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TS P 6 7% (reactive oxygen species, ROS) /K, i@ 9¢k9:0 ik PCR (quantitative real-time PCR, gRT-PCR) #
M2 2H A p AT SR A& 1B (interleukin-1B, IL-1f). IL-6 (interleukin-6, IL-6) FIfPEIFFER T- o (tumor necrosis
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THIAN AR, 4% 00 20 Mt PR DA A
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Protective effect of recombinant human IL-1Ra on hepatocytes in vitro
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[Abstract] Objective - To evaluate protective effects of recombinant human IL-1Ra (rhIL-1Ra) on acute liver injury in vitro by using D-galactosamine
(D-GalN) and HepG, cells to establish the D-galactosamine (D-GalN)-induced HepG, cells injury models. Methods - Models of HepG, cells injury
induced by D-GalN was established. HepG, cells were maintained in mediums which contained different concentration of D-GalN (0.02, 0.2, 2 or 4 mg/
mL) for different time (1, 2 or 3 d). Optimized concentration and time of D-GalN were used to analyze cell viability and morphology. A serial dose of
rhIL-1Ra (10, 20 or 50 pg/mL) was used to treat HepG, cells which were challenged with D-GalN. Cell apoptosis and the levels of intracellular reactive
oxygen species (ROS) were analyzed in different treatment groups. Real-time PCR was employed to analyze the mRNA levels of /L-1f, IL-6 and TNF-a
in cells. ERK1/2 inhibitor (SCH772984) was used to confirm whether ERK1/2 phosphorylation played a critical role in IL-1Ra protecting hepatocytes or
not. Results - Cell viability was significantly decreased by D-GalN whose concentration was 4 mg/mL in HepG, cells after 2 d. Compared with the control
group, rhIL-1Ra could significantly improve cell survival and down-regulate the level of ROS in the cells. RhIL-Ra also could suppress expression of
pro-apoptotic cytokines factors (IL-1B, IL-6 and TNF-a) induced by D-GalN in HepG, cells. The results also showed that erk1/2 signaling pathways have
certain effect on mediating the injury of rhIL-1Ra to protect hepatocytes. Conclusion + RhIL-1Ra can protect hepatocytes from toxins by directly targeting
hepatocytes and inhibit cells apoptosis by activating ERK1/2 pathway in HepG, cells.

[Key words] HepG,; liver injury; rhIL-1Ra; D-GalN; reactive oxygen species; ERK1/2
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IRa (recombinant human IL-1Ra, rhIL-1Ra) & £ # 3%
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HUMIR N TGRSR (reactive oxygen species, ROS),
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N HFBE 240 8 988 HepG, 40 M #k W T+ v [ B 7 Be 40 I
J, DMEM g i 5 55 S Ffig 4= i i (FBS) #0613 [
Thermo Fisher Scientific 2% %], rhIL-1Ra ¥ | il {71 &
Yl Z5H R2 w, D-GalN )+ 3£ [# Sigma-Aldrich 23 &,
Cell Counting Kit-8 I T H A R {-fL%FH ( Lilg) AR
v ], Annexin V-FITC/PT 4 Jif 5 T 4% 1] a8 751 &5 e T Fe 3
EMERRAE PR AR 2 =] 5 Hoechst 33342 Wl 1~ Lify Sigma-
Aldrich 51 5 v &), ROS #&:MIA 71 & W) T3 = RAEWH AR
AR ], S RNA BRI &0 T e A 22 G BR 2 =],
RNA Sz i 71 & T % H B A R A IR 2 =], Fast
Start Universal SYBR Green Master 5 |- Hif + & ¢ 2 A,
ERK1/2 i1l 71 SCH772984 it T~ 2 ] MedChemExpress 2%
"], ERK, p-ERK, B-actin — i F1 —Hi 5y T 3£ [ Cell
Signaling Techology 2\ &,

