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A drug is that substance which, when injected into a rat, wiU produce a 

scientific report 

Arthur Bloch, Medical Murphology, Murphy's law book II 

Aan mijn ouders, 

mijn eerste opleiders 



STELLINGEN 

1) "Humanisering" van muize-monoclonale antilichamen ter vermindering 
van de immunogeniciteit in vivo heeft voor scintigrafische toepassing 
het nadeel dat de halveringstijd in de circulatie sterk wordt verlengd. 

LoBuglio et ai, Proc Natl Acad Sei USA. 1989; 86:4220-4224 

2) Koppeling van een fibrine- of thrombocyt-specifiek monoclonaal anti

lichaam aan een thrombolyticum lijkt een aantrekkelijke methode om de 

effektiviteit van de huidige generatie thrombolytica te verhogen. 

3) De stelling dat transfusie van "vers" bloed bij coronary bypass-operaties 
het postoperatieve bloedverlies kan beperken berust op een achterhaalde 
mythe. 

Wasseretal.,BrJHaematoll989; 72:81-84 

4) Een anafylactische reaktie bij bariumonderzoek van de dikke darm is 

een zeer zeldzame, maar reële complicatie. 
Wasser et al , NethJMed 1989; 35:147-150 

5) Indien bij echografisch onderzoek van een patient met een stomp 
buiktrauma aan nieren en retroperitoneum geen afwijkingen worden 
gevonden, kan intraveneuze pyelografie (IVP) achterwege blijven. 

6) Primaire gastroscopie bij patiënten met dyspeptische klachten toont 
overeenkomsten met het schieten met een kanon op een mug. 

7) Onderzoek aan pas-overledenen (z.g. "neomort" of "newly dead") is 
ethisch gezien een zeer dubieuze interpretatie van het begrip "ex-vivo" 
experiment. 

Coller et al , Ann Int Med 1988; 109:635-638 



8) Het bestaan van een commercieel televisiestation lijkt op dat van een 

koorddanser: het is de kunst op de kabel te komen én te blijven. 

9) Het feit dat sommige, zich supporters noemende, toeschouwers van 

voetbalwedstrijden spelers bekogelen met (al dan niet explosieve) 

voorwerpen, wekt de indruk dat niet het publiek de doelgroep is van de 

spelers, maar dat de spelers de doelgroep vormen van het publiek. 

10) He who would climb the ladder should begin at the bottom. 
Japans gezegde (vrij van invoerrechten) 

Leiden, 12 december 1989 

Martin Wasser 
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CHAPTER I 

GENERAL INTRODUCTION 

deep venous thrombosis (DVT) 

LI Epidemiologic considerations 

Venous thrombosis is a frequently encountered clinical entity in medical 
practice and occurs most frequently in the deep veins of the lower extremities. It 
is estimated that clinical diagnosis of deep venous thrombosis (DVT) of the legs 
is made yearly in 1 in 1000 of the population at large [1]. Surgery is a well 
known risk-factor for the development of DVT. Roughly 30% of surgical 
patients over 40 years of age develop DVT, if no adequate prophylactic 
measurements are taken [2]. In patients older than 60 years and in patients with 
certain other risk-factors e.g. malignancies, this frequency is increased to more 
than 50%. The majority of these cases of postoperative thrombosis originates in 
the deep veins of the calf s [3-5], and ascends to the veins of the upper leg in 20% 
of these cases [4,6]. Occasionally, a thrombus originates primarily in the 
popliteal, femoral or iliac veins [7]. In 6.7% of patients, a bilateral DVT can be 
observed [8]. Patients suffering from deep venous thrombosis (DVT) are at high 
risk for the development of pulmonary embolism. The frequency of fatal 
pulmonary embolism in the postoperative period has been reported as 0.7-1.4% 
[6,8,9] and it has been shown that leg DVT accounts for some 85-95% of 
pulmonary embolization [10-12]. Some investigators concluded that there is no 
danger of embolization when tiirombosis is confined to the calf veins [13,14]. 
Postmortem and venographic studies, however, have shown the opposite [15,16] 
and this issue remains controversial. 
Another, although less serious but still invalidating, complication of deep 
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venous thrombosis is the development of the so-called postphlebitic syndrome -
the sequelae of varicose veins, persistent pain or swelling of the legs due to 
destmction of the venous valves. For these reasons, it is necessary to recognize 
the condition of DVT at an early stage and to start anticoagulant (or possibly 
thrombolytic) therapy as soon as possible. However, because of its hemorrhagic 
side effects, anticoagulant therapy is not without risk (estimated mortality rate 
0.6% [17]) and it should be limited to patients in whom the diagnosis is certain. 

1.2 Pathophysiologic considerations 

Thrombosis is the result of activation of an intravascular clotting process that 
blocks the vascular volume either partly or completely. The extent and rate of 
formation of the flow obstruction determines the amount of resulting tissue 
injury. Thrombi may vary in composition, depending on the part of the 
vascular system from which they originate. 

a. white thrombi ("platelet thrombi") 
Thrombi formed at sites with high flow rate and high pressure (on 
intimai lesions of arteries) are composed primarily of platelets and 
have a variable amount of superimposed flbrin clot. 

b. red thrombi ("coagulation thrombi") 
Thrombi formed in areas of low pressure and low flow rate (veins) 
are primarily composed of a fibrin-red cell coagulum. This type of 
thrombi is also common in atonic atria with their associated stasis. 

c. mixed thrombi 

Most thrombi have properties of both red and white thrombi and 
are of a mixed type. They have a white head and a red tail, i.e 
where blood flow has slowed down 
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A common feature of aU thrombi is the presence of a fibrin network. Fibrin 

plays an essential role in the regulation of haemostasis in vivo. Activation of the 

clotting process, resulting in fibrin formation, activates an oppposing cascade, 

the fibrinolytic process, aimed at the degradation of the formed fibrin. The 

equilibrium between the two opposing processes coagulation and fibrinolysis is 

the so-called haemostatic balance (Fig. I.l). 

coagulation 

fibrin deposition 

Fig. 1.1 Balance between coagulation and fibrinolysis 

These two opposing systems do not operate independently, but are interrelated 

via complicated feedback mechanisms, through which they influence each other. 

Furthermore, both systems are within themselves controlled by built-in 

feedback mechanisms. Disturbance of the haemostatic balance will either result 

in bleeding (in case of hypo-coagulation or hyper-fibrinolysis) or tn thrombosis 

(in case of hyper-coagulation or hypo-fibrinolysis). A global overview of the 

complicated interrelation between coagulation and fibrinolysis is given in 

Figure 1.2. 
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Fig. 1.2 Relation between coagulation and fibrinolysis 

Considering the haemostatic balance, thrombosis must be regarded as a dynamic 
process. On the one hand, stimulation of the coagulation cascade results in 
formation of fibrin, while on the other hand, concomittant activation of the 
fibrinolysis cascade leads to degradation of the formed fibrin. 
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1.3 Fibrin, formation and degradation 

Formation 

The final step in the coagulation cascade is the conversion of fibrinogen into 

fibrin by the action of thrombin. Fibrinogen, present in plasma, is a 

symmetrical glycoprotein with a molecular weight of approximately 340 kD 

(containing approximately 3(XX) amino acids). It consists of 6 chains: two Aa, 

two Bß and two y-chains (Fig. 1.3) [20]. 

thrombin thrombin 

FPA 

T—I FPB 

Aa Aa 

Fig. 1.3 Schematic representation of the fibrinogen molecule; FPA = 

fibrinopeptide A, FPB = fibrinopeptide B 

The classical Hall-Slayter model (based on electronmicroscopic observations) 

depicts fibrinogen as a trinodular structure (Fig. 1.4) [18,19]. Three functional 

domains can be distinguished in the fibrinogen molecule i.e. two distal D-

domains and one central E domain which contains die fibrinopeptides A and B 

[20]. 
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Fig. I. 4 Trinodular model of Hall and Slayter of fibrinogen 

By the action of thrombin, the fibrinopeptides A and B (MW 1800 D each, 

containing 16 and 14 amino acids, respectively) are split off and so-called 

fibrin-monomers are formed. Beyond a certain critical concentration, these 

fibrin-monomers polymerise and form a fibrin gel. The formed fibrin is then 

stabilized by crosslinking of the fibrin monomers in the gel by activated 

coagulation factor XlII (Fig. 1.2). 

Degradation 

Activation of the fibrinolysis system results in the formation of plasmin and the 

subsequent degradation of fibrin by the formed plasmin. This degradation is a 

multi-step process, by which fragments of fibrin are cleaved off by the 

proteolytic action of plasmin. 

Plasmin, however, is not specific for fibrin and can also degrade fibrinogen. 

This degradation is analogous to that of fibrin and can serve as a model for 

fibrin degradation. Fibrinogen degradation proceeds via a family of early 
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(large) degradation products called X and Y, to late (smaller) degradation 

products designated as D and E (Fig. 1.5) 

fibrinogen, 340 kD 

0-=9-0 
45kD / ^ &agmaitX,250kD ^ . ^ 4 5 

IQkD t 
^ . . , ^ ^ ^ firagment Y. 150 m , ^ ^ 

kD 

fiagmeniD 

90kD T fragmentD 
fiagmentE 

Fig. 1.5 Schematic representation of plasmin degradation of fibrinogen (after 

Doolittle [20]) 

By analogy, non-crosslinked fibrin can be degraded to fragments X, Y, D and E. 

