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Radioiodine 1abeled SP一4 as an imaging agent fbr

atherosclerotic plaques
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Abstract The clinkal prospect of radioiodinated SP一4 as an atherosclerot记plaq㈤

im粥i”g 89ent was studied The SP一4 was syⅡthesized by a solid phase method and

idcntmed hy an amino acid analysis after pllri6cation with HPLC SP。4 was labeled

with 131I and
1
25I by the Chlorarnine_T method and purmed throu曲Sephadex G一

25 colurnn Tewlve New Zealand rabbits w℃re divided into an atherosclerotic耵叭¨)

(n=7，AR)and a contr01只roup(n=5．NR)．A儿of the athcrosclerotic rabbits werr、

intravenous adminis打ated with boviIle seruIn albuHlin，thcn fcd with hiEh cholcstcr()1

and fat diet． 125I—SP一4 was iIltr吖enuus adIllini8tratcd Lo t11e 1 abbi‘s of botll盯ollDs

The biodistribution of lz5I．SP．4 in rabbits was inve8tigated．Tlle uptakes(％ID屈)iIl
blood and thoracic aorta and abdoIIliIlal aDrta、vere calculated 4 hour8 DostiIljcctioll

Macroautoradiography aⅡd I工licr。autoradiography werc performcd in 2 AR a心crosclt、一

rotic abdoIIdnal aortas The clcaraIlcc of radioactivity from plasma was verv rapid

105I—SP．4 was mainly cxcrctcd throll曲kidneys Thc radioactlve 1】ptakes of abdoml—

nal aorta and thor越1c aorta of AR at 4 hours postinjection were signi矗caIltlv hlgher

than拙a￡0f NR．The五lms of珊acroautoradiography shom蚰focaJ accⅢn州a“on of f】lt、

radioactivity in the areas of a newly formed edges of atlle r08clcrotic pla(1ucs．On“lt·

sllces of rnicroautoradiograpllv，tlle obvious radioactivc accum11lation∞1IId be t01111d 11l

th a¨erosclerotic plaques Thus it was seen t上la¨he SP。4 rc¨Ialllcd i‘8 blologlcal af—

tivitv aner radioiodlnation and was located at atherosclerotic lesloIIs．it is uo协rltiallv

11senll as an atherosclerotic plaque imaging ageI扎

Keyword5 Ather08clerotic plaquc，Radioiodille Iahel甜SP一4．Rabbit experimcnt

CLC numbers R817 4．R543

1 INTRoDUCTIoN

Ather。sclerosis is the major cause of death on the world．current imagmg tec上L工Liques

for hagiIlg atherosclerosis，such as angiography，1lltrasound，computed tomography缸一

Tmclear magnetic resonance，are good at de矗njng the extent of more advanced atheroscIe—

r。tic plaques，but caIlnot detect the formati。n of atheroSclerosis[川．Ⅱwe can 6nd。uL a

new Inethod that can detect ath盯osclerosis in progress，then we may change the dietary

of patient，use clrug or other means to hold back the process of atherosclerosis in early

stage

There are maⅡy radiotracers based on sever缸moiecu』es and ceUs invoJved in atheroscIe—

rosis formation．At矗rst，radi。labeled aut01090u8 platelets[“，monocytes[3】and lipoprot eins【41

were de、他loped．Then，。。mTc—ox—LDLs【引，111In-DTPA-human polyclonal IgG and
1
25I—

endothehn一1f6】were used．But these tracers are not suitable fbr imaging atheroscler。sls，
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because of large molecmes w色培ht and jow target—to-bIood ratjos On the contrary，pep—

tides are Very smaU molecmes，they clear from the c工rculation very rapidly．We used a

radioiodine labeled apoB_based synthe“c peptide SP一4 that cont ai】1ed arnjn。acld resides

1000～1016 of apoB一100 to detect experirrlental atherosclerotic plaques in New Zealand

whjte rabbits

2 MATERIALS AND METHoDS

2．1 Animal models

Studies were performed in 12 male New Zealand whjte rabbits raIlging in weight fr。m

