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W E G 1SR4 M (Interleukin 1 receptor antagonist, [L-1ra) & 1L-1 k& — R . b TE TRl H R4l 11 8
AP AL BahiXHENEY £ (Rheumatoid Adhntis, RA)SEF PRAEFR. HATHRE IL-In 9 RHRBEHE # A Ala K
BAE PHRBMELE AET IALTLTER, 5N I-1m1{RK-AA), IL-1ra-2(R¥ K -AA)  IL-1ra-3 (K7 R™-AA); H R R
58 A 5 R R $UR pTIG-Trx, 8 40 K B0 47 38 BL21(DE3) ;41 A Ni'* 4 # 4 4 & 47, SephadexGTS #E B AL 8 s fb f 18 = 4 &6
AT SEAN IAE L AWA NI IR S Il B A ZEREAN(P=022B) MFNERIHIFSITERE
F3FRER -3 FRBEL [ 1a Bt 5T 2,264,

A@iE O ILFARBAN SEEL . BRFAE
R @y E S 0756 LTHIEIRE A B S 1000-3061 (2006 103-0472-05

Abstract Interleukin-1 receptor antagonist {IL-1ra), a member of IL-1 family, is a naturally occurring IL-1 inhibitor as
" receptor antagonist” , which blocks biological responses mediated by IL-1. Recombinant human I1-1ra(rhlL-lra, Kineret) was
introduced in clinical trials involving patients with RA. Between 2001 ~ 2002, rhll-1ra was approved by the US Food and Drug
Administration and the European Agency for the Evaluation of Medicine Procedure . Unfortunately , 10 000 to 100 000-fold excess
amounts of 1L-1ra are needed to relieve disease because minimal [1-1 can induce complete biological responses, and the dosage
of 100 ~ 150mg/day in a RA patient is so big that it greatly influence patients’ physical, psychological and economical situation.
In this study, I[-1ra mutants were established by site-specific.mutagenesis to improve its stability. The sites of mutagenesis
included REK7-AA.RZK*-4A and K" R®-AA. IL-1ra and its mutants were expressed in E. coli BL21(DE3) using pTIG-Trx
expressing system with the induction of IPTG. The recombinant proteins were purified by Ni’* chelate chromatography and
Sephadex G75 gel filtration chromatography. The activity of mulants is as high as IL-1ra. We charactenzed the pharmacokinetic
profile of IL-Ita and its mutants. The third mutant’s half life is 2.26 times than wi IL-lra. The study has provided some

approaches and experience for further research to improve the metabolism stability of IL-1ra.
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IFFEFE - R i AR FNRRBHEHHK

U nf LU R AT HE A B G0 AR A 38 T, 9 AT 5
WREMERSBEOMORFEEM LM, A
FEECA BN S IBCE A MR R,
AUFIET A m s 35 s ik 4 11 T LR
SETRMEES .

IL-1ra f1 FA] LIKF R tE 0 i0 H) IL-1 MY ¥
it H L RA MIRITREZEHR ", 2001
FolH Amgen AR EEHEHANAEESE 1 2K
YA chIL-1ra, % Fl ZFR N Kineret) X H & 5 5
Y E R (FDA) fI kK # EMEA #t# L7, B T8
fTRAVHRHF I-la ERALRRE, MAMEN
IL-1 AT LAFI R 7 2 M E WL, R miB T
B HE IL-1ra 5 IL-1 8 HAE 2T 10000 ~ 100000
A BE A SO AR M rhil-1a §9 A1 8
=ik 100~ 150mg/d M EHMEBE TR AN SEK L
B mnm.

ZHAETMTUEHMEARERANBREN, B
o A P9 PR Y 2R 3 A P (O AR LAY B P R R B B R
KiE XUEEASKAAGD EEMRBFEE".
HTEZREEBA RS S OB ST, 8
FAA Ala fUF IL-1ra PO OUBEPE R ZEBR, M P T
B THERN R LR, YT RS RirE

Hp—PREFFE AT EENES. HITEA
TR A R R Y

473
1 #MAAF %
1.1 ##
1.1.1  #H & BEHFEM : pTIC-Trx Bk . KB FF

BL21(DE3 )y 4 50 10 5 (R 77; #f & 40 1 & EL4,
CTLL-2 ¥ B & E #2515 40 i P

1.1.2 A :Tag plus DNA B S8 N L BAE Y T
SRS BB R YINE EcoR 1 Xho | 4 NEB 2
A P4k DNA 3 TRARME DI2000 A KEE LS T
BAERAF PR EOR S TR BIRERIDN
# M # (streptavidin-horseradish peroxidase conjugate}
Al r=an s B IL-1ra B9 & S EST K 4 R&D
DG BUREHRICH RITT 1C B AW E (L
BIHL I E g6 M 2 8 7= & B A LR Marker
( BenchMark™ pre-stained protein ladder) & Invitrogen

