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[({E] a6.F® ’?C(‘ﬁ’ﬂi@% & 5(CC chemokine receptor 5,CCR5) % — . Z WA HE R E o WEMNRK, FEHE N FH A
LW E g Rk S K /N B 4 B (experimental autoimmune encephalomyelitis, EAE), & W 2 A # 4l Ik & EAE # &
INRB TR, Z‘vi' SRR 7 IRE# S CCRS B4 6t % k77|, Fl ELISA % % 3 & & 3 ¥ 9f # 47 DNA
R :BEARSEAERTI —HWENK EEAEHSZEAEAR, MARAFHAL . #1 HE 26, WEENK A
FMEAEX BANR A AL RELEE, R MK 204/ 2 H R ARAT LT .ELISASNERE T IS ERSY
CCRS AR MBS EE HAMEEHRTRH#ANF AP FAEZFHEN 4 B2 TR M2 5% STFTTTL(SL) ,
TPITQLL (TL) .SLPLPKP (SP) QTSSAAL(QL), x4 EAE /N W F ¥4 l5 KT o0 N 3 4 4Kk 4 EAE DNR 8 F 34 15
KF2H 14, HE 245,255 E 2 EAE 4/ Koy 5 8 V\J’ﬁk%é’]kﬁé}ﬂﬁﬁmxlf] BRMEE K ENE, MK D
RAR MR EARZH. BEX A RMERE KL, A BRERLP AN EFINH ERLE EAE R L FHWHF 4 43%
(EAE 417 83% . W% WR ALK ¥ £ 7 .,P<C0.05), % #: ki CCRS H A4k B #H 3t EAE ¥ & 6940 %1 1E B . # & CCR5
Tk EAEWNARABR T L ELEEWNHEA,
[XRiR] CCRS;EDUK; Lot B & %k M55 %
[FE4ES] RG593.2 [XHtrER] A [XEHS] 0258-879X(2009)08-0892-06

Screening for simulation peptide specifically binding to the first and the second extra-cellular domain of CCRS

and its therapeutic effect on mice with autoimmune encephalomyelitis

ZHENG Hui-min, CHEN Qing-qing, GONG Xue-lian, GUO Bao-yu”
Department of Biochemical Pharmacy.,School of Pharmacy,Second Military Medical University, Shanghai 200433, China

[ABSTRACT] Objective: To screen for simulation peptide binding specifically to the first and the second extra-cellular domain
of CC chemokine receptor 5 (CCR5), and to observe their therapeutic effect on mice with experimental autoimmune
encephalomyelitis (EAE). Methods: Phage display peptide library was used to screen for peptide sequence binding specifically to
CCR5; ELISA was used to identify its binding activity and analyze its DNA sequence. The simulation peptide was synthesized
and was injected into abdominal cavity of the EAE mice. Spinal cord tissues were obtained and the pathologic changes were
studied by H-E staining in EAE control group and simulation peptide group. Results: Twenty phage clones were randomly
chosen for identification and ELISA showed that there were eighteen clones had a strong binding activity with CCR5. The
positive clones were sequenced and four peptides of high frequency were obtained: STFTTTL, TPIPQLL, SLPLPKP, and
QTSSAAL. Mean clinical score of mice in the EAE model group was 3 and that of the simulation peptide group was 1. H-E
staining found that the spinal cord tissues in EAE model group had great number of inflammatory cells and evident demyelination
changes; the simulation peptide group had less inflammatory cells and no demyelination changes. The four short peptides had an
effect of suppressing and delaying the development of EAE, with the average inhibition rate being 43 % (P<C0.05). Conclusion:
The screened CCRS5 simulation peptide has evident inhibitory effect against EAE, indicating that CCR5 may play an important
role in the course of multiple sclerosis (MS) .
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CC #afk X 73 5(CC chemokine receptor 5,
CCR5) J& G B PRI 3Z A& 8 0 T 4 E 20 i 1) F 1
hT UK B R B, A R BE AR A5 A TR 4 B
GTP 45 & &E MR AW 230N . CCRS HEF AL T
NGtk 3p21. 3 1, &K 1.9 kb, 4t 352 4~ 3%
i, 5 o 1R, BESTUEWIBH T CCRS ] LAl HIV
YL A F AN, CCRS & HIV #E A F W 20 3 (1) 4 Bh
ZAR P S R Bk 2 CCRS A9 4 A i 410+
HIV GBI R 5 A R0 ik, T JLAR Sk, B8R
i 2 11 R U8 A SIS A ST 45 R AR L CCR5-A32 it
KA PRI AT IE B 19 G2 FLR AE ) L IF B X HIV-
1y B 3% (IR RE 1 . BEAh. L CCRS
R A HIV B2 AR 500 0T 4 Ok % 52 Q0T X 2 4
PURIH S CCRS M5 5k 45 A 1 FH L DAt 300 3 22 fh
CCR5 iy HIV &,

