
European Journal of 

Nuclear 
Medicine Review article 

The development of new radiopharmaceuticals* 
Keith E. Br i t ton 

Physician in Charge, Department of Nuclear Medicine, St. Bartholomew's Hospital, West Smithfield, London EC1A 7BE, UK 

Received February 9, 1990 

Abstract. The development of new radiopharmaceuticals 
is the basis of the continuing growth of nuclear medicine. 
Chemical interactions of electron clouds in their three- 
dimensional conformations bring together, in the pro- 
cess of molecular recognition, the reaction of antibody 
and antigen, receptor and ligand, enzyme and substrate, 
hormone and response site. This convergence enables 
the computer design of molecules such as ligands to fit 
computer-displayed conformational models showing ac- 
tive centres, positive and negative charges and other in- 
teractions. Indeed, given a particular molecule, a com- 
plementary binding structure can be devised. The hybri- 
doma approach to monoclonal antibody production is 
being superceded by the bacterial bioengineer. The gene 
for the hypervariable region from the spleen cells of im- 
munized mouse can be coupled with the myeloma gene. 
The polymerase chain reaction can duplicate the DNA 
a million times over in 20 min and the result transfected 
into a bacterial plasmid to produce the antibody. These 
scientific problems are soluble in principle and are being 
solved. However, so much damage to this developing 
biological field is being done by regulatory authorities 
that one must ask who should or can regulate the regula- 
tors. These problems have to be overcome in order to 
provide the new radiopharmaceuticals that are the food 
and wine of nuclear medicine. 
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The new radiopharmaceutical is the life-blood of nuclear 
medicine. If you look back over the past 6 years the 
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gamma cameras have hardly changed and yet nuclear 
medicine has progressed in an almost unrecognizable 
way. The question is whether the development of new 
radiopharmaceuticals is, in fact, a game of chance with 
some individual or some company winning the game 
and drawing an ace, or whether it is a scientific discipline 
cleverly worked out with each stage identified to give 
a designer molecule. 

In this context, I wish to consider the development 
of new radiopharmaceuticals under several headings: the 
physics approach; the chemical approach; the physio- 
logical approach; the pharmacophore and the active an- 
alogue approach; computer-aided radiopharmaceutical 
design; receptor-binding ligands; genetic engineering of 
antibodies and labelling sites; the polymerase chain reac- 
tion; the clinical approach (Table 1). 

The physics approach 

As an example of the physics approach, Brookhaven 
decided to produce some thallium T1 201. They put it 
into a few guinea-pigs and found that it went to the 
heart (Bradley-Moore et al. 1975). It was then rationa- 
lized that this was because its ionic radius was similar 
to potassium. The development of a new radiopharma- 
ceutical depended on its interest to physicists, the range 
of gamma rays suitable for the imaging equipment and 

Table 1. The development of new radiopharmaceuticals 

The physics approach 
The chemical approach 
The pharmacophore and the active analogue 
Computer-aided radiopharmaceutical design 
Receptor-binding ligands 
Genetic engineering of'antibodies' and labelling sites 
The polymerase chain reaction 
The clinical approach 
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the combinations of parent and daughter suitable for 
local generators. Nuclear medicine has greatly benefitted 
from the physics approach, as you have heard from Pro- 
fessor Tubiana (1989), with 131I and 123I, and the gener- 
ator systems for technetium Tc 99m, Gold 595 m, gal- 
lium Ga 68 and so on. The physics approach will come 
to the fore later in this presentation. 

Recent developments 

I will review briefly, through the joint European Nuclear 
Medicine congresses of the past 6 years, some of the 
new chemistry that has happened. In 1984 in Finland 
there were 1-123MIBG (Horne et al. 1984, 1985), the 
1-123 fatty acids (Notohamiprodjo et al. 1984), and the 
1-123 monoclonal antibodies (Granowska et al. 1984a, 
b). 

In 1985 in London, 99mTc-HMPAO dominated. Ell 
et al. (1985a, b) showed beautiful images of the distribu- 
tion of 99mTc-HMPAO in the brain. There the first intro- 
duction of a 99mTc cardiac agent occurred (Khalil et al. 
1985) and the new 99mTc Technegas (Burch et al. 1985). 
The 99mTc anti-melanoma antibodies (Buraggi et al. 
1985; Siccardi et al. 5986), the new generation of 99mTc- 
HIDA compounds (Evans et al. 1985), and the first of 
the 123I-labelled hormones - insulin (Ng Tang Fui et al. 
1985)- also came onto the scene. 

