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ABSTRACT 

An antigastric cancer monoclonal antibody, 313 I I and its Fab fragment, were la- 

belled with a-emitter '"At using p-("IAt)-astatobenzoic acid (pAtl3A) intcrmediate, in 

the yields of more than 30%. T h e  astatineted antibodies were stable in vitro, and had 

spcrilic immunoreactivity to huinan gastric canrcr cell M 85. T h e  tlicrapcutic effect of the 

astatinated antibodies Cor subcutaneous xcnografts ol huinan gastric cancer were investi- 

gated in nude mice by i. p. injection,once every 5 days lor 3 times succssively, with 1 .  48 

X lo' and 2. 2 2 X  Io'Bq/g 01 '"At-3H I 1 and '"At- 311 I I Fab pcr injection, respectively. 

It was showed that the volume and weight of xcnografts in all tested groups were much 

smaller and lighter than that of control group(PBS) from 12. 5 days post Cirst injection. 

T h e  most evident inhibition was observed in the groups with Z"At-311 I I Fab,  with tumor 

inhibility of 67. 5-69. 5% at 15 days and 70. 7-72. 3% at 20 days, respcctively. 
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INTRODUCTION 

L. Ning et al. 

The cyclotron-produced *"At has a half-life of 7. 2111 and decays by the emission of 

6. 8Mev mean energy a-particle along two branches. T h e  ranges of u-particle are 55- 

8Opm (about 6-8 celh diameter) on unit density tissue and its mean dose-average LET is 

98. 84kevpm -I. The latter is very closed to the optium for endoradiotherapeutic effects 

(approximately 1OOkevpm -')"', From a radiobiogical viewpoint, '"At is the most attrac- 

tive nuclide for radiotherapbLitic purposes. 

At labelled monoclonal antibodies have been shown to have relatively specific cyto- 

toxic effect to tumor cells in vivo [2) and therapeutic effect to human cancer xenografts in 

nude m i ~ e ( ~ * ~ ' .  But intact antibody have a large molecular weight and moved slowly in vi- 

vo, and most intact antibodies require 48-72h for maximum tumor uptakec5', whereas the 

physical half-life of *"At is only 7. 21h. In order to localize '"At in tumor tissue rapidly 

and deposit its most energy in tumor cells, " 'At  h.ave been used to label Fab or F(ab' 1 2  

fragment of antibodies in recent reportsc6-*'. In this paper, an antigastric cancer mono- 

clonal antibody 3HI I and its Fab fragment are labelled with a-emitter *"At using p-("' 

At )-astato-benzoic acid intermediate. Additionally, their immunoreactivity to human 

gastric cancer cell M85 in vitro , and therapeutic effect to subcutaneous xenograft of hu- 

man gastric cancer in nude mice are investigatcd. 
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MATERIALS AND METHODS 

M at er ials 

Antigastric cancer monoclonal antibody 3 i  I I and its Fab fragment were prLvidcd by 

Ikijing Institute for Cancer Research; A gastric cancer strain ccll M 8 5 (  Beijing Institute 

for Cancer Research, Ikijing) and Hcla cell( West China University of Medical Sciences. 

Chengdu) wcre obtaincd as in lO%-FCS-RPMI 1640 solution. 

Nude mice were obtained from Sichuan Industrinl Institute of Antibiotics(Chengdu). 

Subcutaneous tumor xenografts from human gastric cancer wcre implanted in 4-5 weck- 

end nude mice, weighing from 18 to 249. by injecting 2 X I Ofi M 8 5  homogenate in the 

right flank of each recipient animal. Therapeutic experiments wcre initiated when tumor 

xcnograhts grew to about 0. 5-1. 0 cm diameter. 
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'"At was produced by irradiating a Bi-target with 27Mev a-particle via ZagBi(a,2n) 

'"At nuclear reaction in the 1. 2M cyclotron of Sichuan Universitycg'. After irradiation 

for 3-5h at  an u-particle beam current of 10- I6pA,  "'At was distilled to  a silica gel col- 

umn from the Bi-target at ,760"C in flow of 0 2  and Nz, then eluted with 0. lmol/L 

NaOH. Spectra analysis indicated that the produced '"At is radiopure with a zroPo/ziiAt 

rate of less than lo-', and i t  is suitable for biological or medical use. 