s RSB A B 0 % P ik B B R (experimental
autoimmune encephalomyelitis, EAE) # A 2 A TA Y
WX £ & M8 4k (multiple sclerosis, MS) 1Y 52 4 51
PR . BLTE 1944 4 Ferraro B 45— R %) A SC 06 25
AR EAE FI R WHE H5 A AL Z AL, KBTI
RS KB A2 MS 85 5 & W10 1% 201 s 22 3 07
H1,CCR5 M H:3Z AR 78 MS 19 2 b 7] Rtk & 2 1E
M. BB W5 R MS BB 1Y E 0 40 i = 2
ik CCR2 1 CCR5. 1M 52 B vh i% Ak i T 48 A A1 i
FTAN 2R IR CXC b T 3Z K 3(CXCR3) M
CCR5, HIEA W, CCR5,CCR2 & Z M ik T %
S 5T REMRATSEMA T, A BN
I B CCR5-A32 28748 ABERY MS & 5 2 [ A% 5%
RIRRIEIR , I, RAWFSE CCR5 78 MS H i U]
VR AL & A5 0 o B2

Wk A R 8 7S AR 5 A 2 — i FH T 0 12 T e &2
JIR B A= A, )P IR 2 R AT A A A 45 4 £ 5
A LR 5 DA K i 1T 58 19 Ik 41 A v O 2 45 21 T fg
PR . B F2 38 2o 0 R e DB BILBK PR rh AR A
BG5S o L R AR S SR R T AR O
BC A5y A ) TR A S 56 ) Wi o A4 e s Bk 2
FEAR WG AR 7 BRI e LA 2 RO 2 3k 7 3% 8 8
M CCRS 55— FISE B AMEE 2 JE R 5 91 1 5 5 P
SEA IR DLEAE IR T MS 1S 4 7 i T 4
ST AIER EAE iR AL IR 1T T CCRS HE L ik )
EAE MJ75K.

1 MBFFE

1.1 EZ#HHZXA  Ph D.-7™ (% A& K m R

AR F &) W H BioLabs 24 F], PR T & L
fitf (HRP) ARiC AP M13 W5 B IR Sk L e d) 2,2'-
R (3-2 F K I BEMR-6-1f R ) [ 2, 2"-azino-bis-
(3-ethylbenzthiazoline-6-sulfonic acid) , ABTS 4§ &
A Pharmacia A B 7= &, & P B MOG35-55
(MEVGWYRSPFSRVVHLYRNGK) i 3k (75 %)
AR B B G 2 B e HPLC 3% 4347
ali i =>95% ., 56 4 #f [ I (CFA.L Sigma) . 5 H H %
FRPD YW A gAY SNSRI, CCR5 %
— RSN A LR ) A IR b S R AR
A BRA F A B GG 518 ST11.TT1D) .,

