 37°C in
aCO, incubator. After incubation, cells were stained with FITC-conjugated annexin V for flow
cytometric measurement. Data are presented as mean = SEM from five independent experiments.

Fig 6B. Effect of various concentrations of z-VAD-fmk on the E. histolytica-
induced PS exter nalization on the surface of Jurkat T cells.
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Pretreated Jurkat T cells (4% 105/well) with z-VAD-fmk ( 100-200 uM) or 1% DM SO (v/v) asa

control for 30 min at 37°C wereincubated with or without E. histolytica (8 x 10%well) for 60 min at 37°C
in a CO, incubator. After incubation, cells were stained with FITC-conjugated annexin V for flow
cytometric measurement. Data are presented as mean + SEM from five independent experiments.
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Fig 6C. Effects of calpeptin and z-VAD-fmk on the E. histolytica-induced

DNA fragmentation in Jurkat T cells.

1 2 3 4 8
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Lane8:

Lanel:
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Lane4:
Lane5:
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Lane7:

100 b.p Marker

Only Jurkat (1 hr)

[Jurkat + DM SO 1%] + Entamoeba

[Jurkat + calpeptin 10 yM] + Entamoeba

[Jurkat + calpeptin 100 yM] + Entamoeba

[Jurkat + calpeptin 250 uM] + Entamoeba

[Jurkat + pan-caspase inhibitor 100 yM] + Entamoeba
Entamoeba histolytica only

Pretreated Jurkat T cells (4% 10%/sample) with or without 10-250 uM calpeptin, 100 uM z-VAD-
fmk for 60 min at 37°C were incubated for 60 min at 37°C in the absence or presence of E.
histolytica (4x 105/sample) in a CO, incubator. DNA fragmentation was analyzed by 2% agarose
gel electrophoresis. An equal number of amebae and Jurkat T cells were incubated in medium

alone as negative contrals.
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7. ol"olmule]  o]g  Jurkat T AEXWe Elo]ZA it}
(tyrosine dephosphorylation)?} SHP-2 wwl =z €glo]Z Al olAl7}F7
3] & 4 (protein tyrosine phosphatase)®] @@ &3] (proteolysis)

SFAEY o7 2E WAL AERES syl HEf o
AolmutE £33 e 7] HAAES SFAZHS dwWA Eol
24 Qa7 Rl &4 (protein tyrosine phosphatases [PTPases])) =
GAAA Az sG] Fag diAEo gol2Al Q4tst
(tyrosine phosphorylation)& Wal&d 4 Qv oz HIFo 9l
o w2 el A o] opulutel o8] ¥ Jurkat Al
o] ol =l Elitst @4 WA skt Jurkat Az e; o] A
ot E Al vl g oA ol HotwutE HIbehA @ Rl
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Fig 7A. Time cour se analysis of E. histolytica-induced protein dephosphorylation
inJurkat T célls.
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Jurkat T cells (1x 10%/sample) were incubated for 1-10 min at 37°C with or without E. histolytica at a
ratio of 10:1, or 20:1 (Jurkat T cellsto E. histolytica). After incubation, whole cell lysates were
subjected to SDS-PAGE and blotted with anti-phospho-tyrosine Ab. The figure is representative of
three experiments showing similar results.

Fig 7B. Proteolysis of SHP-2 tyrosine phosphatasein Jurkat T cells
stimulated with E. histolytica.

Time(min) O 1 2 5 10
SHP-2
- + - + - + - + - + - E. histolytica(10: 1)
- - 4+ - + - + - + - - E.higtolytica(20: 1)
+ + + + + + + + + - - JurkatTcédls
- - - - - - - - - - 4+ H0,10mM
Phospho-SHP-2 | L]

Jurkat T cells (1% 10¢/sampl€e) were incubated for 1-10 min at 37°C with or without E. histolytica at a
ratio of 10:1, or 20:1 (Jurkat T cellsto E. histolytica). After incubation, whole cell lysates were
subjected to SDS-PAGE and blotted with anti-SHP-2 or anti-pospho-SHP-2 Ab. Thefigureis
representative of three experiments showing similar results.
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Fig 7C. Effect of calpain inhibitor on the E. histolytica-induced proteolysis
of SHP-2 phosphatasein Jurkat T cells.