In 1986 in Goslar, Rigo et al. (1986) described the 
first of the 99mTc-MIBI studies. Figure 1 shows a typical 
study with technetium MIBI, which shows the distribu- 
tion of uptake in normal cardiac muscle and the areas 
of deficient uptake so beautifully and so much better 
than thallium 201. There were new antibodies against 
white cells (Danpure etal. 1986; Seybold 1988) and 
against myosin (Sochor et al. 1986; Khaw et al. 1987), 
a new use of 99mTc-DMSA (Clarke et al. 1986); the first 
use of 123I-labelled body proteins, the low density lipo- 
proteins from Sinzinger etal. (1986), and 123I-MIBG 
was investigated in cardiac denervation studies by Well- 
man et al. (1986). Figure 2 shows the uptake of 111In- 
anti-myosin in a recent myocardial infarct. 

In 1987 in Budapest, 99mTc-MAG3 was the highlight 
(Jafri et al. 1987, 1988; A1-Nahhas et al. 1988). Figure 3 
shows how much the background has been reduced by 
the use of a proximal tubular secreted technetium agent 
MAG3, as compared to 99mTc-DTPA. Technetium 
HMPAO white-cell labelling was introduced (Peters 
etal. 1987; Lavender etal. 1987). A normal 99mTc- 
HMPAO white cell scan shows a lack of lung uptake 
and the high spleen uptake. In Fig. 4 the defect in the 
liver colloid scan shows focal uptake on the white cell 
scan indicating the sites of active infection. The tech- 
nique has been simplified by Solanki et al. (1988). There 
were a number of other compounds, including 111In- 
labelled monoclonal antibodies (Granowska et al. 1987, 
1989a). Figure 5 shows the uptake of indium-labelled 
anti-CEA in the primary rectal cancer in the pelvis. 

In 1988 in Milan, the highlight was technetium-la- 
belled anti-CEA from Baum et al. (1988, 1989). There 
were also labelled brain receptor agents for single photon 
tomography (Kung et al. 1989) and yttrium monoclonal 
antibody therapy (Hnatowich et al. 1985, 1988). 

In 1989 in Strasbourg there was the detection of amy- 
loid, using a23I-serum-amyloid protein (Hawkins et al. 
1989), technetium MIBI for parathyroid imaging intro- 
duced by Coakley etal. (1988; Fig. 6), and 99mTc-la- 
belled monoclonal antibodies for many purposes (Baum 
et al. 1989; Granowska et al. 1989b, 1990a, b). There 
were also rhenium substitution for technetium (Maxon 
etal. 1989; Hanelin etal. 1989), strontium 89 (Blake 
et al. 1987), and samarium 153 (Boniface et al. 1989) 
for the therapy of bone metastases. 

This brief survey has moved from the past to the 
present, identifying some of the recently developed new 
radiopharmaceuticals. 

The chemical approach 

I will take the heart as an example of the chemical ap- 
proach. It is concerned with structure-activity relation- 
ships and chemical specificity to enable the development 
of designer molecules. The chemists are interested in a 
number of features of each chemical compound: its elec- 
trostatic charge; whether it is an electron donor or re- 
ceiver; the l!pophilicity; the redox potential; the pH; 
the chirality, which is whether it is bent to the left or 
to the right; the species of technetium; chelation and 
bond-stretching. The theory was that if the technetium 
could not be reduced once the compound got into the 
heart, it would stay in the heart, whereas if it was reduc- 
ible, then it would be a poor cardiac agent (Deutsch 
et al. 1981). Deutsch's theory dominated the chemists 
approach the seeking a technetium cardiac agent (Ger- 
undini and Maffioli 1989). 

The Dupont solution to cardiac imaging was to take 
this to its logical conclusion and use technetium in its 
ground state, which could then not be reduced. They 
developed compounds for this: the iso-nitriles such as 
methoxy isobutyl isonitrile, MIBI (Baillet et al. 1989). 
However, its success was not due to the fact that it con- 
tained technetium in its ground state; it was a lucky 
accident, the play of the cards, that there was a protein 
in the cytosol that bound MIBI and gave it its particular 
properties as an excellent fixed cardiac agent (Mousa 
et al. 1987). 

The Mallinkrodt approach was to investigate a com- 
pound called Sal3TAME, chosen by the chemists be- 
cause such ligands allow considerable adjustment of mo- 
lecular parameters. This means that the chemist can play 
with the molecule, which is what a chemist likes to do, 
so that one can alter its properties such as the redox 
potential, lipophilicity and so on. The way that it was 
decided that this compound had cardiac uptake was 
through the concept of a window of lipophilicity. If the 
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Fig. 1. 99mTc-MIBI image of the 
heart at rest at 1 h. Anterior, LA045, 
LA070. Loss of uptake in the septum 
and the inferior wall due to previous 
myocardial infarction is evident. Liver 
uptake is noted but does not interfere 
with the cardiac image in the sitting position 