1.2 Jjik
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F 96 fLtrh (4x1074L); BFEEE G, 1E&AMNIE
FFdh 5 RIE N 0.02, 0.2, 2. 4 mg/mL D-GaIN, 45 fhif
JES AL MMEmE EakEE I, o BIEE 1. 203
H I 22 20T 48 1k, FEH CCK-8 I 5 & 43 Hr 4u i
H7AE, AMEIE TR, ROS 7k > & Fiizme e 5 i e &
PCR (quantitative real-time PCR, qRT-PCR) 4y} £ 5 i
AU AL BRI, K HepG, 8:F0 T 6 fLAlrh (1x10% 4L),
R EF IR, HBIEF X R4 (PBS %), D-GalN 41
(4mg/mL), rhIL-1Ra 4 B 4 (D-GalN 4 mg/mL, rhIL-
1Ra 50 pg/mL) FEATINZG JEARSiE: 5, Mo br 2Rt iT
Ko

1.2.2  rhIL-1Ra %} D-GalN i G4 {7 15 2L T 20 g ) P 4
¥ HepG, 4nfiafh T 96 fLik (4 <107 4L) il 5
Fr, AR s AR A (D-GaIN) F rhIL-1Ra 4b 2
20 (D-GalN £5 4 10, 20, 50 pg/mL f4 rhIL-1Ra, HI4%0n0
A rthIL-1Ra, 1 hJ5hnA D-GalN, izt 1d, &
B 24 h 3 FNEHTINZG 1R o 4 BT Ngs a1, 2 d W
S2ANNA L K CCK8 3 7] £ I a2 A A7 22

1.2.3 A OO A0 0R T AR Bl hn 25 A0 B 48 h
Ja, WA A AN, 8 Annexin V-FITC 40 811K 51
SV ERE, NS PBS B AT IR S5, H FITC dxidHY
Annexin V FI PI 4L i e 4 )5, >R H CytExpert Ji 2 4H (XL
(EE N2 E]) /£ 1 h R,

1.2.4 ROS k °F #ll & ¥ HepG, #% F T 6 4L #
(1x1074L), HRKEF G, 4% BIE % x4 (PBS 4
H8 ). D-GalN 41 (4 mg/mL). rhIL-1Ra &b 2 4 (D-GalN
4 mg/mL, rhIL-1Ra 50 pg/mL) #4725 Ja4k&e55 35 6 h;
FHiE A e (DCFH-DA) #ric i 15 min, F]#% PBS
PR IE)G, fnA Hoechst 33342 (5 pg/mL) 444 2 min,
M PBS Pk 3 Ik JE, {E2C B T W EE 5 Hr o Lo
ARG,

1.2.5 qRT-PCR 43 #7  ff HepG, #% F T 6 4L #
(1x1074L), B & MBIEH R4 (PBS %),
D-GalN 4 (4 mg/mL), rhiL-1Ra &b ¥ 41 (D-GalN 4 mg/
mL, rhIL-1Ra 50 pg/mL) fnz;/E4kaits 5 48 h; Wk,
% PBS Pk, fEHUALHANNRAY.S RNA, FHoxta RNA |y
YR EA TN E A0 AR I T TAKARA [ B i s 1R 77
& % cDNA; 4R #}# Fast Start Universal SYBR Green Master
a2k, JH ABI ¢ E & PCR ({17 qRT-PCR, 15
M 4 20 40 B wh IL-1B. IL-6. TNF-a ) mRNA /K °F-, 5]
Y 5l % s w43 A~ E AL, LA Beactin iy 21,
PCR Z5 R R AN CtikHHE mRNA M RIEAKT,
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# 1 qRT-PCR 3 |4)751
Tab 1 Primers of qRT-PCR

VRS 519751
IL-1B TERS 14 5-TTGTTGCTCCATATCCTGTCC-3 '
IL-1B R4y 5-CACATGGGATAACGAGGCTT-3
IL-6 117514 5-GGAGACTTGCCTGGTGAA-3’
IL-6 )X IR 514 5-GCATTTGTGGTTGGGTCA-3'
INF-a L[5 4y 5'-CACTAAGAATTCAAACTGGGGC-3'
TNF-a. )T 5|4 5-GAGGAAGGCCTAAGGTCCAC-3'

