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SUMMARY 

A tumor-associated monoclonal antibody, named 7E8 and 

raised against human placental alkaline phosphatase (hPLAP), 

is labelled with bromine-77 by means o f  chloramine-T. The 

paper describes optimum radiobromination conditions resulting 

in 34 'Z radiochemical yield of labelled antibody with more 

than 90 X immunoreactivity. 
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INTRODUCTION 

Monoclonal antibodies (MAbs) labelled with radioisotopes 

have great potential for specific radiolocalization o f  tumor 

cells by external imaging techniques. In most studies 1251- 

or 1311-labelled MAbs are used as immunoimaging agents (1). 

However iodinated proteins suffer from some major disadvanta- 

ges. It has been shown (2,3) that extensive dehalogenation 

occurs at many sites in the b o d y  including the tumor, resulting 
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in decreased Lumor to tissue uptake ratios and iodine 

accumulation in the thyroid and gastrointestinal system ( 4 ) .  

Use o f  1251 and 1311 is associated also with a high radiation 

dose. Radioisotopes of bromine represent more suitable radio1.a- 

bels due to the stronger carbon-bromine bonds compared to 

carbon-iodine bonds (5). Bromine-77 decays mainly by electron 

capture and about 1 W by positron emission with major Y-rays 

at 238 (23.8 W ) ,  300 (6 W ) ,  521 ( 2 1 . 4  W )  and 580 keV (7 W) 

(6). Its half-life of 56 h makes it particularly suitable 

to study antigen-antibody reactions b y  PET o r  by using gamma 

cameras. 

The whole-body radiation dose delivered by "Br in the 

form o f  a plasma tracer is about 1/10 the dose delivered by 

either 1251 o r  1311 (7) and bromide released does not accumula- 

te in the thyroid (8). 

Brornination o f  proteins is achieved by several methods 

(5,9-18). Our data describe a labelling procedure for anti- 

hPLAP monoclonal antibodies using chloramine-T. Although the 

latter is a very reactive substance and tends to easily damage 

the antibodies, the method is useful to label this MAb without 

significant loss of immunoreactivity by proper adjustment 

of the concentration of reagents, pll, temperature and time. 

Selection o f  anti-hPLAP monoclonal antibodies to be label- 

led is chosen for several reasons. Tests have proven (19) 

that about 50 % o f  patients with ovarian tumors and the majori- 

t y  of patients with seminomas have increased serum levels 

of the enzyme. Tumor material of these patients is also positi- 

ve. Thus hPLAP may be considered as a potentially valuable 

tumor marker for these malignancies and MAbs raised against 

hPLAP labelled with 77Br could be useful for the early 

detection of these cancers (20). An enzyme linked immunosorbent 

assay (ELISA) is used to determine the immunoreactivity o f  

the labelled monoclonal antibody. 
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EXPERIMENTAL 

Materials . 

Chloramine-T was purchased from UCB (Belgium). 

Anti-hPLAP monoclonal antibody (MW 160.000 ; IgGl 

subclass) was a generous gift of Dr. A .  Van de Voorde of Inno- 

genetics (Belgium). Goat anti-mouse I g G  was purchased from 

Jackson Irnrnuno Research Laboratories, Inc. ( U S A ) .  

Bovine serum albumin (BSA), p-nitrophenylphosphate and 

human placental alkaline phosphatase (hPLAP) were from Sigma 

Chemical Company (USA). Tween 20 was obtained from Laboratoria 

Flandria (Belgium) while all other chemicals were of analytical 

grade from Merck ( F R G ) .  The multi-well microtiter plates were 

purchased from Nunc (Denmark). 

Phosphate buffered saline (PBS) pH 7 . 4  was made a s  fol- 

lows : 9.00 g NaCl ; 0.20 g KC1 ; 1.42 g Na2HP04 ; 0.20 g 

KH2P04 in 1000 ml of distilled water. 
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Production of 77Br. 77Br is cyclotron produced by the 75As 

( ~,2n)’~Br reaction. The target material As205 ( 0 . 5  g) is 

irradiated with a-particles of 2 9  MeV at beam intensities 

of 5 to 10 F A  yielding 0 . 3  mCi.pA-l.h-1 of 77Br on the target. 

At the end of bombardment the target is left for at least 

12 h to allow the decay of short lived contaminants e.g. 1 8 F  

from the l60 (a,pn)18F reaction. 

After this decay period the arsenic pentoxide is washed 

from the target plate and transferred as a slurry to a distil- 

lation apparatus. Concentrated H2S04 and K2Cr20, are added, 

and on heating (90  O C ,  0 .5  to 1 h) the radiobromine is swept 

by a nitrogen stream into an ice-cooled water trap. 

This bromine solution (,i 1 ml) is made alkaline with 

NaOH and 100 p1 of a 2.5 mM hydroxylamine.hydroch1oride solu- 

tion is added to reduce the radiobromine to bromide. The 
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solution is evaporated to dryness to destroy the remaining 

hydroxylamine and the residue is dissolved in 500 yl water 

and the pH adjusted to 6-7 with H2S04 (21). 

