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Cryopreservation of CHO Cell using Serum-Free Media
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During routine maintenance, animal cell lines are commonly cryopreserved in growth medium containing serum with 10%
DMSO. But, in case of bioprocess under the serum-free conditions, including cultivation of cell lines and producing of
pharmaceuticals, the cryopreservation should be executed without serum to prevent a cross-contamination. This experiments
were performed to investigate the effects of the serum-free cryopreservation on the CHO cells. To improve the survival rates
of the cryopreserved CHO cells in serum-free condition, first, the effects of permeable and non-permeable additives for
substitute serum on cell viability were investigated. The combination of 10% DMSO and 0.03 M raffinose in MEM-a without
serum indicated 76% of cell viability. However, it did not reach the survival rates (more than 95%) of the conventional
cryopreservation. In the second, to evaluate the cryopreservative ability of the serum-free medium (SFM) we compared
viability of the CHO cells cryopreserved in the SFMs (Sigma C5467, C4726, and C1707, JBl SF486 and PF486), the
cryoprotectant (Genenmed CAN-1000) and the MEM-a with serum. All solution contained 10% DMSOQ. As a result of the
comparison, cryopreserved cells in the SFMs showed over 95% of viability and appeared predominant viability better than
cryoprotectant CAN-1000. Finally, we assessed the stability of the CHO cells in the long-term cryopreservation (LTC) using
SFM. Every three months, the cryopreserved CHO celis were thawed to estimate the cell viability and the recovery rates.
Then, real-time RT-PCR analyzed the inserted CHO DHFR gene. All results for the LTC appeared the same stability as the
serum containing cryopreservation. In the conclusion, it could be seen that the LTC in the SFM can substitute for serum
using methods in the bioprocess proceeded by CHO cells for more than 18 months.
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Sloe) A A o3 B &4 A € 452A
& Axdhg g3, 2 AEx7|gel XA 4L ¢
Foh7). M2 258 M3 UgH Mxdo] Alx v
2 SR 289 AXY R A3 2] A8 EA4
i, A7 AL A E o) FA Hol AE T 2 £
P3| A dE AR 4 A UTHS, 9). AL T2 &
A3 S, AX Sulvh o mAS AERI 27
9oz wsked, of BYoIA AET el Re] AT Hol
7hgAE T, AEWe] g4 Bol wskA Bk ol o) A
Eo) Rt FABRA AL &gl WAT F U, A
F A H v} pH W s}o| o3 A EE2Fo] dojdti(10).
ol FARE AN B MELELE L] 93]
FHAREAE Apgsted, MET FEFHAEQ glycerol,
dimethylsulfoxide (DMSO), glycols 57} H]E 24 Q) sucrose,
raffinose, lactose, trehalose, polyvinylpyrrolidone, dextran,
abumin ¥ ®H Fol ok AETUHEIY SANEAE

AXY FES dAStE FREFS FaAA FEAEE A
A4 IFL IR &L, MERY SHAREAE A
T4 AR AZU FES FEAA AZUY 45FH
L FAsE WwHor AEY &4 WAL,
FEATE FHRENS 9HE] WHozE EHol
E3E AEujgE v o) 10% DMSOE H7}ste] Alxut
& B3dtal, X3 Wzt -196T AFALAA BE
e Wyel AHEHm, 13 s5A G453 §IFoEH
d&AA Aol 93 ATEAE A3 (1),
TEAEE o] &g T ofkF o] e A, FEA
AN e HEFE G L ANAA o] BT FHAY
BN AYHeg 2T FHAEE HPAME 22
A2 FHoeRH FYHE 2GS 9] A8 £33 HiA
7} AbEEojol k. BHL A i A 5-10% H7EE o
AZ A =8 FAW, @30 2te EAHZ 3|
gl Ak Fo FAAA AA A= UATk(I3, 14).
gAY albumin F 1EA wud, JIE, g
transferrin & -3t Jlow, 2B FF X 2
< AX wide] Fogd HEES FHIT UG =3I
insulin, EGF 5¢] A& QaAE 71X glon, wiAe =

4 AEE T 93

&g sh7= ok Ty 3
T wEdd vg AEe] slon, oHF uF R0
AE Aol BB 4TS WAL e ASZ LA
ITH1S, 16). B e v HEES E4o] o¥e ¥
g oobuzh, AN AZIV Aad] mek 1 dEe] 9@ A
T JeBE, A¥AY e 43 3 ALY T4e Ay
AsiM e v ARl gAY, ARe] 48 £47 8
d HAE Abgelor Ik Y, @2 FEAA HHH
BE F9H 5 =9 Aoy nojgx 5 g 8
S 2RE Qg e HFAHE Ha le B ot
(17-19), AlZ WMFE T ALES o8 F W, ¥