SHP-2 . I . .
: <+ 72kDa

+ 4+ + + + + + + + + + + = JurkatTcdls

- - - 4+ - - 4+ - = 4 - - + E. histolytica(10: 1)
- - - - 4+ - - + - - + - - E. histolytica(20: 1)
- - = = = 4+ - - 4+ - - + - E. histolytica(50: 1)
-+ - - - - + 4+ + - - - - DMSO (vehicle)

- - 4+ - - - - - - 4+ 4+ + - CapeptinimM

Pretreated Jurkat T cells (1% 10%/sample) with 1 mM calpeptin or 1% DM SO (v/v) as a control for
15 min at 37°C were incubated with or without E. histolytica at aratio of 10:1, 20:1, or 50:1 (Jurkat
T cellsto E. histolytica) for 1 min at 37°C in a CO, incubator. After incubation, whole cell lysates
were subjected to SDS-PAGE and blotted with anti-SHP-2 Ab. Thefigure is representative of three
experiments showing similar results.
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Q. o] Aolnto] o3& =% += Jurkat T Al EW calpastatin®] 2ol
A o] A calpain¥ caspase®] & &

MEWe] EAst=  calpain® &4 AN AR calpastatin>
caspase £+ calpainol]l vi-¢- 5ol <l 7]d= 28l o] calpain®] &
A zHsE Aoz Z gHA dth® ol Zopuup Hilol o]
Jurkat Al XU calpastatine #E AJ7F ¢kl Tl R ow Hihy
At (Fig. 8A). o= oldoldnle] 93] Aoy calpastatin©]
caspases®} calpain® Ao o FHAE WA dotH ] Y
Jurkat T AMEE o] Zoldnu} H7} A pan-caspase A A2} calpain
AA AR Ztzt AAH &Pk Calpain & A A ¢l calpepting & ] %]
S A5 oldolwnte] g calpastatin®] ¥ EE]7F Al wbA
pan-caspase AAE AHsAS wWe M A HA ZeAr

(Fig. 8B).
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Fig 8A. Cleavage of calpastatin in Jurkat T cells stimulated with E.
histolytica.

Time(min) © 1 > 15
- 4+ - = + = - 4+ - = + E histolytica(10: 1)
- - 4+ - - 4+ - - + - - E histolytica(20: 1)
- - - + - - 4+ - - + - E hisolytica(50: 1)
+ + 4+ + 4+ + + + + + - JurkatTcdls

Jurkat T cells (1% 10%/sampl€) were incubated for 1-15 min at 37°C with or without E. histolytica
at aratio of 10:1, 20:1, or 50:1 (Jurkat T cellsto E. histolytica). After incubation, whole cell
lysates were subjected to SDS-PAGE and blotted with anti-calpastatin Ab. Thefigureis
representative of three experiments showing similar results.

Fig 8B. Effects of calpeptin and z-VAD-fmk on the E. histolytica-induced
cleavage of calpastatin in Jurkat T cells.

calpastatin | l«— 120 kDa

+ 4+ + + + 4+ + + - JurkatTcdls

- - - - 4+ + + + + E. histolytica(10:1)
- + - - - 4+ - - - DMSO(vehicle)