Radiobromination. 6 2 . 5  y g  of the anti-hPLAP MAb is radiobromi- 

nated at pH 6 . 5  using a 250-fold molar excess of chloramine-T 

in a total reaction volume of 125 p l .  F o r  tracer studies 

about 1 yCi of 77Br- is used and 5 y 1  chloramine-T solution 

containing the optimum amount to carry out the reaction. Bromi- 

nation is allowed to proceed f o r  15 min at 20 "C. The labelling 

yield is determined by trichloroacetic acid (TCA) precipitation 

o f  the labelled protein. The bromination is stopped b y  adding 

bovine serum albumin subsequently followed b y  the addition 

o f  ice-cooled TCA. The final concentrations in 400 y1 end 

volume of both BSA and TCA are 1 mg/ml and 25 % (w/v) 

respectively. The suspension is stored at 0 "C  for at least 

30 min and centrifuged for 10 min at 1500 g. The p'ellet is 

resuspended and centrifuged three times with 1 ml of ice-cooled 

10 % (w/v) TCA. Precipitate, supernatant and wash fractions 

are counted on a NaI(T1) one channel gammaspectrometer. 

Enzyme linked immunosorbent assay. Wells of a polystyrene 

microtiter plate are coated at 37 ,'C with 100 p 1  of goat 

anti-mouse I g G  antibodies per well diluted in 50 mM carbonate 

buffer p H  9.8. The liquid is discarded by flicking of the 

assay plate and wells are washed two times with PBS + 0.05 

% Tween 2 0  (referred to as the washing buffer). Plate washing 

is performed b y  repeated aspirating and filling with buffer. 

Nonspecific binding sites of microtiter plates are blocked 

by exposure to a 0.5 % Tween 20 solution in PBS. After blocking 

the plate is washed and a series of labelled and unlabelled 

anti-hPLAF MAb dilutions made in incubation buffer (PBS, 0.01 

% BSA, 0.02 % sodium azide and 0.05 % Tween 20) is then added 

and incubated for several hours at 37 "C with the immobilized 
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goat anti-mouse I g G  antibodies. Any unbound MAb is washed 

away by rinsing with washing buffer. A known amount of human 

placental alkaline phosphatase (hPLAP) is next allowed to 

react with the bound MAb (overnight, 4 "C). Any excess unbound 

hPLAP is removed after the reaction by rinsing with washing 

buffer. The substrate (100 ul/well of a solution of p-nitrophe- 

nylphosphate) is added which results in a color change. The 

reaction is allowed to proceed at 37 "C for a suitable time 

interval and absorbancies are read at 405 nm. 

RESULTS AND DISCUSSION 

The effect of pH on the bromination using different buffer 

systems can be seen in Fig.1 where maximum incorporation is 

achieved between pH 5.5 and 6.5. 

Tyrosyl residues provide the most stable radiolabel (7) and 

to achieve this a neutral pH is required (22.23). Thus pH 

6.5 is chosen as the optimum pH for the radiobromination of 

this MAb. 

40 I 

Fig.1. Effect of pH on the bromination yield. 

( 0 )  0.1 M potassium acetate pH 5.5-6.0 ; ( 0 )  0.1 M 

potassium phosphate pH 6.5-7.5 ; ( A )  0.1 M potassium 

borate pH 8.0. Conc. of MAb : 0.1 mg/ml ; reaction 

vol. : 125 p1 ; reaction temp. : 20°C ; reaction time : 

15 min ; conc. of chloramine-T : 250-fold molar excess 

versus MAb conc. 
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The influence of reaction time on the bromination is 

shown in Table 1. 
* 

Table 1 : Effect of reaction time 

- 

reaction time % incorporated % imrnuno- 
min radiobromine reactivity 

5 

10 

13.8 * 0.6 82.5 2 2.9 

14.3 f 0.5 78.6 t 2 . 8  

1 5  34.8 2 0 . 5  72.8 f 2.9 

30 36.2 f 0.4 7.6 k 3.7 

* 
pH : 6.5 ; all the other reaction parameters 

are as described in Fig. 1 .  

Three reaction temperatures were tested : 0, 20 and 37 " C .  

The results are shown in Table 2. 

Table 2: Effect o f  reaction temperaiure on the Mab bromination 
* 

- - 

reaction iemperature % incorporated % imrnuno- 

"C radiobromine reactivity 

5 

20 

37 

22.2 f 0.4 78.2 f 2.7 

34.8 + 0.5 72.8 * 2.9 
11.7 ? 0.5 66.3 t 2.8 

* 
pH : 6.5 ; the other reaction parameters are the 

same as those described in Fig. 1 .  

Using chloramine-T concentrations below 250-fold molar 

excess gave very low bromine incorporation in the imrnunoglobu- 

lin. Chloramine-T concentrations above 250-fold molar excess 

resulted in increasing bromine incorporation however with 

decreasing immunoreactivity. By applying a 500-fold molar 

excess of chloramine-T to antibody, only 2 X of the immunoreac- 

tivity remained. 



The concentration o f  antibody (Table 3 )  seemed to have 

little effect on the radiochemical yield. 

* 
Table 3 : Effect of antibody-concentration . 

Conc. of MAb % incorporated Z immuno- 

( m g / m l )  radiobromine reactivity 

0.1 3 4 . 8  f 0 .5  7 2 . 8  f 2 . 9  

0 .5  34 .4  f 0.5 9 2 . 6  f 2.9 

0 . 7 5  2 6 . 2  f 0.7 7 7 . 5  f 2.7 

* 
pH : 6 .5  ; the other reaction parameters are 

the same as those described in Fig. 1. 

CONCLUSION 

The method described is suitable for labelling anti-hPLAP 

antibodies and by carefully monitoring the reaction conditions 

the immunoreactivity of labelled anti-hPLAP antibodies is 

sufficiently retained. 
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