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The Viability and Function of Cryopreserved
Hepatocyte Spheroids with Different Cryopre-
servation Solutions

Jae Berm Park, M.D., Kwang-Woong Lee, M.D., Sung-Joo
Kim, M.D., Suk-Koo Lee, M.D., Je Hoon Park, M.D., Don
Hee Woo, M.D. and Jae-Won Joh, M.D.

Purpose: The bioartificial liver via extracorporeal circulation
and the hepatocyte transplantation have been studied due
to donor organ shortage. Hepatocyte spheroids, which are
tightly packed multicellular aggregates, showed enhanced
liver specific activities. The authors have studied the bio-
artificial liver system using hepatocyte spheroids. For the
effective application of this system, the effective cryopreser-
vation technique is necessary. In this study, the aim was
to evaluate the viability and function of cryopreserved
hepatocyte spheroids with different cryopreservation solutions
and to elucidate the efficiency of cryopreservation.
Methods: Hepatocytes were isolated Sprague-Dawley rat.
The hepatocyte spheroids were formed with 24 hours by
rotational culturing. The hepatocyte spheroids were frozen in
different cryopreservation solutions (UW solution, William E
media, FBS and mixture) by programmed linear freezer,
preserved in liquid nitrogen tank for 24 hours and cultured
for 4 days after thawing. For the viabilities of each hepa-
tocyte spheroids, the MTT assay was made and for their
hepatocyte specific functions, ammonia clearance, urea
nitrogen synthesis and albumin secretion of the spheroids
were evaluated.

Results: The viabilities of the cyropreserved hepatocyte
spheroids after culturing for 4 hours following thawing were
64.8+10.2, 33.2+9.7, 69.3£8.7 and 48.4+155% in the
UW, WE, FBS and MIX media, respectively. The ammonia
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clearance of the spheroids cyropreserved in the UW solution
was 0.93£0.13 mM/well/day, which was not significantly
different from that of the freshly cultured spheroids. With
regard to the urea nitrogen synthesis, the cryopreserved
spheroids in the UW, FBS and MIX solutions were not
significantly different from the freshly cultured spheroids. The
amount of albumin secretion of the cryopreserved spheroids
in the UW solution was significantly higher than those of
cryopreserved spheroids in the other solutions.
Conclusion: With regard to the viability and function, the
hepatocyte spheroids cryopreserved in the UW solution were
not significantly different from the freshly cultured spheroids,
which were superior to the other cryopreserved spheroids.
Further studies relating to the optimal culture and cryo-
preservation environments, such as freezing rate or cryo-
protectant from damage during freezing, are needed. (J
Korean Surg Soc 2003;65:181-189)
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Sprague-Dawley #] (=71 125~180 g, 3~4F#)E o] &
3t EDTA €5 9 (EDTA perfusion buffer, 500 ml, pH 7.4)
T} collagenase % <H(0.05% collagenase buffer, 200 ml, pH
7.45)% ©] 83 HYH Seglend] WHS o] &3t TAEE
wsh25) 2l HAE FRHAe 100uE F sk
0.4% trypan blue (Gibco BRL. Grand Island, NY, USA) 900yl
of 44L& 3 hemocytometerES ©|&3le] L5 X2 +E
Zgsm AT AREE 4990 dola AT 4

£57} 85% o4 A% thg BAe 4F¢ AYstAn.
2 ZES| Bl 3 PYA HY

HA HjSFY S Z growth hormone, EGF, Dexamethasone
penicillin < Z 33 Williams E mediumg F4] 3t} o
Z-2} 2~ F(Celstir suspension culture flask, Wheaton, M11V111e,
NJ, USA)e] Y HE A2l ZE H(Sigmacote, Sigma Chem-
ical Co, St. Louis, MO, USA)2.2 ©]Z] X3 7 Fxl =
wj Aol ZHAZ ) FE7t 5x10°7H/mI) AlE Fetd 200
mlE 7} F239 Yol 95% 0,2 1027t vl
AlZ1 & 37°C CO; incubatoroll A 60 RPM2] &= 2 2l
A W ST A W 6~ 1241 ol wjA ) |
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Table 1. Cryopreservation solution

Composition (%)

William E =~ UW cold strorage

medium solution FBS DMSO
WE 70 - 20 10
uw - 70 20 10
MIX 35 35 20 10
FBS - - 90 10

UW cold storage solution (ViaSpan, DuPont pharmaceutic Co,
Deluth, GA); FBS (Fetal bovine serum, Sigma Chemical Co, St.
Louis, Mo, USA); DMSO (Dimethylsulfoxide, Sigma Chemical
Co, St. Louis, MO, USA); In this article, each mixture solutions
were respectively abbrevated to the WE, UW, MIX and FBS
solution.

