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7] 773t M) B8] 9 ARk W, AE gl R @A el st AE TT5-EEkA
A5 AHgsle] Saaiointh. B719) RS A (biopsy)et - EfA (trypsin) FAaA 2 S 0183101 0.25 em?
HeF 2H 02 HE 1924059-10°09] He AJTAES 52 5= AASIek Sl Ae AJTiHIES 50mglL BPE(bovine
pituitary extract), 5.0 pg/L. EGF(human recombinant epiderma growth factor), 0.15mM Ca2*2- -3 K-SPM (keratinocyte serum
free medium)2 10mLA A1-5-810] Uzt wjokst A} gl gholl kg7 Tdol M7} L3k (confluent)sAl 47438131
a1 HZRARRE 2450190 . A} Hlofet AEE St T AAER, WARY, HME SRV ARl 1A
T G AR R PR ARGl FAdAR maE Ve, 8wt Sl et AEAES E
Hgl7 GIglet. WiRF 7L Skl we A ZAd8E TSI, ) TR AEAYEE SNeeler
20mMelA HAAE UERGIT oo R E7] 7R AHAEZE T75-38k~2E ARSlo] tileisle 79 50 mgll
BPE, 50ug/L EGF, 20mM Ca?"S 368 K-SFMS 10mL ARgshs 7o) 71 Adkatel i vi7kAI7ES: 1.3290]
i}, oleldt ATE s 5 Atk ole} H5 28 5 QlAol] EAlEkE S ZEGE S5t 3Rl A
E0Rg7] AAlo] 83 YRS ATe Ao e,

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+0.59x10° viable cells were isolated by trypsin enzymatic
digestion method from 0.25 cm? biopsy of rabhit oral mucosa. Primary culture with 10 mL of K-SFM containing 50 mg/L
BPE, 5.0 ug/L EGF and 0.15 mM Ca?* 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 ug/L EGF and 2.0 mM Ca?*, 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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Q)7 FoollA] 77 ) eMIFdE A A 4
ulrgo] op7|Hd olgjgt A9 9RE oxlakE A
ol AEHolthl, 2. 2evt o]¥$t v Ag o)A gt
o] Fx9 71eE FA8H] witel v By
-9 vz AuA|Ze AAMESR] HF A wliiel v
2] E4o] aui= FAETHI). 28R o]gA] o]2d 7
22 go] AAY wo] & i 917) wlitel]l Sxfel Al K-
P Qo R Ak &S A Eap] AsiMe A 24
2lah= Zlo] o) dzolel g 4= QUTH4, 5. FErEAS 2k A4l
A& AHgERs Aol A9 ARNRE-S LAAZA] 7] wlito]
71 o3 A o)X gk, A7) Al el A HH9jst ekl woju)
B AL A9 Erlssie ofof djgh tigko@ Eolo] FdofA
Al AvrAs wojdl = JUREE deate] Al A7
AlA LA AFA A S A|zshe 24 F 8 7]es ARS8t
£ Zlo] 7H nigkA et whllole} & 4= Qlvh6-9]. mEgk, T
NS 9 AP A ERT ARSI mE A 7| 2lolA] AET
270 (biopsy) -0l TEIE =4 7 Qo= 5 A
A% AT A AEPorA o] #UH10). o] §
o) A& Azsh] AsiAe Aol Aut AR AEE i
AN = Qs ke Bale) digk Ayt AegE|ojok szt
ob#] o]# &k A= wu|gh Aeio|t), AATAIEE wieksl] flste]
3T3AHFEAEE feeder layer2 AME-31= Zlo] dutAeld|[11], ©]
e A elA o FoF, AAAQ MESAYEL U o fAkeE
FARES dahs -9l A 7H 55 AES A
= QlojA] o] gt feeder layere] AME-S T3] $18 o] 714 v
A e Ee] s ol gkt &, el (collagen), FHE
e (fioronecting, 211 d (laminin) 2-2 A1E2] 714 (extracdluar matrix)
of A HEAE BAES vlokarRiel] FH sk W [12], vilokE- wiH| 9]
s =S kA 7)== 1 [13)], conditioned medium ©] 4} complex
biologic extracts= AREal= W [14], 4719 2 7] eSS =
gste] ARgskE 18] SOl ot olesh WES o Ak
kAol SwolA] AIEY] 752 K| Y3k wjokiele) & 4= 9)
I AES Sk & ARgEE] Qe A 0 2= o]g g WEEo] v
ZAAA o)A ulf-g- B gk i Eo Tk i el & TreEutol)
A 27| R A EE A148] 877 Sk, Al
e 2 daperat 1Al tiek Gk ARE 5 A8
FBAE G Hatol MiAER, WA 7k iAo
ek GAES ZARINAL, WA A7 7R 0% AR 9,
BPE &} EGF, Zito® ZUES A3kt
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7] FE A9AEE FElshe ZAel diste] Fg. 191 B
ARttt E7)e FARCAr A4 e 11529 SH7 25kg T
AL S AMgsIG L, B712 74 Aekag Q e T CdEE:
9 ZH|E, J3R0HE)CE S55] whola1 38 (Antibiotic
Antimycotic, Invitrogen. Cat.# 600-5240AG)7} 20 ul/mL= ghe
DMEM(Irvitrogen Cat# 12800-017)0l 2o Y2 xz Hkelain)