B-actin 1E[[] 5[4
B-actin 2 11514

5-TGTATGCCTCTGGTCGTACCAC-3'

5'- ACAGAGTACTTGCGCTCAGGAG-3'

1.2.6 SCH772984 il IL-1Ra [y Ry VEFAMEE  FranliE
5 MR T 96 FLAR (4% 10 4L) Fn6 fLkk (1 x 107 4L)
e, S bR T A I an 45 4 (D-GalN) | rhIL-
IRa 4] (D-GalN+rhIL-1Ra), SCH772984 # ( AT it {5
2] M £ 780 +rhIL-1Ra+SCH772984) . DMSO %l 4l (5
SCH772984 &k F1[) DMSO), it % k¥ )5, SCH772984
44 F1 DMSO 21 45 51 A 410 16l 751 8¢ DMSO Tii b B £ 55
240, FREHFIMAARIZ Y, ARSRE55 24 h, 460
RAFG R, [R5 ISR 6 FLak b & HAnlfL S R
1, Western blotting 43 #7 ERK1/2 & [ /K *F- Flfde iR {1tk °F-

A
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HHNANFR 1 2GR R 578 1 | 1117

(phosphorylation-ERK1/2, pERK1/2) HJZE{t,,

L3 Siil#orbi

& H SPSS 16.0 i1 GraphPad 5.0 3% {#: k4758 143 #7 s
B, x+s TR oR. 2 41 ERECR WIS AR A1) ¢ 45
Wy, SR ¢ B, P<O0.05 FnER ARSI
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2.1 D-GalN i S0 A i 15 BER i it .

ERAMEERIEHREARK, RAEEERWE, ST
JEAETE, 0.02, 0.2 mg/mL D-GalN 21 40 gk 28 Fn T & 4 1%
HHEA L, 2. 4 mg/mL D-GaN 4 41lE N 23t £ (g
T %), R, FEBE G IR AR T 4n i e B AR R
AR E R, JENGEEANIEL £ 5 4 mg/mL fY D-GalN £
FIZRN AR (e A B (18] TA) o dEAFE SR ES R o,
TEMZGEWIE 2 H S BRI R ESS, R4S 4 mg/
mL D-GalIN £ LbEg, 22 A Gl X [(100.00+2.41) %
vs (49.13+0.75) %, P=0.000] (/& 1B),

4 mg/mL D=Gald A

v a [&

B
s 100 &
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&= e ®
& = 50
=5 L]
= o
— i |
= =
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D-GalM/{mg/mL) D-GalNAmg/mL) D-GalNAmg/mL)

T A AIREAZE (BrR 2 100 pm) 5 B. 4ligfEiE=R2E L (Y P=0.032, *P=0.017, *P=0.009,

1 RERE D-GalN T HepG, MR SIFEEREL
Fig 1 Morphology and cell viability of HepG, cells at different concentration of D-GaIN
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2.2 rhIL-1Ra {3k D-GalN i S0 845 i 44 7%

BRI ANECESE 2 A, A0MEI Bk, s
W, AEMGEEARNENE £ . A 10 pg/mL rhiL-1Ra J5 75 5%
% D-GalIN Xf HepG, 4Ry i 05 Fif &k 48, 50 pg/mL
rthIL-1Ra 4 4 i 5 1E & B AL (18] 2A), fE4niR Ay
{28751, rhIL-1Ra ALBRZ 5 D-GalN BRI YA ARAHLL
50 pg/mL rhIL-1Ra AbFRZH 7E 24 h )5 8. & 4215 HepG, 4 i

2019, 39 (10)

MIAEIE R, JRRE % rhIL-1Ra FiRk BE 0, 40716 328y
BEWE. %2 H, D-GalN 4] 5 50 ug/mL rhIL-1Ra 41 kb
B, MIEAAERZE RGBS [(5521+3.99) % vs
(85.54+3.08) %, P=0.009] ([ 2B), i%&k5: 5%, rhil-
1Ra *f D-GalN 1 ST 4140 05 4 5 B A (RAPE T, I
SR R AL