1.2 Swmshih o Mtk C57BL/6 /MR 60 H,
A~6 JEW IR 11~15 g5 “FE RF I
HO ARG . e BB AL BEAG JEDKE N B2 ok 4 4
EAE 4l 10 H,IEH XA 10 K, CCR5 4 —#EEi i)
JRZH 30 HOCEERLRE SP 41 10 HL UK QL 41 10
HOBHUUIK SL 41 10 H),CCR5 4 B 10 B
(BSUE TL 4D,

1.3 FA#it S8 Ph. D.-7"™ W5 A R R B E
T W4T, G e A v 45 2D BRI C R A . H
pH 8.6 ) NaHCO; Gl W% ST11. TT11 435I i B
FEWRE N 100 pg/ml, inA 96 AL H, 150 pl/fL.
LCRMED a7, B3 5 b iy A 8O,
BB T EHOAh ER AR LR, &
UM L ACEAZEAD 1 h, BREEHERK. &
JH TBST[ Tris-HCl Z& #f ¥ 0. 1% (V/V) Tween-
20 )G MR PR AR 6 U, MUUERPE TR 10 pl
100 pl TBST 455, 204 A ST11, TT11 H /Y
AL 100 /4L, 3 12 fL, % IR IR A4 3) 60 min,
o5 B 23 AR 45 G AR TR 44, FH TBST 22 s Al 10
UL TE 55 5 M 22 sh i 0. 2 mol/L H & & (gly-
cine,pH 2. 2) .1 mg/ml 4~ Iil{% F & H (BSA) 7 B &
GEAM T R AR SN 20 min, YO8 PR, SRR N
A 180 pl 1 mol/L Tris-sHCI(pH 9. 1) HFl1_E 34 e i
WO UL g W A A L R T A
A 20 ml ER2738 15374 v Ci A4 iz ik %o kg 1)
STCRIZUFEZN K F% 4.5 h, WP WERYAER L
FE (PEG) /NaCl ¥ 45 21 4 J5 3F 47 W B 14 T 152 00 5
AT —F e, IR T 3 Rk,

L4 A KRBENZ AR SR R
BB 10 pl WER RS 200 o XFECAE K B9 ER2738
BRTR AT IR CE 5 ming B R TR A 00 W B A1
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B EBEREAR 2009 4E 8 AL 30 %

W5 3 ml TUZ IR AT, I A 5 7 S A AR 2k ZL B
1 (isopropylthio-p-D-galactoside, IPTG) il g-2f Fl.
B B 19 12 €4 IS 9 (5-bromo-4-chloro-3-indolyl-g-D-
galactoside, X-gaD) 1R 2J, 57 BP Al £ 37°C Tl #4 9 LB
SEAR b IR CE 2 5 min, BB G A 37°C B SR A
s SR L TR TR R, TR LR R A L B
134 10 gl TR 58 AT 1A R 2

1.5 EEReRgm i BHEY 4C.1.1X10°X g
B 10 min, FEREAB—BLETH 4°CE.LO
CiEl AR B . 8 BT Y B3 80 %0 5% A — B it
BB IMA 1/6 RFLE PEG/NaCl, iEWEF & 4°C
PEE R, 4°C. 1. 1X10° X g B0, PEG W IE 15
min, B8 LR FEE 4°C 1. 1X10° X g B,
W AR PSR, DIEWE ST 1 ml TBS #1,4°C |
1.1X10° X g B0 5 min R MIITE., LIE
ATy — H a0 L, L 1/6 IR PEG/
NaCl FUiiE, K LEWFE 60 min, 4°C.1.1X10° X g
B0 10 min, 3¢ BIE. A 4C 1.1 X10° X g &
O, B AR B, DUWEY E BT 200 pl TBS,
0.02% NaN;H, 4°C.1.1X10° X g B> 1 min, L
VEART 3R A2 AN TS0, 38 B Sl 4l Ak B W A, 5
SRR S BEPLEE R 20 AN seREHEAT 40 b alifk, T
ELISA iz,