siskmst H|43H M|1S 20094 2%

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 °C in dispase solution, @ Separation of epidermis
and dermis, ® Chopping and trypsinization, ® Isolation of
epithelial cells, @ Culturein T75-flask.

T Aek2Ag 70% oleEE AlFSfal THA] Antibiotic Antimyootic
200 pl 2} Gentamydin(Invitrogen, Cat# 600-5710 AD, 0.1 pl/mL) 10 i

7} 50120 10 mL PBS(phosphate buffered sdine) = 39] |2 gk
T el TR A9 9} FEA G FE Swe] Ak,
24U/mLe] B4 714 protease(dispase; Sigma Cat.# P-3417) &
Aol Y31 4°CoA 164]7F A 2f gt 5 A (forcepsye 083t 7
957 A9 TE BEEITh AUSE g T HE ol 8s

o] M AEHA A2 T 0.05% EFA (trypsin, Sigma Cat.# T-4799)%
0.01% EDTAE 218k PBS &l a1 37°CellA 103k A3}
9.3 10%(v/v) FBS(fetal bovine serum, Invitrogen Cat.# 12484-028)
7} g DMEM #0741 1,000 rpmellx] 52 g4-e]stsict.
YR 7 A5 Bg 1 oA K-SAM(keratinocyte serum free
medium, Invitrogen, Cat# 320-7005P) 7] &2-8%] 10 mLE 7}t &
)] (pipettingye oF 5% AAISt] AZE Fesilvh. A A
T (viable cell count)= PBS° =21 4.0 gL EHI EF(trypan
blue, Sigma Cat# T-5526) -0 0 2 &t 2 hemocytometers: ©]
L3to] PP 5 AL = Py 015mM, antibiotic
antimycotic &A1 9] FEE 10u/mL, WA 3 7}-E (supplement) &
BPE(bovine pituitary extract, Invitrogen Cat# 13028-014) 50 mg/L<}
EGFhuman recombinant epidermd  growth factor, Invitrogen Cat.#
10450-013) 5.0 pg/Lo] 79 K-SFM2- AR-ato] afjoFs)dar, il
7 10mL & $HeF T75-Zek A (EE A 75 emd)ol] Esto] 29
vt w25 weksl A 37°CE FAH= CO, o H oA
ikt

22 HiX| 37, F/I=2 &R, EdEsE ® uixiFule] 3

T2 AR ARAIEE AT HIXE R e A
3l7] fl3te] O K-SFM 7]:2Hi<] ¢l BPE 50 mg/L, EGF 5.0 gL,
15 mM Ca'g 3718 -9, @ MEM vix|o] FBS 10%(viv) 7}
g -, @ DMEM #i<|e]l FBS 10%= 3718k 74, @ Ham's F-12
Hixel FBS 10% 7k 3-9-5 Hlawsto] Hokeh. x| 7kze] 5
Foll digt Gd= 24K Aste] O K-SFM Z]2eiA] el A wiok
3k 39, @ K-SAM 7]l Aol H7HER 15 mM Caf'o FBS 10%5
A1 A5, @ K-SAM 7)ol 4712 50 mgll BPE, 50 pgll
EGF, 15 mM Ca"5 71t 74, @ K-SFM 7] 2uli] o] H7Hs



