
103

Korean Chem. Eng. Res., Vol. 43, No. 1, February, 2005, pp. 103-109

�� ���� ���� ��� ��� ����� ��

�������������������†
����*

����� ���� ��·�����
100-715 ��� �� �� 3� 26

*����� ���� ��·�����
120-749 ��� ���� ��� 134

(2004� 11� 4� ��, 2005� 1� 13� ��)

Effect of Environmental Factors on the Growth of Rabbit Oral Keratinocytes

Moon-Young Yoon, Hee-Jung Park, Doo-Hoon Lee, In-Keun Jang, Jung-Keug Park† and Woo-Sik Kim*

Department of Chemical and Biochemical Engineering, Dongguk University, 26, 3-ga, Pil-dong, Chung-gu, Seoul 100-715, Korea
*School of Chemical Engineering and Biotechnology, Yonsei University, 134, Sinchon-dong, Seodaemun-gu, Seoul 120-749, Korea

(Received 4 November 2004; accepted 13 January 2005)

� �

�� ���� ����� �� � ���� ��, ����� ��� ����� ��� �� ��� T75-���
�� ���� �����. ��� ������� ��(biopsy)� � ���(trypsin) ������� ���� 0.25 cm2

�� ������ 1.92±0.59�106�� �� ����� ��� � 	��. ��� �� ����� 50 mg/L BPE(bovine
pituitary extract), 5.0 µg/L EGF(human recombinant epidermal growth factor), 0.15 mM Ca2+� 	
� K-SFM(keratinocyte serum
free medium)� 10 mL� ���� �� ��� �� 8� �� ������� ��� ��(confluent)�� ����
� ����� 2.45����. �� ��� ��� ��� � ����, ����, ��� ��� ������� ��
� ��� �����. ������� ����� ���� ��� ����, ����� ��	� �� ����� �
��� ���. ����� ��	� �� ����� �����, ����� ����� ����� ������
2.0 mM�� ���� �����. ���� �� ���� ����� T75-����� ���� ���� �� 50 mg/L
BPE, 5.0 µg/L EGF, 2.0 mM Ca2+� 	
� K-SFM� 10 mL� ���� ��� �� �
��� ����� 1.32��
��. ��� ����� �� ���� ��� ��, �� � ��� ���� ������� 
� ������ �
���� ��� 
�� ��� ��� 	�� ����. 

Abstract - Isolation and primary culture technique of rabbit oral keratinocytes, and the study for effect of environmen-
tal factors on the cell growth were carried out in T75-flask. 1.92±0.59×106 viable cells were isolated by trypsin enzymatic
digestion method from 0.25 cm2 biopsy of rabbit oral mucosa. Primary culture with 10 mL of K-SFM containing 50 mg/L
BPE, 5.0 µg/L EGF and 0.15 mM Ca2+ showed confluence after 8 days and doubling time was 2.54 days. Effect of
medium types, medium volume and supplement types on the cell growth was investigated after the cultured keratinocytes
had been harvested from primary confluence. Serum addition showed adverse effect and the increase of serum concen-
tration didn’t have an effect on the cell growth. The increase of medium volume decreased the cell growth. The increase
of calcium concentration increased the cell growth and 2.0 mM was optimum value. In conclusion, when rabbit oral kera-
tinocytes was cultured in T75-flask, the most effective conditions was to use 10 mL of K-SFM containing 50 mg/L BPE,
5.0 µg/L EGF and 2.0 mM Ca2+, and doubling time was 1.32 days. This study can provide the useful informations to
develop a process and design a bioreactor for the culture of keratinocytes in human body like skin and cornea, as well as
mucosa.
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1. � �

