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배양된 각막 기질세포에서 Ceramide로 유발된 apoptosis

 : 각막 기질세포의 apoptosis 과정에 ceramide가 관계하는지 여부와 어떤 경로를 통하여 apoptosis가 일어나는

지에 대해 알아보고자 하였다. 

 : 각막 기질세포를 배양한 후, ceramide type II 와 type VI, phytoceramide type II 와 type VI를 처리하

여 시간대 별로 LDH activity를 측정하여 apoptosis를 평가 하였다. CPP32-like protease inhibitor (Z-VAD-FMK), 

specific caspase-8 inhibitor (IETD-CHO), specific caspase-9 inhibitor (Z-LEHD-FMK)를 사전 처리한 후의 

apoptosis를 평가하였고, 각각의 ceramide를 처리 후 cytochrome C 면역 염색을 시행하였다.

 : 4가지 종류의 ceramide 모두에서 20 μM 이상의 농도에서 apoptosis가 잘 유발되었고, ceramide의 처리 시

간이 증가 할수록 LDH의 활성도가 증가하였다. 4가지 ceramide의 LDH의 활성도가 CPP32-like protease inhibitor

와, caspase-8 inhibitor, caspase-9 inhibitor 의 처리로 억제되었다. cytochrome C 면역 염색에 양성 반응을 보였

다.

 : 배양된 각막 기질세포에서 ceramide에 의해 apoptosis가 유발 되었으며, 이는 caspase cascade 중, 

mitochondria를 거치는 경로를 통해 일어남을 알 수 있었다.

<한안지 44(4):945-954, 2003>
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Figure 1. Cell death in primary rabbit cornea keratocyte 
was caused by various ceramides application. Dose depen-
dent cytotoxicity was measured at 24 hours after each 
ceramide application(*P<0.01 by ANOVA analysis).
(C2: ceramide type II, C6: ceramide type VI, P2: phytocer-
amide type II, P6: phytoceramide type VI).
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Figure 2.  Photographs of cultured primary rabbit cornea keratocytes exposed to 
C2 (C, D), C6 (E, F), P2 (G, H), P6 (I, J) for 4 hours and control cells (A, B). 
The cells were treated with 20 ( M ceramide. A, C, E, G and I were stained with
1 ( g/ml Hoechst 33342 and photographed using fluorescent microscopy. B, D, F, 
H and J were photographed using phase contrast microscopy. Magnification; ×200.
Shrinkage of cytoplasm, nuclear fragmentation was observed (arrow).
(C2: ceramide type II, C6: ceramide type VI, P2: phytoceramide type II, P6: 
phytoceramide type VI).
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Figure 3. Photographs of cultured primary rabbit cornea 
keratocytes exposed to C2 (B), C6 (C), P2 (D) and P6 (E) for
4hours and control cells (A). The cells were treated with 20 M
ceramide. They were stained with Annexin V and photographed
using phase contrast microscopy. Magnification; ×400. Small 
vesicles in apoptotic cells which made by phophotidylserin 
were found around cell membrane (arrow).
(C2: ceramide type II, C6: ceramide type VI, P2: 
phytoceramide type II, P6: phytoceramide type VI).
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Figure 4. Time course of cell death after application of various ceramides application. Each 20 M ceramide was treated. LDH
assay was used for cell toxicity test. Data show mean ±S.D. of each 3 samples. LDH acitivity was siginificantly increased after
12 hours exposure to four type ceramides and was dependent on exposure time(*P< 0.01).
(C2: ceramide type II, C6: ceramide type VI, P2: phytoceramide type II, P6: phytoceramide type VI).
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Figure 5. The effect of CPP32-like protease inhibitor, Z- 
VAD-FMK on primary rabbit cornea keratocyte. Rabbit 
cornea keratocytes were preincubated for 3 hours in various 
concentrations of CPP32-like inhibitor, Z-VAD-FMK. At 12 
hours after each ceramide application, cell toxicity was 
assayed using the LDH assay. Each 20 M ceramide was 
treated. Data show mean ±S.D. of each 3 samples. 
Z-VAD-FMK significantly inhibited apoptosis induced by all
4 types of ceramides
(C2: ceramide type II, C6: ceramide type VI, P2: phytocera-
mide type II, P6: phytoceramide type VI).
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Figure 6. The effect of Caspase-8 inhibitor, IETD-CHO on 
primary rabbit cornea keratocyte. Rabbit cornea keratocyte 
was preincubated for 1 hour in various concentrations of 
IETD-CHO. At 12 hours after each ceramide application, 
cell toxicity was assayed using the LDH assay. Each 20 M 
ceramide was treated. Data show mean ±S.D. of each 3 
samples. IETD-CHO significantly inhibited apoptosis induced 
by various ceramides except ceramide type II
(C2: ceramide type II, C6: ceramide type VI, P2: 
phytoceramide type II, P6: phytoceramide type VI).
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Figure 7. Involvement of cytochrome C on ceramide-induced 
apoptosis. Photographs of cultured primary rabbit cornea kera-
tocyte exposed to C2 (B), C6 (C), P2 (D) and P6 (E) for 4 
hours and control cells (A). Each 20 M ceramide was treated.
They were stained with cytochrome C and photographed using 
phase contrast microscopy. Magnification; ×200. 
(C2: ceramide type II, C6: ceramide type VI, P2: phytocera-
mide type II, P6: phytoceramide type VI).
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Figure 8. The effect of Caspase-9 inhibitor, Z-LEHD-FMK
on primary rabbit cornea keratocyte. Rabbit cornea keratocyte
was preincubated for 1 hour in various concentrations of 
Z-LEHD-FMK. At 12 hours after each ceramide application,
cell toxicity was assayed using the LDH assay. Each 20 M 
ceramide was treated. Data show mean±S.D. of each 3 
samples. Z-LEHD-FMK significantly inhibited apoptosis 
induced by P2 and P6 (*P=0.013, #P=0.003).
(C2: ceramide type II, C6: ceramide type VI, P2: 
phytoceramide type II, P6: phytoceramide type VI).

