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PSR TRTAN B e PN TE T SA-TL-T BORTFRCR , LSS/ N U A730], s 4 A R 44 4 /s U 323 CDS ™ T 4. %8 & < g
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SA-TL-7 @l f B H RIS A 2 T/ N A R AW B R R 16 7 d UL iR 2R 0 2R B I e SR AR 2 AAG I 2] TL-7 A7 A
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SA-IL-7 Gl 5 F1 185 D6 P9 T 1 BB 408 7= A e ey 328 7 28 FEH S8 (90 A 7 A5 L A8 PT RB LR By TR Y7 TR M IS e 9 1 3 2% o

[ R8I ] AR 78 F M EWE MG R

[ FESZES ] R737.14;R730.54 [ XEktrERE] A [ XEHRE] 1007-385X( 2013 )05-0529-06

Preparation of streptavidin-tagged interleukin-7 fusion protein and its therapeu-
tic effect with intravascal instillation on mouse superficial bladder cancer

Zhang Zhen', He Limin', Ma Lei', Li Jinlong’, Xu Xiaoling’, Gao Jimin’( 1. Department of Oncology, First People’ s
Hospital of Nanyang City, Nanyang 473000, Henan, China; 2. Institute of Biotherapy, Southern Medical University,
Guangzhou 510515, Guangdong, China; 3. Zhejiang Provincial Key Laboratory for Technology & Application of Model
Organisms, Wenzhou Medical University, Wenzhou 325035, Zhejiang, China )

[ Abstract ] Objective: To prepare streptavidin-tagged interleukin-7 ( SA-IL.-7 ) fusion protein and to value its therapeu-
tic effect on mouse superficial bladder cancer. Methods: Recombinant pET24a-SA-IL-7 plasmid was constructed and then
SA-IL-7 fusion protein was prepared. The binding of SA-IL-7 to biotinylated bladder cancer MB49 cells was examined by
flow cytometry and the bioactivity of SA-IL-7 fusion protein was examined by thymocyte proliferation assay. The mouse su-
perficial bladder cancer model was used to evaluate the therapeutic effect of intravesical instillation of SA-IL-7. Mice were
monitored for survival and the tumor-infiltrated CD8 * T cells were examined by immunohistochemistry assay. Results:
SA-IL-7 fusion protein efficiently anchored on the biotinylated MB49 cell surface, with a binding ratio of ( 96. 6 =
1.3 )% ; SA-IL-7 promoted the proliferation of thymocytes. The SA-IL-7 fusion protein anchored on biotinylated bladder
mucosal surface for more than 7 d. Whereas, 11L.-7 was no longer detected in the first day in the unbiotinylation group. Af-
ter being attacked by bladder cancer MB49 cells for 80 d, 90% mice in the IL-7 group, while 60% mice survived without
tumors in the SA-IL-7 group ( P <0.05 ). Moreover, tumor-infiltrated CD8 ™ T cells in the SA-IL-7 group was significantly
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higher than those in the control group ( P <0.01 ). Importantly, 11 out of 15 SA-IL-7-cured mice resisted to a second in-

travesical MB49 cell challenge, whereas only 1 of 15 control mice survived the challenge ( P <0.01 ). Conclusion: Intra-

vesical instillation of SA-IL-7 fusion protein can induce anticancer immunity, which may represent a promising immuno-

therapy for superficial bladder cancer.
[ Key words ]

BlESEMIZ( streptavidin, SA )J&HH SR M R BER A -
A AL R DU R IR R 1, B Re 5 A M R K% R
HAngEE . T SA w54 R b HLF ARl iy
h4y, AR 5 5 8 A AR HoRH Y 3 A1 1
B A R AARIC ), 5 SA-A= W AT 12 1
TFHYES5R 2 g4l £ 7C interleukin-7,
TL-7 )2 p B 2 0 40 7= A 801 8k 2 40 i 5
YRR Ak B8 FE TS A A 7, L7 iR Re A
CTL 1 LAK 3§78 o0 Ak I 38 i R A5 5 ¢4 o 17
WA T Z0H0F0 DC 4 A AR, 4ERE T 40 H
AIBHASEA . R, IL-7 T A0 22 Fh e 3 skl 4
AT 265, SR AL A S g g St B ALk
XS PURRI R PERIE ™ AN, TL-7 8 HA B R
YER . ABH9EHI % T 4R AR ARICAY IL-7( streptavi-
din-tagged IL-7,SA-IL-7 )AL Be Rl A 2 1, 8 1 5% 2%
MBEAEY RS URA R C B T4
FACHIBE I FE RS R , ITAE /N BRUE AL 5% IR A5 2 r oL
FEER BRI AR .