These products, however, lack the fibrinopeptides A and B. Plasmin digestion of 

crosslinked fibrin yields, amongst other products, fragment E and the 

crosslinked products X-oligomer and D-dimer. 

The degradation products of fibrin are soluble in plasma. Thus, by converting 

the insoluble fibrin deposits into soluble degradation products, plasmin dissolves 

the fibrin network of a thrombus and restores the bloodflow. 



16 

1.4 Diagnosis of deep venous thrombosis - general remarks 

Relying solely on clinical signs and symptoms for the diagnosis of deep venous 
thrombosis has become obsolete. It is now generally accepted that only about 
half of the patients who receive the clinical diagnosis of DVT have objective 
evidence of venous thrombosis [21-24]. Many other clinical conditions may give 
rise to the "typical" signs of DVT: a red, warm, swollen and painful leg, positive 
Homan sign (painful dorsiflexion of foot), subfebrile temperature. Clinical 
conditions mimicking the signs of DVT include cellulitis, superficial phlebitis, 
muscle tear, Baker's cyst, haematoma, lymphangitis, erythema nodosum, 
torsion of knee or ankle joint, inguinal abscess [14]). 

To overcome the problems of false diagnosis and treatment, many objective 
diagnostic procedures have been developed for the diagnosis of DVT. 

1.5 Overview of objective diagnostic tests for DVT 

Objective tests for detection of thrombosis can be divided into two groups: 
imaging and non-imaging techniques 

IMAGING TECHNIQUES 

1. Contrast venography 

Among the tests available, contrast venography is considered the gold standard 
[25,26] and it is found to be safe to withhold therapy from patients with a 
negative venography [27]. Nevertheless, the procedure has several 
disadvantages, some of which are due to the use of contrast media: the risk of 
inducing new thrombi by destruction of the endothelial lining of the vessel; 
injection of the contrast medium may be painful and there is a risk of allergic 
reactions to the contrast medium [28]. Although the recent development of low-
osmolar contrast media has reduced the risk of vascular complications, other 
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disadvantages have remained: the problems in execution and interpretation of 
the test; the difficulty in visualizing ileofemoral venous segments; examination 
of only the side suspected of being clinically involved and therefore possibly 
missing bilateral femoral or ileofemoral occlusions. 

2. Real-time ultrasonography 

This modality is a safe, inexpensive and easy to perform diagnostic procedure 

for the detection of deep venous thrombosis. It has a high sensitivity and 

specificity for the detection of proximal DVT (29-36), but is relatively 

insensitive for the detection of calf vein thrombi (36). 

3. Radionuclide bloodpool venography 

In the legs, veins of the deep system lack smooth muscle and may act as 
distensible blood reservoirs. After radiolabelling of the vascular 
compartment, imaging of the legs will therefore preferentially reveal the deep 
venous system. The object of bloodpool venography is the detection of 
obstructed blood flow in the deep veins. 

Bloodpool labelling may be achieved with Tc-99m human serum albumin (Tc-
99m-HSA) or Tc-99m labeUed red blood cells (Tc-99m-RBC). Tc-99m-HSA is 
inferior to Tc-99m-RBC, since it tends to leak from die vascular space, leading 
to an elevated background activity and lower target-to-backgroimd ratios [36]. 
The overall concordance rate of Tc-99m-RBC venography compared to contrast 
venography is 89% [37], with a sensitivity of 73% for ileofemoral venous 
occlusion [38]. 

4. Scintigraphy with Tc-99m labelled albumin aggregates 

Upon injection in a dorsal foot vein, Tc-99m-macroaggregates (MAA) not only 

provide information on blood flow in the deep veins of the legs, but also tend to 
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aggregate in an evolving thrombus, thereby localizing it as a hotspot. Moreover, 

perfusion scintigrams can be obtained following injection of Tc-99m-MAA to 

examine whether pulmonary embolization has occurred. However, the 

sensitivity of Tc-99m-MAA venography is reported to be 73-77% for proximal 

venous occlusion [49,40]. 

5. Iodine-123-fibrinogen scintigraphy 

This method requires an active uptake of fibrinogen by thrombi and it takes 

more than 24 hours after injection of the labelled fibrinogen to localize in the 

clot [41]. Denardo et al. [41] found an overall correlation of 91% with contrast 

venography. However, false negative results may be obtained in heparinized 

patients or in patients with established thrombosis (i.e. no active uptake of 

fibrinogen [41]. Moreover, the radionuclide Iodine-123 is expensive and 

requires protection of the thyroid gland. 

Finally, the use of fibrinogen purified fi-om pooled plasma includes the (small) 

risk of transmission of hepatitis and AIDS. 

6. Scintigraphy with Indium-111 labelled platelets 

Although good results have been reported on scintigraphy with In-Ill labeUed 
autologous platelets [42,43], this technique has never gained widespread 
application. Its major drawback is the time and technical skill required for 
separation and labelling of functionally active platelets. 

7. Others 

Several other non-invasive tests have been developed, mostly using 
radiopharmaceuticals: Tc-99m-plasmin [44,45], I-131-streptokinase [46], 
radioiodinated fibrin fragments [47], In-111-labelled tissue-t)^ plasminogen 
activator [48], I-131-labelled thrombospondin [49], radiolabelled monoclonal 
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antibody to platelets [50,51]. However, none of these techniques has gained 

widespread application due to lack of sensitivity and/or specificity, or to the fact 

that they have not yet been thoroughly evaluated for accuracy. 

NON-IMAGING TECHNIQUES 

1. Iodine-125-fibrinogen uptake test 

After injection of Iodine-125 labelled fibrinogen, active uptake of the 
fibrinogen by a thrombus causes an accumulation of radioactivity at the site of 
the thrombus. This can be measured with a scintillation counter. The fibrinogen 
uptake test is a useful screening test in the follow-up of patients at risk, e.g. 
surgical patients [10,52]. It is not to be used as the sole test in die diagnosis of 
symptomatic deep venous thrombosis, since it does not provide accurate 
information on the ileofemoral area (specificity 50-70%, [53]). This is of 
particular relevance in patients undergoing hip surgery, who are at high risk for 
the development of ileofemoral thrombosis [54]. The sensitivity and specificity 
for calf vein thrombosis is 97% and 96% respectively [53]. However, false 
negative results may be obtained in heparinized patients and in patients with 
thrombi that are not actively extending [55]. Fake positive results may be caused 
by hematomas, inflammatory processes or woimds [53]. Other disadvantages 
are: necessary protection of the thyroid gland, the long time required to 
complete the study, and the (smaU) risk of transmission of hepatitis and aids. 

2. Impedance plethysmography 

With Ulis method, changes in electric resistance due to changes in blood volume 
(caused by in- and deflation of a cuff) are measured by electrodes, applied to the 
calf. In patients with thrombosis of the proximal veins, the difference in electric 
resistance at in- and deflated cuff is reduced. 
It has been shown by Huisman et al [14] that serial impedance plethysmography 
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is a safe and effective non-invasive tool in the diagnosis of leg venous 
thrombosis in outpatients. It has a high sensitivity and specificity for proximal 
vein thrombosis, but a low sensitivity for calf vein thrombosis [52]. 
However, they concluded tiiat tiirombosis confined to the calf veins is of litue 
significance for the immediate risk of embolization. Nevertheless, there is 
always a possibility of proximal progression of venous occlusion and subsequent 
embolization. Moreover, patients with distal thrombosis may still develop the 
post-thrombotic syndrome, which may be prevented by adequate and early 
anticoagulant therapy [56]. Impedance plethysmography does not discriminate 
between old and recent thrombi - it only detects thrombi that produce 
obstruction to venous outflow and it does not discriminate between thrombotic 
and non-thrombotic causes of flow obstruction. 

3. Doppler ultrasound 

This is a safe, easy-to-perform non-invasive diagnostic procedure, which, in 
skilled hands, has a high sensitivity for proximal deep vein tiirombosis, but is 
less sensitive (50%) for detection of calf-vein thrombosis [57-59]. False negative 
results may occur due to non-occlusive thrombi and thrombi in branches of the 
major veins. 

False positive results may be caused by haematomas, edema or inadequate 
positioning of tiie doppler transducer. 

CONCLUSION 

At present, contrast venography is the gold standard with which other tests are 
compared. Of the non-invasive tests, impedance plethysmography, doppler 
ultrasound, ultrasonography and the 125-I-fibrinogen uptake test have been 
evaluated most extensively. 
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The results of these evaluations are summarized in Table I.l. 

Table LI Sensitivity and specificity for symptomatic proximal leg 
vein thrombosis (as compared with contrast venography) 

sensitivity specificity ref 

Impedance pletiiysmography 87-100% 92-100% 64-72 

Real-time ultrasonography 94-100% 88-100% 29-35 

Doppler ultrasound 31-94% 41-94% 57-63 

I-125-fibrinogen uptake 34-40% 50-70% 54,73,74 

Impedance plethysmography and real-time ultrasonography have proven to be 
highly sensitive and specific for the detection of thrombi in the proximal leg 
veins, but provide no accurate information on the calf veins, from which most 
of the thrombi originate. 