1．5～2．0 kg．7 rabbits were in￡raVenous a[￡mjnjstrated boVjne serm alburrdn(250 fng／kg

body weight)，and then f÷d with cholester01 1．og，1ard 3 og every day for 2 months 5

rabbits used as contr01．

2．2 Peptides synthesis and purification

The sequence of SP-4 was based on the report of Shjh“口丑化fTyr)一Ar肾Ala—Leu—

Val．Asp．Thr—Leu—Lys．Phe—Val．Thr—G1n—A1a_G1u—Gly．Ala-Lvs—CONH，fan an正no—termin柚

tyros血e not present in the native sequence was added to facilitate radio血odination) SP一

4 was synthesis by soⅡd—phase method with PE 43l peptide synthesizer．Then puri矗ed to

homogeneity by high—performance liqllid cllr。matography(PE co)on a reVersc—phase

C18 colu】Iul．The lyophjUzed peptide was store at一200C．

2．3 Iodination of SP．4

Radioiodination of the SP一4 was performed accordiIlg to the CUoT甜njne．T method

For a sin91e dose，50pg sP-4(1．0mg／InL in o．1mol／L phosphate bu』kr，pH7．4)was com

bined with either 3 7～7 4 MBq Nal25I or with 3．7～7．4 MBq Nal31I FoUowed bv addition

of chlorarnjne—T 15 pL(4．Omg／rr正in o．1mol／L phosphate bu艉r，pH7 4) After l rnjn

of印ntle a酷tation，the reaction was quenched by the addition of sodium metablsul矗tc

35“L f4 0 mE／mL in O 1In01／L phosphate buff色r，pH7．41

2．4 Puri丑cation and radiochemistry purity test of radioiodine labeled SP-4

The IabeIed SP一4 was separated from unbound reactants by chromatogr印hy on a

Sephadex G一25 c。luⅡm(曲1×50 cm)，矗rst eluted with 1％bovine senm alburrdn，then

eIuted with o 1 mol／L phosphate buff毫r(pH 7．4)．colurnll fractions contajning the iodi—

nated peptide were coⅡected．The radiocherIdstry purity was tested by ITLC—SG(GeLman
s ciences Inc)thin—layer chromatogr印hy，deVeloped by acet。ne

2．5 Ex-yivo stabjJity test of radiDiodine

Labeled SP一4 The pu访ed radioiodiIle labeled SP一4 was put m room temperature
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for 20 h，aTld radiocher血stry p砒ities were checked every 4h

2．6 Biodistribution of radioiodine labeled SP．4

Volll

3 7MBq心5I-SP-4 was injected to the marginal ear veins of nonnal New Zealand

whjte rabbits The animals were sacr讯ced血2 111in，15 IIlin，1 h，4 h and 24 h post in忙c—
tion Samples ofblood，heart，llIIlg，liverj spleen，kidney，stomach，muscle and intestines

were washed，their radioactivity were measured with a weU tvpe譬a工rⅡna counter T0

correct for radjoactj代decay aIId permit calcula“on of the concen亡ratjon of radioactj“ty

in each organ as a flaction of the ad工11inistered dose，abquots of the iIllected doses(IDs)

were counted simllltaneously The Tesults were exPTessed as％ID／g．

2．7 Animal experiment

3 7 MBq 125I—SP一4 was injected t。the marginal ear veins of 5 normaJ New Zealand

whjte rabbits(NR)and 5 atherosclerotic rabbits(AR)．4h post injection the a工limals

were sacrmced．S姐ples of blood，thoracic aorta and abdo血nal aorta were removed and

washed．Their weights and ra出oactivity were measllred，use the same methods described

aboVe The results weIe expressed as％ID／g

2．8 Aortic speciHlens

3．7 MBq“。I-SP．4 was intravenous ad皿njstrated into 2 atherosckrotic rabbits The

a血mals were sacri丘ced after 4 h．abdo咖nal aorta were removed The adventitia was

stripped o圮the aorta w舶。pened aIong the ventral surface，pinned out，and the remain—

ing aorta was washed with normal sali工le The aorta was五五ed fbr 2h in 10％formaIde—

hyde．Some of the aortic specimens were freezing sliced and stajned with Sudan III and

hematoxyh．

2．9 IV【acroautoradiography and microautoradiography

Fixed aortas were washed with sahe．excess moisture was reInoved．and the aortas

w盯e coVered with a siIlgle layer of plastic wrap． They were then placed between two

sheets of x—ray fllm(Fuji co．)and stored in a dark bag at一10。c after 1 week the丘lms

were taken out，developed and n盖ed

some of the aortic specimens were freezing suced(the thickness was ab。ut 20pnl)】
the sUces weTe smeaTed with O 5％coUodion，and then smeaTed w“h atormc latex fAtomic一