"' At Labeling of antibodies 

T h e  generation of diazonium salt of para-aminobenzoic acid (PABA ) has been de- 

scribed"". pAtBA was prcpared by adding 37-1 I IMBq of Na '"At to 2. 5 X  10%nol of 

the freshly diazonium salt in 5Op1 of 4mol/L HCI. After a 30min reaction at rmm tem- 

perature, the mixture was incubated at 55-56"c for 8-lOmin to  destory Nz. T h e  pAtBA 

was then extracted into ether, the ether was pooled and evaporated to  dryness at 38-4o"c 

in a water-bath. T h e  dryed pAtl3A was dissolved in 5p1 of tctraliydrofuran (THF),  and 

then 50nmol of tri-n-butylmain ( T N B )  in 5p1 of T H F  followed by 150nmol of 

isobutylchlorolformate(lI3C) in 5p1 of T H F  were added. After a 20-25min reaction in a 

ice-bath under stirring, 0. 5-1. Omg of McAb 3 H l l  or 3 H l l  Fab  were added and the 

mixtures were incubated at 0-10"C for 40-50min. The  astatinated antibodies were isolat- 

ed by Sephadex G50 column using elution with 0. Imol/L PUS (pH=7. 0) and analysed 

by IIPLC on a hydrophobic interaction column (Sephr-age1 TSK pheyel 5PW,@7. 5 X 

75mm, Beckman) wing  gradient elution with buffer A :  I .  Omol/L ( N H I ) ~ S O I  in 0. 

1 mol/L PBS and buffer B : 0. 1 mol/L PUS(pH =7. 0). 

In vitro stability experiments 

T h e  stability of astatinated antibodies were examined by subjecting them to solution 

of PDS and other reagents for several hours. In  the experiment test tubes were charged 

with 1. Om1 of (a>PBS(pl i=7 .  01, (b) 1.  0 mol/L glycine in P13S and (c> 0. 05MoI/L 

borate buffer ( p H = %  0). T o  each tcst tubc was addcd 0. 5ml of PUS elution contatining 

*"At-3N11 (2. OX 10' Bq, 50,ig) or *"At-3HI 1 Fab (2. 2X IO'Bq, 51pg). T h e  tubes 

were then incubated at  37% for more than 2oh. Aliquots were removed periodically and 

examined by Sephadex G50 columm as described above. 

Trnmrinoreactivity assessment experiments 

I .  11X1O5Dqof  '"At-3H11(3.3pg), 2 i 'At -3HII  Fab  (3.21ig) and Na2"At were 

added the t w t  tubes containing 1O5celb of M85  or Hcln, respectively. After incubated at 
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37'C for 111, the  mixtures were washed with 3% FCS-RPMI and centrifuged. T h e  pre- 

cipitates were counted and the  binding rates of '"At were calculated. 

T h c r a p e u f i c  e x p e r i m e n t s  

40 of nude mice bearing tumor m d e l  wcrc divided into 5 groups at  random with to  

weight of mice as well as size of xenograf t ,  and the  therapeutic experinicnt were carried 

on with 2i'At--31-I I I (groups I received 2. 22 X 1 O'Uq/g, group 1lI receivcd I .  48 X I O'Bq/ 

g, and '"At-3H 1 I Fab  (group II received 2. 2 2 X  10'13q /g and group IV received 1. 48 

X I O'Uq/g) and PUS as a control group(  V ) by i. p. injection, respcctively, once every 5 

days for 3 times successively. All  the  animal were sacrificed for autopsy and h l s t o p a t h o b  

gical obsvervation at  5 days and 10 days post thc  iast injcction. T h e  tumor voluine in 

nude mice and weight of xenograrts after the animal sacrifriced were measured by " dou- 

ble blind method". T u m o r  inhibility of the astatinated antibodies were determined by the  

following formula: 

Tumor inhibi,,ity=Tumor volume or weight (PDS) -Tumor volume or weight (Test group) x 100% Tumor volume or weight (PIE) 

RESULTS AND DISCUSSION 

Lahel ing a n t i b o d i e s  with '"At 

pAtllA was easily prepared by adding N a  ' "At  to diozonium salt of pAIlA as report- 

rd previously"", in this s tudy ,  the yield of pAtDA was 80-85s .  Ily adding antibodies to  

tlic mixed anhydride of p A t l M  and reaction for 40-50min, 55.60% and 60-65% of (he  

pAt l lA  were coupled to  McAb 3H I I and 3H I I F a b ,  respectively. T h e  whole ptoccdure 

was executed in 3- lh  and at  least 30% of the  added '"At were found in the  products. 

With 3. 7-1 I .  1 X lo7 Bq of Na '"At and 0. 5-1. Omg of antibodies, t h e  specific activities 

of 2"At-3H1 1 and '"At-3H1 1 Fab were 3. 7-1 I .  I X Io"and4.  5-13. OX IO'Dq/pgMcAb, 

respectively. 