������� ���� �� � ����� ���� �� �

��� ������� ���� ��� �� ��� ���� �

� ���� ������[1, 2]. ��� ��� ����� ���

�� �� ��� ��� ��� ���� ��� ����� ��

��� �� ��� ����� ������ ��	� ��� �

� 
�� ��� ��� ����[3]. ���� ��� ��� �

���� �� 
��� �� � �� �� ��� �
��� �

��� � ���� �� ��� ���� ���� �� ���

���� �� ����� � � ��[4, 5]. ����� �
 
�

� �� ���� �� �� ���
� ����� �� ���

�� ������, 
� �� ��� ���� ����� �	�

� �� �� ������ �� �� ���� ��� ����

��� ����� �	� � ����� ���
 ���� ��

�� 3���� ������� ���� ���� ��� ���

� �� �� ���� ���� � � ��[6-9]. ��, ����

����� �� ������ ����� ��� ���� ���

�� �� ����(biopsy) �� ��� �� � ���� �� �

�� �� ������ ������ ���� ��[10]. ���

������� ���� ���� ���� �� ����� ��

���� � �� ���� ��� �� ��� ���	� ���

�� ��� ��� ��� ����. ����� ���� ��


3T3 	����� feeder layer� ���� �� �����[11], �

��� ���� �� ��, ���� ������ � �� ���

����� ���� ��� 
� �� ���� �
�� ����

� �	� ��� feeder layer� ��� ��� �� 
� �� ��

���� ������ ���	 ��. �, ��	(collagen), ���

��(fibronectin), ���(laminin) �� ��� ��(extracellular matrix)

�� �
� �
�� ����� ���� ��[12], ��� ���

����� ����� ��[13], conditioned medium �� complex

biologic extracts� ���� ��[14], ��� � �� ���� �

��
 ���� ��[15] �� ��� ��� ���� �� ��

��� ���� ��� ��� �� �� ������ � � �

� ��� ��� � ���� �� ����� ��� ���� �

��� ��� �� ��� �����. � ����� T75-�����

� �� ���� ����� ��� ����� ��
, ����

�� � ����� ���
� �� �	� ��� � �
���.

����� ���� ��
 ����, �� ���� �����

�� �	� �����, �� ���� ����� ���� ��,

BPE � EGF, ����� ���� �����.

2. ���� � ��

2-1. �� ���� ���� �� � ����

�� ���� ����� ���� ��� ��
 Fig. 1� �

����. ��� ����� �� ���� 11�� �� 2.5 kg �

�� ��� �����, ��� �� ����� 	
��(��	:

�� ���, ���
(�))�� ��� ���� 
��(Antibiotic

Antimycotic, Invitrogen. Cat.# 600-5240AG)� 20 µl/mL� ���

DMEM(Invitrogen Cat.# 12800-017)� �	 ����� �����.

�� ����� 70% ��
� ���� �� Antibiotic Antimycotic

200 µl� Gentamycin(Invitrogen. Cat.# 600-5710 AD, 0.1 µl/mL) 10 µl

� �	�� 10 mL PBS(phosphate buffered saline) � 3� ���

� �� ��� ��� ��� ����� ��� ��� ����,

2.4 U/mL� ��� �� protease(dispase; Sigma Cat.# P-3417) �

�� �� 4 oC�� 16�� ��� � ��(forceps)� ���
 �

��� ���� �����. ���� ��� �� ��� ���


 ���� 
� � 0.05% ���(trypsin, Sigma Cat.# T-4799)�

0.01% EDTA� ��� PBS ��� �� 37 oC�� 10�� ���

�� 10%(v/v) FBS(fetal bovine serum, Invitrogen Cat.# 12484-028)

� ��� DMEM ��� �� 1,000 rpm�� 5� �������.