Fig. 2. 111In-antimyosin image of the 
heart at 48 h. Anterior, LA045, 
LA070. Focal uptake in the free wall 
of the left ventricle at the site of 
recent myocardial infarction. Liver, 
marrow, and splenic uptake is also noted 

Fig. 3. Horseshoe kidney, posterior 
views at 15 rain: left 400 MBq 
99mTc-DTPA, centre 100 MBq 
99mTc-MAG3, right 100 MBq 123I- 
orthoiodohippurate. The high 
background with DTPA contrasts 
with the low background of MAG3 

Fig. 4. Liver abscess: left, 99mTc- 
colloid scan showing a large focal 
defect; right, 99mTc-HMPAO 
leucocyte scan showing focal areas of 
increased uptake at sites related to 
the focal defect. The normal high 
splenic and low lung activity is evident 

Fig. 5. 111In-anti-CEA monoclonal 
antibody radioimmunoscintigraphy 
anterior views of the pelvis at 10 rain 
and 48 h. Note the specific uptake in 
the rectal adenocarcinoma at 48 h 
and in adjacent (uninvolved) lymph 
nodes. Vascular, marrow, large-bowel 
and high-liver uptake is noted 
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compound took 6-9 rain to move to a chosen point on 
the chromatogram, it had the right sort of lipophilicity 
to get into the heart (Nosco et al. 1989). This very chemi- 
cal approach indicated the likelihood of maxium heart 
and minimal liver uptake. It was also shown that an 
electron donor in the five-position gave much longer 
cardiac retention, whereas in the six position with an 
electron remover, there would be less cardiac retention. 
Using this chemical approach, the compound was then 
labelled with 99mTc and in the dog the uptake of this 
compound in the heart was better than that of MIBI 
from Dupont (Nosco et al. 1989). 

The Amersham approach was to go back to the idea 
of Deutsch et al. (1981): that preventing the reduction 
of technetium would give cardiac retention. What excites 
a chemist is to have a bond longer than anybody else 
has. In one particular compound of DMPE, synthesized 
at Amersham, the technetium V - nitrogen bond is all 
of 0.2 ]k longer than anyone has ever discovered before 
(Dilworth et al. 1989). The trouble is that this elongated 
bond allows easy reduction, so this particular compound 
was of no use. DMPE was used as a basis of a series 
of over 150 different derivatives to obtain a molecule 
that went into the heart and stayed in the heart (Kelly 
et al. 1989). This occurred with the ether derivatives 
known as PL37 and P53 that have been successfully 
used in man by Lahiri et al. (1989). Thus; there is now 
a new Amersham agent for the heart. This, then, is the 
chemical approach to the development of new radio- 
pharmaceuticals, which uses chemical criteria to decide 
the direction of the research. 

The physiological approach 

Next, the physiological approach says that the study 
of man is man, but can a simple physiological model 
system be found to mimic this? The usual approach is 
to go from the guinea-pig to the minipig to man, but 
the Noah's Ark phenomenon is well known: that so 
many compounds have been successful in animals but 
have failed the last hurdle of man. In the antibody world 
a sort of murine immunological Folies Berg6re is used. 
Not another nude mouse study please, for it is an inap- 
propriate model for man! In vitro cell binding of anti- 
body does not necessarily mean that there will be in vivo 
binding because of the phenomenon of biological bar- 
riers preventing access. Nevertheless, simple physiologi- 
cal model systems provide an alternative to the chemical 
approach. One very good example is given by the devel- 
opment of HMPAO. 

How does a compound enter a tissue? There are a 
number of ways: by diffusion, by lipophilicity, by active 
transport, by carrier, by receptor or antigen binding. 
There are a number of ways in which it can stay in: 
by jamming enzymes such as selenocholesterol in the 
adrenal, by enzyme catalysis, by protein binding and 
by metabolism and depositing the radionuctide at the 

site, such as metals in the proximal tubules of the kidney. 
The HMPAO story is worth looking at from this point 
of view because Neirinckx at Amersham created a physi- 
ological model, which was very simple and allowed him 
to select, from thousands of different HMPAO-like com- 
pounds, those most likely to go to the brain and stay 
there. He had great fun in persuading us that this was 
all related to glutathione binding (Neirinckx et al. 1987), 
which it is not. But it was a good cover story and he 
believed in it and so did many others. In fact, as Costa 
et al. (1989) have demonstrated, it is a protein in the 
cytoplasm that is binding this HMPAO and has nothing 
to do with glutathione, as E1-Shirbiny et al. (1989) and 
Powell et al. (1989) have shown. 

Another way of binding compounds in the brain are 
through specific receptors. A whole range of 123I com- 
pounds are now being developed to bind cerebral recep- 
tors and are waiting for clinical applications (Kung et al. 
1989). Whereas the chemical approach appears limited 
to defining chemical criteria for cell entry, the physiolog- 
ical approach appraises both entry and residence re- 
quirements. 