A 38 FoF 94 2] 3te] Williams E medium &2 A & 3}
3 Z47Zbe] WE R E M (Table 1)9] 3.5x10° cell/1.5 ml tubed]
AxU=Z FE{FAIA Programmed Freezing System (Cry-
omed, Forma Scientific Inc)oll 9J3l -1°C/min®] £= = lin-
ear freezingAl# -80°Cell o] H AANALAZE 7] &
7 24X RSttt

4) ZhM|Z2| siiS ot e

24417 AA Aol BHaE HAE FAH BHE FH
£ 37°CY £l 3~483 AFAA w2A HEA7 T F
£ S Williams E mediumS H7}3ke] 48] 3143+ 50 G
oA 3% Bt 94 Belate AlE #4S 33 whEE )
olgA MAE THAE FFAE A E ZVOE H A
& 6 well platedl] Z+7} 3.5x10°0 8 HEata AE v g
4 mlE #7}ske} 37°C CO, incubatoroll A 7 %] vj) &3} 9o}
HE 473t %‘F af kel o] 128 wA|SHIL v 242 7kejct 6

Foho] 128 A 33 W)Yk Wk wA A u)
¥l BRSSP AT TAAY F5S SHaAT,
5) ZMEe| BHE XA U J|se| B

(1) ZHE T4 MET ZFMTT assay): A1 E U]
o mEZ=golrt B3 p450 Astase] 4 A4S
E3 X YEEZ F2ldly] 98te] MTT assayS A A|
StAth UlRT o2 MgE HAE A W HE S
NEA 7 FAAZS MTT & (MTT powder 5 mg/ml-PBS)
20007} H7FE wjFd ol A 6A17F Fob Hjkate] Ao
ZAA7F F4E A 213 T lysing buffer (45% dimethyl
formamide, 10% SDS, pH 4.7)& 37}l 122417 W34
o AE 3l HE 590 nmol A FFEE S5t v2T
I YEREFY FFEE v YEZS FIH

|

Q) M= FaHel 7|5 &Y

O LZ2L(of M7HE; s Fst THAx 5 58S Lo}
7] A8l Yol EalsS ZASHA WA 1 mM
NH,ClE F7Fske] Azt mhe grevol £3) &=
Yo} assay kit (indophenol method, oA ¢hHE A&
Atk A A AES AASL A ) 245 1 F
A 7171 $18 A A ek(E 2~k YEF 50 g/L) 1 mld
v ket v x] 459 025 mE Wil Z 42 F 5,000 rpmol]
A 1087 94 EEEt AHEEZREH 2EE 459s
w7 "Ha B Aok A (FE 40 gL, B (548 Y EF
35.6 g/lL), C (10% AFol@ a4t YEF 30 gL)E 42 1 m
05 ml, I mE XHZ ¥ 4L F 37°ColA 20&7F wt
Al7)a gt o] B ES 630 nmol M 9] FHEE ZH
Ath °o]2 1 mM NHClo| ¥357] ¢ w9} £3
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8.49] %2 urea nitrogen assay kit (Sigma
diagnostic 535)5 o] &3} t}. BUN acid (ferric chloride in
phosphoric and sulfuric acids)®} BUN color (diacetyl mono-
xime 0.18 (w/v)% and thiosemicarbazide)S 3 : 2 F-I|H| 2 4]
& & 3 mlol] wjA e} Q4 FFEAS 20008 B BE
Bl A 1087 WEE A F 45 F, FEA
HAE-S 530 nm A FRES AR o] &
A BT & H(urea nltrogen standard solution)®]] 2] 3} standard
curved} Hlalste] & SHibate] Azt A a4 F