1.6 ELISA % TR F4ameLsE®  STI,
TT11 53 5IE A AT A B 100 pl/ml A8 R O M
R, ACREE R, AW 2y 1~20 51
WA (TBST 1 : 1 000 ). 37°C I 1 h, TBST
PEAR 6 W MA HRP #ric A5 M13 Btk (7 35 FH I
11 :5000 M k) ,37°C /R 1 h, TBST ¥tk 6 ¥,
A AR ABTS-H,0,,37°C .10 min, Il A%
1R, M 405 nm YR

1.7 HERAKRE4 DNA 69 RBA 59 m e S HRIg
R A R 7% KPR U5 B 5 v B T i 4R T TR IR PR
DNAL.DNA J3 51130 7 th 1 5 5 A P4 AR A7 BRA #
56 AR AR AR DNA [P 51453 8] 5 ST11,TT11 45
G 7 IREERIT A .

1.8 EAE ## % H 0. 01 mol/L 1y PBS ¥
MOG35-55 FiBEAL 100 p1/25 pl, #H CFA K 45 #%
Iy R FE TR AR BRI 300 p1/50 pl. TA PBS 25 pl, 4%
= AR T A ACRE L BA S EAE B
PrIFEFL A, IEH XTI PBSE A X IE, 3 /bR
539 B B3 B TR TR SR AR BT L 100/ H 10 g 2

KAHE 0 K, FH 0.2 KRG T/NRUE IS ESH T H %
R 200 pl/HH,

1.9 WhRREFURBAYZ D FS  HRIEYRIT
U, B H PR BT o, WL/ B B8 21 B0 L JF i AT
ZIREW . RAEFHE 0~5 BP0 %A%
W51 9, /N RO K g B AR SRR 5 2 9, /D B
RS L J5 B TE H1 53 B /INBRUJ RO 99 5 4 /0N LY i
RS , NN B ANRE R N7 55 S, B IR 45 1 & ) At
T,

1,10 AWK EH RO H &AL T EAE ER DK
M iE S WERARRIE S G CCRS £ K& FE R )T 51
2 g R A BRA B G U L PBS # R R
2.5 mg/ml. B EAE A/NRABERS 3 K, &R
BRZH 43303 5 SPLQL.SL.TL, 1 &k /d, &K 200 pul,
.11 AgxBmRME5mREFHEE £ EAE/NR AW
F1h e DA ST L B T S 2 94 1 NG L B (40 mg/kg)
IR i A /N B, 76 TG T A5 0 R O e s, 2 6% 0 iE L 48
e E B PBS EFEZE ARG 40 2R
TS T 1 [ L S ST BV B T R R A R R v [
SE L CHOAA S WAL 5 pm R Y AL H-E 4t
o, ARG WLEE 92 1 40 9 Vi) R ot s g i A

2 & B

2.1 #FAMinits CCREAFFLEENUERKR L
SRR R, W AR A B W L B
CCR5 MM MEE A EENE (R D, WF1HA]
LA 55 A0 0tk 7 R B 3, CCRS SIS —
B TR R m 2. 02X 10% £, CCR5 RAME
THVETRIVE—fm 1. 71X10° 1%,

2.2 4B ELISA 58 M =40k
4 B AR TP R BIL PR R 20 A FEBE L P S HEAT ELISA
Ko, 25 R WA 18 A v B 34 PH M v B L 150 B
CCRS5 A 8L 0k 1 Wit T 14 5 AR 4 1) 2% #0714 5
CCR5 FEFHELS A WE MR 28 T AR E £, KAl
1A 1B iR,