The active analogue 

Let us consider next the pharmacophore and active ana- 
logue approach (Marshall 1984) and the computed-aided 
radiopharmaceutical design. The concept of a pharma- 
cophore is to look at features common to a set of drugs 
or compounds binding to and acting on the same recep- 
tor, drugs which are responsible for recognition and 
transduction of the appropriate response. The tradition- 
al chemical appraisal is to compare their two-dimension- 
al chemical structures. Take, for example, gamma amino 
butyric acid (gaba) 1, gamma amino butyric acid 2, and 
picrotoxin, a drug which acts on the gaba-binding neu- 
roreceptor (Glen 1984); see Fig. 7. With this sort of 
widely accepted chemical approach, the likelihood of 
receptor binding is based on the fact that the arrange- 
ments of molecules look similar. 

The active analogue approach states that one needs 
to vary the shape of the ligand to test the shape of the 
receptor. In this way, hopefully the common variables 
that lead to recognition and binding can be separated 
from the variables that lead to activation. This is re- 
quired because one does not want to destroy the system 
or activate the system while it is actually being imaged. 
The pharmacophore approach emphasizes the minimal 
volume requirements of the particular compounds in 
order to fit the particular shape of the receptor-binding 
site. This leads to the consideration of the process of 
molecular recognition. 

Molecular recognition 

Molecular recognition is the basis of biological interac- 
tion: substrate with its enzyme, a hormone with its re- 
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chemistry with a chemical ectoplasm, a persona around 
the molecule that is what actually matters. Therefore, 
when one compares molecules, one can no longer com- 
pare the shapes of  chemical formulae as described above, 
but one really has to compare molecules through the 
similarity of  their electron density clouds (Fig. 8). 

What  is quantum mechanics? The chemical and 
physical properties of molecules are strongly dependent 
upon their electronic structure. The techniques of  quan- 
tum mechanics can measure and calculate the distribu- 
tion of electrons, the geometrical relationships, the ener- 
gies of the molecules, the electrostatic potential and their 
thermodynamic properties. The Schroedinger equation 
is used, which relates the energy, E, for a molecule in 
a specified nuclear geometry and the wave form: HO = 
EO. From the wave function, 0, the electron density 
map, H, and electrostatic fields can be calculated 
(Richards 1989). 

Fig. 6A, B. Parathyroid adenoma. A 99~Tc-MIBI/99mTc-pertech- 
netate scan showing site of adenoma inferior and medial to the 
right lobe of the thyroid. B Transverse tomography of above with 
descending sections: top anterior; bottom posterior. Left top, mid- 
thyroid section; right top, posteriorly placed parathyroid adenoma 
on the right with the thyroid anterior; left and right bottom, para- 
thyroid adenoma. The posterior inferior location of the parathy- 
roid adenoma is highlighted by tomography for which 99~Tc-MIBI 
provides the high count rate 

ceptor, the drug with its metabolic site and the antigen 
with its antibody. It may be demonstrated that three 
dimensionally an enzyme acting on its substrate and an 
antibody acting with its antigen are very similar. Indeed, 
the interaction between all these groups pairs is by the 
same sort of  mechanism (Lerner and Tramontano 1988). 

What  is the mechanism? Here one has to enter into 
the quantum mechanics of molecular design. To you and 
me, a molecule is given by a chemical formula or a stick 
and ball model (Fig. 7). However, to a receptor or an 
enzyme or an antibody, a molecule is a blob of electron 
density with atomic nuclei only as a positive centre to 
hold a variable cloud of  negative charge together, and 
so our simple chemistry has become a different sort of  

Computer-aided design 

This approach requires computer-aided design (Blundell 
1984). An example is a molecule of  the enzyme Renin. 
The active centre is seen as a sort of cleft between cloudy 
mountains. Blue indicates hydrogen proton attracting 
areas and red the hydrogen-proton-repelling areas in the 
active centre of  the enzyme (Fig. 9 A). 

Thus, it can be appreciated that recognition mecha- 
nisms depend on the three-dimensional arrangement of 
electron density in the substrate or ligand molecule, the 
three-dimensional conformation of the receptor, and 
their surface interactions. Consider the active site of the 
enzyme hydrofolic reductase, which is responsible for 
part  of the integrity of cell walls and against which tri- 
methoprin, the antibiotic and methotrexate, the anti- 
cancer agent, act (Glen 1984; Fig. 9B). See how the li- 
gand fits into position and where there are possible 
spaces or other combining sites. This is how new anti- 
cancer molecules are designed now. 