X
o,
M
i
o
o
2
N

b
2

©
dz
B
=

offt off
O i o
fr =

b

i

2
oo N
4 e

ox
i
o

I

o
L
o
o
o,
Ho
fu

o o St

—_>‘i"4

|
A oA B BEe HAUA AEEL ATH)
A & de gYge 9450 ¢

1y 738 wjAe] H7AEI o,
EEqA SHE wlE HELS AAS Fud ajAx A
{53 Qoh2l, 22). F84 wjA T trypsin 28-S A3}
& protease inhibitor23), MEAAS ZH3}w  insulin
S-triiodo
progesterone, prolactin 52| growth hormone, MEF4E& %

z olf
i
2o

thyronin,  hydrocortisone, ~ estrogen,  androgen,
218} heparin-binding growth factor, fibroblast growth factor,
epidermal cell growth factor, platelet-derived growth factor,
insulin-like growth factor, interleukin 59 A3A<1=}, 18]l
L-glutamine 59 G427t EFE] JYoH24). £ F43)
71%2 3= sclenium3} lipid AFERZ  linoleic acid,
cholin, ethanolamine, phosphorylethanolamine %5©] H7}5 &
ZASE UTH2S). olYelx wFe FUEAE EE, 7
5 4% F84AE st Jen, irond] thE
transferrine] A 7}5) 7] % 3HcH26, 27). ol9} L&
A9l g4 A EHEL AFH HriHL, 2 A7)
B, YRzHE e Qo] AT FehdA gHEolR
2, 893 X9 gdg FH5T 5 Avh2e). AN 7
WAS A A A, wdste A2 FRel
e} AMgsHE £84 A FR7F edAL, W B
o]l g AE T9 BHE T It AEF FH o
gk geiAle WA FRY Y BEAY FE4 wAE
ol 43 TARE 9A 7|EY FARE HHde UE £
Aog AFsiol sa, 1 Al AFHoloF & Aoln
o} 2o ol fE B AP FHH WAL ] &I CHO A E
FARE AEF REFEHY FA4 FAFYE B}, ¥

k]
24 WA E o) &3 FAREYHUS YA AL AT
&7] Yate] AP AT FH L FARE Slof vIFERAY T
AREAZ AHEH T, F5 AT HEE ¢ e 98
& shedan, A8 A 9AE Yol AAE Fele] TAR
Z0] CHO M o) A& & n|x& &S &3] fls) 93
Fro e FARES 53 AELE FUSYT F WA=
AL Asy) A% e FAREAS FEH A E A}
43 5 AR Z0M CHO 29 BE&S vl wsta, 7874 )
A A Y FARE FEE A Ast] B METE
ol g3te] FARE Fo AEES HWATQ2Y). Y, ¥ E
B RS o) &3 A7 FARE] A XA vA = TS L
ol $ja AE AEEH 4R IE&E S
real-time RT-PCRS -8 4¢) R-d7el @ sHAd< S48
of, @R A & o] &3 47 FARET vl s ATH30)
Mz 3 U

MEFE Y MZoi
B A= CHO DG44 AIEFo] dihydrofolate
reductase (DHFR) sclection system& Z&3te] =3t



112

S/CHO hu-17 A3 M XF& SFustmor] Roato} Al&
3T o] MEF)& DHFR #1271 wWE sl a4 4q
= o] 9lo), methotrexate (MTX) T% Z7} 9o 2 DHER
B AIFE AEd 4 9oG.

8% WA N AEFY HGL 20 x 10° cells/nl
=9 A=Eo 7129 5% fetal bovine serum (FBS,
GibcoBRL), 2.2% sodium bicarbonate, 320 nM MTXZ =7}
3t MEM-a (GibcoBRL) WA BEA wiRz)} 1 18 &
e A E ALgEt 1.0 x 10° cellyml FE7F HEE W)
FHAL, MAE 42 13,1 79 MR EFEY £
AHoF HEAZAT H$H CHO Ax9 wjoko: 320
nM MTX7} #H7l¥l CHO Protein-free Medium (Sigma,
C5467)& AME3IQALL, URTOE 7129 ¥4 w2 A}
&34 37C, 5% CO, &8 W %7]ol A s Falgot.

