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29 4GS 2.0mg/mle collagenase® 37T
oA 16AI7Fst AHEs * 10% fetal bovine
serum (FBS)oll *2]¥ Dulbecco’s Modified Eagle
Medium (DMEM, GIBCO, Life Technologies,
Grand Island, NY, USA) 1mlE 37lete] AXE
< 94 EEsidt. fARE S RRES MY @
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A 37C, 5% COy 2702 U AU
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Figure 1. Photographs of control cells(A, B) and primary bovine lens epithelial cells exposed to 20« M ceramide type II for
12 hours (C, D), 20¢ M ceramide type VI for 12 hours (E, F), 20# M phytoceramide type II for 12 hours (G, H), 204 M
phytoceramide type VI for 12 hours (I, J). Apoptotic features such as shrinkage of cytoplasm and nuclear fragmentation
(Arrows) were better observed in the ceramide treated group (C, E, G, I) than in the control group (A). A, C, E, G, and I
were stained with 1z g/ml Hoechst 33342 and photographed using fluorescent microscopy. B, D, F, H, and J were

photographed using phase contrast microscopy. Magnification; X200.
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5 - Figure 2. Photographs of control cells (A) and
e o primary bovine lens epithelial cells exposed to 20x
e M ceramide type II (B), VI (C), 20# M phyto-
# ceramide type II (D) and VI (E) for 12 hours. They
= Sk were stained with Annexin V and photographed
£l using light microscopy. Magnification; x400. In B

and C, lens epithelial cells were well stained with

Annexin V (arrow), but, in A, LECs are not stained
£ with Annexin V.
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Figure 3. The effect of ceramide and phytoceramide on LDH
activity of primary bovine lens epithelial cells(C2:ceramide type
II, Cé:ceramide type VI, PC2:phytoceramide type II, PC6:phyto-
ceramide type VI). A. Dose-dependent cytotoxicity at 24 hours
after various ceramide and phytoceramide application. B, Time
course of cell death after various phytoceramide application. C.
Time course of cell death after various ceramide application. In
C2, apoptosis increased significantly after 12 hours. In C6, PC2
and PC6, apoptosis increased significantly after 24 hours. All
treated in 20u¢ M
concentration. LDH assay was used for cell toxicity test.

ceramides and phytoceramides were
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Figure 4. The effect of CPP32-like protease inhibitor on primary bovine lens epithelial cells. Bovine lens epithelial cells were
preincubated for 3 hours in various concentrations of CPP32-like inhibitor, Z-VAD-FMK". At 12 hours after each ceramide (A)
and phytoceramide (B) application, cell toxicity was assayed using the LDH assay. Each 20# M ceramide and phytoceramide

was treated. Z-VAD-FMK" doesn't reduce the apoptotic response in lens epithelial cells caused by various ceramides and

phytoceramides.

AZAEAL Aol A HEZEg oA EEEH=
cytochrome ¢& ZA3t7] flsted 20 ¢ M9 cera-
mide®} phytoceramideE Z4Z} A&t & cytoch-
rome c rabbit polyclonal antibody (Santa
Cruz Biotechnology, USA)A &% 6A17F Holl 3
g duHS ot #EEA

5. SAIEN

AEALAL B7HE 13kl ANOVA testE ol-8-3
Atk P-value 7} 0.05 mlutel A$-2 244 G904

A5 e] 42 SPSS 10.0

S A= A oi A =
(SPSS Inc, USA)E o] &

for Windows® gl
Z }
1. CeramideX2| & M|ZXIZE A} 4AHo| A1t

1) Hoechst-EthD &4
33y A 474 2L A de)A

34 A
Ceramide type IIZ A3 H AEXEL tjzTd 13|
A ZABAZE dojtd AlzelA #ZE = cytoplasm
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Figure 5. The effect of Caspase-8 inhibitor, IETD-CHO® on primary bovine lens epithelial cells. Bovine lens epithelial cells
gu P primary | P P

were preincubated for 1 hour in various concentrations of IETD-CHO®. At 12 hours after each ceramide and phytoceramide

application, cell toxicity was assayed using the LDH assay. IETD-CHO® reduced the apoptotic response in C6, PC2 and PC6
(A). Z-IETD" reduced only in PC2 (B). (C2:ceramide type II, Cé6:ceramide type VI, PC2:phytoceramide type II, PC6:phyto-

ceramide type VI)

Figure 6. The effect of Caspase-9 inhibitor, Z-LEHD-FMK",
on primary bovine lens epithelial cells. Bovine lens epithelial
cells were preincubated for 1 hour in various concentrations
of Z-LEHD-FMK®. At 12 hours after each ceramide and
phytoceramide application, cell toxicity was assayed using the
LDH assay. Z-LEHD-FMK" reduces the apoptotic response
in all ceramides and phytoceramides. (C2:ceramide type II,
C6:ceramide type VI, PC2:phytoceramide type 1I, PC6:phyto-
ceramide type VI)

o] Q=3 AXAJAAS BAET £ Yo cer-
amide type VI, phytoceramide type II, VIA &
T oAME H=3 s #EE 4 AT (Fig. 1).