A

8
o

11 H R ARG R
2

ﬂ._
D-GalNAmg/mL) 0 4 4 4 4
hlL-1Ra/{pg/mL) 0 0 10 20 50

501

U2 H M

n_
D-GalNfmg/mL) 0 4 4 4 4
hlL-1Ra/(pg/ml) O 0w 20 50

IE: A IREEER (BRR 100 pm) 5 B. giliafrif =451k, (YP=0.018, “P=0.009, “P=0.003, °P=0.024, “P=0.011, °P=0.003, SkimIHnNELLE)

2 REIRE rhil-1Ra T HepG, KM SRR EW

Fig 2 Morphology and cell viability of HepG, cells at different concentration of rhIL-1Ra

2.3 rhIL-1Ra }§/) D-GalN i i) die:
RN AT A AT AL, SR BoR,

IE KR B R 9 T R AR LG 15108 13.61%, D-GalN i 4 At

0L G T AR AR L BB 2 4, A 32.25%, A rhiL-
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. i HE R A D-GialN B D-GalM+rhiL-1Ra C
10 01U 75%) OF-UR{N BT 10 E 01=LIL[E 3% Q1-URZE TN 1o e 1L BT
— 10
L
L E
LL LR T 101-LL{B3 36% Q1-LR{3 TH%) [REL Gr-LAG I
0 lig 10 ] [iy iy 0 [ '
FITC-A FITC-A FITC-A
O i& £ e D
W AR
B SRR
1001
=
& 504
¥ T T T
D-GalN{mgml) 0 4 4
rhiL-1Rafpug/ml) O ] 50

A ~ C i dnigtsmg & s D. & Hianigi bl
3 rhiL-1Ra %f D-GalN iS5k HepG, 4R A T-HI2Z00
Fig 3 Effect of rhIL-1Ra on D-GalN-induced apoptosis in HepG, cells

2.4 IL-1Ra J&{ik ROS /K (0.068+0.011 vs 0.345+0.073, P=0.023); i rhIL-1Ra b
£ D-GalN B S i i B8 v, P gn et PR SITARE AL, 40BN ROS 2% 5655 B B .
B 5 1E & AL AREL, 40AE N ROS sk “F I F+wr K (0.345£0.073 vs 0.141 £0.029, P=0.021) (K] 4),

ST AR

1 &

D-GalN S

D-Galti+ §
rhil.-1Ra

1k W55t Hochest fric AN, £LE5EAAINEMNM ROS 4l DCF {555 FrR 4 100 um
4 HepG, 42y ROS kK F &L
Fig 4 ROS level in HepG, cells

2.5 IL-1Ra jliid FEAIK IL-18, IL-6 Bl TNF-o /K-FORDANN  rhIL-1Ra m] LR 2401 D-GalN 35 -5 A T 451055 455 5 40 i v
HIEH A BA L, D-GalN B fF s g 3 MR aig i FrudibkE (& 5),
v IL-18. IL-6 F1 TNF-o ) mRNA 7k *F- ¥ 8 2 7+ =5 i)
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7. YP=0.042, ©P=0.022, °P=0.012

5 rhiL-1Ra 3 /IL-1p. IL-6 #1 TNF-oo mRNA X7k F RIS
Fig 5 Effects of rhIL-1Ra on expressions of /L-1f, IL-6 and TNF-oo mRNA

2.6 ERK1/2 fikilF5A% IL-1Ra AP

R B R, D-GalN w] LRI HepG, 40l p-ERK1/2
K5 FENT 505 55 B A A rhIL-1Ra Ji5, Wl UL 2%
2% HepG, 40 g N p-ERK1/2 7k F- (] 6A); {H rhIL-1Ra

ae 2.0
¥) gt
Py @
T s =
L
T
= =< 1.0
= T
z
= 0.5
=
- = 0 - -
D-CialN D-CralM+ o] D-CialM D-CralM+
rhil-1Ra rhil-1Ra

|- HepG, 4 g P 1Y p-ERK1/2 Zh g 7] LA # ERK 1% 53
B& 4461 3% SCH772984 52 4> BHLWr s 4, rhIL-1Ra {1 i i
075 155 70 24 B D -5 Zh e W LA SCH772984 (5. 25 411 il
(K 6B),