4 SEAEY g FE4 wiA SHANE 59
S GolR7] 9% Ade A2 E human dermal fibroblast
(HDF)9} mouse melanocyte (B16F10)& 10% FBS7} 2 7}=
DMEMoj| A v <k3t9 31, CHO DG449} CHO DUKX Mx=
= 5% FBS7} #H7lE MEM-a HjA|dA 99 zAo = uj
Fatdt

Hy0| SHEE X g

TARE HGAM HFRY FHREAZ AILHE ¥
e A4S FAE) Yk H Fxo e 573
BHE 588 2489 MEM-a 8 A9 FBSE 20%, 10%,
5%, 2%, 1%, 0% 2 H7tste FAREs3, 79 £ 3)E3)
o JELE 238490

TARE PHL 50 x 10° cells/md F5 NEES 2} =
=9 FBS7} A7}E ulA e} 10% DMSO= e =4
viald] 1 m¢¥ ol HEYE. F2 viald isopropanolo]
HZ1 cryocontainerd] g0} -70°C o)A overnight3}il, THA]
-196TC AA Do) HAste, oF -1T/ming £58 25
2R % Wy Aa"adA viale Ao 37C
water bathol] A =91 F, 108] volume<] X uj =)o loading
3ty DMSOE 3 A5}, QAR AgEs resuspension
Sttt SARZE ¥, CHO MZ9 HELL trypan blueS
o] &3] ZA3Hh(12).

Ciefet SEEE YoM SHRE 8Y, YA Hix|of
ek Hl

S AN A% 4F ERA, vERY TARE
A R84 FARE &9, 283 w7} Ao A
E&o AT JFE vmsty] HAHsi® AL ¥A
ATH32). AFo) AMe® H7MAE FDAQ 21CFR610S 11
23] USPo] 29 B2& 402 A3

AHE AEE7) 93 A¥d AleR EARE g
€ MEM-a H|AE 7|Bo2 A% EFAe DMSO,
glycerol, methanol?} B]ZE344 91 sucrose, lactose, raffinose,
trehalose, sorbitol g FAle] H7lsle] EAHZE 2 &% &
RBEEES vz Eth MERA FIAE 70T A H9 &,
02/m BHE ojstste] A7latdh. 52 2 85250 x 10°
cells/ml F=2] AZE 99 Wy wal WPt}
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294 $AnE g9 o)4¥ ¥
CAN-1000 (Genemed) *ﬂﬁ% }%’3}‘21 Y, FAYHLE A
Zo AW S wgul. =, 50 x 10° cellsyn 559 A
XE FHREA resuspensmno]-&] ice-cold waterel] 10%
7t AR F, 10% DMSOE #7}abed, 70T o) 4] overnight
8k31, TA] -196C YA AL HAstGT

83 WA 5‘?‘°ﬂ 0E FHARE SEY dggL ¢
wak7l Y A BdFQ FEH WAE olgdo YEe JJr
IEES H]JLO}?&E} CHO Protein-free Medium (Sigma,
C5467), CHO  Medium, Chemically-defined, = Animal
Component-free (Sigma, C4726), CHO Serum-free Medium
(Sigma, C1707), Protein-free CHO Medium (JBI, PF486),
Serum-free CHO Medium (JBI, SF486) 59 H&A wjr&
AHEete FARE A4ES AP on(33), £EH WA
o g He&H 524 2 5 A wys gk

¢

Cighst MZFO) Ch3 2HE WA STRE 53

o AEF gF 37 WA 5AuE 54
Yol 7] 95t CHO DG44, CHO DUKX, HDF$} BI6F10
NEFE og3tel SANEY ¥, YPUAS o187 5
Auzs} YEee vasgdd $99 sAnEdoze
C5467 wWiA|) 10% DMSOZE 3 7}3le] Abgslgon, hz
TO2 71&9 5% ¥H wlxo] 10% DMSOS H7}alo]
FARE HA B, AFEA) 4289 AL 9%
& waa) Slske} $UY WA Y WA ol
FARE @ AXFE 247 2EY WAk 9P A
HEshel, YE&e wast v

FEE HiXE 0|88 A7 SHEHES NN

T8 WAE 083 AV FEARFE] CHO A|Fd
HXE 9%S Yolr %%H AﬂE—‘gj— 50 x 10° cells/md =
aE3te] HES
TAAel w A=
0360% °‘0}£7 ﬂvscq real-time RT-PCRT% E3 A9
DHFR 77| M AS Hrlslynh. 4R Eo A28
HiAE F83 wjAZ C54678 AMESlL, gixFoz I3
Hj A9} CAN-1000S AMg-&tgior, §A2 g4 Hr}
317 g AP ot WH-g wgth
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RNA £2|

