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Azl AHdg Ba WS ol AFAAlRES E4o] FHas dvd

$Eola) vle wAsE AeelE B4 @ AolE FF o4 e B

Hopgle AXel WEHAEIFHA H3e FE4= F BHe PRIA,

2343 E st gda HAe WYsSE5E(cooling rate)= 2 BIE

FH Aol e AE o7

(Kl

223 Y53(Cell Alive System) &
o] &3t Mol W HEN HAE A WA e A=7F JAAT
(Kawata, 2005, Kaku, 2007). ©] &3 A3 W51 E AFE3te] Kawata &=

A AoFE 15mA A7|Fe®E -05C/min 5% -30C7H4] 3 47 Y&

o
o

143

=)

Ab

kS

she Zud 2o 4sg dgdva washgu.

stARF Ahn(2008)5 < # XotE -0.3C/min %= -20C7HA 21.7mA,



60Hz 1G ¢ 4714 olgste] Zzad WEe ARsgont 34, A%

WBEd o Afolel fofRk el glubal Barshgivh

® oo JoWoeR we steld WEAPoEM AEe &4 Folud
S gl ATHAY. B8 HEIY HoklA ;e sl @E A7

oA Alxe] E4E Folv= W EC] ATE] gtk Koch 5-2(1996) 72t
YA S], Fuchigami = B<to] 24 AToA A% ¢ P& WH
(Pressure Shift Freezing, Pressure Assist Freezing)S &3 HI A
Al Ayl Wl vls)] MEe] &Aool ASS KBk v 9

o)} wopoll M= A dtell WEEIS FI AEELS FolHe A=
=°] A3H. Pribenszky (2005) & FHE o]&3gk A W AH(2005a) 7
29 GrxE o] &3t A (2005b)o A 9H(High hydrostatic pressure) 7l
A7 YERas olstA o AEES SVMIITA B s Eg

ol AAAE Fl WA FEA S} Fao AV Y H F 25H

i)

A o] F7138FS tH(Kuo,2007; Pribenszky 2005).

WST-1(4-[3-(4-iodophenyl)-2-(4-nitrophenyl)-2H-5-tetrazolio]-1,3-

kel
olN

424

N

benzene disulfonate) #HAW-& A g, kAl g AME

JHT

A& 37 o AFgRth(Berridge, 1996). ©] WS MTT ¢+ of& ofsh

2 A9 tetrazolium salts(WST-1)S M U vEZ=go} & 4 g47}

Y

o] H3k HS Aol formazan AR CE FUAIE YEE o] &5y

i
:(|>L_'4

450nm ¢ FHFNA EHLE

||\

Aok o] FF=s Hokle Akl s
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I A% 25 £ 9y

Figure 1. Monolayer epithelial cell that origin of oral, lower gingiva

ol

3= MEF 23 (Korean Cell Line Bank)Z5F¥ 7 W skt x&

7199 @3 A AE(YD-38) (fig. DE B ol AX Wl & P1, P2, P3,

P4 o= Atfste] 27} cell stock & 5 /W4 =AU

2. A3 WY
A &o)] AFE3E B g9 media & KCLB media ¢! RPMI 1640 with
L-glutamine (300mg/L), 25mM HEPES and 25mM NaHCOs3;, 90%; heat

inactivated fetal bovine serum (FBS), 10% ©]-&3t9th. W5 A AE2 W



A A 2= 5% dimethylsulfoxide(DMSO, Sigma Chemical Co.,St. Louis,

MO, USA)E A}-&-3}3it}.