KA PR E A23187 K Sigma A HE = E

Amersham 7

HA L2 At s 2T = & Hf ik S oy E
g AT g Kok 40

1.2 H&E

1.2.1 PCRASHIESART IL-1ra HEB5I Y A

P, Ps,EﬁiU*‘JEH’J_’J\%EW* | SxAE

HIR L A0 T 1-1ra FEFUAY 5785, 5541 P, 52
EMISETEMRDTMN ST IL-1ra EF) P,

RS W55 Py M P, P P OLE D

1 PCRYEFANNRERET
Table 1 Primer sequence used for the PCR amplification

Primer Primer sequence
P $-CGLCAATTCTAATGCGACCCTCTCGGAGAAAA-Y
Py 5"-CGGCTCGAGCTCGTCCTCCTGGAAGTA-3
Py, 5'-COGAATTCTAATGLGACCCTCTCGGGCGHUGTCCAGCAAGATLCAAGCC-3
P2-1 5'-TGTCCTGUGCCCCETTCTCGCTCAGGTCA-Y
P, 5'-CACAACGCGGCGCAGGACAAGCGCTTC-3
Py, 5'-GGCGAACGCCGCCTCCTGCTTTCTCTT-3'
P 5'-CAGGACGCGGCGTTCGCCTTCATCCGCT-3!

PR FRIFH I-1ra FOEE AW, P, Al
PuPCATH 38 IL-1ra; P, 55 P BCXH Y 1698 3] | S5
1% IL-1ra-1;P,, 1 P B, P, A1 P27 BE XL, 4 Bl 47
PCR,LATG 2RY 2 B PCR /=49 Ay 4R , Py, T Py B 4T
ERS I ITEBRIL PCR 1§ 2 5 RT(K IL-1ra-2;
P, 1 P, BCXT, P, 1 P, BE XY, 43 BL#4T PCR, H 4 [
PEORTER RIGYT #1183 5 R LK IL-1ra3. PCR
B9 2% J7 .50 CiB ok , ZE M 30s, 1 25 MEF AR
EHIRE.

1.2.2 HIEWE HET PCR M H B FIH [L-1ra
VAR 3 57K IL-1ra-1,IL-1ra-2 #l 1L-1ra-3 6% 1 B

Fl EcoR 1 # Xho | BRI 15 46 A pTIG-Trx # {k s,

MR BIAFE L XIBHE BL2I(DE3), B %
PCR BH % B 72 R #4700 7

1.2.3 1L-1raﬁﬁﬁe}ﬁiﬁ BL21(DE3) F ) Rk K
RERAWEE - BT FHRWAEAEBERAR
100mg/L Amp #9 LB Kf 3% & H1, 0. 3mmol/L IPTG i% F
Feik 6h. LA BL21(DE3)%5 |, BL21 (DE3)/ pTIG-Trx-
IL-1ra i 507 2 3 B8, #F 7 SDS-PAGE 7347 .

1.2.4  IL-1ra B H % B {K K Western blot £ ] : IL-
Fra MR KN TRIERL SDS-PACGE 48 5, it 5
PVDF B, L EHL A [L-1ra M B REHIE R -, B
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Rt E AL 8 (HRP) RIK B B0 1gG 5 _ 1L, DAB
B,

1.2.5 IL-lra B EHERTEEM AL : A Binding buffer
(2.3g Na,HPO, + 0.456g NaH,PO, + 29.22g NaCl +
1000mL HLO)E& N £ BEAH BAHEBEEN
BRI L BB T, A Bk IR W ( Binding
buffer AL 5 f9 0. 5mol/L Wk v ) 47 % SE 86 FEVE R . 7
HisE, L1 xPBS B TFHERSERSE, KET
Nt £ RESHAMWERSES B, L1 x PBS #1THE
i3, 43 4 W 4, SDS-PAGE