- - 4+ - = - + = - zVAD-fmk 200 uM
- - - 4 - - - 4 - Cadpeptinlmm

Pretreated Jurkat T cells (1% 10%/sample) with or without 1 mM calpeptin, 200 uM z-VAD-fmk
were incubated for 1 min at 37°C in the absence or presence of E. histolytica (1x 10%/sample) in a
CO, incubator. After incubation, whole cell lysates were subjected to SDS-PAGE and blotted with
anti-calpastatin Ab. The figure is representative of three experiments showing similar results.
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9. olAolmute]l o3 FEHE Jurkat T AET PS st
(externalization)9} DNA ©@#H 3 Ao 9lojA ROS JAIA< &}
AZW F45H= ROSE AZAE (AN FaTF 4TS v
oA Ak w2 dAFelAE ROSY F& A4 49 NADPH
2ks} 8 4 (oxidase), AFH A (mitochondria) % 5-lipooxygenase (LO)
°of A& ZAeATE. NADPH AbstE4 (oxidase)l Fepyleh)
(flavoprotein) & A A1 DPI, AFH A& AXH 27 (electron transport
chain) 9 #1419l rotenone % 5-LO JA AN ETYAE Zrzt AA X
& & ojdoldute] 93] fFE¥ & Jurkat AEQ AbEe oA E}
S dolE gt o Hotunte] o3 FrE¥ PS =& (444 + 7.0%)<
DPI 20 uM& HAA 39 o 164 £ 63% =2 ZA A=A
(Fig. 9A). =3, oldotmnte] o5k Jurkat Al*E ¢ DNA @A P A =
DPIe] FXkol o&EAHoz A=Y (Fig. 9B). ¥ rotenone %
ETYAc°l ofsfr = o] dotuute] o3 ¥ PS 9|37t sl o
A A gt (Fig. 10, 11). =3 NO synthase A A0 L-NMMA

£ Jurkat T AlXo] AAAsFAS wole o] dofuute] ok Al LA}
S AgAEHA XAt (Fig. 12). =3 Abg A4 WEH ROSE
AATE F A& FAisAEA NACH GSHE Jurkat T A Eeo] # A
A8t RS well = ol Hopwutel 9T AE Aol A HA kT
(Fig. 13A, 13B).

I+
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Fig 9A. Inhibitory effect of various concentrations of DPI on the E. histolytica-
induced PS exter nalization on the surface of Jurkat T cells.
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medium Entamoeba

Pretreated Jurkat T cells (4 x 105/well) with DPI (5-20 uM) or 1% DMSO (v/v) as a control for 30
min at 37°C were incubated with or without E. histolytica (8% 10%/well) for 60 min at 37°C ina CO,
incubator. After incubation, cells were stained with FITC-conjugated annexin V for flow cytometric
measurement. Data are presented as mean = SEM from five independent experiments. Significant
differences from the value obtained with cells incubated with DM SO are shown. *, p < 0.05

Fig 9B. Inhibitory effect of various concentrations of DPI on theE.
histolytica-induced DNA fragmentation in Jurkat T cells.

1 2 3 4 5 6 7

Lanel: 100 b.p Marker

Lane2: Only Jurkat (1 hr)

Lane3: [Jurkat + DM SO 0.5%] + Entamoeba
Lane4: [Jurkat + DPI 10 yM] + Entamoeba
Lane5: [Jurkat + DPI 20 uM] + Entamoeba
Lane6: [Jurkat + DPI 50 uM] + Entamoeba
Lane 7 : Entamoeba histolytica only

Pretreated Jurkat T cells (4% 10%/sample) with DPI (10-50 uM) or 0.5% DM SO (v/v) as a control for
30 min at 37°C were incubated with or without E. histolytica (4 x 105/sample) for 60 minat 37C ina
CO, incubator. DNA fragmentation was analyzed by 2% agarose gel electrophoresis. An equal
number of amebae and Jurkat T cells were incubated in medium alone as negative controls.
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Fig 10. Effect of various concentrations of rotenone on the E. histolytica-
induced PS exter nalization on the surface of Jurkat T cells.

70 7
NS N medium
s 601 |[_] DMSO (vehicle)
T Hl Rotenone 10 uM
o 507 Rotenone 20 yM
= MMM Rotenone 50 uM
T 40
o}
o
> 307
<
F 20
c
g 107

0 SN L (7

medium Entamoeba

Pretreated Jurkat T cells (4% 105/well) with rotenone (10-50 uM) or 1% DM SO (v/v) as a control for
30 min at 37°C were incubated with or without E. histolytica (8 104/well) for 60 minat 37C ina
CO, incubator. After incubation, cells were stained with FITC-conjugated annexin V for flow
cytometric measurement. Data are presented as mean = SEM from five independent experiments.