2) Phosphatidylserine Externalization Assay
(Annexin V binding assay, Caltag labo-
ratories, USA)

st A 474 ceramide type IS A3 Al

FoA MEEe] EAAT xR T £AXE T
& #ET 4 3em ceramide type VISt
phytoceramide type IIolA%E B3 Fro] A
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< Yelliltl. Phytoceramide type VIdlM= <
7kl M x9S AAvte] AAE ARG (Fig. 2).

2. Ceramide®} phytoceramide?] == X z2|A|Zto]|
= LDHE 0|26t M=E SMo| I}

Fig. 3AolA B= vle} o] 24249] ceramide 11,
VIt phytoceramide II, VIE A3 H¢ w9
A = AE Fdo] FEHNSH 53] 10 1Mol
o] FZOA tizTtol| Hldl] oSl m2 AEAEAL
7F yelttH(P-value(0.05). Fig. 3B= 20 M2 t}
&3t ceramide II, VIS phytoceramide II, VIE
Yo 5 AZHATe] wE AXEAN AEE YeR)Ed)
ceramide type IToIA] MEAFEAZE 12417 At &
T4l F71eF oM (P-value(0.05), ceramide
type VI®} phytoceramide type II, VIIAEZ 24
AZWRA A ZALS S7HE 338 5 AJH(P-value
€0.05) (Fig. 3).

3. MEXYGALS] HEEA

CPP32-like protease inhibitorE &3 ZE
TollA LDH A4=ve #4aHA gtk (P-value)
0.05) (Fig.4). Caspase 8 inhibitor®] 7% cera-
mide type IIE A3 ceramide VI® phyto-
ceramide II, VI®IA specific caspase-8 inhi-
bitor7t LDHZ7Fe  AAIAHIL(P-value0.05),
specific caspase-9 inhibitor= 2% phytoce-
ramide IIATF LDHS7He JAAHH(Fig. 5).
Caspase 9 inhibitor7} $AIF4C2 folsiA ZE
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ceramide II, VI¢ phytoceramide II, VIolA
LDHE #2AA. (P-value{0.05) (Fig. 6).

4. Cytochrome ¢ 344

B3t &dAnAd A7AAN EE ceramide II, VIS
phytoceramidell, VI AHawolAl AEZ Yol H4
o] aio] FEE o] MEAEAL A ke = HEZE
otz R E 9 cytochrome co FaE &1 4= 3l
AL o] AL H’O.Z ceramide ol o8] s Al
EAEA nEZEgoloAl {25+ cytochrome

Figure 7. Involvement of cytochrome ¢ on ceramide-induced
apoptosis. Photographs of control cells (A) and cultured
primary bovine lens epithelial cells exposed to ceramide type
II (B), VI (C), phytoceramide type II (D) and VI (E) for 12
hours. The cells were treated with each 20 # M all kinds of
ceramide and phytoceramide. They were stained with cyto-
chrome ¢ and photographed using light microscopy. Magnifica-
tion; X200. B, C, D and E are cytochrome ¢ stain positive
(Arrows), but A is cytochrome ¢ stain negative.

csb B 2S¢ A (Fig. 7).

r

o =

Ceramide type II, VIZ} phytoceramide type
II, VIE FHANGIAMEANA AEZAEAE F3819
t}. o]= Hoechst-EthD %43} Annexin V
binding assayol &JsliAl SA=HJT. AE FZol
w2 A EAEALY] e g ol ] Q& thst Azt
¥} 3k =9 ceramide}t phytoceramides &
£ 2Tt Fxol wE AEAEALe] s B
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£ ceramide®} phytoceramideol A 20 pMeold2]
FEAA et LDH €4%9] S71s 338 4 3l
NeH ceramide type VIOIAM= LDH7F HAls%
NA FEO|EA IAE Bt At W2 LDH &
X+ ceramide type 11614 12A17Fo0] At Fof
FolstA Skl RS #FEHE 4 deH
ceramide type VI®} phytoceramide II, VIelA
= 54408 §23% LDH A= 712 fitste
dl 24417k o]/fo] AQE UL