<Cell culturing>

A stock &2 H#FAUHE WEHEE 37C FE F& EAIFAT
15ml 9§ FH 4ml 9 Media(90%RPMI+ 10%FBS)E 1ml <] A|E
Fay Ao A4 FeEld & Wesrd Al 2AE DMSO 8948 Al At
A Media(90%RPMI+ 10%FBS)E 412 $ 15 3] pipetting 3] AME7} 15

=2 319 th o]F 100mm? petridish o] Media (90%RPMI+ 10%FBS) <}

A
==

Gl ZaHo] 10mm? e ¥97F HEE &} incubator o R3¢t}

>
e
1

Media(90%RPMI+ 10%FBS)= 2~3 deoll eh¥ wA sttt AEE 358t
incubator o HjFetA] °F 3 AAHE Fo monolayer 7} ¢F 7T0% 4= Hol=t|
o} AEZ Attt AlxE A WU WA incubator o EHEAL
petri dish & PBS 5ml & 2 3] A% % trypsin 2ml S °F 2~3 & A& &

petridish ©] 3 &3 MEZE dolry t}A] 3ml ¢ Media (90%RPMI

+10%FBS)t E3ste] dalwe st ddwd = AehE FUsk
AET AL FEelA 3ml o Media(90%RPMI +10% FBS)E E3s}e]

pipetting 3+ th. Media (90%RPMI+ 10%FBS)7} 8.5ml X AR 2 79
100mm? petridish o] MXZ F-HHE 1.5ml A Uro] o} AE nlxt}.

ojg} o] MEZS wjkste] oF 6x10°~7x10° W] ME7} FujEw zhzte]



As o] 2 wEl YeRES AFSSY. AdAde 2 22 A
o] MEE o] &3}t
7F AT 5
fZFog2E 3 AEF oA vk uf 293 AE stock & WE
ol MY Freezing container & ©]&3%F UWH&Ql ALK EHS o] &3}

1 tlzx=a" (Freezing container ¢} Isopropyl alchol(nalgene " Mr. Frosty”)
< o] &3 Unk AEZRIH)
1x10%ml <] cell suspension 1ml & 2ml €%9] vial o] 9o} Freezing
container(fig2.“Mr.Frosty” NALGENE ® Labware)Z o]&sle] -70C
7HA 1C/min ¢ Y&HE2 W5 $ -196TCY nitrogen liquid © o]

6 A7+ H3tITt

COOLING RATES

Cat. No. 5100-0001

Temparature FC)
1
T <

i
Ld

T T T T T
L] 20 40 60 80 00 120 W0 e 180

Time (smin)

Figure.2 1°C/min freezing container “Mr. Frosty”



2 A

B

e
1x10%ml 9] AE FHd 1ml 2 2ml £F] vial o wol HExd
WE7lel ol 4T W¥FLEAA -35C7H4 -0.5C/min & AA3]

QEAZ F -196C AsAL WEaLe] Yol 6 Az maseTh

1x10%m ¢ AlE 74 1ml S 2ml 839 vial o Tol 942 %(figs.
Geumsung Science, Seoul, Korea) ¢to] ¥&sFEHE Y1 A= Fht
T £=x4d Ys7]/(Low Temp Freezer Drying Chamber KS5045,
Geumsung Science, Seoul, Korea)el Yi =T 4HES 2MPa =
7¥stal 4Col A -35C7H4] -0.5C/min & A A3 WEAzl H -196C

stz PEel Yol 6 U7 B,

5% 3MPa &9 A

By

s
1x10%ml ¢ cell suspension 1ml 2 2ml £ vial o o}

23 % (Geumsung Science, Seoul, Korea) ¢t YEHHEHE Y1 Avjyz



A 51 £52x24d Y% 7](Low Temp Freezer Drying Chamber KS5045,
Geumsung Science, Seoul, Korea)ol] ¥ ¢ Fo ¢+#& 3MPa =
7Vstal 4TColA -35T7HA] -0.5C/min & AA3] YsAZ ¥ -196T

