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Abstract

AIM: To investigate whether subzero nonfreezing
storage (-0.8 °C) is superior to conventional cold
storage in preservation of C3A hepatocytes for
use in bioartificial liver support systems.

METHODS: C3A hepatocytes suspended in Uni-
versity of Wisconsin (UW) solution were divided
into three groups: subzero nonfreezing group
(-0.8 °C), zero nonfreezing group (0 °C) and con-
trol group (4 °C). After 24, 48 and 72 hours of
hypothermic storage, cell viability and apoptosis
were detected by flow cytometry; intracellular
adenosine triphosphate (ATP) content, lactate
dehydrogenase (LDH) release, lactic acid pro-
duction, urea synthesis and albumin secretion
were determined; and cell morphological chang-
es were observed.

RESULTS: Compared to the zero nonfreez-
ing group and the control group, after 72 hours
of hypothermic storage, the percentage of vi-
able C3A hepatocytes was significantly higher
(86.49% + 2.80% vs 81.50% * 2.83% and 77.83%
* 3.40%, respectively; both P < 0.05), and cell
apoptosis rate was significantly lower (1.26%
+0.84% vs 5.34% +1.20% and 9.16% * 1.99%,
respectively; both P < 0.05) in the subzero non-
freezing group. Lactic acid and LDH production
was more significantly suppressed (lactic acid:
10.38 pg/10° cells + 1.40 pg/10° cells vs 12.02
ng/10° cells + 1.64 pg/10° cells and 17.41 pg/10°
cells + 2.40 ug/10° cells; LDH: 80.10 U/L + 11.10
U/L vs120.04 U/L +14.32 U/L and 148.98 U/L
* 15.37 U/L, respectively; all P < 0.05), and the
ability of hepatocytes to synthesize urea and se-
crete albumin was better maintained in the sub-
zero nonfreezing group (both P < 0.05). More-
over, cells in the subzero nonfreezing storage
group had lower death rate and better cellular
morphology. A burr-like structure around the
cell membrane and an intracellular vacuole-like
structure were found in cells in the zero non-
freezing group and the control group, but not in
the subzero nonfreezing group.

CONCLUSION: Subzero nonfreezing storage
(-0.8 °C) of hepatocytes to construct a “ready-to-
use” hepatocyte bank like the “blood bank” will
efficiently promote the development of bioartifi-
cial liver support systems.

Key Words: Bioartificial liver support system; Sub-
zero nonfreezing; Cells apoptosis
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1.1 C3AKAEATAMMIFR(ATCC, KIH);
DMEM/F-123 573, (R4 ML (FBS) 7
R REI(100X), EHNFRFAEKRN T
(EGF). JRE 3. 0.25%1E S PB SZZ i
(Invitrogen, 3% [F); UW(Bristol-Myers Squibb);
50 mLIGFEM 2 mLAAFE S 6FLE5 TR (Costar
Corning); #ft4%(Sigma); Labofuge400R Y
OHL(Heraeus, #8H); A FHEHELISAKAIE
(R&D, F[H), Model450%! il hr1X (BIO-RAD, 5
), CK2AU 8 1 TlUsE A I X 7085 B 5t i il
5%(Olympus, HAS); Annexin V-FITCI T3R5 &
(P HTPIE); Live/Deadid ) A4 i 854 23 Bk 1)
A (Invitrogen, FE[H); FLER M & X7 & (Boehringer
Mannhein), Du53024 435 % X (Beckman, % [¥);
ATPHIIAF £5(Sigma); Flextek2 4 H &) bx
AP ZE T3 v VUK, fif 22); DXC800%4L4x H 3l AE Ak
S FACScan i U 4H g (% (Beckman coulter, 3%
FE]); MIR-15 128 el ri fi R 42 AL 5 7 4 QL P
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0.1 C); i TAE & (dbnt B PR < il TR
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"EEX S A 10 B 10 c 10 B 1 RESKRNEEE
8 8 8 LRIKR. A
6 6 6 0 ;B:UW
(1)-196 'C 41 4 4 _1
1(24C a9l 2 9 0 -(-1) ;C:
: i e ‘ ‘ N C3A -1
- % WISOZS"’O 10 025~ 0 10 20 25
27 -2 -2
4L -4 -4 0 -(-1)
-6 ¢ -6 -6
-8} -8 -8
-10t -10 -10
t/min t/min t/min
1.2.2 S (DEC3AZIAI T X 104, Jegeta, A 9% BAs e W %20 % 72 hdl