2，Department of isotope，Ckna hlstitute of AtorIlic Energy)in a darkro。m The slices

were stored in dark box at 40C．After 2 weeks，the s¨ces were taken out，developed and

最xed

2．10 Statistical methods

Statistical analysis was perfbrmed with the student’s t-test Signj丘cance was as

s眦ed at p<o．05．The results were expressed as(means土stand缸d deViation)
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3 RESUI卫S

3．1 Atherosclerotic rabbits nlodels

After fed with high cholesterol出etaTy for 2 months，。bvious atheroscIero“c pIaques

coldd be seen on the aorta ofthe ather。sclerotic rabbits．Photornicrographs。f ather。scle—

rotic plaques showed endothelial djsruption or absence，and iⅡternaJ elastic meInbrane

disruption，Smooth蛐】scIe ceUs and foam ceⅡs prohferated and iIlmtrated to intinla)and

extraceⅡ11l村lip珀d。posjted．

3．2 Radioiod血ation of SP．4

The best SP一4／c}lT weight ratio was l：1 20，订the weight ratio was more than or 1ess

than this v出ue，the labeling rate would decrease The reaction reached the best labeUIlg

ratem 20。C，pH7 4 and reactforlm血．

3．3 Pllrmcation results，radiochemistry purity and ex-vivo stability of radiob—

dine labeled SP-4

Fig．1 shows elute c11rve ofchromato口印hy。n a s。phadex G一25 c01ur皿(妒1×20 cm)

F砭2 shows UV f280 nm)absorbance ofeIuted fractions．ResllIts showed the血st radloac—

tive peak in F酶1 in correspondence with the UV absorbance peak on Fj92，which was

the口ure 125I-SP．4．Thjn．1科er chromato盯aphy of 125I—SP4 on ITLC—SG showed a『l Rf

of 0～0 1，the咒f offree 1251 was 0 9～l 0．The radiochemjstry purity ofpu』i矗ed 125I—SP一4

was more than 95％．After store iIl Too工I】temperattue f叫20h，the radiochemistry purity

of DuTi矗ed 125I．SP一4 was more than 90％．
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3．4 Biodistribution of radiobdiIle labeled SP．4 in norIIlal New Zealand white

rabbits

Tabk 1 suⅡunadzed the biodistribution of 125I．SP一4 in normal NZW rabbits The
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reslllts showed kidney c。ntained the highest concentrati。n of SP一4

V0l¨

Table 1 Distribution 0f 125I—sP一4 iII tissue of norrrlaI Nzw rabbits (％ID／g)

礼=5，values=mean8土SD

3．5 Animl experi瑚屺nt

Table 2 shows the％ID／g of blo。d，thoracic aona and abdoH缸nal aorta of AR

and NR 4h after injection of 125I-SP一4．The results suggested
1
25I—SP一4 accuIrmlated in

thoracic aorta and abdo耐nal aorta of AR were sign蚯cantly hjgher than that i工l NR But

125I·SP一4 iTl b100d of AR and NR had no sigIlific矾t di舶rence．

Thble 2 Distribution of 125I_SP．4 in blood，thorack a01 ta and abdoIIlinal aorta of AR aIld NR

4 h after i11jection (％ID／g)

Blood Thora(·lc aorta AbdoIIliIl“af，rt“

Atherosderotic rabbits(AR) o 0378士o．0028 o 0544士o．0026 o o百矿百五面可订—一
!!：竺!!：!!堕!!!!呈2 型堡!!圭!：!塑!l!：!竺：：!!：!!塑!!：!堕!f!!：!垡：：2 1：!!!!圭!：!塑竺!!!：!!i：1 2