2.3 H&E R SH SrIE T B 18
ALY CCRS H 35 17 1 PH A e 17 14 o 8 1) 20 35k 1R )7
G, Hoip 5 — B 4 4 b SLPLPKP, STFTTTL,
QTSSAAL Z RPN 5355 T 6.6.5 4>, 4 A1 45
TR S TPITQLL Z AT, R 5 1 s e
T EE, HERMZ KT8 T GenBank #F177E
LRATHT R B AN B iR R R L R RE X 3
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b 22 B 38 i A CC b PR 114 R A 1717 5 40 Jf Ji
i) CCR5 454 , i RANTES (regulated on activation

normal T cell expressed and secreted), MIP ( macro-

phage inflammatory protein)la, MIP 18 4%,

1 EF- "ENMEBEETEEFEENEER
Tab 1 Recovery rates of the first and second extracellular domain phage clones during panning
The first extracellular domain The second extracellular domain
Round Selected phages/ Eluted phages/ Ratio Selected phages/ Eluted phages/ Ratio
TU(Input) TU(Output) TU(Input) TUCOutput)
1 2.0x10M 3.4X103 1.70X10°8 2.0X 101 3.8X103 1.90X10°8
2 2.0x10"1 6.9X10° 3.45X10°°°¢ 2.0X10% 6.5X10° 3.25X10°°°¢
3 2.0x10" 2.8X10% 1.40X1073 2.0X104 2.5X108 1.25X10°3

TU . Transducing unit

0.6 0: TBST
0.5

04
0.3

W sTI

Davs

11 12 13 14 15 16 17 18 19 20

Phage clone serial number

O: TBST B:TTI

Davs
e

11 12 13 14 15 16 17 18 19 20

Phage clone serial number

1
Fig 1

F—(A)ZEMEBHNEAREZLELISA ST 20 EEHLZEME

Identification of the first(A) and second (B) extracellular domain

binding phage clones after three rounds of selection by ELISA
TBST: Tris-HCI40. 1% Tween-20; ST11,TT11;Simulation peptide

2.4 EAE 28/ &% CCR5 & Fh Ak 28 R 49 £ 7
A C57BL/6 /NE S EAE J5 . EAE 41/hL A %
13 d JGTFIR KW 0756 25 Kk B & ey e, &
R 83 % . IR B AR T B L R T B L 1 B i
W K W ZE R, R, EAE 4/ BT 22 R 40
G R B L 3R B R R O ) e e L 2P JE L S
JE S AT B RIE . /N B AT A 1) A7 T AT B L 61 58 LA
Joi R4y 2 KU T P A S 2 e R L e 1 o —
AR TR B A U BRERE . EAE 41/ B B i I R
VO A g3 e R VE 53 WS- 2153 3 4y, HAE KK
b AR AR BT R R T R R B S I R 4
HA—3M. 5 EAE /NEUH b CCR5 BEHULRK 2 /)
BURIR B0 32 47, 72 EAE 41/ UK % i) CCR5 5 4
JIK 2L /I B 465 25 39 TR) 5 1 % X6k B 4l AF L, 8 I AR

b, BB R I, 05 30 I 5, R B a0 .,
INTEL 2556 10 KJm 2 B0 B BV TR, I PR 1F 2 1Y -F
Y1, WH 2,

40r
3.5k

—O—EAE
=ty=CCR5
gy Comirol

3.0
2.5
2.0
1.5

1.0

Mean clinical score

10 20 30 40 50
Time of post-immunization 'd
2 3ANRHMEIIEEITES
Fig 2 Clinical nerve function score of three groups
EAE: Experimental autoimmune encephalomyelitis; CCR5; CC che-

mokine recepter 5. n=10,7 =%
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W TUREE R 2009 4E 8 HLEE 30 &

2.5 mmEFHE H-EROGERIR,IEH XA
/NEUE BER WLEH B W (B 3A) . EAE 41/ BUA i
14 S J5 PP AT K R 114 4 RE 20 IR L DA S 4 A v
PR LA T 0 A8 T2 AR v 7R A B I K
DX FE 0 DXCR] DL SR /N A A6 ) 46 8 06 2 X T L 6 A

Ji e X AR BE 5 EAE /I BRI AT IR A ™ o B 4
FIK (B 3B.3E) ., 14T CCRS MUK 4 /)N BUH i
fi 52 JBT P ST 2 ) 48 AE AN L I L 35 A A L
& (B 3C.3D.3F) . IE X R4/ B B R UL B
S (E3A).