���� � ���� ��� �� K-SFM(keratinocyte serum free

medium, Invitrogen, Cat.# 320-7005PJ) ���� 10 mL� ��� �

���(pipetting)� 
 5� ���
 ��� �����. ��� 


�(viable cell count)� PBS� �� 4.0 g/L� ��� ��(trypan

blue, Sigma Cat.# T-5526) ���� ��� � hemocytometer� �

��
 �����. ��� ��� Ca2+�� 0.15 mM, antibiotic

antimycotic 
��� ��� 10 µl/mL, �� ���(supplement)�

BPE(bovine pituitary extract, Invitrogen Cat.# 13028-014) 50 mg/L�

EGF(human recombinant epidermal growth factor, Invitrogen Cat.#

10450-013) 5.0 µg/L� ��� K-SFM� ���
 �����, �

� 10 mL � ��� T75-����(��� 75 cm2)� ���
 2�

�� ��� ��� ��� 37 oC� ���� CO2 �������

�����.

2-2. �� ��, ��� ��, ���� � ����� ��

�� ���� ����� ������ ����� �	� ��

�� ��
 � K-SFM ����� BPE 50 mg/L, EGF 5.0 µg/L,

1.5 mM Ca2+� ��� ��, � MEM ��� FBS 10%(v/v) ��

� ��, � DMEM ��� FBS 10%� ��� ��, � Ham’s F-12

��� FBS 10% ��� ��� ���
 ���. ������ �

�� �� �	� ���� ��
 � K-SFM ������ ��

� ��, � K-SFM ����� ���� 1.5 mM Ca2+� FBS 10%�

��� ��, � K-SFM ����� ���� 50 mg/L BPE, 5.0 µg/L

EGF, 1.5 mM Ca2+� ��� ��, � K-SFM ����� ���

Fig. 1. Schematic diagram of procedures to isolate oral keratinocytes
from normal rabbit mucosal segment. 

��
 Mucosal segment, 

��

Washing with 70% ethanol and PBS, 
��

 Incubation for 16
hours at 4 oC in dispase solution, 

��
 Separation of epidermis

and dermis, 
��

 Chopping and trypsinization, 
��

 Isolation of
epithelial cells, 

��
 Culture in T75-flask

��
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� 50 mg/L BPE, 5.0 µg/L EGF, 1.5 mM Ca2+� FBS 10%� ��

� ��� ���
 ���. ����� �	� ���� ��
 K-SFM

����� BPE, EGF, Ca2+� �� �� FBS 0, 5, 10, 15, 20%

��� �� ���
 �� ���� ���� ��� �����.

����� �	� ���� ��
 50 mg/L BPE � 5.0 µg/L EGF

� ��� K-SFM ��� Ca2+��� 0.1, 0.5, 1.0, 1.5, 2.0, 2.5 mM�

��� ��� � ����� �����. ��� �� ���� �

���� 10 mL� ���. ����� �� �	� T75-����

� 50 mg/L BPE, 5.0 µg/L EGF, 1.5 mM Ca2+ ��� K-SFM �

�� �� 10, 15, 20 mL ��� ���
 ��� � �����

�����. �� �� ����� ���� � ��� ��� cm2

	 3.5�103� ��� ��� ��� ���� �� T75-����

� ���
 37 oC� ���� CO2 ������� 4� ��� �

hemocytometer� ���
 ��� 
�(viable cell count)� ���

��, ���� ��� 2�� ���.

