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Ceramide= apoptosisE Yo7+ oJx3d HH ceramide®] long-chain fatty acidE short-acyl
Ed8 4¥x Jdem  tumor necrosis factora, grouplL.® A Axe EHE golslA I
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o, AAEL AHAANES} ceramided] TAE €A
T3 vk Aok o] AF)A ceramides ZHHA|E Q]
apoptosisE FEEY1Y I AEE caspase® HE
ZEgol 4z #HHES BATE TS G & o %
o] T TH 9 ceramided oW EIE LolrRy
L & AAEY] FAA AHMEL} ceramided] A
ATl ceramide’t FAA FIAE] oM =
apoptosis® 93}t 2 ceramides ZH% A X
o] A A AR FAA Az FAAAHE =
A3 & e 42 AdEY JFFES f8iAMe
g9 HrLrt o] Foj Aok sl old AAELS £
ATE T3 ceramideste] Aol wE ZE WulA
Xo] MHAE Gotr A FGiTh

CHAFD} 2he
. 240¢ LTl M = bhe

7}Ee] ¢t tE  AZE3}a  phosphate  buffered
saline(PBS).2 AL T 79 &FolA 3~4mm
Hojzl H-91E me} dAlste S de § &
& FAn|Aslo A WA E F3 dameks Zheke) 7t
ANEZRE dd e Ca¥-9 MG~ free
Hanks" balanced salt £ WA 0.05%
trypsin®  053mM EDTAS H7}ste] 5E7HAE
3 & 1400 rpmelA FAELEAL. AFAL v
I AlEe] 20 mle] mgAE W oy =A%
flaskel 23 CO2 incubator (5% CO 100%
humidity, 37C)HelA ME7 F83] Zobd w71
v skt 33k <] Al S AX ZHet YA 2 E
AFRBIE T Welld MES7F 3x10°~5x10707F &
7N=2 96709 well plated] Yrol &S & 10%9)
FBS DMEMWolA 24~48A13F b ThA] w3l
=3

2. Ceramide, phytoceramide X2| Z! apoptosis 2344

1) Hoechst-EthD (Molecular probe®™, Netherlands)
oA
HIMZEES 20 pMe ceramide type 2(C2)
2 6(CH), phytoceramide  type  2(PC2)¢}+
6(PCOE 1271+ &t A= & ©WF 1 pg/ml
Hoechst 333422 37ColM 3087 44 3l
phosphate-buffered saline (PBS)ol A =} A
gk & Y An| R B dAvjFoR A

2) Flow cytometry £4{(Annexin V FITC®, Caltag

laboratories, USA)

20 pMe] Z+7+e] ceramideS 12417t B¢ A3
WM Z} ceramide H2E 8HA] &S YA EES
PI 3¢ buffer§l® 37 Annexin V-FITC® ¢
A Z flow cytometry ¥4 Ald 3HTh

3. Ceramide?| St M2|AIZt0l| [ME MzAQ| H5}

10, 20, 40, 80 pM < C2, C6%9F PC2, PC6E
24AMZE B9 WA E AHEld the LDH assay
(CytoTox  96R  Non-Radioactive  Cytotoxicity
Assay® Promega, USA)E E3] A¥Aly AHEE
=435tk gk A7t e M EARS] AEE YolE
71 9 20 pM9]  ceramide®} phytoceramideS
7247k 0, 6, 12, 24 Aet A2 @ U LDH
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4. Apoptosise| A2 EA

WIAEE 0, 10, 100, 1000, 10000 nMe F%
o]  (CPP32-like protease inhibitor (Z-VAD-
FMK®, Calbiochem, Germany)E A7t SoF
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Calbiochem, Germany and Z*IETD‘@, Calbio-
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Zot Agd T 20 uyMY ceramide®} phytocer-
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£ Aldgete] A|zALe] dARFEE Hrb STk 20 p
Me] ceramide®} phytoceramideE &3+ o3 W
IYMEE 4% paraformaldehydeZ 4T oA 258
7t 1AAZ] o8 cytochrome ¢ rabbit polyclonal
antibody (Santa Cruz Biotechnology, USA)Z
g QS Agatar 1247 Fof) F5 An S Fot