T2 A Al

% 50 mg/L BPE, 50ug/L EGF, 1.5 mM C&*3} FBS 10%= A7}
S92 v aste] Hoprh BT JkE A l8ko] K-S
7)EH)#] o] BPE, EGF, Ca*& ¥4 2l FBS 0, 5, 10, 15, 20%
FTER A7} veFste] 7] 7R AR A3 vl skl
T 4 A8 $15k 50 mg/ll BPE £} 5.0 ug/L EGF
= g3t K-SPM HiR)ef| C55E 0.4, 05, 10, 15, 20, 25 mM©]

s 2AE F AEGS WasT. 4719) 2E Aol ]
=Ry

ol 50 mg/L BPE, 50 ug/L EGF, 1.5 mM C&* ¢33t K-SFM Hj
A& 747t 10, 15, 20 mL HES @ste] wjoks & Ax2ds
waErh BE A9 wjokRAL AoF - 3% ALE om?
I 35x 107 =R 212k MiAE $fEtal ol T75-Zekad
of| AE3le] 37°CTE A HE CO, SlFHlolE o)A 4d wjokst
hemocytometerZ ©]-8-5}o] A3 A% (viable cell county2 5843}
AL, WA wA V)= 29 St

=

3. dut o pE

31 E7| 74Eet MMz 22| Y UR} e

E7)25E 7R RAS wo)dl 5 e deSRks el
EloR 5a3e] 8§ 424191 ¥)31E (pipetting)©-Z 0.25 o)
A 2407 HE 1.92+4059x 10512 At AuAEE 34 4=
AT} 39 HEZZ 50 mg/L BPE, 5.0 ug/ll EGF, 0.15 mM C&?*
& ot K-SAME ARg3to] 10 mud 2edvtc} WA wdks) T
WA afokel Ay 8 whef vkl 3k (confluent)= A 4738
k. Fg. 25 UAF wjoFag oA wijokAlTtel wet A gS B
7] Y3to] Fekdngstela] AL ARE YR Zojt), wlok =
71ellk= Zd7go) mhEA| o] FolAA] kAR, wiek 4Y SEl= mh
£ S5 Al vt s. = F AETE SAS A1 27
&0l 2.6x 10719) AEZS2 ¥ ok 8Y F<t (25+0.3) <10°
N MEFR F2lste] 27)0) nal] oF 9.6M9 78S vERL

Fig. 2. Light microscopic pictures for the primary culture of normal
rabbit oral keratinocytesat Day 1 (A), Day 2 (B), Day 4 (C) and
Day 8 (D). After the keratinocyte was isolated from mucosal
segment, 3.5x10%cm? of cells were inoculated into T75-flask
with 10 mL of K-SFM containing 50 mg/L BPE, 5.0 ug/L
EGF and 0.15 mM Ca®. Photographs at a magnification of
x100 were taken with a camera attached to a phase-contrast
microscope. Bar indicates 200 pm.
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HAE FEIAL] G 105

31, ¥j7kA1ZHdoubling time}2 2.45%0]%{t}. Danids 5{16]2) K.t
ol St F=olA] @A ARESkaL i AWIAIE ekl gt
FAIA 3T3 A FEAEE feeder layer® AMG31] F3o) e-ia
arEke g WAE AREehs o] 53%E UL, A 2
w9 793 AE AR o] 43%E et dd ¢
8 A ARSHE 7 AU LHACR Q1% S7REA
o9 ofe] H3E SAE AL ¢ glone dA) a7 i
5 ARkl e dekehal vk Aes das RS
27 A9 A2 feeder layers: ARGz -p-nrt Al gl
Adfels 97) WAl AlREe] ASETE A Ak iRt
27 A% Avhs Zlojrh ey 2 igtelis Ak eIz
8= UERdi=t) o] Auk= mIAET, ke 5, 2w 9ol
= k8719 EE SR miA e ghas) e 93]k 9
St GFom AR, o]d QIAkEe] A2 autocrine HIF L Fl
g A7) FE SN AEIE v SN
w02 Alsrh ofgl $RIAEY] Gl dis 5 o A
o7 2ARL7] flsto] dAf ket AEE dste] A
ol thst F7H4Ql A A% itk

32 HiX| 35, &Vl 37, 83, Zast W HiX|Rm|e| gat

E719] F77ut A AEE A e T84 9 2R
K-SFMel| d71&2 50 mg/L BPE, 5.0ug/L EGF, 1.5 mM Ca&?"&
et WA 9k o) s B 7R aiH] SR e 2Atet
At Fg. 304 VERd AAE K-SAvel] 7S 313 397t
MEM, DMEM, F12 Hlj=]of 3-& 37}et 73-¢-1r} 37.5%, 106.3%,
12967 AFEAgo] S71819T).