Receptor-binding ligands 

Furthermore, having obtained a design of  a molecule 
in three dimensions, one can ask the computer to create 
its receptor, the antithesis of  that molecule. The com- 
puter produces a molecular net in the shape of  the com- 
plimentary structure that would act as a receptor for 
the particular molecule. This receptor characterization 
allows the synthesis of analogue molecules to bind to 
the receptor. For example, one can take insulin and 
create its receptor in three dimensions and then test a 
three-dimensional set of  insulin-like molecules to see if 
they will fit into the conformation of  that receptor, not 
as chemical formulae, but  as patterns of  interactions 
of  electron clouds (Fig. 10). 
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Fig. 7. Chemical stick and ball models: left gaba 1 ; centre gaba 2; right 
picrotoxin. They indicate the traditional analogue approach (published 
with permission of IBC) 

Fig. 8. Chemical ectoplasm, the electron cloud around a small molecule 

Fig. 9. A Computer-aided electron cloud representation of the active 
centre of the enzyme renin: blue hydrogen proton-attracting areas and 
red hydrogen proton-repelling areas (published with permission of 
IBC). B Computer-aided electron cloud representation of the active 
centre of the enzyme dihydrofolate reductase with its ligand (published 
with permission of IBC) 

Fig. 10. Computer-aided synthesis of the complementary receptor in 
blue to the complex ligand (insulin-like growth factor) in white 
(published with permission of IBC) 
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Fig. 11. Neuroblastoma in a 
chiId. Top. 99mTc-methylene 
diphosphorate bone scan is 
almost normal; bottom: 12aI- 
MIBG scan shows focally 
increased uptake in multiple 
vertebrate due to marrow 
involvement with neuroblastoma 

Fig. 12A-C. Neuroblastoma in a 
child. A Intense mediastinaI and 
left chest uptake of 123I-MIBG; 
B chest X-ray before 131I-MIBG 
therapy; C Chest X-ray after 
131I-MIBG therapy (3 GBq) 
showing the reduction of the 
tumour mass 

In summary,  one can synthesize the ligands and one 
can then synthesize the receptor. One can test the struc- 
ture activity relationships, the rotational barriers, the 
conformat ion volume, and the interactions. This gives 
a new three-dimensional approach  to the chemistry of  
receptor interactions between molecules large and small. 
This is summarized in a text by Richards (1989). 

On more familiar territory, the various receptor- 

binding ligands in practice include 123I-MIBG, Tc 99m 
(V) DMSA,  F18 Oestradiol and a new set of  1-123-1a- 
belled hormones,  of  which somatostat in is the most  ex- 
citing. The power of  these agents as radiopharmaceuti-  
cals for imaging and therapy is illustrated by la3I -MIBG 
in neuroblastoma.  Figure 11 shows on the left at the 
top a normal  bone scan, and yet the patient is full of  
neuroblastoma,  demonstrated by the bone mar row up- 
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take of MIBG. Figure 12A shows a massive turnout in 
the mediastinum and lung, both with MIBG and on 
the chest X-ray. Figure 12B is before MIBG therapy 
and Fig. 12C is after MIBG therapy in childhood neu- 
roblastoma, showing that it is able to provide sometimes 
complete, but many times partial remission in this dis- 
ease. 

Octreotide is a somatostatin analogue and its active 
centre contains the sequence phenylanaline, tryptophan, 
lysine. Changing the phenylanaline to tyrosine gives 1- 
123 tyrosine 3 octreotide, which is also able to bind 
somatostatin receptor sites. Pancreatic cancer and its 
metastases may be demonstrated (Krenning et al. 1989). 
It has also been used for carcinoid and small cell lung 
cancer. Indeed there is a whole range of tumours with 
somatostatin receptors. Those of particular excitement 
for the endocrinologists are the insulinomas, gastrino- 
mas, vipomas, glomus tumours and medullary carcino- 
ma of the thyroid. 

These new receptor agents and there are many others 
coming from tumours, such as bombesin and all sorts 
of possible analogues, give a combination of optimism 
and pessimism, for, provided that the receptor is present, 
the abnormality or the turnout will be detected and ra- 
dioreceptor therapy could follow. However, if it does 
not have the receptor, the image will be negative. The 
concepts of false-positives and false-negatives are really 
not applicable to this receptor type of situation. 

Genetic engineering 

The next development to consider is the genetic engineer- 
ing of antibodies and labelling sites. Any company that 
is not into genetic engineering and still calls itself a major 
radiopharmaceutical company is now lost. Monoclonal 
antibodies are produced by the hybridoma technique, 
and this important, but tedious undertaking is about 
to become outdated. The old-fashioned view of a gamma 
globulin was that the antigen was the lock and the anti- 
body the key. Three-dimensionally, in fact, the antibody 
is female with the hypervariable centres forming a cleft, 
whereas the antigen is male, and its epitopes stick out 
from the surface. On some occasions one is looking for 
promiscuous antibodies with high sensitivity and on 
other occasions rather virginal antibodies with high 
specificity. 