1 #Me5EFZE

1.1 etk R %X A

C57BL/6 M/ NI F R 5 RN K 22 52 55 3 )
Hu SR EhYIA RS IE S - SCXK( - )2006-0015 1. 4%
FPFRSPE VIS H Promega 23 F] , DNeasy 20215
& Ni-NTA 2 & Z B A Qiagen 23 H), NHS-
PEO4-Biotin 14 [1 Pierce /A ], IL-7 F5EREPTLIA IL-7
FruESH I B R&D A ], Pt CDS Fifklly A BioLegend
OS] EMZRBEREIN E ATCC, BEER MB49 21
JE[E Lahey 127 Summerhayes & Jfi5i0
1.2 pET24a-SA-1L-7 Ji 45 649 #) 2 A= SA-IL-T &k &
a0 H &

FH DNeasy 2H 213857 £ D\ 5 25 DA il 44 1 40 7
KIZH DNA, SR 5 AR M B A, i A L35 4 57
GGAATTCCATATGCATCATCACCATCACCATGAGGC
CGGCATCACCGGCACCTGG-3"( 55 nt Nde T )FI'F i
51 ¥ 5'-GGAATTCGCCGGATCCGCCCCCGCCGCT-
GCCTCCGCCCCCGCTGCCCCCGCTCGTCTGCTGAAC
GGCGTCGAGCGGGTTGCC-3"( 82 nt BamH 1 ), R )5
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IAFHNE R 4T PCR.

JH TRIzol Hh#2 i Con-A & AL 1 1E % A 4P i
FAANZARNE B RNA, DLLAE A, i A L35 [ 4
5'-CGGGATCCGATTGTGATATTGAAGGT-3" ( 26 nt
BamH 1 ) 1 F 7 51 ¥ 5'-CCCTCGAGTCAGTGT-
TCTTTAGTGCC-3'( 26 nt Xho 1 ),3#4T RT-PCR |4
B IL-7 19 DNA R Bto R Nde 1 . Xho 1 BV
SOBHAE A pET24a Bk ', ] PCR K i) %
SE L IE#f B R pET24a-SA-IL-7 % T7 R %51
YIiEAT DNA W o K0 e 1E B 1) o 5 Ak I 32 385
KIAFFE BL21( DE3 ), Wi 4 TR A, 68 75 24 A W SE A
TR, DRV IS I FH R 4 JB B 5 )2 B Ak SA-IL-7 fl
BEMBITENE
1.3 AXzmien SA-IL7 b Fa 5 Ah i
MB49 2 fL b 54 5T 45 A

o A SRS I SA-TL-7 BB B H 549
24k MB49 20 M (4 2 S5 A . BUE KRS BT
MB49 4, Jge I Ak S5 i 25 4 LR U, PBS PR 2
R, A NHS-PEO4-Biotin ffi HiZ ST &N 1 mg/
ml, Z i N /EF 30 min; PBS B )5, Il A SA-IL-7
EEEA, ERAEM 60 min; W HEA 100 mmol/L
HERRW PBS Yk 3 WK, JHEE A% B 5 x 10°/ml,
TN BFCN IL-7 B BEHiAR, 37 CAER 60 min; Uk
BAIME 3 U, A 10wl ZOEHRIC i —4T,37 “Ciet
YEH 30 min; PE¥ 2 5, B 500 ol 38 0 HE A 20
PEAT U A0 M A o B, M2 SA-IL-7 @A &EH S
MB49 4 A E B R . W ARIET AR
MB49 4l fE R BIHEXT 8, 457 PBS AL, e S
R
1.4 FACHRR tm B3 78 ik A ) SA-IL-7 &k 4% 4
X A B m AR 5804 % v