Fig 11. Effect of various concentrationsof ETYA on the E. histolytica-
induced PS exter nalization on the surface of Jurkat T cells.

M=r=4

% >0 Bl c1vA35uM —
%ol mEvas, B
'g 301 §
2 o] -
< LN [ §

medium Entamoeba

Pretreated Jurkat T cells (4% 105/well) with ETY A (35-100 uM) 1% EtOH (v/v) as a control for 30
min at 37°C were incubated with or without E. histolytica (8 10%/well) for 60 min at 37°C inaCO,
incubator. After incubation, cells were stained with FITC-conjugated annexin V for flow cytometric
measurement. Data are presented as mean = SEM from five independent experiments.
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Fig 12. Effect of various concentrations of L-NMMA on the E. histolytica-
induced PS externalization on the surface of Jurkat T cells.
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Pretreated Jurkat T cells (4% 105/well) with L-NMMA (1-5 mM) for 30 min at 37°C were incubated
with or without E. histolytica (8 10%well) for 60 min at 37°C in a CO, incubator. After incubation,
cells were stained with FITC-conjugated annexin V for flow cytometric measurement. Data are
presented as mean + SEM from five independent experiments.
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Fig 13A. Effect of various concentrations of NAC on the E. histolytica-
induced PS exter nalization on the surface of Jurkat T cells.
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Pretreated Jurkat T cells (4% 105/well) with NAC (5-20 mM) for 30 min at 37°C were incubated with
or without E. histolytica (8% 10%well) for 60 min at 37°C in a CO, incubator. After incubation, cells
were stained with FITC-conjugated annexin V for flow cytometric measurement. Data are presented
as mean = SEM from five independent experiments.

Fig 13B. Effect of various concentrations of GSH on the E. histolytica-
induced PS exter nalization on the surface of Jurkat T cells.

70 1
N 60 | NN medium
o .| bmso
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[
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c
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0 |

Entamoeba

Pretreated Jurkat T cells (4% 105/well) with rotenone (5-20 mM) or 1% DM SO (v/v) as a control for
30 min a 37°C wereincubated with or without E. histolytica (8 x 10%well) for 60 minat 37°C ina
CO, incubator. After incubation, cells were stained with FITC-conjugated annexin V for flow
cytometric measurement. Data are presented as mean = SEM from five independent experiments.
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Fig. 14. Proposed Model of Signaling Pathways of Jurkat T cell death triggered
by Entamoeba histolytica
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ol dolunfe] o &AM Ee] AlHo|= caspase-39 S F
3l o] FojA= Aoem F deld oy calpaind ROSE A4
Aagee] dhair s ok 7EA WA AA B ATk o] Aol A
+ calpain® ROSE "7/l 2 3= AadGd 271 o] dolunulo] <3|
L¥ = Jurkat T AIE Aol wjg 8% 4TS st 5 A
o7 w3tk oo} T2 AL ¥ 22 AAREEFH AU
, ol dolutel A wjoFet Jurkat T AXE 8]k 302l o
of ®la} Fo3 FF AEAEol F HFHAGY. =4, o4
mupell w=Fd F 5% Wl ZEol2 FUhek ZEoEA dHE
o] calpain®] &4 o] Jurkat T Al EolA & #ZFAT. AA, o]
Holwnle] H7F= 23 A EW caspase-3, -6, -7¢ ZA L calpain
5ol AAAQl  calpeptin A Aol o] AA  AAHAG. ol
calpeptin®] A 2= o] Aolmule] & FxH MFEW calpainy =
Be AAAZT. A, o] dotmnte] HEow QF calpain®] ZA4 2
%% 9] pan—caspase A A (z-VAD-fmk)oll <|siA =3 <3t
WAook, vAlA, ol dojulnte] Hrbm <l =¥ SHP-2 Efo
2 a7 E ] &4 0] calpeptin A Aol o] A A
ATk AR A, o] Holdule] o M EALE (PS 9|3 ¥ DNA w3
#F4)2 ROS JAAR DPIE AA s W A AAHJAT. o4
o AxE acofstd, o]dotrute] g Jurkat T AlEAFEC =
calpaing &3¢ caspase % ATt EIELs @A =E, 9 n
ROSE ©3% Azdde] 83 95 = Aoz A4 (Fig.
14)

o] AFolA HoJFE calpaing & caspase®] A7 Z o} FARgH
ANFAGAAE etoposided] 98] FE® AH T AE AE A7 B