B c
B
= 100 8
=
e
%
= 50
=
0 — —_—

A
D-GalN b
thil.-1Ra t
SCH772984 t 0.4+
M5S0 1
44000 = e 03
o0 = — ok Z 1
44 000 - 2 0
e P -
- & 0.1 m
ITOM | s e e ( (A4, PH -
D-CialM ;
rhll-1Ra
SCH772984
DMSO

D-CialN - t t
thiL-1Ra } }
t SCHT7T2984 }
DSy

TE: A, B &4 p-ERK1/2 A FREACERIEN R b (Y P=0.018, *P=0.009); B. FHAMMBIEFERALLEE (7 P=0.000)

6 rhiL-1Ra X#EEVARE A ERK1/2 BBSER (L 7k T ANZ 7 iE B R0
Fig 6 Effect of rhIL-1Ra on ERK1/2 phosphorylation and hepatocytes survival

D-GalN 75 519 20 4 T 475 8559 1 2 i 1R i 25 38 PR
HEF LR 2 —, JIZH T 24 25800158 s D-GalN
5 T A ST A0 R e S T AR A 5 PR OB Y, AR
B FEEE, ZFRER D-GalN F T4 57 HepG, /51
A, e EETEE RTLAM 10 mmol/L #2253 50 mmol/L™™, A
WF 9% d 42 5% Fl 4 mg/mL (18.6 mmol/L) D-GalN, w] L&
F A0 HepG, 2% 1

B, IR b ALF B350 2 sh i iR,
{£ ALF KA B, SNEPEERFIITIEH Y TL-18, TL-6 1
TNF-o 7k P40 B R Fhdn . ik seam R 1 5 bk 3
AR TR, I A ST Sk BT AR 08 T s
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{7 IL-1Ra %of £ Fh i[RI S 0 451095 2 A e v A,
JFF I A Sk S B TL-1RT 22 4, BELIBT IL-1 1% 5 3 §% mJ LA
A5 38 A AV 5475 452 754 30 40 TP BB PR 07 B8 22 56 e 1 IL- 1,
IL-6, TNF-o fi1% Fh RAEE (LR 110k F "7, APPSR fE
U A1 W HR I AAS T 9 1) rthIL-1Ra, &5 5L3% B rhIL-1Ra
AN 3o OB 2R 55 R PN Y B A 40 0 1 S IR R T Y
RAEAMNN 1 (4n IL-1B, TNF-o i1 IL-6) ", B a[ L E
el of /E T HepG, 4ifig, T iR4niZ IL-1B, TNF-o f1
IL-6 (iR /KT, JF S5 AN N I ROS B AR A T 4t (75 it
P b A M TR S s B N 2 — " RN o, 4
B g 2 ¥ (LPS)/D-GaIN i 5 /B ALF B2 %0 b, T %
P ROS sk - £ @il -+ = AHIF g8 e 37 A 458 5 b 4y
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M52 1 A 21 HepG, 41 B N Y ROS 7k P (8. 35 & T 1E
() HepG, 4 g, 15 b =T LA B 40 i A ROS 7Kk °F- [ &
¥ T CAGR 7 ALF B2 74 2 4 0 P8 (9 T 20 g — 4%, rhIL-
1Ra A DL {2 2 015] D-GalN %55 HepG, i N 7= A e
[ ROS, ix W] rhIL-1Ra (R 47 T 20 5 75 19 1 mT R L
PUEALIETEA S, dulighad @iy ROS wT LA 25 0 il 40 g
N ERK 15 5 il % Y i P, ERK 5538 % 1F 4 40 i N &
LR E SR 2 —, 252l D35 T
TG R ™, ASHEF B L 6 thIL-1Ra AbF 20 40 b A
ERK 1 518 I #Y 11 il 75) SCH772984, 4 %% BH.WT rhIL-1Ra
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