Now monoclonal antibodies may be labelled with 
technetium and the Schwarz and Steinstraesser tech- 
nique (1987), developed at Behring is the way to go. 
2-Mercapto ethanol is added in a 1000:1 molar ratio 
to the antibody to open its sulphur-sulphur bonds, and 
the product is then frozen. To label this antibody 'kit ' ,  
a normal bone-scanning agent such as methylene diphos- 
phonate is added to provide the tin and to provide a 
weak chelator of technetium to prevent non-specific 
binding to the protein (Mather and Ellison 1990). 99myc 
is added and binds through SH bonds to give a techne- 

Fig. 13. Radioimmunoscintigraphy with 99mTc-PRIA3 monoclonal 
antibody against a columnar epithelial antigen at 5 rain, 3, 6 and 
22 h as illustrated: anterior views of chest and abdomen in a patient 
with transverse colon adenocarcinoma. The turnout uptake is evi- 
dent at 6 and 22 h. The cardiac blood pool activity fades with 
time and the final liver uptake is less than that in the tumour 
at 24 h (courtesy of Dr. Granowska) 

tium-labelled antibody that is totally stable in vivo in 
the sense that there is no uptake of free pertechnetate 
by the thyroid over 24 h (Baum et al. 1989; Granowska 
et al. 1989b, 1990a). This new approach enables the ap- 
plication of the philosophy that we have spoken of for 
many years (Britton et al. 1985; Britton and Granowska 
1987): "the shorter the half-life, the greater the admin- 
istered activity, the higher the count rate, the less the 
noise from the signal, the earlier the detection and the 
smaller the lesion detected." 

Figure 13 shows a series from Granowska et al. 
(1990 a) of 99mTc-labelled antibody PRI A3 against colon 
cancer at 5 rain, at 3 h, at 6 h and at 24 h. At 24 h, 
the uptake in the transverse colon turnout is much 
greater than that in the liver and it is easily visible at 
6 hours. Analysis of the surgical specimen gave a turnout 
to mucosa ratio of 63 : 1. This is a successful technique. 
AS 99roTe is available to any routine nuclear medicine 
department and as this method of labelling antibodies 
is robust, a request for a labelled antibody study can 
be accepted, fulfilled and the result given out within 
24 h. 

What about the hybridoma? It may now be replaced 
by the bacterial bioengineer. In principle and now in 
practice it is only necessary to isolate the hypervariable 
genes from the spelen cells of the immunized mouse, 
add the myeloma gene, transfect the coupled gene and 
grow it in a bacterial plasmid and the bacteria produces 
the specified antibody for use (Riechmann et al. 1988; 
Rodwell 1989). Not only that, however, the gene can 
be manipulated and this wonderful new machine, the 
polymerase chain reaction (PCR) can give cell-culture- 
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free synthesis of genomic DNA (Saiki et al. 1988). This 
particular PCR enzyme from Thermus aquaticus (Taq) 
allows one to take any single DNA molecule, attach 
an oligonucleotide partner primer at each end and then 
in 20 min it will give a million copies of DNA. This 
is revolutionizing the whole approach to genetic engi- 
neering. One then just takes this DNA and introduces 
it into some vector like a bacteria and it will brew your 
antibody for you. 

One can go further. One can look at all this chemistry 
of adding radiolabels to antibodies for example by mak- 
ing special chelating compounds and substituting it with 
genetically engineered products. There is the Kemptide 
sequence which is leucine, arginine, arginine, alanine, 
serine, leucine, glycine, and this binds phosphorus natu- 
rally (Kemp et al. 1976). One could in principle geneti- 
cally engineer the Kemptide sequence on to the antibody 
and have an antibody that will bind phosphorus P32, 
presented by an active protein kinase (Foxwell et al. 
1988). P32 may be the best antibody-linked therapy 
agent with its 14-day half-life and 2 MeV energy to treat 
tumours (Boye et al. 1984). Alternatively, one can look 
at the metallothionein protein and genetically engineer 
this natural chelating protein to bind heavy beta-emit- 
ting metals for therapy or indeed 99mTc (Epps et al. 
1989). If it is thought that a group of cysteine molecules 
is the way to bind technetium, these could be genetically 
engineered onto a F(ab')2 fragment to give an antibody 
that will bind technetium without any biotechnical prob- 
lems. 