AFAEALY] 3G A E2) Fas ligandel &4
st} A=, AxY AFel 93l Fas 48A7}
ZAsl=H, caspase 87F EA48lE]al, o]oA 2714
o] 2 ZAZE Ed) caspase 37} EA3}H o] AlxA}
AL dojdtt, o] A5 AH caspase 35 &3t
AA AZAEARE do7|= AR HEZED LS
A= AZ7} e, olF A= E438HE caspase
8o] mEZE=goldA cytochrome c& AlXZAU=E
221714, o] cytochrome ci= BA] caspase 95
gA3tA71H | B43tE caspase 9% caspase 3
AN A AZAEALE dode Aor dHA 3
t}. % olo] $8]E capspase 8, 9 inhibitorE AME-
sto] MXE AEAF B9 dd S AAAIAA 1
AR E defslazl st CPP32-like protease:
ceramided] 9|3 LDH A E9] Z71E JAAIFIA
939ko1} caspase 8 inhibitor, IETD-CHO"=
ceramide type IIE A9t Z42te] ceramidest
phytoceramideolA LDH &A% 9A17} Yelstt).
e 200 M2] IETD-CHO® elAe LDH 24
=7b YA STkl 44de HYd e
CPPSZ*like protease’t Al 545 7HA= AAH

=9] [ETD- CHO®‘: AE E4L 7HA7) BEQ
E /%‘7‘ At} ® Caspase 8 inhibitor, Z-IETD
+ 234 phytoceramide type IIGIARE Al ZAEA}
Z2AA. "k IETD-CHO® & Z-IETD %
7Hpotency)u 716l QoJA] zfol7} gtk AJzh
t}. Caspase 9 inhibitore= E& ceramide*I&l
oA LDHS7FE AAIH

nEZEg ol AZAEAL B F83 TS
sh=tl 1 olff= PIEZEE o} cytochrome ¢t
22 g AxgEds Eshy] WiEolt. Azs
< ceramide®}t phytoceramide’} AMEAEALE &
k=t oA HEZE o] BAE Hrst] $13)
J| 283l &2 sl cytochrome ¢ B4 AA]s)
A 2 A BE ceramide} phytoceramidew el
Al cytochrome ¢ 4449 44 445 o). o}
2] ceramidew PIEZ =T olo} #AHH HAZE 53|
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Ceramided| &t 53 AFu| M Lol A e] MEAE
A ARE 4R bt glon 2 AT ZAE by
O I AZ+E caspase 8, caspase 9, NEZE=F
o} AR} Aol Y& Ao Z A = AT}

A2 2 EES osly] sty B2 =gol
Qtate] of ] FokellA AR} o= FEH 7HAlA

AF358A AE 2 Fejol AVI7HA ggFstATh. H
EoA ¢ TE UAE A% FAAGIAEY Ax
ApEA L B E B ] e A7) ojgkont
o} Q4 BT} ol R ol AR Fata Qs AAelth
Calcimycine] < S04 743 o Qo 1 o4
A g8 oy AAHA HEata 9l

ole] A3z B ] ceramides & ol EAs=
E4o|7] Wil HAY A4S AURAE A 4
A EZ o] AN EAEAS gutsto g T TEFS uke
T S 7FsAE ] 4ot} &% My 4 7]
A Fo] 93hs wre|a hfiEAdell tigk ot o] Fo

Athd $EEE UAE Y3 F ¢ gL 54 Agy
52 A8 £33l ceramidet phytoceramideE
AeE s Aoz ALY
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=ABSTRACT=

The Apoptosis induced by Ceramide and Phytoceramide
in the Lens Epithelial Cell

Ju-byung Chae, M.D., Tae-im Kim, M.D., Hungwon Tchah, M.D.

Department of Ophthalmology, College of Medicine, University of Ulsan,
Asan Medical Center

Purpose: The purpose of this study was to determine if ceramide, which is known as secondary messenger
of programmed cell death (apoptosis), can cause apoptosis in lens epithelial cell (LEC) and if so, to identify
the pathway by which apoptosis occurs.

Methods: After LECs were exposed to various concentrations of ceramide and phytoceramide, we evaluated
the resulting apoptosis response using the Hoechst-EthD stain and Annexin stain. To search for the apoptosis
pathway, LECs were preincubated in various concentrations of CPP32-like protease inhibitor, specific
caspase-8 inhibitor, and specific caspase-9 inhibitor, then treated with ceramide and phytoceramide. We
performed LDH assay 12 hours later. Cytochrome ¢ immunostaining was done after exposure to the ceramide
and phytoceramide.

Results: All kinds of ceramide induced time and concentration dependent apoptosis in LEC. Caspase 8
inhibitor and caspase 9 inhibitor reduced the apoptosis in ceramide VI, phytoceramide II, and phytoceramide
VL In all ceramides, cytochrome ¢ staining was positive.

Conclusions: Ceramide and phytoceramide can cause apoptosis in LEC. Ceramide and phytoceramide may be
used to prevent the posterior capsular opacity after cataract surgery.
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