Sshaz YEel Yol 6 U7 s,

FBS+90% RPMD 4ml 4 ¥l Ze] Al Ffo Iml & Yol oml &
THET WEEg Al 299 DMSO AlA f8 ddEE ¥ FSE Y

ol
38

F9Ith. 7F tube o] Media(10% FBS+90% RPMD 1ml & Y31 15~20 3

o

% pipetting 3t 1ml o AX FfHH Hdlto] FA3 Dol A¥E7}

AT & 9=S sk



Figure 3. Schematic diagram of program freezer with pressure vessel.
a. Oxygen container : 2,3MPa of pressure

b. Program freezer

c. Pressure bottle

d. 2ml Cryotube: 1 m 65%RPMI+ 30%FBS+ 5%DMSO

e. Cell suspension

f. Pressure valve

g. Thermometer

10



2-1. Cell counting

Eppendorf tube o 2t +2] AX H-F 50 w3} trypan blue 50 ulE(1:1)

e EgHe wEo] 5 7k 7t#l FH hemocytometer 2] cover
glass & 9a1, 23t 10 wE FH3olol figd. ¥} #2°] hemocytometer 2

ol AAAAZ 5 dn 7 100x vl AEE BEste] Akl

@ Alive cell
@ Dead cell

1 square
; :0.1mm*=10"ml

Concentration
M E = x 104ml

Depth : 0.1 mm

Larim

(A+B+C+Dyd =E
= Ex2x10'ml=Fx10¢ml

3 - MAEE®)
CrES

(MANZ=+A TS

= 8 i T == (cell/ut)
i H E =(cells/nt)

b

=
HAEZE(R)

T ml=1 cm? = 1000 mm* (10 mm=1 cm)

Figure 4. Cell counting by hemacytometer slide and trypan blue

2-2. WST-1 standard curve 2 Z+ Ao WST-1 A
W2 WST-1 standard curve & A7 98] A8 F3p= Hilo wjd=
HNEZE o] €39t} 102, 2X10%,4X10°% ,8X10%,1X10%, 2X10%, 3X10%, 4X10* 7] 2]

MEZE 96-well plate ol 27} 3709 wellol Yt} 24 A1 7F 5 96-well plate

11



S M(20 ul, Cell Proliferation Reagent WST-1;Roche Applied Science,

Mannheim, Germany) 10 wlE Y3 &Fv]F $UZE 96-well plate & AA]

4 A ZF 59t 37C incubator ol ¥ %3} T}

S

A1ZF & Dynatech MRX ELISA
microplate reader (Dynatech laboratories, Chantilly, VA, USA)e| ¥
150nm SN FHES ZAatel 7Aztel AT Feh WST-1 o Fe
H] 1 3}o] standard curve & A1 3t}

7F A o At B Hol 96-well plate o 5x10* /0] cell & 7t

i

Awd 3 WA well o Yl 24 AR ¥ 96-well plate & 7W WST-1
£M(20 pul, Cell Proliferation Reagent WST-1;Roche Applied Science,
Mannheim, Germany) 10 & Y3l &F0|HF U2 96-well plate & A4
4 A2+ &<F 37T incubator o HIFElSItE 4 A]F & Dynatech MRX ELISA
microplate reader (Dynatech laboratories, Chantilly, VA, USA)e]| ¥l

450nm el N FHEE S

2-3. Clonogenic capacity
Zrzbe) o 2 /N9 petridish (100mmx20mm)o] 10ml media (10%FBS

+90%RPMDE 23 10° 7)o ANZE =

T OETIEE %o 10 o

K

H =59 mediags A7A & 5mle PBS = 23] A&t 4% formalin 5ml

Z dishol] Y322 10 % 72+ 4 A FH Y. Formalin & A7 & Giemsa stain 3%

12



PBSE 1:1 2 mix 3 solution5mlE Y31 EE wash® {%xsle] FEMo=w

949 colony F8& 54t

3. TAAY

hz3 ZF Aol A cell counting oA A& S One way ANOVA &
ARESte] Ao ALS HAH O Z= = Tukey test & o] &3kSith. WST-1
A4 gl Clonogenic capacity A& &3 colony % Kruskal-Wallis One
Way ANOVA = AFg3to] BEAslg o AlE #HAAH o 7= Dunn's method &

o1 g3kt
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1. Cell counting

1, 4, 5 2 717y 2 73 3 ol vlE] BAIFeR Foak A =2
s YEFH oM (p<0.05) 4 & 1 3 5 7o vl m2 @S ey
SAAQ FolAE gl ¥ BE A AEY 7 1.0x10° ojglenz
Ao Al wES AARteiEW AwkAl WEHIWS of 24%, A%