1.6 Aim of the study 

Most of the above mentioned diagnostic procedures detect thrombi indirectly by 
measuring their effects i.e. obstruction of blood flow. However, obstmction of 
blood flow is not necessarily caused by thrombosis, but may also be due to other 
abnormalities such as hematomas, tumors, aneurysms or Baker's cysts. Methods 
based on detection of a thrombus itself wiU not suffer from this problem. 
Since fibrin is an important constituent of thrombi, a method for the specific 
detection of fibrin deposits may be a powerful tool in the detection of venous 
thrombosis. Antibodies, which are specific for fibrin and which do not react 
with circulating fibrinogen are good candidates for this approach. Polyclonal 
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antibodies will almost inevitably crossreact with fibrinogen in plasma, since 
fibrin and fibrinogen have a 98% identical covalent structure. Monoclonal 
antibody technology offers the opportunity to obtain highly fibrin-specific 
targeting agents. Therefore, a study was initiated to investigate the possibility of 
immunoscintigraphic detection of thrombi using an antifibrin monoclonal 
antibody, and fragments of the latter. The antifibrin antibody and its fragments 
were labelled with the radionuclide Tc-99m, which has excellent characteristics 
for imaging with a gamma camera. This thesis describes the characterization of 
the antifibrin antibody and its fragments (chapters n and HI), the assessment of 
quality of labelling with Tc-99m (chapter IV), and results of experiments in 
vitro (chapter V) and in animals (chapter VI), which show the potential of 
immunoscintigraphic detection of tiirombi. 
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CHAPTER n 

PRODUCTION AND CHARACTERIZATION OF 
ANTIFIBRIN MONOCLONAL ANTIBODY Y22 

As stated in the introduction, fibrin is an important constituent of thrombi. 
Therefore, a method for the specific detection of fibrin deposits may be a useful 
tool in the diagnosis of venous thrombosis. 

Efforts to raise polyclonal antibodies to fibrin have generally yielded antibodies 
that also react with fibrinogen in plasma [1]. This is not surprising, since 
fibrinogen and fibrin are 98% identical to one another in primary structure. 
Monoclonal antibodies, however, offer the possibility of obtaining highly 
specific targeting agents, which may surmount the problem of crossreactivity 
with fibrinogen. 

This chapter, after a brief general introduction to monoclonal antibody 
production, describes the production of an antifibrin monoclonal antibody, its 
antigenic determinants and its binding to artificial thrombi as assessed by 
immunofluorescence microscopy. 

n.1 GENERAL INTRODUCTION TO MONOCLONAL ANTIBODIES 

Since tiieir introduction by Köhler and Milstein [2], monoclonal antibodies 
(MoAb's) have found widespread application in vitro for immunochemical 
characterization and quantitation of antigens. Because of their specific targeting 
properties they are also increasingly used in nuclear medicine for the 
immunoscintigraphic detection of primary and metastatic tumor sites [3]. 
Figure ILl shows the principle of mouse monoclonal antibody production. 
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Fig. n.1 Production and selection of monoclonal antibodies (adapted from 
Sei Am 1980; 243:66-74) 

After immunization of mice with an immimogen, splenic lymphocytes of the 
mice are fused with a myeloma cell line that lacks the capacity to produce 
antibodies. The resulting hybridoma cells are selected by their ability to 
propagate in hypoxanthine-aminopterin-thymidine (HAT) containing medium. 
Unfused lymphocytes and myeloma cells do not grow in the HAT medium. The 
hybridoma cells are cloned and the clones generating antibodies to the selected 
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antigenic determinant are identified using a screening assay. After selection of 
tiie desired antibody secreting clones, the hybridomas can be maintained in mass 
culture in which the supernatant serves as a dilute source of antibodies. To 
obtain higher concentrations of antibodies, the clones can be grown 
intraperitoneally in mice to produce MoAb-rich ascites fluid. 
Hybridomas usually produce IgG (of IgGl or IgG2a isotype) and occasionally 
IgM antibodies. IgG antibodies consist of two long and two short amino acid 
chains, referred to as heavy (H) and light (L) chains. The chains are linked 
together by disulfide bridges. The IgG isotypes differ structurally in the number 
of disulfide bridges linking the heavy chams together. The constant region is tiie 
same for all IgG's of the same isotype and can activate various components of 
the immune system. It includes the Fc-fragment, so called because of its 
tendency to crystallize in vitro. The variable regions in the two antigen-binding 
Fab-fragments determine the antigen-specificity of the antibody. IgG antibodies 
can be degraded to F(ab)2-fragments, Fab-fragments and Fc-fragments by 
enzymatic cleavage e.g. with pepsin or papain (Fig. n.2). 

c h a i n " \ A / ^ / v a r i a b l e region 

heavy 
chain 

F(ab), 

constant region 

enzymatic cleavage 

Fc Fab Fc 
2x 

Fig. n.2 Fragmentation of IgG monoclonal antibodies 
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II.2 ANTI-FIBRIN MONOCLONAL ANTIBODY Y22 

Introduction 

For immunoscintigraphic detection of thrombi with MoAb's, fibrin specificity 
of the latter is a prerequisite. The levels of circulating fibrinogen arc so high 
(approximately 2 mg/ml), that almost any crossreactivity of the MoAb with 
fibrinogen wiU saturate all free antibody injected into the circulation. In order 
to have fibrin-specificity, antifibrin MoAb's should be directed against an 
epitope that is not available in fibrinogen, but becomes exposed in fibrin due to 
conformational changes in the fibrinogen molecule when it is converted to 
fibrin by the action of thrombin. 

Hui et al. [4] produced fibrin-specific monoclonal antibodies by immunizing 
mice with a synthetic peptide containing the amino acids of the N-terminal end 
of the beta-chain of fibrin. This antigenic site appears to be blocked in the intact 
fibrinogen molecule and is de-blocked upon release of the fibrinopeptide B. 
Kudryk et al. [5] immunized mice with thrombin-digested NDSK (N-terminal 
disulfide knot, a fibrinogen fragment obtained after cyanogen bromide 
digestion). They also obtained antibodies against the N-terminal end of the beta-
chain of fibrin. Both the Hui and the Kudryk antifibrin MoAb's have been 
radiolabelled and used for immunoscintigraphic detection of thrombi with 
promising results [6,7]. 

Scheefers-Borchel et al. [8] produced antibodies against a syntiietic hexapeptide 
containing the amino acids of the N-terminal region of the alpha-chain of fibrin. 
This antibody was used in an assay for die detection of soluble fibrin in plasma. 
We used an alternative approach for the production of our antifibrin antibody. 
The rationale behind this approach was the following. It has been found that 
fibrinogen degradation products (e.g. fragment Y) share some properties witii 
fibrin, such as the capacity to accelerate the activation of plasminogen by tissue-
type plasminogen activator [9]. Intact fibrinogen does not have that capacity. 
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Three-dimensional stmctures within fibrinogen degradation products and fibrin 
may be important for these properties and may be recognized by monoclonal 
antibodies. For that reason we included possible reactivity with fibrin in our 
protocol to screen hybridomas resulting from fusions of mouse myeloma cells 
with spleen cells of mice immunized with fibrinogen fragment Y. We came 
across a MoAb with a much higher affinity for fibrin than for fibrinogen in our 
screening protocol with an enzyme immunoassay (EIA). This MoAb (designated 
as Y22) was further characterized and appeared to react also with preformed 
clots in vitro. 

Materials 

Balb/c mice were obtamed from the Centraal Proefdieren Bedrijf TNO, Zeist, 
The Netherlands; Freund's adjuvant from Difco, Amsterdam, the Netherlands; 
Polyetiiylene glycol 4000 from Baker Chemical Co., Deventer, the Netherlands; 
96-well cell culture plates from Costar, Cambridge, Mass. U.S.A. Protein A-
Sepharose CL-4B was obtained from Pharmacia, Uppsala, Sweden. Antisera 
against mouse immunoglobulin chains were gifts from Dr. Radl (Mstitute for 
Experimental Geron tology TNO, Rijswijk, the Netherlands), Microtiter plates 
(Immulon) were purchased from Greiner, Alphen a/d Rijn, the Netherlands. 
Rabbit antimouse Ig (7S) was obtained from Nordic, Tilburg, the Netherlands; 
3, 3', 5, 5'-tetramethylbenzidine (TMB) from Aldrich Chemical Co., 
Milwaukee, U.S.A. N-succimidyl 3-(2-pyridyl-ditiiio) propionate (SPDP) from 
Pharmacia, Uppsala, Sweden; bovine thrombin from Leo, Ballerup, Denmark. 
Goat-antimouse Ig, conjugated with fluorescein isothiocyanate (FITC) was 
obtained from Tago Inc., Burlingame, U.S.A. A control MoAb (anti-FITC 
IgGl) was kindly provided by Dr. J.J. Haaijman Medical Biological Laboratory 
TNO, Rijswijk, the Netherlands. The synthetic peptide H-Glycyl-L-Prolyl-L-
Arginyl-L-Proline (Gly-Pro-Arg-Pro) was kindly provided by Dr. G. van 
Dedem at Diosynth, Oss, The Netherlands. 
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Methods 

Purified proteins 

Fibrinogen was purified as described by Van Ruijven et al [10]. Plasmin-
generated fibrin(ogen) degradation products were prepared and purified as 
described by Nieuwenhuizen et al. for fragment X [11] and Y [12] and by Van 
Ruijven et al [13] for fragment E, D-dimer and D-cate. Fibrinogen Aa, Bß and 
y-chains were separated after reduction and subsequent carboxymethylation of 
fibrinogen and purified as described by Doolittie et al [14]. Fibrin monomers 
were prepared and purified as described by Haveikate et al. [15] and stored in 
20 mM acetic acid at -20X. Occasionally, soluble fibrin was generated by 
treatment of plasma or fibrinogen solutions with thrombin (2 NIH units/ml) in 
the presence of 15 mM Gly-Pro-Arg-Pro to prevent polymerization (16). 

