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Phage display in vivo selection and its application
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[Abstract] Phage display technology is a kind of method which display peptides or proteins of high
diversity on the surface of phage coat proteins. This technology establish a linkage between genotype and
phenotype, which makes functional screen of peptides or proteins convenient. Peptides or proteins screened
from phage display library have high specificity and strong affinity, and play an important roles in basic
research and clinical diagnosis and therapy. With the development of phage display, it has been used in the
in vivo selection. It has characteristics of high throughput selection so that it can reveal molecular profiles

and the differences of molecular profiles expressed on the vascular surface of different organs. Studies of in

vivo selection can provide experimental evidences for the targeting diagnosis and therapy.

[Key words] Phage display; Phage library; In vivo selection; Vascular heterogeneity

1 BEERTHRARAER

M B & & 7/~ £ K (phage display technology,
PDT) BUSE RN EAE N RE, KINRER
BAMEEKTEAERTHRIX, AERER
SMNEHEZREREAR SWEERTEOD —EMaR
IREWHEERRE, HERETYREE R
MI%, FhEREE T T T SRR 2 B K PR A 25 AR
B, EAWEHAMEL DNA FFFI, BIET
HFTRIARISNE RS E A B B ERFS . 1%
BRERER 1 R EAB 5400 B 40 A R e 2 @ AR 7
BEHERAEREERT, WREEEFE(GIO)
F ot T Ak R AR ST o '

PDT i Smith" 7E A FFHERH {4 W= F1 T4

e sdr: 210006, BRENKZEHEERE—ERBERTIE

KRB L
EINMEE: T HIE(E-mail: zzwangl36@yahoo.com.cn)

Y%+ EZ2EHERNERM L E % T 1985 £
“Science” i, F 345 5 i 6 F 22 R 0 A
(filamentous bacteriophage) F4 2 W B 14 2 18 & .
B jG XA AN M13 FIRE s &K f1 2 RiA K,
M13. f1 3B KGR LR EE, KA,
FLR LA M R AR FR R DNA, 53 ol 5t 1 4 BE i A K
PEEE, XAREEHE; BT EREXET
B AR E T, U] LA B ARSI R B AR
R, BCEY, KRB gl M gpIEH
5| SHAFFENBEAESHK, BIEEEENE
JE1E S RBEYYI, epll#0 gpVIPIRNZEE F1BEE WEEH
RE T R B KT EH ., BEnEFEABEE
epMIEBEAREERXFIASMNEKRELAERN, EER
RATE oM FFHIXFIAEEMBIREMA, KA
T ARAHT MR B AR R B

HEl, WHEERRYIIEEZSHREERRAEE
EHLFERMBENLEZRK . KA cDNA Rix %



6 ERFBHESREESRSERE 2008418 $£32% %14 Int J Radiat Med Nucl Med, January 2008, Vol.32, No.1

BK. PiikR BRI E AR, MATRRY
MR AMRER T RN 2R R, 18 T4 A T7
LRBEER . S2REEERML, FBEwE
BN TR R AR TR RIS R, FRLE
BBEXEEHEAERHNERNER., fE PDT
BNARE, EREEDRERE I EEAEEN
NAMHE. THE BT XEFERFIIEENEHENSE
109, X—EdEREFERME, HHEIK
BEARERREMRRENINERIBOAEY
B2 ERB S IS SRS 53T P A EE MDA
mﬁ[ﬁ]o

2 ARMER PDT WEEHE

A PDT FrftAT Bt P S F 7By AA At ,
BN RO ER AT, AR ARGR SR
FrE—ERRRYE, KirRE. drBnER
FEZ3 (A5 FIA: Y D RE AR AT R S AR N KR
REFVRPES, THISBL FRRIGESR,
BRLA, — oM T8 A B A A s L A SRS BEL
MR ERE T WL RAINERE S FZ [
HEAR, ERAREFHENEEATEER
BREA, MAARESARE TS mER
ERBDT, HEMFRES S ZREHIEN &
WM ERE A TREKF . FEMEEERAER
BIRaush, Bk TS AR E R — R
HERMENHTEC, BERERE MR
SaSRERAFEN A EREE, FRERENDL
B R E B AR R B R T RE TR ArAs
M ZIREL AT E WA R RE Sy, TR PN R e 7E
PSR PRE L AR BEEE S, AT AEZIRA
EEERIERNEN SRR ERER . XL KA
AT LUE AR g R A A K L K
TR RARTEANER R BREBRER
B, ALk B LY T A2 BT
HFIRRBRASERRGTT, XA (B L
AT B SR T LA LA T B vk i Lo i B B R 55
S BRI, ATERLRE B EAETE
A, BE2EHIERRERBEA R RN ™,
ERTAEEARILE, FER— P PEEEAM
BRE, AL,