YUE oF 9%, w5 ¥5S °F 5%, 2Mpa 99 AEYEEES °F 37%,

Table 1.The averages and standard deviations of viable cell number (log N)

Groups Mean SD

Groupl(Conventional cryopreservation) 5.376° 0.103
Group2(Slow freezing) 4.933° 0.205
Group3(Rapid freezing) 4.670" 0.234
Group4(Slow freezing under 2MPa pressure) 5.569 ¢ 0.095
Groupb(Slow freezing under 3MPa pressure) 5.391°% 0.055

a,b : Different letters denote statistically significant (p<0.05)

14



2. WST-1 standard curve ¥ 7 A8 ¢ WST-1 &4
WST-1 ¢ standard curve & 7}2Zo] AX £E Ugun A=Zo)
WST-1 9] optical density & YWEFAT} Fig.5 9 standard curve oA H.5=o]

A 27t Z71gel W optical density 7F 7k 44 e

optical density

3 3.071
2304
2
149 —#—optical density
1 0.90%

1000 2000 4000 8000 16000 20000 30000

Figure 5. Standard curve of WST-1 using monolayer epithelial cell (YD-38)
6 4 T e RARY A Ay Lo WST-1 & 54 sksleh 2 39
Aol SA4d WST-1 k2 F 6712 ©]¢8 SUF(median)> & 2 9 Zth.
4 el 2 w3 ol HE FAAeR fFoA A w=L #@E

UERHATH(p<0.05). 4 w& 1 w3 5 ol "l e #@e dEhloy

15



Table 2. The Median and IQR of optical density of WST-1

Groups Median IQR

Groupl(Conventional cryopreservation) 0.627% 0.156
Group2(Slow freezing) 0.024" 0.024
Group3(Rapid freezing) 0.014" 0.019
Group4(Slow freezing under 2MPa pressure) 1.083% 0.478
Groupb(Slow freezing under 3MPa pressure) 0.544%¢ 0.218

a,b,c : Different letters denote statistically significant (p<0.05)

3. Clonogenic capacity

Fig 6 ¢} 2] colony 7} @A ¥ H$¢+= Giemsa o] ¥2o] o] counting ©]
7Fsatd ek A9 colony 8 4w0] 293 3ol Ml EAH o R Folat
IA F=E FE HERATH(P<0.05).

402 13 5ol Ml 22 s dEhdley A4S Folxks (il

e
rot
—
M

35 ol 2w 3 wel Wl ¥ @e dEon EAMQ

16



group 4 group 5

Figure 6. Clonogenic capacity of experimental groups

Table 3. The Median and IQR of the number of colonies (number of cells

seeded : 1x10%)

Groups Median IQR
Groupl(Conventional cryopreservation) 1478 115.5
Group2(Slow freezing) oP* 0
Group3(Rapid freezing) oPe 0
Group4(Slow freezing under 2MPa pressure) 262°% 312.5
Groupb(Slow freezing under 3MPa pressure) 140%¢ 116

a,b,c : Different letters denote statistically significant (p<0.05)
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IV. a1

it

nlid Aokl A7E AJop o] 42 AEA o] Aol flojA vhE A sl vl
£ 235 YA (Czochrowska et al. 2002; Jonsson and Sigurdsson
2004). 28 A7} oF o]AL 93k oAk el Alslo] A EAstE AL
obytt. dlE 5o APl ArE Aop ool HEA o]FoiH ot

GolRIh LR go} zhe 7] 9d wAHA A=sh B Wb v

o] M- MEO FVIzE A E BEA B3I oY AFEC] Y &
KB WJEHE(cryopreservation)o] AMESL 7|7 Ao o]& HAET
olggt WE HE Al AxS Yro=z sk &/(cryoinjury)e] 7]HS &3]