FeRP 2050 mLIE IR P BL il 97 5 s DMEM/
F-12, [ ¥R INEGE: 20 pg/L, JH & 210 mg/L, i
F#: 10 kU/L, #EF % 10 g/L, 100 mL/L FBS.
Q¥R FFE 137 °C, 50 mL/L CO,, 100%% [
S FRAR W RE 7R, (3) BB WA BE W 5280% LA I
1ML BE S O LUK, BLJSBE24 hell 1ik, H 2
YRR . (4) I P BE R 1 R4 R, W B 5 97
W, 0.25%E0F1-1.5 mL, T =i 4L1-3 min,
[F) B U ¢ 41 i T 2, — LR 30 B [l 47 40 P )
BRUIE K, BP0 R JR i, 24194k, (S)In2 mL%
10% FBSHIDMEM/F-12855 783, FWAE s 2R
FIAEE, {440 10 56 4% i B9 HILEE . (6)% R4tk 22l
CIAA ML EIR A, B 22 1 40 B vt 2o, o
LA AN P, B AR AN A B 1 452 X 10°/L,
IHERD mLIGAEG.

1.2.3 - (1)2 mL%A7%E, 1000
r/min, 2022 min, #5100 mL/L FBS[{JDMEM/
F-1285 35 M0 B ¥ 2 mL UWME, TR, 23l %
-0.8 CZ. 0 CHL 4 CHl, HAeMrA. 2K
WIRAF24. 48272 W, A6 MFRA, K]
P AL HLE, TIN3T CK#H % 1-2 min. (3)
IR AR AT 000 r/min, 202 min, BUWIK
B h£7100 mL/L FBSHIDMEM/E-1255 752
mL, V8%, 37 °C, 50 mL/L CO,, 100%% /& [¥) 55
FEFE W B5 7730 min.

1.2.4 : (HEU mL C3A41
Mo B, IIANEIT mL&4 mmol/LE 4% 22100
mL/L FBSHIDMEM/F-1255 351 6L 5 7700+,
37 C. 50 mL/L CO,. 100% % k53-8 N
Big24 him, —J5 1l B3, 2 000 r/min, 254020
min, T4 F ARG E IR F I (A sk i
AR5 S LDHW . [Al 4% I N (4 HELIS A
WA U, WE FE AN A EA SR S — 7
FIPBSZE M i rh 6 FLAR, $4 M Live/Deadiih
D30 M B o BT R R S SR, R B A i 5%

TE0G JET XA EZS. (2)HX0.5 mL C3A4I
B, 1000 t/min, 25032 min. —J71H: BT, #%
HECFL R 0 s AR G (W 23K, T2 6 BE G s
R & &, Uy — 7 H: PUHE R4 % B Annexin
V-FITCHF TR &2k, T gl M4 oe &l
SEMMAAIG 2 T3 KAET 2. (3)HX0.5 mL
C3AZN B, FBATPIRA &MY, T4 A
)l R ASCI 7E 40 i N ATP 5 i

Frf vl %k lmean £ SD#
7R, RIS [A] AN R ALRE AR B L BER Fl One-way
ANOVA, Z & LLECK HLSDRL S, J5 AT £
IR 2 A IOLREARIES 207 K ruskal-
Walliski 4. S HISPSS13.048 1 #4143 4T, P<0.05
e S