IL-7 RERBAE #E J1 T2 A( ConA )1 1k B4 kg 5 2
WOfBETE 3 B AR TL-7 A Fh R B Sk, I
I, BT LA FH /0N BRI A e B 40 3 5 32k ok I 5 5
FET LT A 2= a8/ BN % 20 e
W, VA 1 x 107 /ml, in A2 5 & ik 3k
1 wg/ml (4 ConAo T 96 FLI%5 2 AR H & FLIA 100
ol 6 A B, Al I A — ZR B A G T B 1)
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SA-IL-7 & B M IL-7 AndEdh . % 1 SA-TL-7 fil
GHEAMT RN LT FRAES Y 2 £, R UE R A
(435, il A 38 1 00 36 LT VR B ol 200 ng/
ml, IL-7 e B 00 b5 L 0T B2 Wk B4 100 ng/ml, #%
WUy AT A5 LR B BRI 3 AN AL,3T .
5% CO, 557 48 ho MTT 30 5E 451 570 nm b2
JE( DO
1.5 SEsibiEtenl SA-ILT &% a5 Eh i
A5 Pk b R oy b 8 45 A

S SA-IL-7 7 b I 2 1 i 4l e G O, B
C57BL/6 MEPE/INER, SEUR PRI 185 e 4, AR &
I 45T SA-IL-T R R 1 5 X RRZH 5 R AR W) &R
b, Rg5 7 SA-IL-7 e . VEEES 1.4.7 K
FUUHE I AR FE /DN B, 47k RS B, 4% PR 2S5 AR 1 7 i
HATUREY R o B BRPTA IL-7 Pk HUR  Afk
Y AR IC AP R A — b T e e A A AR
1.6 /> Bk kPR eI B 09 A 2 & SA-IL-T B
PR E ST T A

o7 FH 45 65 SRR 3K 0 5 /0N BRUPRGE 11 B 3 Rz ik
60 mg/kg I3 LG Z 40 1 s R SRR/ INER . K 24 5
FIKER B AN e b B AEAMR 3 mm 24T, B
FHRAA A B 10 1 e K B8, DO/ BRUAR 3B 11 47 A%
b, P S, PBS w2 W BEBEIETE 0. 1 mol/L
ERFRVA T 100 I, AEF 15 s, K5 W 0. 1 mol/L&
FALINEAE S s DL RIER R AE T, PBS #idk 3 1k
Jo, HEVE MB49 21 B W 100wl A I b O A
iR

/INERJBE G T8 1 MB49 4R M JS 05 3 R IF IR iR
I7 HE IR R A A, PBS phUR I 2 IR
HEVE 100 pl MTEAEAEYZRC T mg/ml ), /EH 30 min,
PBS MBIV, HETE SA-IL-7 Bl A H 100 wl, AR
WEVE SA-GFP 5 IL-7 1E R BIPEXT I T PBS 15

2SR TRYT R 2 W, 3R 3 . AR AU/
HAEFFIR DL, 7E26 80 K, 45 T if A /N BUBS bk FR ik
MB49 4 Yot , WLEE L e 2B A O, g HH TR S
W /I8 B R XoT B
1.7 Sz a4tk Aem &40 0T & 4142 F CD8 ™ 48 fie.
#9218

FEf G — WK R T IS 7 d f A 4/ BROE
ot , BB 2, VKR YT F o 37 °C % F 30 min, PBS %
05 min, BTN 1% 3% i AL, PR
10 min LABHWr Py i A ALY Bl 15 P . PBS npik 3
WK 3 mine R BRBT/INR CD8 Hidk AR ik
AALY B bR IC PR R P AT e g AL ARG
DAB i & 5, A RK bk, RARKE R YL 1 min,
B EETPORG K, — H 2B B, rp A I A
1.8 %itsam

fd ] SPSS13. 0 4, SEER B LA » =5 RO, P
AR L BCR ¢ K3, >R H Kaplan-Meier 2531
AR, Log rank R I8 LS B AR, UL P <
0.05 5 P <0.01 KnERAGITFE L,