Production of monoclonal antibody Y22 

Female Balb/c mice were immunized by intraperitoneal injection of 25 jig 
purified fibrinogen fragment Y in complete Freund's adjuvant and then at three-
week intervals with 25 p,g of fragment Y in incomplete Freund's adjuvant. An 
intravenous injection of 10 jig of fragment Y in phosphate-buffered saline 
(PBS) was given three days before fusion. Spleen cells of the immunized mice 
were fused with P3 x Ag 8653 cells in 40% polyethylene glycol 4000 as 
described before [17]. Growth and selection media were as described by Köhler 
and Milstein [2]. The cell suspension was diluted and divided over 96-well 
microtiter plates. Wells with growing cells were screened for antibody 
production by double-sandwich enzyme immunoassay (EIA) as described 
below. Reactive antibody producing cell lines were subcloned twice by limiting 
dilution (0.5 cells per well). One hybridoma was selected, producing the 
monoclonal antibody designated as Y22. The Y22 hybridoma cells were injected 
into the peritoneal cavity of Balb/c mice to produce Y22 containing ascites fluid. 
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Purification and subclass assessment 
Y22 was purified from ascites fluid by adsorption to protem A-Sepharose CL-
4B and subsequent elution wifli citrate buffer pH 5.0 according to Ey et al. [18]. 
Subclass was assessed by immunoelectrophoresis as described by Radl [19]. 

Double-sandwich Enzyme Immuno Assay (EIA) 
Immune reactivity of Y22 was determined using the double-sandwich EIA as 
described by Koppert et al. [20]. Wells of microtiter plates were coated witii 
rabbit antimouse Ig (7S) in a concentration of 10 jig/ml in PBS (120 jil/well). 
After incubation for 16 hours at 4°C, the plates were washed three times with 
PBS containing 0.05% Tween 20 (PBS/Tween). Hybridoma supernatant (for 
screening) or purified Y22 (for immunoreactivity; concentration 2 .̂g/ml in 
PBS/Tween) was added (100 ^I/well) and incubated for 30 minutes at room 
temperature. After three washings witii PBS/Tween, 100 \û portions of human 
fibrin monomer or fibrinogen solutions in PBS/Tween were pipetted into tiie 
wells and incubated for 30 minutes. Monomers were diluted in 0.02 M acetic 
acid to a concentration of 0.1 mg/ml. Further dilutions were made in 
PBS/Tween (pH 7.4). Occasionally fibrin was used, generated (by thrombm 
treatment) in plasma or in fibrinogen solution, and kept in solution by Gly-Pro-
Arg-Pro m PBS/Tween (pH 7.4). Finally, a horseradish peroxidase conjugate of 
IgG's from pooled polyclonal panspecific rabbit antisera against fibrin(ogen) 
[20] was added. After incubation for 30 minutes at room temperature, reactivity 
was assessed by addmg 3,3',5,5'-tetramethyl benzidine (TMB) and H2O2 as tiie 
substrate mixture [21]. After 5 minutes, the reaction was stopped by adding 1(X) 
^1 sulphuric acid (1 M) to the wells, and the absorbance at 450 nm was read 
using a munltichannel spectrophotometer. Reactivity with fibrin and fibrinogen 
of different species was tested using horseradish peroxidase conjugates of 
antisera against tiie corresponding antigens. 

Cross-reactivitv assay (CRA) 
Localization of tiie epitope recognized by Y22 was carried out using the cross-



36 

reactivity assay essentially according to Soria et al. [22]. The first step consisted 
of an EIA. Y22 was conjugated with horseradish peroxidase using N-
succimidyl-3-(2-pyridyldithio) propionate (SPDP) as a coupling agent, 
according to the manufacturer's instructions. Dilutions of the Y22-horseradish 
peroxidase conjugate in PBS/Tween 20 were added to microtiter plates coated 
with fibrinogen degradation fragment Y. After conversion of the TMB 
substrate, the reactivity was assessed spectrophotometricaUy. The dilution 
giving 80% of the maximum response in the EIA was taken as working solution 
in tiie second step. In the second step, Y22-horseradish peroxidase conjugate 
working solution was preincubated (16 hours, 4°C) with several dilutions (in 
PBS) of D-dimer, fibrinogen degradation fragments X, Y, E and D-cate and 
separated Aa, Bß and y-chains. After preincubation, 100 \J1 samples of this 
incubation mixture were transferred to the wells of a fragment Y-coated 
microtiter plate for EIA. Reaction of the conjugated antibody witii the antigen in 
the preincubation step would result in diminished reactivity with fragment Y, 
adsorbed to microtiter plates. 

Preparation of artificial thrombi 

Thrombi were formed in vitro from whole human blood in a loop of plastic 

tubing on a turntable as described by Chandler [23]. The thrombi were washed 

witii saline and stored overnight at 4°C. 

Visuahzation of binding of Y22 to artificial thrombi by immunofluorescence. 
To visualize the binding of Y22 to thrombi, frozen sections of artificial thrombi 
were made and washed tiiree times witii PBS. The sections were incubated with 
1:8 diluted normal goat serum to suppress possible background fluorescence. 
After incubation for 30 minutes at room temperature, the sections were washed 
witii PBS and incubated witii Y22 (0.15 ng/ml) in PBS for 30 minutes at room 
temperature. After washing with PBS, 1:40 diluted goat antimouse Ig 
conjugated with FITC was added and incubated for 30 minutes. Finally, the 
sections were washed and examined under an epi-fluorescence microscope 
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(Leitz Labolux D). A non-related IgGl MoAb was used as a control. 

Results and Discussion 

Three weeks after fusion and selection, cell growth was observed in 34 of the 
180 seeded wells. The media of 4 wells showed much higher reactivity witii 
fibrin monomers than with fibrinogen in the double-sandwich EIA used for 
screening. After cloning and recloning, one clone was selected for its good 
growth and production properties. This clone, designated as Y22, has been 
injected into the peritoneal cavity of Balb/c mice for the production of ascites, 
where it has been productive for more than 6 months (9 passages). After two 
years of storage in liquid nitrogen, the clone could be thawed and grown. 
Subclass assessment showed that Y22 is an IgGl monoclonal antibody witii K-
light chains. 

Figure II.3 shows that Y22 reacts strongly with fibrin monomers and only 
weakly with fibrinogen in the double-sandwich EIA. The figme also shows the 
reactivities with rabbit fibrin and rabbit fibrinogen. Rat material showed 
virtually the same profiles. 

The observed small crossreactivity with fibrinogen may only be apparent, e.g. 
due to a low amount of fibrin present in the fibrinogen preparation. If, 
however, the weak cross-reactivity is actual and due to fibrinogen itself, the 
dissociation constant of the binding of Y22 with fibrin must be several orders of 
magnitude lower than for the binding with fibrinogen. We cannot discriminate 
between these two possibiUties on the basis of our EIA results. The experiments 
on the binding of Y22 to tiirombi in vitro (Chapters IV and V) and m vivo 
(Chapter VI) show that (whatever the reason for the observed weak 
crossreactivity is) Y22 will accumulate on thrombi in a plasma milieu, i.e. even 
in the presence of large excesses of fibrinogen. 

It could be argued that fibrin monomers are much more reactive than 
fibrinogen in the EIA systems because the former have been dissolved in 0.02 M 
acetic acid, whereas fibrinogen has not. To check tiiis, we exposed fibrinogen to 
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0.02 M acetic acid and assessed the reactivity of this acid-treated fibrinogen. 
After acid-treatment, the reactivity of fibrinogen was virtually equal to that of 
fibrin monomers. This would indicate that the higher reactivity of fibrin may 
be due to some acid-induced denaturation. However, when fibrin monomers 
were used, produced by adding tiirombin (2 NIH units/mg fibrinogen) to Gly-
Pro-Arg-Pro [16] containing fibrinogen solutions (in PBS) or plasma and 
further diluted in PBS/Tween (pH 7.4), tiie much higher affinity of Y22 for 
fibrin compared to fibrinogen was still observed. This indicates that fibrin 
polymerization is not a prerequisite for Y22 interaction, and that the Y22 
epitope can be induced by the fibrinogen-to-fibrin conversion under physiologic 
conditions, but also (as an artifact) by acid treatment of fibrinogen. It also 
indicates that the binding of Y22 to fibrin is not blocked by binding of the 
polymerization inhibiting peptide Gly-Pro-Arg-Pro. 

1.0 1 0 0 450 nm 

100 

CONC. ANTIGEN Ong/L) 

1000 

Fig. n.3 Reactivity of Y22 in a double sandwich EIA expressed as optical 
density at 450 nm. Human (0) and rabbit (U) fibrin monomers 
were used as antigens and compared with human (O) and rabbit (Q) 
fibrinogen 

We were not able to define tiie epitope of Y22 from tiie results of the cross-
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reactivity assay to the level of amino acids or cham stretches involved. Figure 
II.4 shows that Y22 reacted well with fibrin(ogen) degradation products 
containing the D-domam, but not with fragment E. Y22 did not react with 
isolated Aa, Bß or y-chains in the CRA. However, it could be argued that the 
lack of reactivity of Y22 with the separate chains was due to their rather low 
solubility. This is probably not the case, since Y22 also did not react with 
isolated chains adsorbed to microtiter plates. 

fragment 

0.015 0.08 0.4 2 10 50 

CONC. ANTIGEN IN INCUBATION STEP (mg /L ) 

Fig. n.4 Results of the crossreactivity assay (CRA). Reactivity of Y22 with 
fibrin(ogen) degradation fragments. High response in this assay 
indicates minimal binding of peroxidase labelled Y22 with the 
specific antigen in the preceding incubation step (see methods 
section) 

From these results it is conceivable that Y22 is directed against a conformation 

dependent epitope in tiie D-domain of fibrin. It seems to be a highly conserved 

epitope, since Y22 also reacts with fibrin of rabbits, rats, dogs and sheep 

adsorbed to microtiter plates (but not with murine or porcine fibrin). The 
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specificity of Y22 for fibrin of rats and rabbits, as compared to the 
corresponding fibrinogens, is similar to that for human fibrin(ogen). 