TheⅦllles in the parentheses are t valucs In coIIjpa血on with AR．【1)p>O 05，(2 Jp<{¨Jl

n二5．vallles=mcan8土SD

3．6 Results of autoradiography

The mms of macroautoradiography sho、№d focal acc砌ulation of radioactivlty in

the areas of newly formed edges 0f atherosclerotic plaques On the slices of nⅡcroautora—

dioFaphn the obviously radioactive accumlllation c0111d be found in the ather。sclerotj‘

p18ques，especiaUy accllIIlulated in the areas of proⅡferated foam ceⅡs

4 DISCUSSIoN

Since path0109ical arterial waU accuⅡ【uhtion of ch01esterol carried by low densitv

lipoproteins(LDLsl is characteristic of atherosclerosis，some researchers tested radiola—

beled LDL for its abilitv to detect atherosderosisf剖．However．the efrectiveness of LDL

as an iInagiIlg agent was s锄etimes decreased by 10w target—to_blood ratio and relatively

long halfUfe of LDL iⅡhuman plasma(2～3 d)compared with the shor‘physical half-ufe

of呻mTc(6 h)，Lipoproteins叮e l缸ge mokcllles aIld consequently dear丘0m cjrcma“on

very slowly．
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By contrast，peptides are very sman molecllles(no蛐aⅡy 10～20 arnino acids)aIld
clear from the circulation very Tapidly．Speci丘c ceUular uptake of LDL by nbroblasts aTId

hepatocytes inVo王ves the classic LDL recept。r that recognjzes 8 parCicIllar portioIL of ap。

B This LDL receptor binding domajn，howeveT，is not iIlv01ved in foc础accuTnulation

of LDL by monocyte macroph89es in atheroma because homozygous farniUal hyperc—

holesterolernjc patients，with absent LDL receptors，dso develop atherosclerotic lesions

The apoB based 8ynthetlc peptide一4(SP_4)contalned arnino acid residues 1000～1016

of 8poB一100 An柏血。一terIIlinal tyrosine not present in the native sequence was added

to facihtate radiojodiIlation．The classic LDL bindillg domajns are not mcluded in this

peptide，by this way we can avoid the nonspeci丘c bindmg of SP一4 in liver and。ther

organs．

IIl om study，we found the best radioiodine labebng temperature was 20。C． all(1

pH 7 4，tlLe reaction last for l r血n T1le best SP一4／chT we堙h￡ratio was 1：l 20，if tlIe

weight ra巧o was more than or kss than this value，the labeKng rate w埘decrease．

The results of biodistribution test sugge8ted radjoiodjnated SP一4 cle耵from cir．

clllation v钉y quickly；there was omy 21 3％of the injected dose in plasma in 1 5 rIun

postinjection，and 3 88％of the injected dose irL 4h SP·4 was majnly excreted fro订l kid，

neys The radioactivi亡y accumlllation iIl th stomach was jncreased with time：this result

suggested there was deiodination in the metabolism of radioiodinated SP。4

The results of S11ih e￡04
7 J showed that focal accurrmlation of a皿oB SP一4 was stiu

intense 24 h after injection，at a time when theTe was<1％of the iIIjected dose remai工llIlz

in plasma The prolonged persistence of the ra山oiodinated peptide in arterial lesions

suggescs stron舀y that jt was protected丘om cataboⅡsm by ceⅡIllar lys。somal enzymes
and thus not intraceⅡuk蜡，but bound to some comDonent of extraceUlllaT matrix

The ckar fbc“radioactive accumulations on the atherosclerotic lesions on nlacroal卜

toradj。graphys showed：SP一4 kept its biological actiVlty after radioiodination The rnj—

croautoradioEraphy reslllts revealed SP一4 acc岫mated on foam ceUs in the atherosclerotic

lesions．Thus radiojodjnated SP、4 speci矗caⅡy loc￡LHzes jn atherosclerotjc lesjons and ap．

Dears to bind to fbam ceⅡs．

5 CoNCLUSIoN

SP一4 kept its bjological activjty after ra出oi。dination姐d cIearly accur础】a抛d at

atherosclerotic lesions．The results of ouT study suggest radioiodine SP一4 is a potentiaUy

usefulim89ing agent for detection of atherosclerotic plaques
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