2 BR

2.1 AN R VR ) B
T M S UK AN ). ZE0R K IR B i £ M E
AR A3 T, ZZTRKDIR RIRAS, RE P,
K IR RRTE A0 °C, UK TR R, 58
AEEUKIE, 7R K IR il B A A S R B
MR R, DRI, 280K IR uKsS 20 C(E1A); UW
W B i e IR E 18 % -7 T, UWIK
TR A, RSB, VKR IFLRTE K, W58
FFE-1C, e, UWIR IR FE & S5t
R R BRI R R DR, UWIR VK AU2-1 °C,
F R ARG VKR E A0 C-(-1) C(KI1B); C3AZH
IR IR A4 CHE, C3IAN MM IC UK
Jil, AR, VKU TE L, LT Z-1 C.
HEC3AAIMIVK £h-1 °C, CIAZNAIZE R ARSI
WL A0 C-(-1) ‘C(KI1C).

2.2 .
BrEAN L0 h) A5 495.21%£0.55%,
FTIH N0.72%+0.19%, JET-F 43.39%+
0.47%. Fifi IR LR AT I A REKC, 5 20 40 A7 36
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J 10 B2 Ki0*g, B2 L 105 B2
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0 I T | 0 i T 1 0 i T |
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2 AEARBRREFNERIVERNIESREEER. BATERIETEAnnexin V-FTC/PIRZE, RIVABIRMN D, KE4T

SIRMVETSE). B1: (An-PI+) ; B2: (An+Pl+) : B3: (An—PI-)
; B4: (An+Pl-) ; A-C: (0 h); D: -0.8 24 h;E: 0 24 h;F: 4 24 h; G: -0.8 48 h;
H: 0 48 h; 1: 4 48 h; ). -0.8 72h;K: 0 72h;L: 4 72 h.

SRR 48 h, -0.8 C A MAETE %[0 C4l
Jed CHUAALE, TFE Iz 5. AREIRAET72 h, 41
JLAEE AW R B, (H-0.8 ‘C 4L AL T0 C
4 Jea CHGERL, E2); BEACE CRAF I TR E K, 25
HANMPI TR 5 EFHESA 24 h, -0.8 ‘CHL[F0 °C
2 Jed CHUAHLE, TFURH I ZE 5. 48, 72 h, 541
1 M3 T A SN, {H-0.8 C41R] BAKT0 C
41 Je4 CUL(FL, K2); AT R 2 T
s ARSI ) 05, S G2 (R, E2).
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" LREE
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® 1 AERERENESEEMAREEER. BATRMITE (%)

e HREER YHiRAT=R YHRRPET=R
24 h 48h 72h 24 h 48h 72h 24 h 48h 72h
-0.8 94,23+ 0.73 90.24+ 1.48 86.49+ 2.80 0.82+ 0.21 1.05+ 0.57 1.26+ 0.84 3.93+ 0.55 5.51+ 1.08 7.65+ 0.89
0 93.86+ 0.74 88.33+ 153" 81.50+ 2.83* 0.91+ 0.22 3.01+ 0.86" 5.34+ 1.20° 4.26+ 0.61 5.72+ 1.12 7.89+ 1.01
4 9351+ 0.79 85.16+ 1.57° 77.83+ 3.40" 1.05+ 0.23" 5.04+ 0.93° 9.16+ 1.99 4.39+ 0.69 5.91+ 1.03 8.18+ 1.05
P<0.05 vs -0.8 ; P<0.05 vs 0

s3i8 LDH{EU/L) YBIRPRATPE E(ug/10°cells)
24 h 48 h 72h 24h 48 h 72h
-0.8 43.26+ 4.23 65.51+ 9.88 80.10+ 11.10 10.63+ 1.35 8.66+ 1.58 5.36+ 1.68
0 46.71+ 4.25 81.88+ 10.06° 120.04+ 14.32° 9.54+ 1.36 6.99+ 1.25° 3.58+ 1.23°
4 49.35+ 4.86" 93.33+ 10.71% 148.98+ 15.37* 8.78+ 1.73° 5.49+ 1.19°  1.68+ 0.88*
%P<0.05 vs -0.8 : P<0.05 vs 0