RN BT R AR (R R SUE R, LM
ARV Z RN BB E, FEREN
SHksmL, ZREETIRS: O5EHK

AREFEAACE T2, ZRAEE. RSB
HRARIE; QUM FRITARAHENELEY
FEY; OEZRT ILIKERE; OREH~4
FBEHES, AR/ @RATRNEE LA
BEAEE Y, EIATLIAY, SREEERS
BB PR P S AR S B B SE 13 2 W AIAYT . T
H, 16w 2 IR0 AT LUFTRE R S8 2 BRI BR
fil, S FRAKSETAEERRRE,

3 RfEERIR R RMEZESRHE N AR

WK B A A 5t B 1 M B A S PE AR 4
REFHANUERAER, 1EF—ErdBE B FARKR
HRESs, HEnS B ARERSratm i SR R4
HEWRBLE KB EH#HTY Y, 234238
MIFEE IS REE SN EE R EBIEE, BHh
WP R B A ER TV HT R R R T, 1
B A1 PN R S R R B0 A 2 B A T i B R T
VRS TFHRE, BEX—EARN0ESTF4EY
FHMEEARAYNRBREAEENEL, MY
AUMTFEUMARNERERE, CATHREIEEY
YIRTR BRI ARSI R

Kolonin %5 M Mg AEHEALRE/NBUE AT E H 5
HEIEWARKBULE N R FERES SN EEE
BR, B HARABEILHE R 2R E
AERERERT, AEIBIHARBES, BN
B EE TREERNRHBHARRRMN, FB
HFFBRITH 7 303 T 456 #9343 T prohibitin,
UESEH #4507 (A Ag T A LWL B I B R T
Ko MEXANER, IRARRET “mEHL"
B, BIEMERARIAESS A9 M08 P B 2R AR
wEY,

ANEER R EBRIET P LRGLER: Arap
B0 AR B IR SUEEFAANGE, IS
ARSI ALK, S ilFfEY¥ER S
FRI, AR MENRSFESNSEEEK
HEFREAEMYNERE, R ARIEEHFRE
RESFFHHHE—-BEE, HRES TR
54 Brate (A SR A RSB AAE D, MR —4%
A, B UINT I AE TR LR RS R R R, R
ZHATENLGEAR KN . BHI, Ruoslahtil'd
MERECLEAN “METH" 2RISR
AFEB P ORI EEIEAM.

Arap FU9 BBV RHEFF LRI T 5



BRI EEEES%E 2008418 £32% %18 In ] Radiat Med Nucl Med, January 2008, Vol.32, No.1 7

HAMANE-11 MEMHESHK, R ENELTH
MM ER-11 HEZERROEREY .. PFRSGRIE
B, B4R E-11 ZRRHRT LIE R i R RT3
PR M R AR, BTRHESCEZRAA
TAMMBELERK, 7ELRRBo @ RT3
SR B RE SN BEREDHERAAZR,
st X5 b b 7 S [ 28 Y fg SCEE A B T X A 1)
B, Ruoslahti'® H5CH @3 ENMERESIE
HIIR MBS S HIBEYLERK, Rt aT LORBZLR
WM, PSRRI N AR &Y ]
F T IRA L AE T —1 cDNA CFE, BRI
PEXTEE & AT IR, BBIME S TREMUTII
Xt, SERAIT MEIMEAR S ERKEEP 1,

Laakkonen 251! B & I, Mool A4 N i 164
REBTREATHROERESTFREER, EATLU
BTRATHEERE S FREANHR . EHRZERE
B, WEEEMNEEB IR MER L EE/D,
LB A IEHEEMIEM . Laakkonen % ZHT
SRS SR E ALK LyP-1, HA
Syt Esr, m-SMENREEIE .,
BAZAK LyP-1 AT A BRI A AN, &
BT LAAE R IR S (1 2 ) B B . DR SEARIESE,
WAL L LyP-1 A G AP MEE M, FTLUE
T 100 ] e L A %) A T (5 A FE 0