3. �� � ��

3-1. �� ���� ���� �� � �� ��

����� ������� �	� � �� ����� ���


����� 	��� � � ���� ���(pipetting)�� 0.25 cm2�

�� ������ 1.92±0.59�106�� �� ����� ��� �

���. ��� ��� 50 mg/L BPE, 5.0 µg/L EGF, 0.15 mM Ca2+

� ��� K-SFM� ���
 10 mL� 2��� ��� ����

�� ��� �� 8� �� ����� ��(confluent)�� ���

��. Fig. 2� �� ���	�� ����� �� ����� �

� ��
 ��
����� �� ��� ��� ���. �� �

��� ��� ��� ��	�� ����, �� 4� ���� �

� ��� �����. ���� � � ���� �	� �� ��

���� 2.6�105�� ������ �� 8� �� (2.5±0.3)�106

�� ���� ���
 ��� �� 
 9.6�� ��� ����

�, ����(doubling time)� 2.45����. Daniels �[16]� ��

� ��� ���� 
� ���� �� ���� ����� ��

���� 3T3 	����� feeder layer� ���
 ��� ���

��� �� ��� ���� ��� 53%� ����, 
�� �

�� ��� ��� ���� ��� 43%� ����. ��� �

�� ��� ���� ��� ���� 
���� �� 
���

�� 
� 	�� ��� ���� � ���� 
� ��� ��

� ����� �	�� ���� ��. 
�� ��� ��� �

�� ��� ��� feeder layer� ���� ���� �� ���

���� ��� �� ��� ����� 
�� �� �����

2� 	� ���� ���. ��� � ����� �� �����

8�� ����� � ��� ����, ��� ��, ���� ��

� ����� ��� ��� ���� ��� �� ���
� �

� �	�� ����, �� �
�� ��� autocrine 	��	�

�� ������ ��� ����� ����� �� �����

���� ����. �� ���
�� �	� �� � � ���

�� ���� ��
 �� ��� ��� ���
 ���
� �

	� �� ���� ��� 
� �����.

3-2. �� ��, ��� ��, ��, ���� � ����� ��

��� ���� ����� ������ ���� �����

K-SFM� ���� 50 mg/L BPE, 5.0 µg/L EGF, 1.5 mM Ca2+�

��� ��� ��� ��� � �� �� ��� �	� ���

��. Fig. 3�� ��� ��� K-SFM� ���� ��� ���

MEM, DMEM, F-12 ��� ��� ��� ���� 37.5%, 106.3%,

112.9%� ����� �����. 

� ����� K-SFM ����� BPE, EGF, �� ��� ��

��� ����� 	� �	� ���� ���� �� ��� �

��. K-SFM ������ ��� ��� �� K-SFM ����

� 50 mg/L BPE, 5.0 µg/L EGF, 1.5 mM Ca2+� ��� ���

Fig. 2. Light microscopic pictures for the primary culture of normal
rabbit oral keratinocytes at Day 1 (A), Day 2 (B), Day 4 (C) and
Day 8 (D). After the keratinocyte was isolated from mucosal
segment, 3.5×103/cm2 of cells were inoculated into T75-flask
with 10 mL of K-SFM containing 50 mg/L BPE, 5.0 µg/L
EGF and 0.15 mM Ca2+. Photographs at a magnification of
×100 were taken with a camera attached to a phase-contrast
microscope. Bar indicates 200 µm.

Fig. 3. Effect of media types on the growth of rabbit oral kerati-
nocytes. After the cultured keratinocyte had been harvested
from primary confluence, 3.5×103/cm2 of cells were inocu-
lated into T75-flask with 10 mL of each media. Supplements
were used at the concentrations of 50 mg/L BPE, 5.0 µg/L
EGF, 1.5 mM Ca2+ and 10% (v/v) FBS. Cell number was
counted after 4 days of culture.
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271.8% ����� �� ���, 50 mg/L BPE, 5.0 µg/L EGF, 1.5 mM

Ca2+� ��� K-SFM� ��� � ��� ��� ����� 


�� 33.3% �����. K-SFM ����� ���� BPE� EGF

� ���� 1.5 mM Ca2+� 10%(v/v) ���� ��� ��� BPE,

EGF, ��� ��� ��� �� ����� 68.2% �����. �

����� BPE, EGF, ��� �� ��� �� �
�� ���

���� ����� �	�� 	�� ���� ��� ����.