o] 4725 K-SFM 7]:l|A] ¢l BPE, EGF, Z+ 71383 g7
A7V MGG oJE FEE vA=A Lokry] A HEE F
At} K-SFM 712l z]ollA] wljekst 73-¢-ofl Blsl]l K-SFM 7]=H)1=]
ofl 50 mg/L BPE, 5.0ug/L EGF, 1.5 mM C&*< 718k 347}
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Fig. 3. Effect of media types on the growth of rabbit oral kerati-
nocytes. After the cultured keratinocyte had been harvested
from primary confluence, 3.5x10%cm? 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 pg/L
EGF, 1.5 mM Ca®* and 10% (v/iv) FBS. Cel number was
counted after 4 days of culture.
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Fig. 4. Effect of supplements on the growth of rabbit oral keratinocytes.
After the cultured keratinocyte had been harvested from pri-
mary confluence, 3.5x10%cm? of cells were inoculated into
T75flask with 10 mL of K-SFM containing different supple-
ments. Supplements was used at the concentration of 50 mg/L
BPE, 5.0 ug/L EGF, 1.5 mM Ca?* and 10% (v/v) FBS. Cell
number was counted after 4 days of culture.

271.8% A3 7o] Z7} 819111, 50 mglL BPE, 50 pglL EGF, 1.5 mM
Ca*Z H7ket K-sPMmell @32 o f7het 395 AZgol ©
5|2 33.3% A3 K-SFM 7] 28)x] ol 712 BPE?} EGF
= AL 1.5 mM Ca?* i} 10%(viv) AT A718E 7-9+= BPE,
EGF, ZH&-5 &gt Wil#] o)) b]al] AM3E2d7go] 68.2% 7HAst3iTt. o]
ATEHE BPE, EGF, ZHo] Al Aol zlo] #olsk= 210=
FeE a1 EF37R= A0 a2 JeEhyE Zlow Alad}
Wang 5 [17]> BPEE dAH wrald g A2 H3ha|o]
i, AR A S8R s SR JFAERL AREA]
T S SR E o, ATAIES fokE Adllshs 202
B30} o ofZle| digt A &st 2 HlAYFL wHEAA
ok ik I3, BPES] o} Al 242 bovine pancrestic trypsin
inhibitor(bPTIAH E34l Aol ol FF|AEE 3l 5 do}
PE EFAO B2 AT ¢ 9l1 BPECl= EGF o] 3
Fo] A k2 Ao Z B sl9Irt. Kamata 518> BPE/l H7}
HA) 2 T WA 9] Ae- A AETT ek %okal, BPE
E e ok 783 wiAelA EGF, KGF, IGF-1 7 bFGF 2
& AAARAES] F7PY AdEAIES] s A ASreitkal B
Tt 72y Cook 51912 AFE9] foreskin 2T AIE2] 75 Al
EFE7t omPd 51070 ©173Y ) peptide growth factor?} $lo1 %
AR AEA 0 7 AHe9lal, IGR EGR, TGRa, FGFE F7H2
A7Vet A AASEE 27 vlEA] okthar B 5islgit), o]F o)
£ A= oA 2374 v autocrine WAUSE] ek % o
Zolgt g 4= 9111, E3] EGRR(EGF-receptor) 9} 17412 #71=
(ligands)”} autocring[20, 21]#} paracrine A37&=2[22-24]0 L&
oghe Rz A oE A gk FEAY WA E AR A9 R
A Z7L ek Alo|ETRI oeks she EGRE X3shs 22
’974A2E BPE 22 DAEE U8l ook sk= Aol dnt
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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, 3.5x10%cm? 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, 50 ug/L. EGF and 1.5mM Ca?*. Cdll
number was counted after 4 days of culture.

HolA|gk 2 ATelM = o]H JFIAMES] autocrine WMAYUSS 1L
Hato] 7[AQl HrHEZ AN BPE, EGF, 24tk Udoz
Epi=y

73719] AgellA A7 A gl B A FE Vel
A=), e Wgks TS s AEAEE AdlsleAE &
otR 7] fato] BAFLeol WslE A AFA S 2] Bok
v}, Fig. 50 vEbd AR Aot Sl weh AEg g
£ W32 JeRlA 99T 50 mg/l BPE, 50ug/l EGE 1.5 mM