B T B A R s B AR TE A P 7 22 P B AT IS
MFIRTS:, TishmeE S5 ARGEEER, AKER
A B 5 A MR RSB EE XA, B
WA H Y — I E DR AR T 2 A
T AERTRELE, BT 2 I AR E CLIF BLFIAE )
2ERONE , AT SRR [l PR 25 4 ) A IR AR (e R o o 021,
Hi, REEEeErRIEN+2EE, Krag E0
Xof Mg AR R R E R B AR AR T 2tk
P RBTST, FWE B AR 2 BRSC BRI (4 B i
AR X H B SO 8 BEAE VIR B E (RIERLAR
%, BaAZPABERE H#TTHRRME, K3
BB T EETRE, WERGERITEMTZENAR
R, BFFTFRE, 0 1e 2| A e v 1 P % e RE A S RE
St R E, TR MR A RN BT
NERTEERAE M, ATCRHIEORZ A
T AR R E T 2l

1 P 5 T RO B A R R B R BT LA B EE AR B Y
MERFENF TR, EHHITEARX THES
LK ANETT /N F R BIA M T R RAE

BT R 2, BET, AREFRAENE
kA, B REERREFARERRR A
I8 B R R - H B AR - KL 2B (RGD) =JiK/F
5, ZFFIATLLE BN R RATRANBE SRS
&, B REERRESY, g Ry
B, BIBKGRREBESRE RS S 8 2 IRBHA N FTEAA
FRIPIBELR SR, B AR A I e R A T —
MEYIBARFE, AT RIERF RS KE
B, X LLHREMRLM MR . REJER, ATEARIDE
RIRME RS LY R TR AL BB FEYT

R ERTHR, KA RMEE A BB RIBT
AT, p TR T A BRI T IER KA
FRE, SHARMLEN P FREERAEEZNM
18, Wi BB RUSR W LAy (8 s 3 e PR2 ek
WIFEYNFR, EHEFERX — U R E
UEMES EEEPEER SHEHARCUHEMR
TSR ERR) MERE S TREERRIHE
Z KRG & ZVRHITEE LS IO ZER Y& B YA
1A PSR [ HE BT RIS . REE R RN BRI
W — B KR, IR MY
ERIBFTAIEARP N EE TR, MAYEZEN LR
BB 2T I S WO RNAY T 7 AR B R R

2 % X W

[1] Smith GP. Filamentous fusion phage: novel expression vectors that
display cloned antigens on the virion surface [J]. Science, 1985,
228 (4705): 1315-1317.

[2] Kehoe JW, Kay BK. Filamentous phage display in the new
millennium{J ]. Chem Rev, 2005, 105(11): 4056—4072.

[3] Lanner RC, Sato AK, Gorzelany J, et al. Phage display-derived
peptides as therapeutic alternatives to antibodies[] ]. Drug Discov
Today, 2004, 9(12): 525-529.

[4] Ruoslahti E. Drug targeting to specific vascular sites [J]. Drug
Discov Today, 2002, 7(22): 1138-1143.

[5] Hajitou A, Pasqualini R, Arap W. Vascular targeting: recent
advances and therapeutic perspectives [J]. Trends Cardiovasc
Med, 2006, 16(3): 80-88.

[6] Zurita AJ, Arap W, Pasqualini R. Maping tumor vascular diversity
by screening phage display libraries [J]. J Control Release, 2003,
91(1-2): 183-186.

[7] Neri D, Bicknell R. Tumour vascular targeting[ J ]. Nat Rev Cancer,
2005, 5(6): 436-446.

[8] George AJ, Lee L, Pitzalis C. Isolating ligands specific for human
vasculature using in vivo phage selection [J]. Trends Biotechnol,
2003, 21(5): 199-203.

{9] Landon LA, Deutscher SL. Combinatorial discovery of tumor
targeting peptides using phage display [J]. J Cell Biochem, 2003,
90(3): 509-517. .