1.2.6 TL-1ra B 2878 {0 (K 41 40 M 15 H£ 1 %€ : EL4
MRBEREE S IL-1 Z4,5 IL-1 &850 EL4
ML= IL-2, T I-1ra 5 IL-1 FEMEFHES
KL IL 5SZEREEMIS, #1312 H3 R
B R IL-2 KER CTLL-2 MR 7 1% aT 2L
[AIEME IL-1ra RETEMIEE, diL/EH IL-1ra
BRETREANZEEREHATHRERE, G2
25,2.5,0.25,0.025,0.005,0.0025ug/mL B H &, LA
TR FEENB, KK MA 96 fLik, &1l
SOuL, B HEREE IR . REHREMABHEEA
A23187 (R W PEEHN 5 x 107 mol/L), IL-1 ( 10u/mL)
100uL, &b F % $4 K W B9 EL-4 40/ (2 x 10° 40 3/
mL) 100pL, & {& # 250pL,37°C, CO, ¥ FFF 55 v ad
X3F 100pL 8 3% £ R R A — 13 96 1l
#, 5 M A CTLL-2 B (1 x 10°/mL) 100pL,37C,
CO, X F A1 3% 20h; BFLADA 10pL MTT(5pg/mL) ,
37CHEH 4h; B3 180l L3, RSB TLIMA 100pL
MR A (RAETTYMALRRELEKE RN
0.04mol/L) , {5 F BB EX X I 570nm i 4 09 JE R UL ; L
BN AR SR CTLL-2 4047 3% A& 0R , 1 88 2 Ho &
H1 4 B & 1

1.2.7 MENGERHAEoH - EEHERER,
BETFESLZ . AR Img/ke, 50 5 T 55805 5
/5 0.5,1,1.5,2,3,4,5,6,8,12,24,36,48h T H &% #
BRI i 500pL'"", 19% BF % 84 51 &E, M # LA 10 000
v/mingS O 1min, BUM 3% , B ELISA # 7E M1 % + IL-
1ra B 270 (R MO 0k P - 4 I 3R AC ] A5 HERE AL AN 25 4K
TRPRMHODE - EREBERE, LFERAA L1
MBS —H, AR FE g6
PLLOBRBRICHEME N =5,0PD £ £, 570nm
W52 SR W, AR SR AR HE AR S Y B S BlAR M £ L 0
B IL-lra REBEK U, 2 Wi 2K E-
R[] fh 28 , B A 2548 80 h 22 3008 3p97 Xt IL-1ra =

AT S MR I % 57
2 %R

2.1 PCRASHERRE
IL-lra #l 1 SR IL-1ra-1 % — K PCR ¥ 1§
BIn SR HMNFF .2 SREE IL- 12 I3 SRE
KLl £3 28 PCREREE, BRFI 2K
479bp(Fig.1).
M 1 2 3 4

bp
2000 —
1000 —
500 —

250 —
100 —

1 Il REREEN PCRWEE
Fig.1 Agarose gel electrophoresis analysis of PCR

products of IL-1ra and its three mutants ‘
M: DL2000 marker: 1: PCR product of IL-Ira; 2: PCR product of 1L-
Ira-1; 3: PCR product of IL-1ra-2; 4: PCR product of IL-1ra-3.

2.2 IL-ira BHRT&E BL21(DE3) I RER
RIEEANBE

123 iR FE#HT IL-in REEEENSE
5 %ik,SDS-PAGE iR B R4 HESHEAR
KFEFEK(Fig.2), BEUERFEE 4REFENE
FHFEATLEES, EBLUATAMNEARE TSRS

Ho
kD M 1 2 3 4 5 6
974 — =+ =2 ==— i —— =
66.2 — —
427 — .

310 — — '

20| — ==

144—

2 Il-ira BOHZEKLE BL2I(DE3) R R FIEER
Fig.2 SDS-PAGE analysis of IL-1ra and its mutants
expressed in BL21(DE3)

weight p

(DE3); 2: total proteins of BL21 ( DE3) /pTIG-Trx-IL-lra before

induction; 3 ~ 6: BL21(DE3)} /pTIG-Trx-1L-1ra and its three mutants

M: low molecul

tein marker; l: mixed proteins of BL21

after induction.
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2.3 Western blot ¥ #
Westen blot R B/R,.[L-ln REZRSHS
RERAZASERENES (Fig.3).

B3 I-lra REPREDTE Western blot M HH 45 R

Fig.3 Western blotting analysis of IL-1ra and its mutants
M: BenchMark™ pre-stained protein ladder; | ~4: BL21{DE3) /pTIG-

Trx-1L-1ra and its three mutants.

24 IL-ln BEREEHRAL

My 1. 2.5 R MAN 2 REAREWNH
SephadexG75 ¥ BE L A IL-1ra R =R AEE AT
“ift,, SDS-PAGE & R L Fig.4.