Wang �[17]� BPE� ���� �
�� ���
�� 	���

�, ���� ��� ���� ��� ��� ����� 	���

�� ��� ����� ��, ����� ��� 
��� ���

������ �� ��� �� 	�� 	� 	��	� ����

�� ��. ��, BPE� ���� ��� bovine pancreatic trypsin

inhibitor(bPTI)�� ��� ��� �� ����� ��� � 	�

�� ���� ��� 
�� � �� BPE�� EGF ��� ��

�	 �� �� ��� �����. Kamata �[18]� BPE� ��

�� �� ��� ��� �� ����� ���� ���, BPE

� ���� �� ��� ���� EGF, KGF, IGF-�� bFGF �

� ���
�� ��� ����� ��� �� 
���� ��

���. ��� Cook �[19]� ��� foreskin ����� �� �

���� cm2	 5�103� ��� � peptide growth factor� �	�

����� ����� �����, IGF, EGF, TGF-α, FGF� ���

��� �� ����� �� ��� ���� �����. �� �

� ��� ����� ��� � autocrine 	��	� �� �	 �

��� � � ��, �� EGF-R(EGF-receptor)� ��� ���

(ligands)� autocrine[20, 21]� paracrine ����[22-24]� �	�

��� �� ��� ��
 ��. ��� ��� ���� �� �

���� ���� ����� ��� �� EGF� ���� ��

���
�� BPE �� �
��� ��� �	� �� �� ��

���� � ����� �� ����� autocrine 	��	� �

��
 ���� ���� ���� BPE, EGF, ���� ����

���.

��� ���� ����� ����� �	�� �	� ���

���, ����� ��� ��� �� ����� 
����� �

��� ��
 ����� ��� ��� ����� ���
 ��

�. Fig. 5� ��� ��� ����� ���� �� �����

� ��� ���� ��� 50 mg/L BPE, 5.0 µg/L EGF, 1.5 mM

Ca2+� ��� K-SFM� �� 68.2% �����. ���� ���

� ���� ���� ��� ��� ����� 	�� ��� �

���. ����� ����� ���� ��� ��� ���


���
� ��� ����� ��� ��� 
�� ��� 
�

���. �� ��� ����� ��� ����� �� ��� �

	� ��� ������ ��� ���� �� ����� ��

��� ��� ������ �� ����� ����� ����

��� ��� ����� �	�� 	�� ���� ��� ��

��. ��� ��� ����� ��� � ��� ��� ���

� ������� �� 3T3 	����� ���
 feeder layer�

�� � � �� ����� ���� ��� �����[11], �

��� ��� ��� 3T3 ��� 
� ���� �� ���� �

�, 3T3 ��� ���(viability)� feeder�� �	�� �� ��

��
, �� ���� 	����� ���� ���� � ��

�� ���, �� �
�� ��	� ��� ���� ��� �

���� �� ��� ��� ���� �� ��. ��� ���

�� �������� ��� ���� ��� ���, ���,

���
, ���
�(binding proteins)�� �� ���� ���

�� 	���, �����
�(mycoplasma), ���� 
� ��

���� ��	�� ��� � ��. ��� �� � ��(batch)

�� ��� ���, ����� ��� � ���� ��� ��

Fig. 4. Effect of supplements on the growth of rabbit oral keratinocytes.
After the cultured keratinocyte had been harvested from pri-
mary confluence, 3.5×103/cm2 of cells were inoculated into
T75-flask with 10 mL of K-SFM containing different supple-
ments. Supplements was used at the concentration of 50 mg/L
BPE, 5.0 µg/L EGF, 1.5 mM Ca2+ and 10% (v/v) FBS. Cell
number was counted after 4 days of culture.

Fig. 5. Effect of serum concentrations on the growth of normal rab-
bit oral keratinocytes. After the cultured keratinocyte had been
harvested from primary confluence, 3.5×103/cm2 of cells were
inoculated into T75-flask with 10 mL of K-SFM containing dif-
ferent serum concentrations. Supplements was used at the con-
centration of 50 mg/L BPE, 5.0 µg/L EGF and 1.5 mM Ca2+. Cell
number was counted after 4 days of culture. 



���� ���� ��� ��� ����� �� 107

Korean Chem. Eng. Res., Vol. 43, No. 1, February, 2005

���
 �� ��
 � �� ��� ��. ��� �� ���


� ����� ��
 ��� ��� ����� �	�� ��

�� ��.