HlokE A FE= TRIzol® kit (Invitrogen) S o]-&3}4] total
RNAZ E@silon], 2adHe AF ALEHE gt
=

%, 94 wjAdA HgE RFAMEE PBS washing I,
TRIzol-& #H7}ste] £3jA17) &, microcentrifuge tubeo] &
R, F8A A WY AFATE JNEE F,
50 x 10° cellsimf 59 AT microcentrifuge tubed] &
H3te] TRIzolZ2 S&jAATE 7)o chloroforme A7}
of 152 T ZA3HA vortexing3t F, 2-327F Lol A
2&kaL, 4ToA 14000 xg& 1587 9482 Sych A
S %S A} microcentrifuge tubeo]] & 7|3 isopropanold 7}
skl 1023 HAAZ H, A 1087 94828t RNA
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pelletS L9k, RNAE 75% ethanolZ washingdt 3,
DEPC-treated watero] =of -70Co] H#A3}ATH. RNAY ¢
%= ZH 3 AL spectrophotometerE ©]-&3} %t}

Real-time reverse transcription polymerase chain
reaction (Real-time RT-PCR)

¢cDNA 42 total RNA 5 pg3 5% M-MLV reaction
buffer 5 x4, 10 mM dNTP 4 4, 100 mM DTT 2.5 i,
M-MLYV reverse transcriptase 200 units, 50 pmol/ul oligo-dT
1 WS &3, DEPC-treated water® % volumeo] 25 1f
7t HEE z2-d3uh. cDNA ZE2 iCycler iQ system
(Bio Rad)g o]83¥om, extension 37C, 608,
denaturation 95T, 528 Z3tH

Real-time PCR #8]¥ ¢DNA 2 g9} 2x Supermix iTaq
(Bio-Rad) 25 uf, 10 pmol/u{ primer set (Bioneer) 1 plE &
&5k F volumeo] 50 w7} ¥ 5= DEPC-treated water®
ZA3 F, iCycler iQ systemS o] ®3}e] Ct Fhe =A3HY
). PCR Z712 initial denaturation 95°C, 52& AA S 3,
denaturation 95°C, 30, annealing 57°C, 30%, extension 7
27T, 30x9 cyclex 353 AA)&}a, final extension 72T, 5
¥& #3359k, CHO DHFR primer= NCBI databaseE
o]&£3}o] PRIMER3 softwares T]A}¢l&lgjon, RE
product®] =H7]= 200 bp W2 3t4ch PCRY A=
AS37] 93 control 2+ mouse GAPDH primerE AL-&-8}
9 TH34)(Table 1.).

Table 1. The primers used for reverse transcription polymerase chain
reaction

Gene bank Gene

Primer sequence

sense AATGACCACCACCTCCTCAG
CHO DHFR

anti-sense GCCTCCAACTATCCAAACCA

M19869

a3 1%

3o SEEE OjXE: IF

THAREZAAN HERAY AN A9 F8AS
k7] f3td A Fro e FH-F Fo HEL
S AT Ad, 5% olstey A FRAMREE HESL
80% olstz FAF ZAde AL BAT £ Az, &
Aol gle AHdAME 50% Fx NI AlEde AL
FU9E = AUYTHFig. 1). ©]= Trounsono] AFPo|A wEF
HA A7 @A Fxrt FEBRE nAe A
S TEZ A A 2AE RYa, FEALE 548
& st= A4 Jo EHo] HFHA %@E%X‘ﬂ 28
ke S AT F AUTUEGS). ooz dHe vl
4 Aoz g ¥ 0}‘43} 9% Y vEA
o] heat shock protein®] W&HL AN A Ao 23
FERE FoFe 9L = Sla, FAEE

A 5 e ZAMAEE IA = FitsA AR
7= §rR36, 37). oMY FHL FARFE
A FAKREA), heat shock protein HTH|, 343
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Figure 1. Effect of serum concentration on the viability of the CHO
cells during the cryopreservation.
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10% DMSO$} 20% glycerol ¥H& #7}gt 7%, vl F3HA
FAREA Qv AFAAE FAREAEAY 59
HYOwW, methanol S AHER ASE FARE o)A
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A
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o5