To show that Y22 not only binds to fibrin monomers, but also to the 
polymerized and cross-linked fibrin of thrombi, immunofluorescence studies on 
frozen sections of artificial thrombi were performed. 

Figure n.5 shows the immunofluorescence pattern of the fibrin network in these 

thrombi and also shows the resemblance of these artifical thrombi to in vivo 
thrombi with a white (Figure II.5A) and a red part (Figure II.5B). No 
fluorescence was observed after incubation with the control MoAb (Figure 
II.5C). 

A B 

Fig. II.5. Immunofluorescence microscopy of thrombi with ¥22 (A-B) and 
control MoAb anti-FITC (C); A: white part of thrombus; B: red 
part of thrombus. 
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In conclusion, Y22 reacts with a conformation dependent epitope in the D-

domain of fibrin. This epitope is present and available both in monomeric fibrin 

and in polymerized, crosslinked fibrin of thrombi, but not in fibrinogen. 
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CHAPTER m 

EFFECTS OF ANTIFIBRIN MONOCLONAL 
ANTIBODY Y22 AND FRAGMENTS THEREOF ON 

SOME PROPERTIES OF FIBRIN 

Introduction 

In the fmal stage of the activation of tiie coagulation system, die soluble plasma 
protein fibrinogen is converted into insoluble fibrin by the action of thrombin. 
Thrombin cleaves the fibrinopeptides A (FPA) from tiie amino-terminal ends of 
the two fibrinogen Aa-chains [1]. The resulting new amino-terminal ends of the 
fibrin a-chains constitute polymerization sites by which fibrin monomers 
(fibrin I or desAA fibrin) aggregate to form so-called protofibrils, which are 
two stranded polymers [2]. This linear assembly continues until protofibrils of 
about 600 nm in length are formed. At that point lateral association between 
adjacent protofibrils occurs [2], which results in the formation of thicker fibres. 
Removal of fibrinojjeptides B (FPB) by thrombin enhances the rate and extent 
of lateral association of protofibrils but is not required for polymerization [3]. 
Interfiber connections result in a three-dimensional network of fibrin, the fibrin 
gel, which is subsequendy stabilized by formation of crosslinks (iso-peptide 
bonds) between fibrin subunits by the action of activated factor XIII, a 
transglutaminase. 

Monoclonal antibody Y22, of IgGl isotype with K-light chains, is directed 
against a conformation dependent epitope in the D-domain of fibrin. Since a 
polymerization site is located in the D-domain of fibrin [4], we assessed the 
effect of Y22 and its F(ab)2 and Fab-fragments on fibrin polymerization. 
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The D-domain of fibrin is also involved in the stimulation of plasminogen 
activation by tissue-type plasminogen activator (t-PA) [5]. Therefore, we also 
studied tiie effect of Y22 and its F(ab)2- and Fab-fragments on tiiis property of 
fibrin. 

Materials 

Papain was obtained from Sigma, St. Louis, USA; peroxidase labelled goat 
antimouse Fab (GAM-Fab/PO) was obtained from Nordic, Tilburg, The 
Netherlands. FTTC labeled goat-antimouse antiserum was purchased from Taco 
Inc., Burlingame, USA. Anti-FITC IgGl monoclonal antibody was a gift from 
Dr. J.J. Haaijman, Medical Biological Laboratory TNO, Rijswijk, The 
Netherlands. 

Bovine thrombin was obtained from Leo, Ballerup, Denmark. The syntiietic 
peptide H-Glycyl-L-Propyl-L-Arginyl-L-Proline (Gly-Pro-Arg-Pro) was 
kmdly provided by Dr. G. Van Dedem, Diosyntii, Oss, The Netiierlands. The 
chromogenic substrate S-2251 (H-D-valyl-L-leucyl-L-lysine-p-nitroanilide 
dihydrochloride) was obtained from KabiVitrum Stockholm, Sweden; 
3,3',5,5'-teti-amethylbenzidine (TMB) from Aldrich Chemical Co., Milwaukee, 
USA. Plasminogen and two-chain t-PA were gifts from Drs. D. Traas and J. 
Verheijen respectively, Gaubius Institute TNO, Leiden, The Netherlands. 
Fibrinogen was purified as described by Van Ruyven et al. [6]. Fibrin monomers 
were produced and purified as described by Haverkate et al. (7). 

Methods 

Preparation of Ffab^n "̂<̂  Fab-fragments of Y22 
Digestion of antifibrin Y22 or of a control MoAb (anti-FTTC IgGl) by papain 

was carried out by a metiiod adapted from Parham et al. [8]. Y22 was dissolved 

in phosphate-buffered saline (PBS, pH 8.0) containing 10 mM cysteine and 2 

mM EDTA. Papain (5% w/w) was added to tiie solution, the mixture was flushed 
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witii nitrogen and incubated for 2 hours at 37°C. The amount of papain needed 
to obtain predominanüy F(ab)2-fragments had been determined empirically. 
Fab-fragments were obtained by a second addition of papain (5% w/w) and 
cysteine/EDTA-solution to the F(ab)2-inixtiu:e and incubation for an additional 
2 hours at 37°C. Digestion was stopped by addition of 50 mM lodoacetamide. 
The mixture was passed over a protein-A-sepharose column to remove 
undigested Y22 and Fc-fragments. PBS (pH 8.0) was used as elutmg buffer. 
F(ab)2 and Fab-fragments were separated by FPLC (Pharmacia, Uppsala, 
Sweden) on a Superose-12 column, using 0.15 M NaCl as eluent. Purity of the 
fragments was assessed by SDS-PAGE and FPLC. 

Assessment of immunoreactivitv of antibody fragments 
The reactivity of the Fab and F(ab)2-fragments of Y22 was assessed by enzyme 
immunoassay. Wells of microtiter plates were coated with fibrinogen (10 [ig/ml 
m PBS, 120 ̂ 1/well) and incubated for 16 hours at 4°C. After washing witii PBS 
containing 0.05% Tween 20 (PBS/Tween 20), the wells were treated with 
tiu-ombin (0.01 NIH units/ml in 0.15 M NaCl, 100 ^1/well). After incubation for 
30 min at room temperature, the wells were washed with PBS/Tween 20. Ten
fold serial dilutions of Y22, Fab or F(ab)2-fragments in PBS/Tween 20 were 
added and incubated for 30 min at room temperature. After washing with 
PBS/Tween 20, peroxidase conjugated goat antimouse anti-Fab Ig (7S) was 
added and mcubated for 30 min at 37°C. After washing witii PBS/Tween 20, a 
mixture of 3,3',5,5'-tetrametiiylbenzidine (TMB) and H2O2 was added [9]. 
After 5 mm, the reaction was stopped by addition of 100 pi 1 M sulphuric acid 
and the absorbance at 450 nm was read using a multichannel spectrophotometer. 

Thrombin time test 

The effects of Y22 and its fragments on the clotting of human fibrinogen in 

plasma were determined using a modified thrombin time test, described by 

Haverkate et al. [4]. To 100 \il citrated plasma in plastic tubes, 300 ̂ 1 of antibody 

(or firagment) solution of varying concentrations in 0.15 M NaCl was added. 
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After incubation for 5 min at 37°C, 100 jil of a tiirombin solution in 0.15 M 
NaCl (6 NIH/ml, 0°C) was added. The tubes were placed in a coagulometer 
(Amelung GmbH, Lemgo, W. Germany) and die clotting tune was recorded. In 
control experiments, non-related IgGl MoAb (anti-FTTC) and its fragments 
were used. The unbound fraction of antibody or fragments m the supernatant 
serum was determined by the enzyme immimoassay described above. 

Transmission electronmicroscopy (TEM) studies 

The effect of Y22 and its fragments on the assembly of fibrin fibres was studied 
by TEM. To 1 ml citrated plasma (fibrinogen concentration 2 mg/ml), 500 ng of 
Y22 or its fragments (m 300 \ü 0.15 M NaCl) or a control antibody was added. 
The mixture was clotted by addition of thrombin (100 NIH units) and CaCl2 (20 
\û, 1 M) and incubated at 37°C for 30 min. Small fragments of the clots 
(approximately 1 mm^ in size) were fixed in formalin (2% in PBS). Post-
fixation was done using formalin (4%) and glutaraldehyde (2%) in PBS. After 
dehydration with alcohol, the clots were embedded in epoxy resins and 100 nm 
thick sections were made on an ultramicrotome (LKB JR). Contrast staining was 
obtained using uranyl-acetate (0.25% in 0.1 M acetate, pH 6.2) and lead-citrate 
(0.4% in distilled water). The sections were examined in a transmission 
electronmicroscope (JEOL, type 100 CX). 