In breast cancer, it has been shown that a monoclon- 
al antibody against the human milk fat globule HMFG2 
binds a particular amino acid sequence in the glycopro- 
tein on the cell surface, which consists of aspartine, thre- 
onine, arginine whereas a more cancer-specific antibody 
SM3 binds the proline, aspartine, threonine, arginine, 
and proline. It has been discovered that in malignant 
tissue the two prolines have been exposed because the 
mucin glycoprotein is partly deglycosylated. Therefore, 
an antibody that only binds to the larger sequence allows 
it to be a little bit more cancer specific than the widely 
used HMFG2 (Burchell etal. 1987). Figure 14 from 
Granowska et al. (1990b) shows technetium SM3 uptake 
in an ovarian tumour at 5 rain, 6 h and 24 h. The SM3 
antibody was labelled with 99mTc using the Schwarz 
technique, modified as described above (Mather and Ell- 
ison 1990). 

Given this or another particular amino acid se- 
quence, one can obtain the corresponding RNA and 
thus the DNA sequence. The PCR reaction could then 
be used to create synthetic antigens. Or else, if the DNA 
sequence is known, as in some oncogenes (Hamlyn and 
Sikora 1983), one could reverse the process and obtain 
the amino acid sequence. One could then synthesise its 
three-dimensional structure by computer, work out the 
bond flexibilities, determine the receptor conformation 
and create one's own molecules that fit that particular 
receptor to test out analogue molecules for a new radio- 
pharmaceutical. Indeed, there is an explosion of com- 
puter-aided chemistry, which is the basis of the radio- 
pharmaceuticals of the future. 

Regulate the regulators 

The problem is man. The unjustified risk-related fear 
and unreasonable concern that is now being expressed 
by regulatory authorities in relation to biological prod- 
ucts that have quality assurance and quality control al- 
ready of a much higher standard than a blood transfu- 
sion is about to stop the introduction of genetically pro- 
duced compounds and other biological products that 
have been described above. 

One aspect is their attack, for it can put in those 
terms, on monoclonal antibodies where a committee for 
proprietary medicinal products have made Guidelines 
(1988) (which have the force of regulations in the EEC) 
applied to the marketing of antibodies. This body has 
decided that antibodies are dangerous. And what is the 
basis of that decision which is going to affect all of 
us? I have compared the regulatory guidelines that they 
have created with an antibiotic (Britton 1990). 

In order to introduce a new antibiotic into medicine 
one has to go through a number of steps, including its 
scientific validation. What is the scientific validation for 
these regulatory guidelines (1988)? There are no refer- 
ences. There is no discussion of the scientific basis of 
the regulatory guidelines. There is no experimental work 
and there is no explanation for the reasons for each 
of the statements in the regulatory guidelines. There is 
no assessment of efficacy, essential for an antibiotic. Do 
these regulations help or not? It is easy to separate a 
virus particle from a gamma globulin, for example, and 

Fig. 14. Radioimmunoscintigraphy with 
99mTc-SM3 monoclonal antibody against 
a stripped mucin core glycoprotein 
antigen at: left 10 min; centre 6 h; right 
22 h; anterior views in a patient with 
ovarian cystadenocarcinoma. Specific 
tumour uptake increases with time 
around a focal defect due to the cyst 
(courtesy of Dr. Granowska) 
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these particular regulatory guidelines demand that tests 
be made for 14 different murine viruses at each stage 
of the production procedure. The death rate from natu- 
ral murine viruses is about ten per decade worldwide 
(Minor 1990). The death rate from cancer is somewhat 
more ! 

What about toxicity? This must be tested extensively 
for an antibiotic. The toxic effects of  these regulations 
have already been able to stop nuclear medicine special- 
ists in Holland from using antibodies that they have 
been using for 6 years; they have been able to stop the 
development of  antifibrin antibodies from the animal 
to the human stage; and they have stopped the cancer 
research unit in Nott ingham from using an antibody 
they developed and were using for immunoconjugate 
therapy for cancer. Further side-effects are evident in 
the flurry of  activity in the medical insurance world, 
which is trying to tell us that we can no longer be insured 
if we use antibodies because they might be dangerous. 

What are the cost-benefit evaluations of  these regula- 
tory guidelines? The risks from these mouse viruses and 
from the other things they insist commercial companies 
should go through are quite trivial, but the costs are 
enormous. One company, Unipath, expects half of  its 
costs in developing a new radiolabelled antibody to be 
for regulatory requirements. Another company, Amer- 
sham International, no longer feels that it is worth its 
while to wade through such regulatory swamps and has 
withdrawn from the monoclonal antibody field until rea- 
son prevails. Consider a conversation with a patient with 
malignant disease: " Isn ' t  there a new drug treatment 
for me with antibodies which I saw on television ? .... Yes, 
but we are not allowed to use i t ."  " W h a t  is the prob- 
lem? . . . .  The antibodies are made from mouse cells and 
there is a one in ten-million chance that you might get 
a mouse virus disease." " W h a t  is it like? . . . .  Like mild 
flu usually". "So  for this I cannot have a new treatment 
for cancer that might prolong my life." 