L= =1 o= ©

o &z s
5. SHEA

WA ES  apoptosis H7FE  Ysted ANOVA
test® o] &3tAth P-valueZt 005 w9l A=
A FA8S T e E Aoty AR &
S SPSS 100 for Windows® (SPSS Inc,
USA)E o-&3tdth
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Figure 1. Photographs of corneal endo-
thelial cells exposed to ceramide type 2
(C2) for 12 h(C, D),ceramide type 6
(C6) for 12 h (E, F), phytoceramide type
2 (PC2) for 12 h (G, H), phytoceramide
type 6 (PC6) for 12 h (I, J), and control
cells (A, B). Cells were treated with a
fixed concentration of all ceramide types
(20 uM). A, C, E, G, and I were stained
with 1 pg/ml Hoechst 33342 and photo-
graphed using fluorescence microscopy.
B, D, F, H, and J were photographed
using phase-contrast microscopy. Ceramide
treated groups displayed more fluores-
cence and chromatin condensation than
the control group. In phase-contrast
microscopy, apoptotic features such as
shrinkage of cytoplasm was more evident
Magnification; x200.
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Figure 2. Flow cytometric analysis of apoptotic cells using Annexin V-FITC. Rabbit cornea endothelial cells were left untreated
(A) or were treated with ceramide type 2, C2 (B), ceramide type 6, C6 (C), and phytoceramide type 2,PC2(D),phytoceramide type
6, PC6 (E) for 12hours. Cells were incubated with Annexin V-FITC in a buffer containing PI and analyzed by flow cytometry.
Untreated cells were primarily Annexin V-FITC and PI negative (lower left quadrant, panel A), indicating that the cells were viable
and not undergoing apoptosis. After treatment with ceramides and phytoceramides, populations of cells have progressed to a later

stage of apoptosis and are stained with both PI and Annexin V, indicating that the cells are no longer viable.
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1. Ceramide 2} phytoceramideS X2|st & LHI|A|
9| apoptosis

Hoechst 2ol A  ceramide % phytoceramide
2 A9 Ho] ANEEL2 dxa He) 8 278t 2
Axde] 959 544 Ads EAokFg 1.
Flow cytometry £A40l4 tZFL  Annexin
V-FITC ¥ Pl €48 X9 apoptosis #Fgo] ¢
ojur] & A7 HQl WHH 12A17FE<te] 20 pM
ceramide % phytoceramide A& oA 2v
+ Annexin V 2 PI ¥4 478 ¥4 apoptosis’t
g 24 BAY (Fig. 2B, C, D, E).

2. Ceramide®} phytoceramide?| == XZ|A|ZHo|
= MZA}

Ceramide % phytoceramide =5 10 upM oA+

o] oA MEAZL w] YA F7HFATHpP<0.01).
Iy 10, 20, 40, 80 pM FEZHe] EASHH o=
ok e zele fliTh

A ATt & A ZAF H7F A C2, C6, PC2T
AA 24A1ZE 74A] A ATk & A ZAE S8
oH(Fig. 3) 53] C29F C6olA 124174, PC2
9 PC 63olMe 24X AEAZE ou] A F
7V8FETHP<0.05).