Scanning electronmicroscopy fSEM") studies 
To 1 ml citrated whole blood, 500 ng of Y22, a control MoAb or their 
fragments (in 300 nl 0.15 M NaCl) was added. The mixture was clotted by 
addition of thrombin (100 NIH units) and CaCl2 (20 nl. 1 M) and incubated at 
37°C for 30 min. Small fragments of the clots (approximately 1 mm^ in size) 
were fixed in formalin (4%) and glutaraldehyde (2%) in PBS. After 
dehydration with alcohol, the fragments were dried to critical point (Polaron E 
3000) using liquid CO2. After evaporation (Polaron SEM coating imit E 5100), 
the fragments were examined in a scanning electronmicroscope (JEOL, T 2(X)). 
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Effects on the fibrin-induced rate-enhancement of the plasminogen activation 
catalvzed by t-PA 

The effect of Y22 or its fragments on t-PA catalyzed activation of plasminogen 
in the presence of fibrin was examined in a spectrophotometric assay, essentially 
as described by Veiheijen [10]. 
To weUs of microtiter plates, 25 nl of a fibrin monomer solution (45 \ig/ia\. in 
20 mM acetic acid) was added. To this solution was added 225 nl of a mixture 
composed of 25 nl plasminogen (1.1 nM), 100 nl S-2251 substrate (0.75 mM), 
25 nl t-PA (1 U/ml), 50 nl Tris/Tween 20 (0.1 M, 0.1%) and 25 nl of Y22 or its 
fragments in Tris/Tween. At different times, the optical density at 405 nm was 
read using a multichannel spectrophotometer (Flow Laboratories). In control 
experiments, Y22 was replaced by an anti-FTTC MoAb or fragments thereof. 

Results 

F(ab)2 ̂ "^ Fab-fragments of Y22 were produced by digestion of Y22 by papain 
and purified by a combination of protein A Sepharose chromatography and 
FPLC. The apparent molecular weights of Y22, F(ab)2 and Fab were 158, 110 
and 58 kD respectively. The immunoreactivity of tiie F(ab)2 and Fab-fragments 
as assessed by enzyme immimoassay (EIA) is depicted in Figure III.1. On a 
molar basis F(ab)2 appeared to be approximately as reactive as intact Y22. Fab-
fragments were at least one order of magnitude less reactive in this system. 

Fab-fragments of Y22 bind to fibrin since no Fab-fragments were detectable 
(with the EIA described above) in the supernatant serum of a clot formed in the 
presence of Fab-fragments. They do not have an effect on the thrombin time. 
F(ab)2- fragments of Y22 interfere with clotting of plasma, but the strongest 
effect is observed with intact Y22 (Fig. in.2). At concentrations exceeding tiiose 
depicted in Fig. 2, clotting was completely inhibited by Y22. At concentrations 
of Y22 <1 nmol/l a slight acceleration of clotting was observed. A control 
MoAb (anti-FTTC) and its F(ab)2 and Fab-fragments had no effect. 
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Fig. ni.1 Immune reactivity of intact Y22 (0), F(ab)2-fragments (O) and 
Fab-fragments (A) in an EIA (details in Materials and Methods 
section). 
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Fig. III.2 Efi'ects of Y22(0), F(ab)2-fragments (O) and Fab-fragments (A) 

on clotting of citrated plasma in a thrombin time test as compared 

with a control MoAb (Q). 
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The effect of Y22 on fibrin formation is evident from the transmission 

electronmicroscopy (TEM) studies (Figure III.3). In the control experiment 

(Fig. III.3A), clotting of plasma resulted in formation of long, thick fibrin 

fibres. However, when Y22 was added to the plasma (Fig. ni.3B), only small 

and apparenüy thinner fibres were formed. In TEM no effect of Fab-fragments 

on fibrin structure was observed. 
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Fig. III. 3. Transmission electronmicroscopy studies of plasma clots, formed in 

the presence of a control antibody (A) and Y22 (B). 

The effect on fibrin formation in clotting whole blood was studied m scanning 

electronmicroscopic (SEM) images. In a control experiment (Fig. III.4A), a 

fibrin network appeared to be formed which consisted of thick interconnected 

fibrin fibres. Blood cells were trapped in the meshes of the network. In the 

presence of Y22 a loose, "foamy" fibrin stmcture resulted (Fig. III.4B). As in 

TEM, no effects of Fab-fragments on fibrm structure were observed in SEM. 



51 

A B 
Fig. ni.4. Scanning electronmicroscopy of whole blood clots, formed in the 

presence of a control antibody (A) and Y22 (B). 

The effect of Y22 on the acceleration of t-PA-catalyzed plasminogen activation 
by fibrin was assessed using the parabohc rate assay as described by Verheijen et 
al. [10]. Botii intact Y22 and a control MoAb had no significant effect on the 
stimulating capacity of fibrin (Figure ni.5). Y22-F(ab)2-fragments slighüy and 
Fab-fragments strongly decreased the fibrin-induced stimulation of t-PA-
catalyzed plasminogen activation at high concentrations. F(ab)2 and Fab-
fragments of the control antibody had no effect (not shown). 

Discussion 

In this study we investigated tiie effects of Y22 and its F(ab)2 and Fab-fragments 
on the polymerization of fibrin, and on the rate-enhancing effect of fibrin in the 
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Fig. in.5. Effects ofY22 (0), F(ab)2-fragments (A) or Fab-fragments (A) on 
t-PA catalyzed activation of plasminogen in the presence of fibrin. 
Activation rates are expressed as % of the system with fibrin but 
without Y22 or fragments. As a control, a non-related Moab (O) 
was used. 

t-PA catalyzed plasminogen activation. The rationale behind this was, that (as we 
had found before) Y22 has its epitope in the D-domain of fibrin, which 
comprises a polymerization site [4] and a site involved m the aforementioned 
rate-enhancing effect [5]. 

We found that Y22-Fab-fragments bmd to forming and preformed fibrin. This 
binding, however, does not have any effect on the thrombin time of plasma. 
Y22-F(ab)2- and especially intact Y22 have a strong effect on the tiirombin 
time. This suggest that the more bulky appendages that resut from the binding of 
Y22 and F(ab)2 cause steric hindrance of tiie aggregation of fibrin monomers, 
and that binding as such of the Y22-Fab moieties does not interfere with fibrin 
formation. 
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Alternatively, the bivalent Y22 and F(ab)2-fragments may mask a bmding site 
formed by two linearly ahgned D-domains of adjacent fibrin molecules. The 
monovalent Fab-fragments may not be able to mask such a putative site, which 
does not seem to be directiy related to the epitope. 

It is interesting to note that an acceleration of clot formation occurs at Y22 
concentrations <1 \\mo\/l, where the molar ratio of fibrin/Y22 is more than 1. 
The observed acceleration of clot formation could be due to bridging of fibrin 
monomers by (bivalent) Y22 molecules imder those conditions. At higher Y22 
concentrations this bridging action woidd be lost since only one binding site of 
Y22 could be satiuated. 

Our EM findings appear to confirm the above findings, i.e. Y22, when present 
in clotting plasma or blood, gives rise to shorter and apparenüy thinner fibrin 
fibrils, whereas Fab-fragments have no apparent effect on the fibrin structure. 
We found by ELA üiat Y22-Fab-fragments bind to fibrin. This indicates tiiat, 
altiiough the Fab-frments bind to fibrin, they are not bulky enough to mterferc 
with fibrin polymerization. Y22-F(ab)2-fragments take an intermediate 
position. A control antibody and its F(ab)2- and Fab-fragments were without 
effect 

In Chapter n is decribed tiiat Y22 also binds to the polymerized, crosslinked 
fibrin of thrombi. Therefore, our findings suggest that the epitope of Y22 is not 
the polymerization site in the fibrin D-domain itself, but may be in the direct 
vicinity of the latter. 

An apparenüy confiismg observation was made when we studied the effect of 
Y22 and its fragments on the fibrin-induced acceleration of the t-PA catalyzed 
plasminogen activation. Y22 has no effect, whereas Fab-fragments suppress tiie 
enhancing effect dramatically.Fab-fragments of a control antibody had no effect 
(Fig. III.6) It has been reported in the literature [11] that polymerization 
contributes to the rate-enhancing effect of fibrin. This does not seem to be 
supported by our fmdings with Y22, which inhibits polymerization but has no 
effect on the enhancement. Fab-fragments on the other hand, which do not 
inhibit polymerization, strongly inhibit the rate-enhancement. 
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It seems from our results that the Y22 epitope is not in the site involved in the 
rate-enhancement, since even the Fab-fragments, which have the strongest 
effect, do not annihilate the rate-enhancement completely. The epitope may, 
however, be in the close vicinity of the rate-enhancing site. We cannot preclude 
that a limited extent of fibrin aggregation occurs in the used assay system. If this 
occurs, Y22-Fab-fragments may be incorporated in the partly polymerized 
fibrin whereas the more bulky Y22 molecules are not. 
Further studies are needed to investigate these possibilities. 
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CHAPTER TV 

LABELLING OF ¥22 WITH Tc-99m: METHOD AND 
QUALITY 

Introduction 

For immunoscintigraphic purposes, the decision concerning which radionuclide 
is to be used for radiolabelling of a given monoclonal antibody is based upon the 
following criteria [1,2]: 1) physical characteristics of the radionuclide: half-life 
(Tip) ' photon-energy; 2) chemical reactions to be used for mcorporating the 
radionuclide mto the antibody, the effects of labelling on tiie mimimoreactivity 
of tiie antibody and stability of label attachment in vivo; 3) target and kinetics of 
biodistribution of the antibody; 4) radiation dose expected to be delivered to the 
target and other tissues of die patient. 