These are the side-effects of the new regulatory 
guidelines from the EEC by a group of people, as far 
as one can see, that have no scientific or clinical support 
for their destructive actions in legislating monoclonal 
antibodies and how they are prepared and, indeed, have 
no insight into the management of  cancer in man. They 
contravene the European Communities Council's own 
directive (1987) where it is stated: "Whereas  high-tech- 
nology medicinal products requiring lengthy periods of 
costly research will continue to be developed in Europe 
only if they benefit from afavourable regulatory environ- 
ment, particularly identical conditions governing their 
placing on the marked throughout  the Communi ty ;"  
and "Whereas  the need for the adoption of  new techni- 
cal rules applying to high-technology medicinal products 
or for the amendment of  existing rules must be examined 
during a preliminary concertation between the Member 
States and the Commission with the competent Commit- 
tees so as not to endanger the advance of pharmaceutical 
research while at the same time ensuring optimum pro- 

tection of  public health within the Communi ty"  (my 
italics). 

I submit that these guidelines, which in effect will 
have the authority of regulations, do not meet the Euro- 
pean Communities Council's Directive of creating a fa- 
vourable regulatory environment and do endanger the ad- 
vance of  pharmaceutical research. On the one hand, they 
will have a knock-back effect on scientific laboratories 
trying to develop antibodies for human use against can- 
cer and other diseases; on the other, they will have a 
knock-forward effect discouraging commercial com- 
panies from entering this field. 

In conclusion, in the development of  new radiophar- 
maceuticals the scientific problems are exciting and solu- 
ble, but the problem with man is man. I think it is up 
to this European Association and many other scientific 
societies to try and regulate the regulators, because in 
this world a distorted perception of risk is grossly da- 
maging the real benefits. 

The clinical questions 

What then are the clinical questions? We want new ra- 
diopharmaceuticals to tell us whether a tissue is dead 
or alive, as in the brain after head injury or stroke or 
in the damaged heart before a by-pass operation. We 
want to know whether a tissue is alive and recoverable, 
again in the brain and the heart and the kidney with 
poor  function due to an outflow obstruction. We want 
to know if a tissue is alive and dangerous, such as the 
jeopardized myocardium. We want to know whether it 
is cancer or not. We want to know whether a system 
is functioning normally. We want to be able to detect 
disease early, particularly cancer and atheroma and to 
diagnose infections and also autoimmune diseases. We 

Table 2. The clinical questions 

Dead or alive? 

Alive and recoverable? 

Alive and dangerous? 

Is it functioning normally? 

Demonstrate inflammation? 

Detected early 

Treated with targetted radionuclides? 

Mark biological ageing? 

Brain/stroke 
Heart/bypass operation 

Brain 
Heart muscle 
Kidney 

Jeopardized myocardium 
Cancer or not 

Infection 
Autoimmune disease 

Cancer 
Atheroma 

Free radicals 
Degenerative processes 



wan t  to l o o k  at  their  responses  to t rea tments .  We w a n t  
to give t he r apy  wi th  r ad ionuc l ide - l abe l l ed  c o m p o u n d s  
because  they are  po ten t i a l ly  so selective tha t  they can  
be t a rge t t ed  to the r ight  site. L o o k i n g  ahead ,  we wan t  
some m a r k e r s  o f  ch rono log ica l  and  b io logica l  ageing.  
We w a n t  some m a r k e r s  o f  free rad ica l s  and  we w a n t  
some m a r k e r s  o f  degenera t ive  processes  (Table 2). 

In  conclus ion ,  I hope  I have  convinced  you  tha t  the 
d e v e l o p m e n t  o f  new r a d i o p h a r m a c e u t i c a l s  is re la ted  to 
the chemica l  p e r s o n a  o f  the  molecule  and  h o w  it inter-  
acts wi th  the pe r sona  o f  ano the r  molecule .  I hope  tha t  
I have  ind ica t ed  tha t  the  way  to deve lop  a new rad io -  
p h a r m a c e u t i c a l  is to s ta r t  wi th  the cl inical  ques t ion  and  
then to l ook  at  the phys io log ica l  basis  o f  h o w  a com-  
p o u n d  is en ter ing  the cell and  b ind ing  in the cell; to 
l ook  at  the chemica l  and  mo lecu l a r  basis  o f  the  three-  
d imens iona l  i n t e rac t ion ;  and  to l o o k  at  the possibi l i t ies  
o f  genet ic  engineer ing.  Then  you  will have  the new rad io -  
pha rmaceu t i ca l s .  These  are  the food  and  wine o f  nuc lear  
medicine.  
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