2 & B

2.1 pET24a-SA-IL-7 & 40 Jf 4 69 # 3 #= SA-IL-7
RRA R G W &

BT B TR YF PCR @ 45 L& 1) ow,
BamH [ .Xho T WG], K455 IL-7 K/AN—F( 24
1100 bp )W R Beo Wi T7 5143547 DNA J¥ 51
SE LS55 GenBank HY SA il IL-7 [F#51—2L, B2k
F His 7325 538 TS, T A 1. Zad 8RR
JEMTAlAL B 1% M A2 1, SA-TL-7 Bl 48 1 20 1A 2]
90% LA bo Z5RARIR N EZ R G R ARG E A
2 RZ I E OIS L Ry 7 T W S 1 S B XS B

C
M(x10% 1 10
43—

29.0—

E 1 pET24a-SA-IL-7 R0 SA-IL-7 BEEHMEE
Fig.1 Identification of pET24a-SA-IL-7 plasmid and SA-IL-7 fusion protein
A: PCR of different monoclonal bacteria; B: Digesting fragment of recombinant plasmid by BamH | and Xho [ ;

C: SA-IL-7 fusion protein after purifying and refolding

1: Marker; 2 —=5: PCR of different monoclonal bacteria; 6: Positive control; 7: Negative control;

8: Recombinant expression plasmid; 9: Digesting frogment of recombinant plasmid; 10: SA-IL-7
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2.2 SA-IL-7 @& G S A A4 F 1L MB49 4
e e AR B I R 2m Fiel 2 5E

AR o 45 SR (18] 2) SR, A2l AR A
YIZE AL MB49 20 A BHPEXT IR ), A7 10 SA-IL-7
Al B A A e R Y R AL A MB49 41, 4l 2 RN
(96.6+1.3)% .,

900

640 4 A

480

Count

3209

160

10° 10! 10% 10 10
FITC

B2 SA-IL7 MEEASHEGEMEN
MB49 20 B 1% 1 58 E B9 it =X 40 A AR 4l
Fig. 2 Anchoring of SA-IL-7 on
biotinylated MB49 cells by FACS

/0N BRI e B % 200 e 1 vk ) 2 SR TR 3 ) i
7R, SA-IL-7 RERSARHE ConA T Ak 1 /1N BN J 41 i 1
g, BRI R EHERR T 200w
J& ,SA-IL-7 5 IL-7 bR AR 1) = 16 MO 0 o 35 2=
AP >0.05)0 IL-7 AR i E D216 40 2 x 10°

Control di1

4 GEEANEKRN SA-IL-7

p S

U/mg, SA-IL-7 BLEHP 00N 1 x 10° U/mg., 455
PE7R, SA-IL-7 BlA 2R H A XD RE, BRI AF 2 A SA
L7 B9 A a s

Thmocyte (D,,, nm)

1 2 4 8 16 32 64 128
Dilution degree
3 MTT &7 SA-IL7 EEA
it B B 240 B 156 5 9 2 i3 4 R

Fig.3 Promoting effect of SA-IL-7 fusion
protein on thmocytes by MTT

2.3 SA-IL-7 @& a5 A ENERA TG LS

DL SA-IL-7 BEMEE s 1.4.7 d, A= Ry B
ot REE % 1T A A 445 5 1 AR (B 45T, (ELB B )
) SE A 1 60 TR AT U 5553 5 1T A A 26 1) 2% Ab 1% B 1 o AL
I AR MR A T E R (4 G 451 . 4R Bl 4)
PR It SA BEIRYT AT LARESE A M A 1L-7 1Y
AR, AR T HAE R R AU VR

d4 d7
RSO o

S
R AT
P et

MEERSHEMMENES( x200)

Fig. 4 Combination of SA-IL-7 fusion protein and bladder mucosal surface detected by immunohistochemical assay( x 200 )