It is desirable that the radionuclide emits photons of adequate energy for 
achieving the resolution needed for the imaging studies, while giving as small a 
radiation burden as possible. The half-life of the photon emitter should be as 
short as possible, but has to be compatible with the biodistribution patterns of 
the monoclonal antibody and its accumulation in the target tissue. Table TV.l 
shows some characteristics of the radionuclides most commonly used for 
immunoscintigraphic purposes. 

Of these radionuclides, Tc-99m has tiie best decay characteristics, given its short 
half-life and its photon-energy (ideally detectable with an Anger gamma 
camera). Moreover, it is a Mo-99m-generator product and is readily available 
and essentially carrier-free. 
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Table IV. 1 Leder ers' Table of Isotopes [3] 

Nuclide 

1-131 
1-123 
In-Ill 
Tc-99m 

Tl/2 

(hours) 

193 
13 
68 

6 

photon energy 
(keV) 

364 
159 
171/247 

140 

However, an important issue to be considered in immimoscintigraphy, is the 
time required to obtain suitable target-to-background ratios after mjection of 
the antibody. In other words, a short T^n of the radiolabel may be 
disadvantageous if a long time is required for the antibody to accumulate in the 
target tissue. In several studies using labelled MoAb's for the detection of 
primary and metastatic tumor sites, it took at least 20 hours (and even days) to 
localize the final target [4]. Avidity of the labelled antibody is an important 
parameter for the rate of binding to the antigen in the target tissue. But 
biodistribution pattems and kinetics are also critical in this sense. In case of 
tumour miaging, the labelled antibody has to be transferred via the vascular 
space in order to reach the cells of the target tissue. The rate-limiting step 
appears to be the transport of the radiolabelled, lipid-insoluble antibody from 
the blood via the endothelial lining of the vessel into the extracellular fluid of the 
target tissue. On the one hand, this transport process may be enhanced in 
inflamed or cancerous areas as compared with normal tissue. On the other hand, 
the centre of many tumours is necrotic and avascular, and accumulation of 
antibody is often limited to the surface of the tumour. 
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Finally, the rate of clearance of the radiolabelled antibody from the circulation 
is important for visualization of accumulated antibody, since it determines the 
background activity. Anyhow, the radionuclide to be selected must retain a 
sufficient activity at the time an image is to be taken. Therefore, 1-131 and In-
I l l are most frequenüy used in radiolabelling antibodies for tumour detection, 
although good results have also been reported with Tc-99m labelled MoAb's [5]. 
In the case of thrombus imaging, however, the target object is already present in 
the blood stream and, in theory, readily accessible to the antibody. High target-
to-background ratios should be feasible within a short time after injection of the 
labelled antibody, and visualization of the thrombus is theoretically only 
dependent on the avidity of the antibody and its clearance from the circulation. 
We therefore decided to label our monoclonal antifibrin antibody with the 
radionuclide Tc-99m according to a method developed at the Division of 
Nuclear Medicine (Department of Diagnostic Radiology) of the University 
Hospital Leiden. In this chapter, this labelling procedure is briefly described and 
experiments are presented which show the quality of the labelling procedure and 
its effects on immunoreactivity of the antifibrin monoclonal antibody Y22. 

Methods 

Tc-99m labelling procedure 
This labelling method consists of two steps. Briefly, in the first step N,N-
dimethylformamide (DMF) was reacted with Technetium-99m pertechnetate 
imder acidic conditions for 4 hours at 140°C to form a reactive intermediate Tc-
99m-compound. In the second step, this intermediate compound and the MoAb 
were reacted at pH7, for one hour at 37°C to produce the Tc-99m labelled 
antibody. Non-bound low molecular weight radioactive contaminants were 
removed by size exclusion chromatography on a 5x1 cm Sephadex G50 
(Pharmacia, Uppsala, Sweden) column. The labelling yield was assessed by 
precipitation of the labelled protein witii 20% trichloroacetic acid (TCA). 
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Assessment of integrity of antibody Y22 after labelling with Tc-99m 

a) Paper electrophoresis of labelled antibody 
The behavior of labelled Y22 on paper electrophoresis was assessed before and 
after molecular sieving on a 5x1 cm Sephadex G50 column. Samples were 
applied on Whatman paper no. 1 and electrophoresed in 0.1 M acetate buffer of 
pH 4.8 for 40 min. at 4°C witii 300 V. Thereafter, an autoradiogram was made 
of the Whatman paper. 

b) HPLC-analysis of labelled antibody 
Determination of protein-bound and non-protein-bound radioactivity before 
and after gelpermeation chromatography on a Sephadex G50 column (see 
above) was done, using a HPLC system (LKB) with a Superose-12 colunm 
(Pharmacia, Uppsala, Sweden) and an on-lme NaI(Tl)-crystal gamma detection 
system. 

Assessment of stability of label attachment in vitro. 
Stability of the Tc-99m binding to Y22 was assessed by incubation of the labelled 
proteins with excess HSA for 24 hours at 37°C. At different times of mcubation, 
samples were taken and analysed on the HPLC to determine possible transfer of 
tiie label from Y22 to HSA. 

Effect of Tc-99m labelling on immunoreactivitv of Y22 

To assess a possible effect of labelling technique on the functional activity of the 

monoclonal antibody, two assays were performed: 

a) Double-sandwich Immuno Assay (EIA) 
In this assay we examined the antigen binding capacity of the labelled antibody 
compared to that of the unlabelled antibody. This assay is an adapted version of 
the assay, described in Chapter n. Briefly, wells of microtiter plates were coated 
witii rabbit antimouse Ig. Dilutions of labelled or unlabelled Y22 or its F(ab)2 
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and Fab-fragments were added and fibrin monomers were used as antigens. 
Finally, a horseradish peroxidase conjugate of a mix of IgG's from polyclonal 
rabbit antisera against fibrin, fibrinogen and degradation products was added. 
Reactivity of the antibody was demonstrated by spectrophotometric assessment 
of the conversion of a TMB-substrate by the horseradish peroxidase catalyzed 
reaction. 

b) Binding of labelled antibody at antigen excess 
To assess whether the small fraction of antibody that actually carries a label is 
still capable of bindmg the antigen, another assay was developed. In tiiis assay 
we measured the fraction of labelled antibody that could be incorporated into 
fibrin clots at various antigen concentrations. To aliquots of 1 ml of various 
fibrinogen dilutions m a 1% bovme serum albumm (BSA) solution in PBS, 2-5 
ng of labelled Y22 was added. After incubation for 1 hour at 37°C, thrombm 
was added at a ratio of 1 NIH units thrombin per mg fibrinogen. After 
incubation for 1 hour at 37°C, the clots were washed twice witii 1% BSA/PBS. 
The percentage of clot-bound radioactivity was measured in an auto-gamma 
weUcounter. 

We compared the reactivity of Y22 after labellmg with Tc-99m accordmg to our 
technique with that after labellmg with established procedures such as radio-
iodination, direct Tc-99m labelling after pretinning, and In-Ill labelling via 
chelation with diethylenetriaminepentaacetic acid (DTPA). 

Radioiodination was carried out according to Fraker and Speck [5]. To a 
vial, pre-coated with 100 ng tetra-chlorodiphenylglycouril (lodogen. 
Pierce, Rockford, 111., USA), 4 MBq 1-123 and 100 ng of Y22 m 1 ml of 
0.1 M borate buffer (pH 8.0) were added and incubated for 30 minutes at 
room temperature. 

The direct labelling with Tc-99m was performed as described by Rhodes 

et al. [6]. Y22 (600 \ig/m\) was pretinned for 24 hours in a 
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phtalate/tartrate buffer of pH 5.6 witii 2 mM SnCl2 and labelled by 

addition of TCO4". 

In-lU labellmg was performed as described by Hnatowich et al. [8] after 

introduction in Y22 of a diethyleneammepenta-acetic acid (DTPA) group 

by means of tiie bicyclic anhydride of DTPA at a molar ratio of 1:1. The 

DTPA-coupled protein was then complexed witii In-lU-chloride in a 0.5 

M acetate buffer (pH 6). 

In all labelling procedures, free label was removed by gelchromatography on a 

5 X 1 cm Sephadex G50 column. 

In vitro binding of Tc-99m labelled Y22 to clots 

a) Biruling to preformed plasma clots 
To aliquots of 1 ml plasma or serum containing 1000 KIU aprotinin (Trasylol, a 
protease inhibitor), 10 ng of Tc-99m labelled Y22 was added. In control 
experiments 10 ng of Tc-99m-HSA, Tc-99m-fibrinogen or Tc-99m-non-related 
MoAb (anti-FTTC) was used. Plasma clots (formed by clotting 1 ml citrated 
plasma with 2 NIH units of thrombin) were added to the plasma or serum and 
incubated at 37°C. After 24 hours the clots were removed, washed and counted 
in an auto-gamma weUcounter. 

b) Biruling to aggregating fibrin monomers 
To assess tiie binding of tiie labelled antibody to aggregating fibrin, an assay was 
developed, based on the pH dependence of the solubility of fibrin monomers. To 
aliquots of 1 ml plasma or serum, containing 1000 KIU aprotmm, 5 ng of Tc-
99m-Y22, 5 ng of Tc-99m control MoAb or 10 ng of Tc-99m-fibrinogen was 
added. After incubation for 30 minutes at room temperature, 250 nl of a 
solution containing 500 ng fibrin monomers in 0.02 M acetic acid (pH 3.5) was 
added. The resulting pH neutralisation of the fibrin monomer solution, caused 
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by the mixing with plasma or serum, induced polymerization of the monomers 
and after incubation for 30 minutes at 37°C a clot had formed. After 
centrifugation at 10.000 g for 10 minutes, the total radioactivity was measured 
in a gamma counter. A 200 nl sample of the supernatant was then taken and 
counted separately. Total radioactivity bound to the clot was calculated from the 
activity in the 200 nl sample and the known total volume. 