Az AARA AP 281 2L AAPS o FE5=
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ubf | AE S Ael? & maso]l v Ty olsh wigE
calpain®] @A &9 caspase-9 ¥ caspase-32 AF Ad o ZH
caspase® A EAME 7]%S wald £ JduE Rux b o) g
= W & caspasers calpain® WAlA oAl e1xel calpastating 7F¢
B o2 calpaing AL WAL 5 Quim gy 0H0Hes
Calpastatine A EAE A Hdd S HA = Jdu. A
(apoptosis)E %3+ Jurkat T AlFAFE Alol= 110 kDa®l calpastatin
a2l o] 75 kDa¥ 35 kDa®ol x7Zto® Au¥ ol X il caspase £ 09|
AA A e T Aol oAHATE® e} calpain® 7H=E
calpastatin®] 2438t wol =" calpaine] g0z 913
& 49 %702 calpastatine] B ECEY o] ApolA] A o]
Holrule]] o AEALE R Ao A= calpain®] # 4 calpastating 7}
Faalgo 2N calpaine A4S =4dsAd. S ol Holuule] A=
< Jurkat T Alxd vt dow Fef 9 calpastatine & FE3HA
o o] 3 calpastatin® H @ calpain E°] A A2 calpeptin A
Aol o= F A E AA T pan-caspase A A o] A= HE
AA = A skt wepA ol Hdotwutel oA =¥ = calpain Z4
%3l calpastatin®] @ E3)+= calpain® A S ¢ F7HAA A
Zo] A& #dd o8 7] @A S (caspases ¥ PARP)S 7H
LalFo=zA AEAE S FXA7= Aoz F5HET

thofet Al ZAFE 2 o] A calpain®} caspase &5 A IE £ 3
E Aew & deA AT 28y calpain®] o
AZAAE ZSQ2ke] FRel wet dE2A Ued & v, dF
H o (translation) A A9 cycloheximideol 93 FA 2
DNA ©@HHA L calpain GAAZ JAEHUA T Fas 842 =
AEAE L calpain O AARZ A HA ket o] F Ay A
+ Ay wde] 895+ (induction model) DNA T3 3 Aol =

calpain®] ZF Aol x| vk Q2L FHAALH] B2 U= (transduction

58

tlo

_39_



model) DNA ©@#H & A o &= calpaine] F3#d¢S & & Y. . AF
o A, o] Aoluulol] o3 DNA ©HFAL pan-caspase oA A=
oA H AA T calpain A AN A= e A HA skt o] 2
& ARE FHEstH ojHotunte] oF A E° DNA THFAHL
calpain® &4 A #Ho] glas & F UdT E=IF E ¢
TFolA o] Holwule] o Jurkat T AlEe PSS  9%gs=
pan-caspase® Al Al 3 calpain® A Aol o s A& A ¥kt
IALE B3 A EAIE ] & EAQ PS 9 Fg3E UubH o 2 caspase
o @A wdol Yo' wEw iy ATAE Igu
etoposide T=+=  staurosporine®] &% A ZALE Al FEE+= PSY A
A% caspase?] @A F@etA dojdriu HuE ol ok wet
Al ol Aotuulel 93] FEEE Jurkat T AlE9 PS &35 =
calpain¥} caspase?] &Ado] ofd & Ao AGEAe Aol 93| A
TFEESE & 4 5 Ak

UVBZ %3 Jurkat T AM3EZY =52 caspase &4 3 F 334
PS¢ w=Fo] fFrREtha Hauso] glom oz UVBY Aol 9
& AZW ROSS A3 ##ol grk® wd H o] dopunl EE

rr

52

.