2.4 SA-IL-7 mAE GRS TR BIRAER
WSt ki

DL SA-IL-7 Rl 8 I IR T 28 1 AU Js ID i A
RU/INER, DA/ B A A7 B ) 2 il A A7 it 42, 45 R 1A
5)oR, TERE S MB49 40405 95E 80 K, PBS
BT /N TBAET, IL-7 JAYTF2H 90% /N AET,
SA-GFP J5¥7 41 80% /INFRAE T, 1 SA-IL-7 97 4l

60% /N FUAE IS HA H MR A=K (P <0.05 ). SA-
IL-7 Y697 41/ R AT 30 A B A4 5T 0 8 S TR T
MFEARR N . SA-IL-7 215 1L-7 .SA-GFP . PBS 4
A AT ] LA, 2 J A Gt (P <0.05 ), 1l
SA-GFP H 5 IL-7 A Lb#, 22 R W LGt (P
>0.05 ).

TIAN TR R/ B R B I N MB49 4 Jfd 12
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Pl 76 SA-TL-7 36 A4 15 HUNEL 11 HoR PR
AR TN B /N AL 1 Rk B A K (P <
0.01,/6), 53R, 2 SA-IL-T flvh & FEEIS
7 A RERE P A — i W BEiC L, v LAAG 3% BT v e

2K

s P L s

° ! il =

> i T -~Souble IL-7
~ sof i I—2  _SIA-GEP
s i |_ —SAIL-7
o 1

Z 60

wv

g

£ a0

[} H

2 s

£ 20t

£ _

= o0

20 20 60 80
Time after MB49 instillation (t/d)

5 SA-IL7 MAERETRTEENMNRNETHE
Fig. 5 Survival curve of tumor-bearing mice after

treatment of SA-IL-7 fusion protein perfusion

2.5 SA-IL-7 ARG R IES T I B AR IZA
CD8*T a8 %7

TEdR G — B IEHETE S 7 d, 4 MU 20/ BUVS
b, PRI 5 , DK PRV Ao 2K IR/ R CD8 it
PRVEAT e 2L AU A, e B SA-IL-7 3697 4171
SRR CD8 " T AW W3 2 ( | 7). 452R4E
718, SA-IL-7 Rl 5 8 FARE TR YT AL o e S P S B
B RAEYUIREAE I .

S

S 100 —PBS

S H

2 < SA-IL-7

z 80 3

g eo0f L

g

B

2 40 4

i

:'1 20 L

P
20 40 60 80

Time after MB49 second challenge(t/d)

6 SA-IL-7 SARUNREERE A =k
FeFh MB49 4065 Y £ 77 i 2%
Fig. 6 Survival curve of SA-IL-7-cured mice second

intravesical MB49 cells inoculation

&7

EREANERD SA-IL-7 BiE&ELET BT EMEALRE CDS' T 40k x400 )

Fig.7 Tumor-infiltrating CD8* T cells after treatment of intravesical instillation( x 400 )

of SA-IL-7 detected by immunohistochemical assay

A: PBS treatment; B: IL-7 treatment; C:

3 i i

AMEFE N FHEE R TR 5 ¥ A EE T pET24a-SA-
IL-7 JBOkL, >k A% 3R I8 R Gl 45 T SA-IL-7 /&
G S Iy TEL U v TR e | DASPI =i e e =
TERYEE pET24a-SA-IL-7 Bk A FE i, 76 SA il IL-
7 MBI AH &R LA, A B TRl G EA
SRR STv: S D0 e a OK LIV = S a2 A DEZE R %)
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JEHE R 2 90% %J%ﬁ%ﬁﬁi Pt

15 IO A8 R M DR 2 G Fi UL R SRR R, R4
T0% W B ER IS I Ry RIS . B AT

SA-GFP treatment; D: SA-IL-7 treatment
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BRI T HE I A S 202 AR A A ) R TN
SEFZREBE], FE SA-IL-7 Fl & 1 gl E ek
Yy ALY BE e 2 1, SC PRAR I I P I RS VE . il
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JABIF R TR # . i L IL-7 F1 IL4 . CD40L
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