HPLC analysis of '"At labelled 3H11 M c A b  befor and after separation by Sephadex 

G.50 column were described in Fig. 1 (a-b). By means of hydrophobic interaction column 

and gradient e luent ,  it was showed that UV-peak of 3H1 1 McAb corresponds t o  radio- 

peak of ' "At -3HI  I with a retention time of 13. Ooko.  05min and separates with other 

radioirnpuritics(Fig. la) ,  the  isolated 2'1At-3111 I has only a UV-peak and a correspond- 

ing radio--peak (Fig. Ib). HPLC elution of '" At labelled 3Hl 1 Fab before and after sepa- 

ration isolation by G50  colutnn seemed that  of '"At labelled 311 1 I with a retention time of 
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12. 9odzo. 051nin for '"At-3HI 1. This results also demonstrated that the isolation of as- 

tatinated antibodies by Sephadex G50 column is effective. 

a b 

..._ 
0 10 20 30min 

Time 

Fig. 0- 

Zmin, 100% buffer A I 2-7min, Ioo-o% A ; 7-27mint 100% buffer B +  27-29min, 100- 

0% B. Flow rate: Iml/min) 

HPLC elution profile of '"At labelled 3111 1 McAb(Gradient elution as: 

a. Before separation by Sephadex G50 column 

b. After separatipn by Sephadex G50 column 

1. 3 H I I M c A b  1'. 2i'At-31111 2'. '"At- 3'. pAtl3A 

Early attempts to label proteins with '"At were performed by direct methods like ra- 

dioiodination of Unfortunately, proteins labelled with '"At by these ap- 

prochcs are deastatinated rapidly in vitro and in v~vo"~' .  In order to increase the in vivo 

stabilities of '"At labeled proteins, Friedman et alC1". put forward a method for astati- 

nating protein via p- (211At)  -astato-bcnzoic acid intermcdiate. Ever after the method was 

modified by Harrison et alrIo'. T h e  procedure described here dilfcrs from that previoisly 

p t ~ b l ~ s h c d " ~ ' ' ~ '  in two respects. Firstly, in  order to  decrease the side products such as 

para-hydrobenzoic acid (pOHBA) which could compete for antibodies, resulting in de- 

creasing yields of astatinated antibodies, or phenols which could compete for the unreact- 

cd '"At, resulting in an astatinated product that would be less stable than p-astatobenzoic 

conjugates, the added amount of diazinuim salt of PABA for preparation OC pAtBA was 

minimized to 2. 5X fO8rnol. Hcnce the pAtl3A may not be isolatcd by HPLC bcfor conju- 

gated with antibodies as described by Harrison A et al. cIo', and same results were ob- 

tnincd. Additionaly, hydrophobic interaction HPLC was uscd to analyse and identiry the 

as t a t inat ed anti bod i t s .  
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Drug 

ln  vitro stability 

T h e  in vitro stabilities of *"At-3HI 1 and 2"At-3HI 1 Fab were found to be high. 

T h e  deastatination of less than 2% were noted when they were incubated with 0. IMol/L 

PBS or I .  OMol/L glycine for 21h, and deastatinations of 3% and 6% for '"At-3Hll 

and 2"At-31-11 1 Fab respectively were noted in basic 0. 05M0l/L borate buffer(pH=g. 0 )  

Tor Zdh, respectively. 

Activity Dinding rate of " ' A t ( % >  Uindiiig ratio 

x10'Bq pg M85 I tlela M85/Hela I /Na ' "At  

Eva1 u t ion of imrn unor eact ivi t y 

The  binding rates of '"At-3fI I I ,  *"At-31I I I Fab and Na '"At to  M85 cell or Hela 

ccll were given in table I. It is showed that the binding rates of 2"At-3H1 1 and '"At- 

3H 1 1 Fab to human gastric cancer M85  are 6. 70 and 5. 98 times than that of Na '"At, 

respectively. Whereas their binding rates to Hela cell are not obviously different from that 

of Na '"At. This results demonstrated that the astatinated antibodies have specific im- 

munoreactivities to human gastric cancer. Tn our recent the immunoactivity of 

2'IAt-3H1 1 was certificed by the means of ELISA method,this result implied that '"At- 

3H 1 1 Fab also preserves the immunoactivity of unlabclled 311 I I Fab. 

'"At-3Hll 

2''At-3H11 Fab 

Na '"At 

Table 1 Comparison of the binding rate with cells on '"At-BIII1, z J ' A l - 3 f ~ 1 1  Fab and N a  '"At. 