3l Ao 2o st oy BA, 3 WE %S (cooling velocity)9 =3 1A

O

Al(cryoprotectants)ol| A o2 st FAE Heles B dAE9] dtt(Mazur,

1976).
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ST E AESE REo] Ax @3 yztE FHE EAs 5T
~-15CAll A AT 9% nEA] Ago] A Ht AEA 2o AL
479 4Fe Axsel Wzl AT Yy olas ddzE e
EAG AEe BYZE B AE 9Y wEele] ua) ¥ 5oy
AAE 7RI Qo] oldF AfiAel ol Beol AT vz Zeitsl
e Qs B Wl AEZE UR wes] sty

Foog wF AT Bol ME &R AANA gt meby AxE

%

Wz ezt S7F s Ha A ME U dS58A4S FE HES A
Hh Mazur 1990). Muldrew ¢} McGann (1994)& 23 wmdojr AFE<t
gy o]l2og o]lE AWyt F  WE/dW(freezing/thawing) s <t

METS £33l Eo] 380 AE W d&3HA(ntracellular ice formation)<

HEs Stk giREEY AfdA AEx U de A4S AFE ArxEL
AFE g}, (Farrant 1977; Fujikawa 1980; Muldrew and McGann 1994)

HhH Al =gA Yed A AE W =0l A4S gld A=
sl AA " 1 Ay MAEeE 2FHa Ax He= WsEA

Rtk et UR sl 9EE A% A8 H9 550 Leluw 3713
4

19



-protein complexes)dl] = FIHE 7P} 2 FFRE A 7|H
A AAHe EAS 7P HAL gtk Mazur (1972)% o] 23k 8§49
FTrol wWE AMx &S “8daF(solution effects)’#ar W ST
Steponkus and Wiest (1979)& “Z o] M3 W4 o] Z(Maximum cell surface
area hypothesis)”& ATt AE F5o] H7F9AQ 9 S doA
Ak ool Fraste] 44 dHE HEo s u A B FyE
3lst7] A MEZF FeE vk skt

% Y 9% EEME e

FO

€2 g3(high solution effect)el]l 2&Jal A3k

o,

A gzl v |y 12 desilMe A AX W ded

(intracellular ice formation)ol <J8] AE<¢] £Aro] eI THfig.7). whebia]

Sdads HipTIM AE Wl Ededdol dojuA e o A
W&ot 249y, Ade de Sae Alxe By SR wel gad

Rapatz and Luyet (1968)2 <2Izte] AP  AMENA YsHE7)
1000C/min oA A&EEo] 714 =rhar 8993 Thorpe (1976) & 21719

TFoll A 10C/min o WE&olA AEEo] =rhal st Leibo(1978) &
A8 A AE= 1C/min o e SRoA AEEo] 7Pt Frhar Bargk b
Atk THF 24 AXoAE 5EHE A9-E Astar dvbHo® 1C/min 9
WesEnrt . 2 Aol 7 Au AlErE A& BEd F585elA
A B2 ARE Hole AL HHg PEE(optimal cooling rate) Bt Y-

=AY YR e SRR ] wiEoletar AyzhE)

ok
off
o
e
2
3L
N
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=30 *C

e
Slow Loollng\—*—f,___,*

\22C -10°%C / e
.-—"'_'_F_\_‘_"‘-—-\.

o O _« ‘@
”/ -5°C \_/ Dptimalcoolr*u

Water \ *
* ICE Rapid coolin@ﬁ o

P
**

Figure 7. Schematic of physical events in cells during freezing.

ok
off
[
rh
>
o
o
e
ok

7t Bl e AA dHe =o] Ax deolu
AR ow WgEojof Fr}h. -45To|strt Hojopyt dX| eFL AL 9HE9]
A= gle] Ao wkd 5 QIvh(P. Mazurl984).

nf - wE oA MEVE AYE 5 dubHQl Az Eu Erh 28]
AE7E defar 5w F o AupeRrt gk 2= kA A (intermediate
zone of temperature) (-15TC~-60T)ol A7} Ht} X® Ao}, -130TCo]3}
A= AAGES Eo &4 flo] B 2 FHEwt EAjste] Fito]
dojupA] ger E=F -196 Tl = €4 o7t glo] oW 33t wks