rok

A: Tt (Mycobacterium tuberculosis)oll &3 A4 A EAE o
o] NADPH Ar3l& 49 &Aooz <s) WExE ROSZE vi$ 4
g S sta 9gol LEx AYrk® oleld ROSY A F 9

NADPH %tstas4ve AT 22 AAZER ofyegt T AxEe 22
] 21 A X (nonphagocytic cell)ol %= A8 NADPH Ah3sl g A

At Qlgol 2 g Yk wekA o] dojuule] & FrEu
© Jurkat T AE A ZAIE7IHAS W7l feids e AlEL7)
T A Fad A29 HE A (second messengers)?] ROS9 o
g5 wele Aol vl Fasttha Azl o] Brel ROSY AA
FaEE AFEAISE 5-lipooxygenase Fol Utk 2 AFoA=

NADPH 4tst a4, AFHAl AAAEA 2 5-lipooxygenase (LO)Y &
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o] A Ael DPI, rotenone, eicosatetraynoic acid (ETYA)ZE Jurkat
Aol Z+zh AR g F o] dofuute] og AEAES FA 35U
ol Zolwule] o]t Jurkat T A3 PS ¢ 3ste} DNA ©HFA
DPI A Ao 93] oA AA T rotenone @ ETYAo o= A
AA A Fees BEsIAG. olHd Ad= AEu NADPH 43t &
2ol A frelEl= ROSY Aol ol dopwutel] gk Al EALH ] w4
TAY 9TS st UdSS AlARSEL vk ey o] Aopwne] 9
3 Jurkat T AIX AFEo] glo] NADPH Absts o] At ofdlo
st BHop of AL A& Fastofol & o2 AA4HG.
ojdolmul ol oF wFxAY &L FFAELE FF
(adherence), F#2o]&EA A XL (contact-dependent cytolysis) %
32 (phagocytosis)®] 37FA @AIE AA o] FolAA H. o]
A7EAL AL o] Hotunte] WA I A HFA A Bl . o] Ho}
mupe] F-Zol g SFAE APES AEZWel e ALAN F& 717

7} @A H oz o]Folx Ao ol Yul HEH o] 9
=

Mo

e

sl
ATh. AL (necrosis)?t @8 TALE B3 AEAE L A HTHSS
frEehA] efol WAAY AETol fFYst LElal AT dFvEe
2 4% 2AELE HEs T do] HAAY sF EF o 7
Aokgolrt, o] Hotunp Lo thE HAA ] oI FFAEY

AL 71 o] AkAE] AR E AL AT F

td

U3 (trichomoniasis)S ¥427]= 7[AAF9 EFx
2~ (Trichomonas foetus)= caspase-3% ZAS %

A A TS AFA AN Group B Streptococcus (GBS)E= # 9 o4
M 3 (macrophages)ol 4] M XEAE S f- =3t} GBS+ B-hemolysins
ARt =FAEWNY I FRAS FUHAA ZAaoleEiE 19
ohool g Wet=E Qg A A AFE 2 B-hemolysin A4 o Al Al
oF g A A 9] A E Ao} caspase A A oA E

=
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AE A ko™ wak Ao Yol 7= Helicobacter pylori
L o sFAEe] dgurss Jotr] A& dAAEE APEAZE 4

o %31 Yt} Helicobacter pyloriol Zrdol o a Al xEAL
2 Axd tolyl ks g A (polyamine oxidase 1)9 & o= <l
gk ROSO AAFa AFHA = &5 (depolarization)< &8 o] Fo]x
o} A gAY (legionnaires’ disease)S Uo7 = #A o e FE
e} (Legionella pneumophila)< Aol #H| X A= HXE Ay
AL WAANEZE AFEA T HA edel ol o]k UI3T th A=
o] A}H & caspase-39 A o2 9% PARPY AWS Fof o] Fof
A ™, caspase-3 5o AANA A Al caspase-3¢] &4} A EZALE o]
AAETL Buso] k. oot WrhE AEY Z)AstE oW H
A= sFAEY 52 JAANRoEZA HAA T4 HES
gHsty stu. o E EWH SA4AXAS (Toxoplasma gondil)S <A
X 9 Al NF-xBe] &4& &3 ALY A| (ant-apoptotic) TH¥l 2
So] Aatol F7hE o] AEAbEo]l A HEE” walx wWhAd o
SFAEL AT ApE Y A7 de de A= AdelA dojyt
= ST HAARY AT AAE Bge] ol T F o] wWf T