Fig. 6� ��� ����� ���� ����� ���� ��

� ��� �	� ��� �����, ����� 10 mL, 15 mL,

20 mL � ���� �� ���� ��� ���� ��� ���

��. ��� ����� ���� �� ��� ���� ����

�� ��� ����� ���� ����. ���� �����

���� ����� ���� ����� �
� ���� ��

�� ����� ������ ��� ��� ����.

���� ��� ��� ����� �	� ���
 Fig. 7� �

����. ����� ����� �� ��� �����
 2.0 mM

���� ���� �����. Fig. 8� ��� �� ���� �

��� 
���� ��� passge number 2��� 
�� ���

��� ��� ����� ����� ����� �� �����

���� 
�� �����. ��� ��� 0.1 mM� 
�� �

��� 2.0 mM� ���� ��� ��� K-SFM�� �����

76.9% ����� ����� 1.32����. �� �� ��� �

���� ����� ��� 
�� ��� � ���. Barbara �

[25]� 
�� ��� ��� ��� ���� ����� ���

�� �� �
�� ��	� �� ��� ���� ��� ���

���� ���
� �� ���� 
	���, ����� ��

Fig. 6. Effect of medium volume on the growth of normal rabbit oral
keratinocytes. After the cultured keratinocyte had been har-
vested from primary confluence, 3.5×103/cm2 of cells were inocu-
lated into T75-flask with K-SFM containing 50 mg/L BPE,
5.0 µg/L EGF, 1.5mM Ca2+ of different medium volume. Cell
number was counted after 4 days of culture.

Fig. 7. Effect of Ca2+ concentrations on the growth of normal rabbit
oral keratinocytes. After the cultured keratinocyte had been
harvested from primary confluence, 3.5×103/cm2 of cells were
inoculated into T75-flask with 10 mL of K-SFM containing 50
mg/L BPE, 5.0 µg/L EGF and different Ca2+ concentrations.
Cell number was counted after 4 days of culture.

Fig. 8. Morphology of normal rabbit oral keratinocytes at passage number 2 cultured in T75-flask with 10 mL of K-SFM containing 50 mg/L BPE,
5 µg/L EGF and 0.1 mM Ca2+(a), 0.5 mM Ca2+(b), 1.0 mM Ca2+(c), 1.5 mM Ca2+(d), 2.0 mM Ca2+(e), and 2.5 mM Ca2+(f). Photographs at a mag-
nification of ×100 were taken with a camera attached to a phase-contrast microscope at Day 4 after inoculation. Bar indicates 200 µm.
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���� �43� �1� 2005� 2�

��� ��� ���� ��� �
��� ��� ������

��� ����� ����(cadherin)� ���� ��� �� �


(intracellular adhesion molecules)� ��� ����� ����

�����. ��� ����� ��� ��� ��� P-����

� E-����� ��� �� ��� �����[26], �� ���

�� ���� ��� ���� ���� ��� ��� ���

(stratification)�� �
�� ��� ��
 ��[27]. ��� ���

�� 
��� �� ��� ����� ��� �� ��� ���

�� �
� ����. Fig. 8� ��� 
������ �� ��

�� �� ��� ���
 �� ��� ��� ��� �� � �

��. ��, ����� ����� ��� �	� ���� Tsao

�[14]� ����� 1.0 mM ���� �� ���� �����

��� �� ����� 

� ���� ��� �����.