Figure 9. Schematic representation of the caspase cascade. 
Activated caspase-8 leads directly to caspase-3 activation or 
activate caspase-3 via the mitochondria.
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Ceramide-Induced Apoptosis in Cultured Keratocyte

Hye Ryun Park, M.D., Tae-im Kim, M.D., Hungwon Tchah, M.D.

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

Purpose: We investigated the effect of ceramide on keratocyte apoptosis and pathway of ceramide-induced 
keratocyte apoptosis. 
Methods: Cultured Newzealand White Rabbit keratocytes were exposed to various concentrations of ceramide 
type II, VI and phytoceramide type II, VI. LDH level was measured for the evaluation of time and 
concentration related apoptosis. Keratocytes were preincubated in various concentrations of CPP32-like 
protease inhibitor (Z-VAD-FMK, diffuse caspase inhibitor), specific caspase-8 inhibitor (IETD-CHO) and 
specific caspase-9 inhibitor (Z-LEHD-FMK), then were exposed to 20 M of 4 types of ceramide. 
Cytochome C immune stainining was done after exposure of keratocyte to 4 types of ceramide. 
Results: The lower effective dose of 4 types of ceramide was 20 M. Apoptosis of keratocytes was 
dependent on ceramide exposure time. Ceramide induced keratocyte apoptosis was inhibited by CPP32-like 
protease inhibitor, specific caspase-8 inhibitor and specific caspase-9 inhibitor. Apoptotic keratocytes induced 
by ceramide were immune-stained with cytochrome C antibody. 
Conclusions: Ceramide induced apoptosis in cultured corneal keratocytes. This apoptosis developed according 
caspase cascade, especially via mitochondria.
J Korean Ophthalmol Soc 44(4):945-954, 2003
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