EAiL-1Ra

[CJiL-1Ra-1

0.25

Concentrations of 1L-

3]

B4 #ifb/589 IL-1ra #9 SDS-PAGE 2 & R
Fig.4 SDS-PAGE analysis of purified 1L-1ra
M: low molecular weight protein marker; 1: supematant protein of B121
{DE3)/pTIG-Trx-IL-1ra; 2: purified 1L-lra.

2.5 IL-tra REEEXMHEDMARBERNE
RBERLWME L-1ra METEERFHMAK,
A CTLL-2 MU ZE i b, BB EH A IL-1ra &
HETHHLEES EL4 AREET LM IL1 F&
EEMENE RS Il FENESRET IL-1 5%
RS NS 15 112 B8 R, R IL-2 K
) CTLL-2 4ARMEFET-, R 570nm 2L 8 E A KR BUE
2FERE, LA R &S CTLL-2 @RTTFENE
U (Fig.5) , KitESWERER I3 TRERS Ll
MEEFEHEZRTBEEEZN(P =0.2248),

B 1L-1Ra2 [JIL-1Ra3

0.025

0.005
Ira and its muants/(ug/ml)

0.0025 0

AERBM I-1ra REFEXN CTLL-2 MEFEEERALE

Fig.5 Comparison of the effect of IL-1ra and its mutants on survival rate of
CTLL-2 at different concentrations{ P = 0.2248)

2.6 MEMBRZBINFESH

FIA B # ELISA 78 & & 6 8] 8 i 3R P B9 &
YR, RN 100ng/mL, X MELL T BRINVAE, m ¥
o A i B B 5 ek ) AR R 42 o b i 24 9k B - ()
£ (Fig.6), W Fig.6 Fin~, K FHES 4 3h FMEK $
BRI RIS, BEEZH R, B 24h 5 B8 3
SRTEIN  EAERBERNART., MR

NESMGERERHAGRS FEER P THA B
E—RFH NFHEE, AESHR Table 2, IL-1ra-1 §
I-lra2 5 IL-1ra WIHBREEH TI2(K)EHE X
.8 IL-1ra-3 MR EEHEX(5.98+0.38)h, 5
Il MHLEET 2.26 5, FLHABBERE T —
EFBRENRES. RIMHSBOREGEEFR(K,). %
WEER, T, .C EBEMHET.
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1600
& L.l %
1 - IL-lra-1 3 Wt
5 1% —h IL-Ira2
§ 1000 e [L-1ra-3 ERAARERTENTEWRRET IL-1n B H
EE 0 RAEEK, BN RN EAHERITL 3 SRE
~F £ IL-1ra-3 (K7 R™-AA) B R BEHI N (5.98 +
8 0.38)h, 5 IL-1ra M LLEE T 2.26 £, B ELEE
0 ITERHTER BHRIIREKFTEENRE, TLE—
0y 2 m w @ EREFRESHKMEENE. SERIESHE—SE
o RAEE®FE, ez ARNAH I ANHR
P 6 IL-1ra B 28 0 0K i 1 24 9K BE - 6F (8] fh 45 A FETES L-ln fUHBEHATE.
Fig.6 Plasma concentration-time profiles of
IL-1ra and its mutants
%2 D-lra RRREGFHBRDAES N
Table 2 Pharmacokinetic parameters of IL-1ra apd its mutants administered to rabbit
K™ T12(K,)h Kb~ TI/2(K,)/h Tuuth Couf(ng/ml)  AUC/(ng: L)
TL-1rm 0.468 £ 0.004 1.4820.02 0.262 £ 0.006 2.65 % 0.06 2.82%0.05 11822107 9427 + 691
IL-1ra-1 0.579 £ 0.016 1.2020.03 0.213 £ 0.008 3.26£0.11 2.73£0.02 9281 52 7797 £ 542
IL-lra-2 0.587 £ 0,016 1.1820.04 0.233 2 0.006 2.98 £ 0.07 2.62£0.02 1020 £ 29 8040 £ 271
IL-16a-3 0.635 + 0.030 1.092 0.0 0.116 £ 0.008 5.98+0.38 3.27£0.05 1037 £ 20 13083 & 747

K, : absorption constant; T1/2{ K_): half life of absorption; K.:

elimination constant; T1/2( K,):

half life of elimination; C.,, : maximum observed

concentration; T, : time at which £, was ohserved; AUC: area under the concentration-time curve of time O to the last detectable concentration.
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