3o,

=

T
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Abstract

Role of calpain and reactive oxygen species in cell death of

Jurkat T cells induced by Zntamoeba histolytica

Kyeong Ah Kim

Department of Medical Science

The Graduate School, Yonsel University

(Directed by Professor Myeong Heon Shin)

FEntamoeba histolytica 1s a tissue—invasive protozoan parasite
that causes amoebic dysentery and liver abscess in human beings.
To silence host immune responses, Zntamoeba histolytica can
induce cell death of host immune cells through apoptosis. It has
been well known that elevation of intracellular Ca® and activation
of caspase-3 play important role in Zntamoeba-induced cell death.
However, detailed signaling mechanism of cell death induced by Z.
histolytica remains to be identified. In this study, we investigated a
signaling role of calpain and reactive oxygen species (ROS) in the
FEntamoeba-triggered cell death model. Reduced viability,
phosphatidylserine externalization, PARP degradation, and DNA
fragmentation in Jurkat T cells were induced following exposure to
live trophozoites of Z. histolytica. Incubation of Jurkat T cells with
£, histolytica resulted in cleavage of caspase-3, -6, and -7 as well

as elevation of intracellular calcium level. Calpain activation in
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Jurkat cells also occurred as early as 1 min after exposure of
FEntamoeba, which was evidenced by the cleavage of small
regulatory subunit (30 kDa) of calpain. We also observed multiple
fragmentation of calpastatin, endogenous calpain inhibitor, in Jurkat
cells following exposure of the amoeba. The Zntamoeba—induced
cleavage of caspase-3, -6 and -7 were markedly inhibited by
calpain  inhibitor  calpeptin. Calpeptin  effectively inhibited
FEntamoeba—induced calpain activation. In contrast, pretreatment of
cells with pan-caspase inhibitor z-VAD-fmk did not block the
calpain activation by the Zntamoeba. ZEntamoeba-induced
calpastatin degradation was strongly retarded by pretreatment of
cells with calpeptin, but not z-VAD-fmk. We next examined
whether £. histolytica can induce activation of SHP-2 tyrosine
phosphatase, and whether Zntamoeba-induced SHP-2 tyrosine
phosphatase is regulated by calpain. Incubation with Zntamoeba
histolytica markedly caused tyrosine dephosphorylation and
proteolysis of SHP-2 tyrosine phosphatase in Jurkat T cells.
Fntamoeba-induced cleavage of SHP-2 phosphatase was strongly
inhibited by pretreatment of cells with calpeptin.

Pan-caspase inhibitor effectively inhibited the
ZEntamoeba—induced DNA fragmentation, but not PS externalization,
in  Jurkat T cells. Calpeptin did not inhibit either DNA
fragmentation or PS externalization induced by Z£. histolytica..
These results led us to speculate that ROS-dependent pathways is
involved in Zntamoeba-induced death in Jurkat T cell. We
therefore examined whether diphenylneiodonium (DPI), which is a
ROS inhibitor, can inhibit Zntamoeba-induced PS externalization

and DNA fragmentation. Pretreatment of cells with DPI resulted in
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marked reduction of PS externalization and DNA fragmentaion
induced by £ histolytica. However, mitochondrial inhibitor rotenone
and 5-LO inhibitor ETYA failed to inhibit Zntamoeba-induced cell
death in Jurkat T cells. All together, our results suggest that
calpain—mediated activation of caspases and SHP-2 tyrosine
phosphatase and/or ROS-dependent pathways is closely linked to
apoptotic process in Jurkat T cells induced by £ histolytica.

Key words : Zntamoeba histolytica, Jurkat T cell, apoptosis,
calpain, reactive oxygen species, caspases, calpastatin, tyrosine

phosphatase
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