S T--3F K-SFMo] B8] 68.206 7HAakoitt. el R A
7} wko 2= A RS ARks] fA81 71 o] E Zlog 3
cHTh AR 07 A9|A| 29 A-pollE wix|e] g Hrkeke
HjeFstofof SRR AJEAIEL] 9= dAo] Ls]E g A9
sioict, o]f Adf= QlAlZA ] 727 A A Ze B9 o) &
o9} YA AT ZAA o] EASEA kar JAA I} A3
BFAX FH[SE Afol EFIRI0) 23] A2} SRS U077
uiol] IS Az FA4Q1 a7E Yehlle Zl0E AlR
|k, olgjgt o] f2 AJUAZE ST W 4L g wiH el
A AA|ZA S SR= 3T A-FEAHEE 0)-8-510] feeder layers
e F 2 Yol AIAEE wiosie 71ES ARSI, o
2 7o) Al 3T AIZE P FHIsH: Zlo] golakA] &
11, 373 AIZ2] A= (viability)7} feedar® ] AW 38 5
Ao, 44 sl AREAEE Aes AAANZE 5 s
ot o), 93 duldo] EQFget A4A-2 vEhiy] witel 4
Az A7 Fetoll FAIE A 5 Qlvk B2 YRk
02 FEAZAGIN S Adshe AT o], T2,
A 7ol 2}, AgkmA (hinding proteing) 2> WS A3 A3-at
A5k v gl o}, who] FZe=vH(mycoplasma), HlolE] 2 9
FAARJA A NS Ay 5= vk B 53 v 335 (batch)
A2 Het Aetar, dAZzE g o) ARgshe A9 T
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keratinocytes. After the cultured keratinocyte had been har- oral keratinocytes. After the cultured keratinocyte had been
vested from primary confluence, 3.5x10%cm? of cdlls were inocu- harvested from primary confluence, 3.5x10%cm? of cells were
lated into T75-flask with K-SFM containing 50 mg/L BPE, inoculated into T75-flask with 10 mL of K-SFM containing 50
5.0Mg/L EGF, 1.5mM Ca?* of different medium volume. Cell mg/L BPE, 50Mg/L EGF and different Ca?* concentrations.
number was counted after 4 days of culture. Cell number was counted after 4 days of culture.

AAHNRE 55 Ebd = Q= wgo) ol o] § o) whie] BRI Zers ot ST Al 3] Skskelon] 20 mv

AR AFekE ste] FER wiAE ol &l W R W oA HAEAE JeERQT) Fig. 8 71710 2 weld A

3}31 9l £:70) Aok A passge number 201419] Fu]7 AR

Fig 62 FUe MoRERE 2ol WART7L AT A% vehd 2R AERSR B SRS 1Y BaEde

o] MR e vEbd 23], A7 10 mL, 15 mL, Wgfats ddS veERiSith o9 492 01 mMY] Ask 2

20 mL A F7Fgke]] whe} e Al Aol Fhaehs AdE yER) FET 20 mM2] 2 l] 2 I K-SFMellA] Al 2743780l

Art. 017 iR 5] 7} 7kl whet AL EH|sRs Ale]| Bt 76.9% S7VsF AL Wi7FAIZRS: 1.32U0190), vk A st 5

QA9 FEF AN dEoR AR TPR AVARE  /lE5E AERe) Waks @ 9le 5 A9l Babaa S

W& SANTIE A MARTE Zol ARERE 2ol [251 ABE TS e FAA WA At 43e

AE Q&S STl felg Zo ek, A AE AR U oS- R Holr] oA xS

2 A E Aol mIAE Zs el G AR Fg. 70l W AlEZRY] H3sE) Ay wiow A9, Zasrt 71

! L 3Ty i s L\ Y s _— " ’ > : a S | ! [

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,
5ugL EGF and 0.1 mM Ca?*(a), 0.5 mM Ca?*(b), 1.0 mM Ca?*(c), L5 mM Ca?*(d), 20 mM Ca?*(e), and 25 mM Ca?*(f). Photographs at a mag-
nification of x100 were taken with a camera attached to a phase-contrast microscope at Day 4 after inoculation. Bar indicates 200 pm.
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Busth 5% Zrgola Mgt Mg d4L prl=sEd
I EFF=sR0) 8] o3k Alow JFEar[26], o1F FR=s)
Ho] dAske AT AEY AR o) AES S5
(tratification)o| = Fofah= A0 2 eheA] Qlrh27]. o]el &k MlXE
FE Yk AL AETE EEskas] 245 Ee 2E W)
Ao AR AlEE Fg. 8ol UERH dAnjAAlol 2w 5
R A 2oke vste] B o]yt Bl Ak 2s &
Atk g, sl AlEA ol vAE gl dEiris Tso
T[4 ZAEEEE 1.0 mM T8kl Qi iR|olA] AT AIEE
HjoFsh 7§ A A o] AA S| fadE Ao Ristgrt
Kamata 5[18)%= A% ZAs) vh= 5 a4 skl A (protein-free
synthetic medium)elld] 1.27 mMZE ZE55E 228 & A9
TR A AEE joket Ae) Ad7go] 3] o]Fo)xA] ¢kl
25 &3] EekE 9lrka B i)t v BoyceS) Ham[28]<]
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