T dojuA] gro}l ot H AE|7F A H T} (P. Mazur1984)
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astell oM o]zt HSP 7} AT vdd F7Y AMEAA el
olal HSPs o #/del S7hstty. 4=l ol&ll Escherichia coli (Welch et
al.,1993), &% (Domitrovic et al.2006,Miura,2006), X A3 (Kaarn
-iranta,1998)% ol 4] heat shock protein s(HSPs)9] &Ao] Z7}3lt}= HaL
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1. Cell counting

F-= <Raw data>

Slow Slow
Conven . X
. ) freezing freezing
—tional Slow Rapid
cryopre freezin freezin under under
yopr & & 9MPa 3MPa
—servation
pressure pressure
5.334 5.021 4.930 5.677 5.450
5.301 5.079 4.602 5.498 5.380
5.494 4.699 4.477 5.531 5.342
Mean 5.376 4.933 4.670 5.569 5.390
SD 0.103 0.205 0.234 0.095 0.055
2. Optical density of WST-1
Slow Slow
Conven . .
) ) freezing freezing
—tional Slow Rapid
r r freezin freezin under under
cryopre & & 9MPa 3MPa
—servation
pressure pressure
0.742 0.048 0.031 1.923 0.810
0.684 0.020 0.008 1.092 0.465
0.571 0.027 0.005 1.074 0.589
0.543 0.007 0.02 0.986 0.499
Median 0.627 0.024 0.014 1.083 0.544
IQR 0.156 0.024 0.019 0.478 0.218




3. Number of colonies (number of cells seeded :1x10%)

Slow Slow
Conven ) )
. ) freezing freezing
—tional Slow Rapid
r r freezin freezin under under
cryopre £ g 9MPa 3MPa
—servation
pressure pressure
224 0 0 427 204
192 0 0 407 195
102 0 0 117 82
83 0 0 92 85
Median 147 0 0 262 140
IQR 115.5 0 0 312.5 116

4. Comparison temperature of inside the Program freezer and inside the Pressure

bottle
Inside the Program freezer Inside the Pressure bottle

Before 21.9C 22.6C
pressing

After 21.5C 97.8°C
pressing

10 min 2.3TC 15.8C
20 min -2.1TC 85T
40 min -12.0TC -3.5TC
60 min -22.3TC -14.9C
80 min -32.0TC -24.6T
100 min -40.1TC -35.3T
120 min -35.47C -38.9TC
140 min 2.2TC -21.0C

42




Abstract

Comparison of viability of oral epithelial cells

stored by different freezing method

Do-young Baek, D.D.S.
Department of Dentistry, the Graduate School, Yonsei University

(Directed by Professor EuiSeong Kim, D.D.S., M.S.D., Ph.D.)

This study examined the influence of the storage method on the viability of
oral epithelial cells using conventional cell freezing storage, slow freezing
preservation, rapid freezing preservation, and slow freezing preservation with a
pressure of 2Mpa or 3Mpa. The cell viability was evaluated by cell counting,
WST-1 and the clonogenic capacity after 6 days of freezing storage. After 6
days, the frozen cells were thawed rapidly, and the cell counting, WST-1, and

clonogenic capacity values were measured and compared.

1. The results from cell counting demonstrated that conventional

cryopreservation, slow freezing under a 2Mpa pressure and slow freezing

43



under a 3Mpa pressure showed significantly higher values than slow
freezing preservation and rapid freezing preservation (p<0.05).

2. The results from the optical density by WST-1 demonstrated that slow
freezing under a 2Mpa pressure showed significantly higher values than
slow freezing preservation and rapid freezing preservation (p<0.05).

3. The clonogenic capacity demonstrated that slow freezing under a 2Mpa
pressure showed significantly higher wvalues than slow freezing

preservation and rapid freezing preservation (p<0.05).

Keywords : WST-1, Cell counting, Clonogenic capacity, Slow freezing

under pressure, Slow freezing, Rapid freezing
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