3 MREHALAHRERESR
Fig 3 Pathological analysis of spinal cord tissues of C57BL/6 mice from different groups(H-E)
A:Control group; B,E: EAE group;C,D,F:CCR5 group. Original magnification: X 100(A-D); X400(E,F)

2.6 4 BB RAREGH R EAE A/NRM
RRGHR N 83 %, A% 20 KFik &R F W, 1 CCR5
R R 20 /N BT 35 & 06 R 43 %0, I HLZE T S L 40
BRI 29565 40 KA 35 2 & 9k &5 0, ] UL B b JE R T
EAE /NI & 9% . 50 CCR5 41/ BUA % R B @M%
T EAE 4/ AR #(P<C0.05,% 2),

*2 BANMRRFEEMLLE

Tab 2 Comparison of attack rate in each group

Group n Mass m/g Cslicr;irc;l raAttet(a %{ )
EAE 10 14. 254+0. 304 3.140.994 834
SP 10 17.3640. 37" 1.54+0.85" 45"
ST 10 17.4140.52~ 1.64+0.54" 46
QL 10 17.2840. 46" 1.440.37" 43
TL 10 17.8540.65" 1.240.65" 41

Control 10 19.9240. 76 0 0

A P<20. 05 ws control group; * P<C0. 05 vs EAE group

3 3 it

CCR5 2 b A 72 M Z i B R 0l 2
—,CCR5 MAMA 4 ADEB5> UF 2509 N I, 26— L =
=4, BEEF RANTES MIP-1a,MIP-18 % &
5 CCRS MM A 5643 45 4 L il HL X Fh 45 4 4 41
T2 CCR5 9 HIV-1 i8gy, B AT A 0 2 b J2
PL CCR5 Y BEAM 4 S 8 50, #EBF 98 HIV-1 &k
Yo NARE R R B, RS BB PE ) HIV-1 2258
It R 1 gp120 55 40 A 3% 1 9 % B 22 K CCRS5 1Y
N i F1RE A0 55 — # (extracellular loop 2, ECL2)
TAER NS HIV-1 3E A4, i3] &
UL LRI E S CCRS W N ui fI5E — | =AML &
f BH PR W B AR AR S B ART L N CCRS RS0 26
— RS BIGRAD 14 RN 28 NS IERR , T ATTHG H A5
B B 22 K F 0 T 1 i 7 20 4L B 1 9 3
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A SCiE i 0 5 CCR5 AN — | —#EPH 45 &
P14 I AT A T o, 2t 0 P A S ) 4 B S AR K L
HWHF/NR EAE BB, T B 5T X EAE (#9410
WP, SCgealh R W, 4 BLJg R4 51 H A 30 il | 4E
ZERA: EAE MAER, HOP I R 4395, BOR
W (P<<0.05), KIILA LI 5 CCRS w4 454
B BR7E EAE MR B B AR |2
YEH,

AHIFE 9 45 R TR 7 S B SR R AR AL 1/ Ik
A B 45 HT CCRS BEAME M VE T, L HL I AT AE 2 .
(DFEPUT BEAMNE — M DIRE s (2) 25 A J5 il 4
B — AR & A AR T T EAE M 4E
.

F AL T AL AZ R MS 19 4 ML A4
FHRCRA i it — 25 WV AR B 58 R 1T 0 Ak R
(2R AU IR EAE BYAVE FHRCR W3, I MS 1
BITHRAL T — B ik fe

[Z % x #]
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