Kamata �[18]� �� ��� �� � �
� ����(protein-free

synthetic medium)�� 1.27 mM� ����� ��� � ���

���� ����� ��� �� ��� �� ��	�� ���

�� ��� ������ �����. ��� Boyce� Ham[28]�

��� ��� ����� ����� ����� ��� ����

� 0.3 mM�� ���� ������ 1.0 mM� ��� ���

�� BPE� ��� ��� ��� ��� BPE� ���� ��

���� ����� 900% �� �� ����. �� 1.0 mM�

��� ����� ����� ���� �
� cornified envelopes

� ���� ��� BPE� ���� �� ��� �� 20%� �

� �� BPE� ��� ��� ��� 2% 	�� �����. �

��� ��� ���� ����� ����� �� BPE� ��

�� ��� ����� ����� ��	 � ��� �� ���

� 
�� ����. ��� ����� ����� ��� � �

�� �� ��� �
� ����� ��� ��� ��� ���

� ����� ����� �� �	� �� ����� ����

�� �� �	��. � ����� Boyce� Ham� ��� ���

�� ����� ����� ���� ��� ���� ��� �

�� 2.0 mM� ��� ���� ���� ������, ���

BPE� �� �	� ��� �� ����	 ����� ��� �

�
 autocrine ��� �� ��� ������ ��� ���


����� �� ����� ���� ����. �, �� ����

	 ����� ���� �� BPE, EGF, ��, ������ ��

���
�� ��� �
�
 ���
� �� ��� �� ��

�� ��� ����. 

4. � �

��� ���������� ����(dispase) 	�� ���

(trypsin) 	������ ���
 ������� ��� ��

0.25 cm2 �������� 1.92±0.59�106�� ���(viable cell)

� ��� � ���. ��� �� ����� 2.6�105� ���


50 mg/L BPE, 5.0 µg/L EGF, 0.15 mM Ca2+� K-SFM� 10 mL �

�� T75-������ �� ��� �� 8� �� ����� �

�� ��(confluent)�� �����, ����� 2.5±0.3�106��

9.6� �����
 ����� 2.45����. �� ��� ���

��� � T75-����� ���
 ������ �������

�� �	� ��� �� K-SFM� ���� 50 mg/L BPE, 5.0 µg/L

EGF, 1.5 mM Ca2+� ��� ��� ��� MEM, DMEM, F-12

��� ��� ��� ���� �� 37.5%, 106.3%, 112.9%��

����� �����. �� ���� �� �	� ���
 � ��

K-SFM ������ ��� ��� �� K-SFM ����� 50

mg/L BPE, 5.0 µg/L EGF, 1.5 mM Ca2+� ��� ��� 271.8%

����� �� ���, 50 mg/L BPE, 5.0 µg/L EGF, 1.5 mM

Ca2+� ��� K-SFM� 10%(v/v) ��� � ��� ��� ��

��� 
�� 33.3% �����. K-SFM ����� ����

BPE� EGF� ���� 1.5 mM Ca2+� 10%(v/v) ���� ��

� ��� 50 mg/L BPE, 5.0 µg/L EGF, 1.5 mM Ca2+� ��� K-SFM

� �� ����� 68.2% �����. ��, ����� ����

�� ����� � ��� ���� ��� ����� ����

��� �	�� 	�� ���� �� ��� � ���. ���

������� ����� ���� �� ����� �����

����� 10 mL � ��� ��� �� 15 mL� ��� ��

9%, 20 mL� ��� �� 30%�� ���� ��� �����.

��� ����� ����� ���� ���� ������ �

�� ����� ���� ����. ����� ����� ��

��� �����
 2.0 mM ���� ���� �����. 0.1 mM

� 
�� ���� 2.0 mM� ���� ��� ��� K-SFM�

� ����� 76.9% �����. ���� �� ���� ���

�� T75-����� ���
 ���� �� 50 mg/L BPE, 5.0 µg/L

EGF, 2.0 mM Ca2+� ��� K-SFM� 10 mL� ���� ���

�� �� �����, ����� 1.32����. ��� ����

� 	� ���� ��� ��, �� � ��� ���� ����

��� �� �	���� ���
� 

� ��� 	�� ��

� ��� ����.

� �

� ��� ��	�� ���� ���� ����(���� 00-

PJ1-PG1-CH12-0006) ��� �� �����
 �� ������.
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