® 3 ANAERERENEZBENRRESH

4548 ILERFEM1g/10° cells) FRESR (mmol/L)
24 h 48 h 72h 24h 48 h 72h
-0.8 4.62+ 1.06 6.70+ 1.16 10.38+ 1.40 1.00+ 0.11 0.88+ 0.10 0.68+ 0.06
0 5.52+ 1.07 8.16+ 1.14° 12.02+ 1.64° 0.94+ 0.10 0.76+ 0.12° 0.52+ 0.07°
4 6.35+ 1.05% 10.13+ 1.79% 17.41+ 2.40% 0.88+ 0.10° 0.67+ 0.12*¢ 0.40+ 0.07*
%P<0.05 vs -0.8 : P<0.05 vs 0

S50K(-0.8 “C)W] oAz 1 4 Mo DR AF 3473

2.4 ATP Bt
L4 i A AT P& 24 (11.70 £ 1.73) ng/10° cells,
BEAGIHR CRAE IS TR REAS, 40 il A ATP 5 5 5 R e
.24 h, -0.8 CHL[FI0 CHL M4 CHMLL, TFh
WELZE S RIRARA748. 72 h, K 41410 NATP
R B, -0.8 CHM B T0 CA 4 C
H(3R2).

2.5 B 2
(2.57£0.91) pg/10° cells. Bl fRA7 i A ZE4,
J5 I8 TG AR A FEE 1 LI R 2 T T o (R 9.
24 h, -0.8 CAHFLIRFIUIFO T4l Je4 CAIAMLL,
THGE L ZE 5. 48, 72 h, & A IR Y] G
i, -0.8 ‘CALHI AL T0 CHL L4 CHUL(ER3).

2.6 ( ) Hr
40 o JR 2245 B 1.10 mmol/L+0.18 mmol/L.
B A I I PR A I TR R A K, CIAGH IR 3555 1)
e 2 NP (RIELR(724 h, -0.8 CHAIRFES

FIRI0 CHl Je4 CULM L, Fran iz . (R
RAF48. 72 h, FHIRFE A B, -0.8 C
HE B T0 CHl Je4 CHE3). Kk, ZFAE
S5UK(-0.8 C)RUF A RF T 40 MR 3= A LI g,
2.7 B A0 i 1 2
P10 2,46 g/L+0.22 g/L. B IGIR AR A7 I
A, CIAZH M & oy Wb D e 5 F &
e ARIRARAE48 h, -0.8 CAL A H WD RglR
0 CHl Je4 CHAHLL, FFuh 2 5. (R IR AT
72 h, -0.8 CHAWIRALT0 CAL L4 CH(KA).
I, R ARSEK(-0.8 ORI i fs T M A&
F1or i T BE.

2.8 B4
JL0 WA RN EE R, A LR TF 40, 40 PR i 1
U, ZET-4NH D ARELIRA7T72 h, 4 CHLRO0 C4l
S HAE-0.8 CLLAET LA B 2 388 o, e 40 e 3§
%, AR BRAR K, 4 0 R FE R B B ) R
S, AR N R, AR AR (K3).
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0°C
(freezing
point)

-1c,
-7°7C, uUuw
0°C-(-1) C,

(-1) C(-7) C.

3 NEFEREFNENREEMREEEMEMBRI SR MBIERE Live/DeadiE IR, x100).

-1 VA 0 h( ); B: -0.8 72h;C: 0 72h;D: 4 72 h.

— 3 FEKIISZNFTEO C, HA R JE &0 C
-(-3 C). UWMIFISZNFTHZ0 C-(-1 C), AR

® 4 ARERERRNETERBEBEDME (/L

48 24h 48h 72h FESE(-1 'C)-(-7 C). C3AIISZNFT0 C
-0.8 229+ 024 216+ 019 2.06% 0.22 -(-1 °C), A JE(-1 C)-(-4 C). N T il
2 224+ 019 192+ 027" 184% 019" frrym fuio b 5t b oK 7 T il FLKE 40 BOA Ut 14 45
4 2.23+ 0.21 1.83+ 0.21* 1.68+ 0.18* . N o N
%, AR FHUWIRK T-0.8 CIRIR R A7 C3A4N
it H. 2248 B (RS 4 C R %2-0.8 C I IR) KT
%P<0.05 vs -0.8 : P<0.05 vs 0 .
60 min).
3 393 1 O H5E K A0 B PN 0 O s U 1 50 R R R