9l RE A X7} A}E3gTh o] DMSO% glycerolo]
4§ FANEAR 4830 dAHOT EEE §
4 e A& Jeguy, 374 $xd BE Axs4
Nelson2] 413 o)) 9} o] &<l ¢ rh38). DMSO%} glycerol
59 mny BAREATE 8@ A5, MEA A
HAE AR guEtE 40-50% AEY HEEES FE
& ASUAT, V€Y BHE o8 THEE PHOE
95% ol AEES FAT + JoH, HA FAR
of Hg3ty] YT WHORE 85% ol AEES
W 5 glolol Aok o HolE TR A = £79
F4 A7 A s HERY JAAE EF ARt
o 52 2 d% 3o AE&&E 24T 47, 10% DMSO
SAlo Az A, 76%9 M =
< Byh AL o] HA] )&y HE o &
& Zdde mxA E&HchFig. 2). Glycerold
AR E 7%, osmotic stressE e ACE
H(39), F3449 I/ATE AEE A5ds 20%
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Figure 2. Effect of various permeating or non-permeating additives
on the CHO cell viability during the cryopreservation.

Viability (%)
ooN8s58838R3

Oc4e726 wCi7o7
BPF4SE 805467
EMM-o (H10% FBS) mMEH-a only

M SF486
W CAN-1000

j

Figure 3. Effect of various serum-free media on the CHO cell
viability during the cryopreservation.

FEY SYEZAHY FUY WX E o|B8% SARE

MEM-a wjA|o] F314 B v R} AAAE o435 &
BHEAN HEES Fole 43S Y3t AH A
o 483 FEH wiAY R¥Y FAREAE ]8T
FARE dH WAL 04T FARES WA £+ ¢
=2 FAstgn ARFd FEY MAE o83t CHO
MEE Zhzte] 783 wAd AN F, ZHzhe] wjA )
10% DMSOE 713t 52 % a5 ¥+ A& ¢ 243
A T A3 FEY WAE o843 FAREAN BF
94% o9 ¢-4Y FARE Y& HYowH, C54670
SF486, PF486< |83 7ol 10% AL o &% 52
HED A F9F 97% o139 AEES YA o
T84 FAREAQ CAN-10002 o] &3 SARE S
o #EHe AETSEG o 0% M ES HELIY,
T MAE oY THAHE HE ol&F AW
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Zta Q&5 JebdrhFg. 3).
2 &40 FAHA YA
Yol FAREA VFE e EFo AVHENEA & F
g Ast7] A
8 Z1edoz HryisEe wuoly ZhEg AAUAL 4t
A Fo] THAHEAY 9Ee I} Aoz A4dd
(23-27). A, oy Ao ze FEA WX AY
3 Ye THEEAENY FEHE WY 5 glorz g
&3t AEF U3 FARE 2 JF 4¥L FtHe=
2Pt
gkt MES o FEA wixe FEAREY Y
& By Ysle] FEH ujAe o FLAF §lof
CHO DG44, CHO DUKX, HDF, BI6FI0 £9] MEZZ
10% DMSO7} 718 C5467 83 Ao FARE 549
o S FEde ¥ HUlHEIl AEe AES
o3t JFL vAER dolry] 9% 4FE FA A
3Lt Brockette] oA sELAY 2AoY IF
257t FEE Mz AR TS F= AR Yy
$OoH(40), ¥ oM €3 wixe FEH w9 3
e YT 52 2 dlE =4 U 4 2
#, RE 27 FAANA 7|EY WS AE o] &3 54
o] A9 AY Hol7t fle & 90% o4 HEEE
th olz REH wjAE oj§3 FHEE H FHE
A WA HEHRA gL AEF FELAE A9
TS FA v Ao B 4 glon, B8 iz 2
of F3g A BHAREAZAMY HHo &S
AzE = ri(Fig. 4).
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& Serum-free — Serum BASerum-free — Serum~free

Figure 4. Change of the cell viability during the cryopreservation
using various cell lines.

FEY HxE 0|88 I SHEES RAY WY

A& ol &F AV FERAEEY] A, udY FEA
Xo] the AEE B 3 5E g 4] AYHAeH,
Ao} FFHol wet GgstA T 1159 £ 1 o]} ]
BAXE AxF FAREY S 9T & AT
41, 42). =3, FEH WAE 8T FHAREY A4, 3
d Fo FARE AAAH o Aol IAHUA,
30% olste] AEEE Hole ZIrL JEET43). 31A
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Viability (%)

S -

MM-a (+10% FBS)

CAN-1000 (5467

§D3 months M6 nonths B9 months B 12 months B 18 months |

Figure 5. Change of the CHO cell viability during the long-term
cryopresetrvation.
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Figure 7. Result of the real-time RT-PCR to estimate the stability of
the inserted CHO DHFR gene during the cryopreservation after 18
months ((a) Graph of the real-time RT-PCR; (b) Value of the
threshold cycle).
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