A

[e]

ol 2H[S 24, 457 FET ELISA i< o
45} =43} o} Bicarbonate coating buffer (Na,COs 0.04
M, NaHCO; 0.06 M)S AF-&-3}ed 132} &A|(IgG fraction to rat
albumin, Cappel 55727)% 2ugmle] T==Z 343t 96
well plate2] welld 100p1%] 231 4°Coll A 16~18A]7F <t
BAete] 12k FAE wiee] F2AIFAT PBS-T (0.05%
Tween20 (Polyxyethylene Sorbitan Monolaurate, Sigma Chem-
ical Co, St. Louis, MO, USA)/PBS (phosphate buffered saline))
200012 Al H A FHE T 13 £A42 3% caseine/PBS &
HE wellF 100pE FaL 1A17F A0 A HFX]g & PBS-
TZ 33 M &3}Auc} PBSE 34 v A A=A 3} PBS 3
AE T3 4EY(purified rat albumin, Cappel 55952)= PBS
2 10v] 3143k welld 10002 @i Aol A 1A17F
2|3ttt o 7] 0.4 mg/ml OPD (o-phenylenediamine) 2} 0.4
ul/ml H,O0, (30%)E 333+ Citrate-phosphate bufferE well
Z 10004 o] AoA 1087 vHEAIZl F 2 M HS0,
S well B 1000% Yol WS FAANAYG FHEE
ELISA reader (Ceres UV9000HDI, Bio-Tek Instruments)= 490
nmo| A S48tk



184  distelntsts| Al M 65 H M 3= 2003

6) SH Az
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Fig. 1. Changes in relative cell viability of rat hepatocytes sphe-
roids during 3-day culture periods after thawing. Cell
viability was measured by MTT assay (n=4).

TAE 5 A AE AEE
g S s =7] 100~200ume] FAHA7F @A 9
ATl T 1 874+1.8%°] AE HEES A TAX
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Fig. 1048} o] WErEE 0| UJrE} 611% Fo AE
oA Zol7t Bels gQlstAnt. slE F 4x17He] wj<k
H A3 MTT assayoll Al T2 Tl /‘ﬂi g 27
WET 3329.7%, UWT 64.8t102%, MIX o] 484+
155% Z12]3l FBSo| 69.3:8.7% At} ol& a3} v
wate] FAZF R FoAde] e HAE Bt 53] WE
> UW % FBSoll tia] 123t @& AEES Ve
THP <0.05).
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Fig. 2. Microscopic photographs of
post-thawed rat hepatocytes
spheroids (40%). Spheroids
before cryopreservation as a
control group (A), after
freezing in WE solution
(B), UW solution (C), FBS
solution (D).
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: Fig. 3. Microscopic photographs of
post-thawed rat hepatocytes
spheroids  (100%).  Sphe-

&) roids before cryopreserva-

tion as a control group (A),
after freezing in WE solution
(B), UW solution (C), FBS
solution (D).

Aol vl 1949} vlwsle 749%2] AE HEEC] 4
He Ao g2 ZAE AT

AE Ys BEd B2 AX AEEH 744 Fet
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Ao F3FE R ol 70~90% WlE A ASHO,

= 129 1 Control
3 J WE
3 104 m uw
2 E B MIX
= B FBS
£ 081 {
[0]
©
E 06'
>
o
§ 04-
o
S 0.2-
g o
£
00 T T T
1 2 3 4
Time (day)

Fig. 4. Changes in ammonia removal rate of cultured rat hepato-
cytes spheroids after 1-day cryopreservation in different
solution (n=4).

WET9] A%, W 1del= dRYot AAGe] 0.840.11
mM/well/day°] 1.1} o] & FA3] Zaste] wjY 4ol =
0.13£0.06 mM/well/day= =74 = 2},

Hhd o] UWT- W 199 gRY ol AAS ] iz
ZFo] 7} Q1 0.93+0.13 mM/well/dayS B.91.0.8 o] 3 |7
9 Haes °k4°1oﬂ 0.48+0.07 mM/well/day & H] 1l 3]
4nrgt 7159 AAas Btk olgd AP UW &4E
ol g3t] IMAEE B HE F AMSIAL A HF 0.69
+0.12 mM/well/day ] $F2 Yo}l AASS w38 Fe7t
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Fig. 5. Urea synthesis of cultured rat hepatocytes spheroids in normal hormone-defined media (A) and 1mM ammonia containing media

(B) after 1-day cryopreservation in different solution (n=4).
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Fig. 6. Albumin secretion rate of cultured rat hepatocytes spheroids in normal hormone-defined media (A) and ImM ammonia containing
media (B) after 1-day cryopreservation in different solution (n=4).
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