S R M 21 i Th fik (1 T PR Z O i R A fk T
L5 | 41 i 55 g 5 A 43 A7 A 8 $8t (1ol i I 22
ST H I TN PR 1) ZMl, IF 7T 5 Annexin
VEERGE A, A 40 M0 1 1 BB b ) B
T VE A (PIAS RS oL 1F 40 B s, {H ] L
T g 300 9 T 0 PR RN B T 40 PR S g 2 41
B, 5 a0 A AL IR 45 ) S5 1007, AN 5% m A%
T ARAT T AN R R s E, AR 5T i) Annexin
V-FITC/PIR G4k, it Ui =X 40 B Al e 41 i
TERERE LT R R 0.8 ‘CHA4 CIKOCH
S YERE T AN Y e R L R TR LR AT
48272 h C3IAANMIIIAFi %, Jk/> T C3IAZN M
FT-3 . ASFYRIR AR ] &, -0.8 ‘T4 C M

ARG PR A7 A2 25 TG W] DA SEE 22 40 AR i 6

REL 11 40 0 G 2 A oy AT I T DR A7 40 Jf . A 8
Van't Hoffss& 4, i &R F %10 °C, K541
(1)l 3 K R BR 1. 5 & 2.045 M. SR AR A v 1)
I AT T S AR DR A7 I [R], VF 22 28 )
Z PR FIEAT TS, A R4 C)IRAE
JF20 148 b 40 A 5 22 35 W T R,
I, A5 T A6 A 40 AR DR A7 5% [ SZNF R A7
ol AR A, SZNFTR IR0 C 23 BB vK
(freezing point)Z [ [0 Y0 BBl 1 HE VAL P A
8 UK RS2 DK it T ol 13 {52 2 TR £ B2 S L
W MZERAKAN TR L R B 20 C, 281K

GV IR PP ARS8 BRI, 78 TR /KIR
FERE -3 °C, UK T 0 T2 18 R I R T e, 26
TR K P R SR BT AR 0 °C, e A UK E,
ZEAR K IR0 P B AT 0 5 (1 B T B O Oy
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740 M AP TR 30 O e F v R 353 AR H,
ATPFE 7] 51— ZR A1 I R S Y I d 45
FORW IS 40 i . ARBFFURIL: SZNFHK
4 °CJ0 CH] B4 m TG IRE72 h C3A4N Y
P ATP3 £, ] T 72 h4i R FLER IR RE ik B4 C
IR T8 BT CIA G i P o AR BERE, 4
7S ZNF nJ A1 AT ek £ A7 I R o I A I 1 R T
M REARTL AN M 343. 53 oh, 4N N AT P ] fi4
SRS R A I BT, SR AR DR A2 5 |
(10 200 i i JHK B 4 By <39 TE R, RV ARBEST
TEAS MG &5 FIEAE— 3 -0.8 CARIELIRAF
C3AAN 172 h, 4 AR ACHT i 4 it g A K, R
SR C S0 CLRAFCI AN M5 S 1) 40 Jfa JE
D E S S 1| R = GV @ 1 I 1 = SR
RodriguezZ: ™ HIU WL ER A7 I B B2 4 2911 B
JHFAHHI120 h: BV (-4 °C)H0 °C I B4
e 1A RAT IR A, DR T A0 I AR PR AT B A,
AIHE AR -4 °C WS T an M A, B2 m i
ATPE & DL RIS B K, RIAWEITR 45 &
PIEARSE B, B b, AR (-4 O)FR%E
AR VKR E (0.8 TR LL, K 41 M R A7 T UK A
PATE, TR 40 A B 1) SEAIC, H2 4 S 1)
TUAR A7 51 RS UK b T G IR AT g, 3 1T 5 ke AN AT
AN B, A O, R R AR
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