3. Apoptosis 2| A= 24

CPP32-like protease inhibitorE *]]3t =REE
oA ou] = LDH A=Y #AaEsE BT
(p<0.05). Z¥Y FE9 CPP32-like protease
inhibitorS 2|3+ oM LDHe ZA=7 7}
34tk o] CPP32-like protease inhibitore] ¢
g AxE F4o] A&stdods AZEtHFg 4).
Caspase-8  inhibitor= C6, PC2, PC6+-olA]
LDH 43} 9ov] JA 74 AFHL(p<0.01%),
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Figure 3. Cell death in primary rabbit corneal endothelial cells was induced by various ceramides (ceramide type2 (C2),
ceramide type 6(C6),phytoceramide type 6(PC2),phytoceramide type 6 (PC6)). (A) Dose-dependent cytotoxicity at 24 h after
application of each ceramide type. (B 1, 2) Time-course of cell death following treatment with various ceramides at a fixed
concentration (20 uM). Cell toxicity was analyzed using the LDH assay.
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Figure 4. The effect of CPP32-like protease inhibitor on rabbit corneal endothelial cells. Endothelial cells were preincubated for
3 h with various concentrations of CPP32-like inhibitor, Z-VAD-FMK. At 12 h after treatment with each ceramide type (20 [
M), cell toxicity was assayed using the LDH assay. Z-VAD-FMK significantly reduced LDH activities in ceramide type 2 (C2),
ceramide type 6 (C6), phytoceramide type 2 (PC2), and phytoceramide type 6 (PC6) (p<0.05). But, at higher concentration of
ceramides, LDH activities were increased
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Figure 5. The effect of caspase-8 inhibitor, LIETD-CHO on rabbit corneal endothelial cells. Endothelial cells were preincubated
for 1 h in various concentrations of LIETD-CHO. At 12 h after treatment with each ceramide type (20 uM), cell toxicity was
analyzed using the LDH assay. Caspase-8 inhibitor reduced LDH activities in ceramide type 6 (C6), phytoceramide type 2 (PC2)
and phytoceramide type 6 (PC6)-treated cells (p<0.05). but, couldn't reduced LDH activities in ceramide type 2 (C2)
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Figure 6. The effect of the caspase-9 inhibitor, Z-LEHD-FMK on rabbit endothelial cells. Endothelial cells were preincubated for
1 h with various concentrations of Z-LEHD-FMK. At 12 h following treatment with each ceramide (20 pM), cell toxicity was
assayed using the LDH assay. Z-LEHD-FMK reduced the apoptotic response induced by all the ceramides (ceramide type 2
(C2), ceramide type 6 (C6), phytoceramide type 2 (PC2), phytoceramide type 6 (PC6))examined.
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LDHEA3E  7ZAAATHp<0.01%)(Fig. 6). Cytoc- Hoechst-EthD €4 2 Flow cytomery 4304
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Figure 7. Involvement of cytochrome C in ceramide-induced
apoptosis. Photographs of cultured primary rabbit endothelial
cells exposed to ceramide type 2, C2 (B), ceramide type 6, C6
(C), and phytoceramide type 2, PC2 (D) and phytoceramide type
6, PC6 (E) for 12 h, and control cells (A). Cells were treated
with all ceramide types (20 UM), stained with cytochrome C
and photographed using phase-contrast microscopy. B, C, D and
E are cytochrome C-positive, while A is cytochrome C-negative.
Magnification; x200.
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=ABSTRACT=
The Apoptosis Induced by Ceramide in the Endothelial Cell

Sun Young Lee, M.D., Tae Im Kim, M.D., Hungwon Tchag, M.D.
Department of Ophthalmology, College of Medicine, University of Ulsan, Asan Medical Center

Purpose: To evaluate the effect of variable ceramides on the apoptosis of corneal endothelial cell and then,
if ceramide induce the apoptosis in endothelial cells, via which pathway apoptosis occur.

Methods: Corneal endothelial cells were isolated from fresh rabbit cornea and cultured. Cultured corneal
endothelial cells were exposed to 10, 20, 40 and 80 PM of ceramide type II, VI and phytoceramide type
I, VI. And then, apoptosis was evaluated with Hoechst staining and flow cytometric analysis with Annexin
V for evaluation of apoptotic response. Corneal endothelial cells were preincubated in various concentrations
of CPP32-like protease inhibitor (Z—VAD—FMK®), specific caspase-8 inhibitor(IETD—CHO®) and specific
caspase-9 inhibitor (Z—LEHD—FMK®), then treated with 20 M of 4 types of ceramide. 12 hours later, LDH
assay was done. Cytochrome ¢ immunostaining was done after exposure to 4 types of ceramide.

Results: Shrinkage of cytoplasm, formation of apoptotic bodies, and nuclear fragmentation were observed on
Hoechst staining. In flow cytometric analysis, early apoptotic responses were identified. Apoptotic response
increased significantly at the concentration of 10M and more 12 hours later. CPP32-like protease inhibitor,
caspase-8, 9 inhibitor reduced the LDH activity. Apoptotic endothelial cells induced by ceramide were stained
with cytochrome c antibody.

Conclusions: Ceramide induced apoptosis in cultured corneal endothelial cells. This apoptosis developed via
caspase and mitochondrial pathway.

J Korean Ophthalmol Soc 44(9):2128-2136, 2003
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