11. 1 3. 3 19. 5 2. 99 6. 52 6. 70 

11. 1 3. 2 17. 4 3. 15 5. 52 5. 98 

11. 1 2. 91 3. 02 0. 96 1 

Tlterapeutic effect 

The  change of tumor volume in nude mice bearing tumor modcl treated by "I At- 

3HI I ,allAt-3111J Fab and PDS were presented in table 2 ,  and the tumor weight oE 

xrnografts in the  15 days and 20 days post the first injection were descrbed in Fig. 2. It 

was showed that the volume and weight of xenografts in all tested groups were much 

smaller and lighter than that of PBS control group. A t  15 days post first injection, the 

tumor volwnc or PIiS controt group was 1 .  85f0. 97cm', whereas the volumes of group 

I - IV were 0. 65fO. 10, 0. 56f0 .  18, 0. 88kO.  28, 0. 58f0. 33cm3, respectively. 

A t  tile same time point, the tumor weights of group I -V were 0. 52'50. 06, 0. 57f 

0. 05, 0. 81f0. 17, 0. 5 9 f 0 .  25 and 2. 0 4 f l .  28g, respectively. There werestatistical- 

ly signifirznt difrerenccs in tumor volume and weight o f  group 1 , II and IV compared 
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Group 

I 

1 

lU 

W 

V 
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Tumor Volume (cm') 

0 5d 1Cd 12. .w 15d 2od - 
0.08Lf0.018 0.16+0.049 0.41+0.018 0.6O-fiO. I 1  0.65f0.10 0.77f0. I 1  

0.lOfO. 026 0.23f0.057 0 .48iO.  11  0. 54f0.13 0.56f0.18 0 . 5 1 f 0 . 2 1  

0.083f0.033 0.23f0.095 0.60f0.23 0.78f0.21 0.88fO. 28 0 .9650.25  

0.088f0.034 0.15f0.063 0.37f0.22 0.5lfO. 33 0.60fO. 33 0.54fO. 35 

0.092f0. 022 0.21f0.060 0.70f0.28 1.19f0.56 1.85f0.97 1 . 8 5 f 0 . 3 9  

with P13S control group(P<O. 01) at 15-20 days post lirst injection. As summarized in 

tabie 3, the mcst evidnt inhibition was o b s e r v e d  in the groups with '" At-311 1 I Fab with 

tumor inhibility of 67. 5-70. 7% with I .  18X 1O'Uq/g and 69. 5-72. 3% with 2. 22 X 

I04Bq/g (analys'ed with tumor volume), or 70. 9-69 ,3% and 72. 0-68. 4% (analysed 

Group 

I 
U 
m 
N 

Tumor inhibility(%) 

5d 1Od 12.5d 1% 2Od 15d' 2od * 

30.5 41. 1 49. 2 61. 6 58. 5 74. 5 57. 6 
1. 1 31. 8 54. 6 69. 5 72. 3 72. 0 68. 4 
1.1 14. 5 34. 6 52. 4 48. 1 59. 0 43. 8 

35.2 47. 0 56. 8 67. 5 70. 7 70. 9 69. 3 

T 

Group 

Fig. 2 Tumor weight of xenografts in nude mice bearing tumor model 

at 15 and 20 days post first in jec t ion(n=4,%fSD)  

Table 3 T h e  tumor inhibility in nude mice bearing M85 cells treated with '"At- 

3HI I and 2"At-31-II 1 Fab(ana1ysed with tumor volume). 



1112 L. Ning et al. 

with tumor weight)  a t  15 days and 20 days post first injection, respectively. It was 

clcmoi~strated that  there is a relatively specific guided therapeutic effcct in tested groups. 

Eventhough the  irnmunorcactivity of *"At-3H I I to M85 cell was some stronger than that 

of 2 ' 1 A t - 3 H  I I F a b  in vitro, but the therapeutic efrect of "'At-311 I 1  F a b  for subcutaneous 

xenografts in nude mice was preferable to * "  At-3H I I ,  this was pmsibilly related to  

quiclier accumulation of Fab  fragment in tumor tissue in V ~ V O ~ ' ~ ' .  

CONCLUSION 

It is well known that  a-emitter 'I1 At is suitable as a possible therapeutic radionu- 

clide. This  paper dacr ibed  a modified procedure for astatination of antibodies using pAt- 

I3A intermediate. T h e  astatinated antibodies a re  stable in vitro. and have obvious im- 

munoreactivities t o  human gastric cancer cell M85. The tumor inhibition of '"At - 3 H l l  

Fab were more evident than that of '"At-3HI I , it is expected that  '"At is used t o  label 

monoclonal antibodies, especially label f ragment ,  may bring a hoper outlook for tumor 

t rcatmcnt ,  if combined with other therapeutic means,  but there were many investigation 

sliould be explored. 
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