[10] Liu C, Bhattacharjee G, Boisvert W, et al. In vivo interrogation of



8 BB BEEREERE 20084 14 £32% % 13 Int J Radiat Med Nucl Med, January 2008, Vol.32, No.1

the molecular display of atherosclerotic lesion surfaces [J]. Am J
Pathol, 2003, 163(5): 1859-1871.

[11] Kelly KA, Nahrendorf M, Yu AM, et al. In vivo phage display
selection yields atherosclerotic plaque targeted peptides for
imaging[ J ]. Mol Imaging Biol, 2006, §(4): 201-207.

[12] Landon LA, Zou J, Deutscher SL. Is phage display technology on
target for developing peptide-based cancer drugs?[J]. Curr Drug
Discov Technol, 2004, 1(2): 113~132.

[13] Trepel M, Arap W, Pasqualini R. In vivo phage display and
vascular heterogeneity: implications for targeted medicine [J].
Curr Opin Chem Biol, 2002, 6(3): 399-404.

{14] Kolonin MG, Saha PK, Chan L, et al. Reversal of obesity by targeted
ablation of adipose tissue[ J ]. Nat Med, 2004, 10(6): 625-632.

[15] ArapW,Kolonin MG, Trepel M, et al. Steps toward mapping the human
vasculature by phage display[ J]. Nat Med, 2002, 8(2): 121-127.

(16] Ruoslahti E. Vascular zip codes in angiogenesis and metastasis(J .
Biochem Soc Trans, 2004, 32(pt3): 397-402.

{17] Zurita A, Troncoso P, Cardo-Vila M, et al. Combinatorial screen-
ings in patients: the interleukin-11 receptor as a candidate target
in the progression of human prostate cancer( ] 1. Cancer Res, 2004,
64(2): 435-439.

[18] Essler M, Ruoslahti E. Molecular specialization of breast

vasculature: A breast-homing phage-displayed peptide binds to
aminopeptidase P in breast vasculature [J]. Proc Natl Acad Sci
USA, 2002, 99(4): 2252-2257.

[19] Laakkonen P, Porkka K, Hoffman JA, et al. A tumor-homing
peptide with a targeting specificity related to lymphatic vessels[ ] ].
Nat Med, 2002, 8(7): 751-755.

[20] Laakkonen P, Akerman ME, Biliran H, et al. Antitumor activity of
a homing peptide that targets tumor lymphatics and tumor cells
[J]. Proc Natl Acad Sci USA, 2004, 101(25): 9381-9386.

[21] Krag DN, Shukla GS, Shen GP, et al. Selection of tumor-binding
ligands in cancer patients with phage display libraries[J]. Cancer
Res, 2006, 66(15): 7724-7733.

[22] Sokolov K, Aaron J, Hsu B, et al. Optical systems for in vive
molecular imaging of cancer[J ]. Technol Cancer Res Treat, 2003,
2(6): 491-504.

{23] Denardo SJ. Combined molecular iargeting for cancer therapy: a
new paradigm in need of molecular imaging[J]. J] Nucl Med, 2006,
47(1): 4-5.

[24] Lewis MR. Radiolabeled RGD peptides move beyond cancer: PET
imaging of delayed-type hypersensitivity reaction{J]. J Nucl Med,
2005, 46(1): 2—-4.

( ek H 8 : 2007-07-05 )

IS B (AL R R IR U P R IR ST

kAE XA

(ME] PHBEEIR(NIS) R—MEEBEE A, A S BN SRR, (8 MR HEBUH TR R
ROV AT BE. BAT NIS 2 H BRI A SRR RIA A TIRER NIS B E EHITIRR
HACANRE. Ak, BIFENIRL AR R ESAT T 86, H BB R R .

(X@in] BRI BUSHHERAR; ME; $iitisk
[X RS ] 1673-4114(2008)01-0008-04

[ @4 %E] R817.5,R 730.5 [X#ARIRE] A

Sodium iodide symporter gene-mediated radionuclide therapy of tumors
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[ Abstract ] The sodium iodide symporter (NIS) is a transmembrane glycoprotein responsible for uptake of

iodide into cells. It has raised the possibility of using radio-iodine for treatment of those tumors that cannot
accumulate iodide. The NIS gene has been transferred into a variety of tumors and induced NIS functional

expression successfully. However, the effect of therapy is disappointing. Hence, many investigators apply

several different approaches to their studies and obtain more effective results.
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