Results 

Under standard conditions of the Tc-99m labeUing procedure, Y22 could be 
labeUed with a yield of approximately 60%, as was measured after precipitation 
with 20% trichloroacetic acid. Distribution of radioactivity after paper 
electrophoresis of the Tc-99m labeUed Y22 is shown in Fig. TV.l. Three spots of 
radioactivity can be distinguished (lane A): one large spot representing the 
antibody-bound Tc-99m, another spot at the other end representing free 
pertechnetate, and one between these two, possibly of the intermediate 
compound. Gelchromatography on a Sephadex G50 column effectively 
removed radioactivity that was not incorporated into the antibody (lane B). 
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Fig. rv.l. Paper electrophoresis of Tc-labelled Y22 before (A) and after (B) 

purification over a Sephadex G-50 column 
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HPLC-radiochromatography also showed tiiat, after passage of Tc-99m-Y22 
over a G50 column, only Y22-bound radioactivity remahied and that no extra 
activity peak could be observed (Fig. IV.2). In a control experiment, unlabeUed 
Y22 eluted from tiie column at the same position as Tc-99m labeUed Y22 (not 
shown). 

M M «OO 

B 

Fig TV.2. HPLC-pattern of Tc-99m labelled Y22 before (a) and after (b) 
gelchromatography. The upper figures represent the protein 
distribution as asessed by UV-absorbance (UV), the lower figures 
show the distribution of radioactivity (Tc) 
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Fig. IV.3 shows the distribution of radioactivity after HPLC-chromatography 

over a Superose 12 column of a mkture of Tc-99m-Y22 witii HSA at the start of 

mcubation (A) and after incubation for 24 hours (B). No transfer of label could 

be seen in these experiments. 
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Fig. IV.3. HPLC-analysis of Tc-99m labelled Y22 before (A) and after 
incubation with HSA for 24 hours. The upper figures represent the 
protein distribution as assessed by UV-absorbance (UV), the lower 
figures show the distribution of radioactivity (Tc) 
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The effect of the labelling procedure on the immunoreactivity of Y22 was 
assessed by double sandwich EIA (Fig. IV.4). The functional activity of the total 
amount of intact antibody was not significantiy diminished after labeUing witii 
Tc-99m. The same result was true for F(ab)2 and Fab-fragments of Y22 (not 
shown). 
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Fig. IV.4 Double sandwich enzyme immunoassay of Y22. Absorbance of 
various Y22 dilutions at a fixed antigen (fibrin) concentration. The 
non-labelled antibody (0) in comparison with Tc-99m labelled Y22 
(O). Absorbance is a measure for the antigen-antibody reactivity 

At large antigen excess, 99% of Y22 labeUed witii Tc-99m by the DMF-metiiod 
was incorporated into fibrin clots (Fig. IV.5). This result was at least as good as 
the results obtained after radiolabelling witii 1-123, In-Ill or Tc-99m after 
pretinning. Direct labelling of Y22 after pretinning resulted in 85% 
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incorporation of the labelled antibody into the clots. However, when the 

antibody preparation was aUowed to stand for 24 hours after labeUing and G50-

gelchromatography, only 50% of radioactivity was recovered in the clot. This 

time dependent decrease in binding capacity was not observed after Tc-99m 

labellmg using the DMF method (not shown). 
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Fig. rV.5 Immunoreactivity of labelled Y22 as tested by incorporation 

percentages of radioactivity in fibrin clots formed from fibrinogen 

solutions with increasing concentrations. Results of our Tc-99m 

method (T), the I-123-Iodogen labelling (O), the Tc-99m-

pretinning (V) arui the In-lIl-DTPA chelation (0). As control, anti-

FITC MoAb was used, labelled with Tc-99m according to our 

method (Q) 

Table TV.l shows a 3-4 tunes higher binding of Tc-99m Y22 (DMF metiiod) to 
preformed, 24 hours old plasma clots than of Tc-99m-HSA, Tc-99m-fibrinogen 
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or Tc-99m-control MoAb, after incubation for 24 hours in plasma. After 
incubation in serum, approximately the same amount of Tc-99m-Y22 was bound 
to the clots. 

When soluble fibrin monomers were aUowed to polymerise in a plasma milieu 
in the presence of Tc-99m-Y22, 70% of the antibody was bound to the 
aggregated fibrin. Less tiian 10% of Tc-99m-fibrinogen, Tc-99m-HSA or Tc-
99m control MoAb was bound under the same conditions. When serum was used 
instead of plasma, tiie same amount of Y22 was bound to the aggregated fibrin. 
In serum, 40% of Tc-99m-fibrinogen was bound to the clots as opposed to less 
than 10% of the other control proteins (not shown). 

Table IV.2 Binding of Tc-99m-Y22, Tc-99m-fibrinogen, Tc-99m-control 

MoAb and Tc-99m-HSA to clotting purified fibrin monomers 

(after 30 minutes) arui preformed plasma clots (after 24 hours) in 

plasma milieu (average of two experiments, and individual 

observations in parenthesis) 

Protein added % bound to 

Aggregating fibrin Preformed clots 

Tc-99m-Y22 
Tc-99m-contr, MoAb 
Tc-99m-fibrinogen 
Tc-99m-HSA 

mean 
68.3 (69.9, 66.8) 

7.5 ( 8.5, 6.6) 
1.4 ( 0.7, 2.1) 
0.1 ( 0.1, 0.2) 

mean 
22.2 (19.6, 24.8) 

6.7 ( 8.5, 4.9) 
6.3 ( 6.6, 6.0) 
4.1 ( 5.3, 2.9) 
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Discussion 

Because of its short half-life (6 hours) and its photon energy (140 keV), Tc-99m 
is a frequenüy used radionuclide in nuclear medicine. For immunoscintigraphic 
detection of tumours, however, it is not always possible to use Tc-99m as a 
radiolabel, since in several studies tumour uptake of the monoclonal antibody 
was quite slow in comparison to the half-life of Tc-99m [4]. The rate-limiting 
step in the targeting of tumour tissue appeared to be the permeation of the 
labeUed antibody from the blood stream into the extravascular compartment [2]. 
Thrombi, however, are present in the bloodstream and should therefore be 
more readily accessible to monoclonal antibodies such as antifibrin antibody 
Y22. For that reason we decided on using Tc-99m as radiolabel in our studies on 
the feasibility of Y22 for tiirombus imaging (Chapters V and VI). 
For protein-labelling with Tc-99m some methods have been described, but tiiey 
have not been widely accepted. They aU suffer from the inabüity to keep the 
radiolabel firmly attached to the antibody witiiout deminishmg the functional 
activity of tiie latter [9-14]. Therefore, we labeUed Y22 witii Tc-99m according 
to a newly developed two-step method using N,N-dimethylformamide. Under 
standard conditions, Y22 could be labeUed witii an efficiency of approximately 
60% as assessed by TCA-precipitation. The remaining unbound radioactivity 
could be effectively removed by gelchromatography on a smaU Sephadex G50 
colunm, as was shown by paperelectrophoresis and HPLC-analysis. It is essential 
to remove the radiolabel not attached to the antibody, since it may cause an 
elevated background upon scintigraphy (as wUl be shown in Chapter VI). 
In vitro, no transfer of Tc-99m label could be observed when Tc-99m-Y22 was 
incubated with HSA for 24 hours. As wiU be shown in Chapter VI, experiments 
in rabbits indicated that binding of the Tc-99m label to Y22 is stable even in 
vivo, since no thyroid uptake or stomach activity was observed. Moreover, 
experiments in rabbits showed that Tc-99m labelled Y22 was cleared from the 
circulation at the same rate as Y22 labeUed with 1-125 according to die lodogen 
method, a widely accepted technique. This observation also shows that no 
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detectable effects were caused to the protein by our Tc-99m labelling as 
compared with labelling with 1-125 using the lodogen method. Damaged 
antibody would have been cleared at a much higher rate. 
Enzyme immunoassays showed that the immunoreactivity of Y22 and its Fab or 
F(ab)2-fragments was not significantly affected by our labeUing procedure. 
However, only a smaU fraction of the antibody is actuaUy labeUed and may be 
missed in the double-sandwich EIA. To test whether tiie immunoreactivity of the 
actually labelled antibody was diminished, the binding of Tc-99m-Y22 at 
antigen excess was assessed. Tc-99m labeUing according to tiie DMF metiiod 
resulted in 99% recovery of radiolabel in tiie fibrin clots. This result was at least 
as good as the figure obtained foUowing 1-125 labeUing using the lodogen 
method. Tc-99m labelling after pretinning resulted in a maximum of 
approximately 85% mcorporation of label into tiie clots. 
However, when tiie antibody labeUed via tiie pretmning method was kept at 4°C 
for 24 hours and tested in tiiis assay, only 50% of label was bound to tiie clots. 
This may either be due to loss of immunoreactivity of the antibody or to release 
of label. This phenomenon was not observed after Tc-99m labeUing according 
to our DMF method, which is another indication of the stability of tiie Tc-99m 
coupling using DMF. 

When preformed plasma clots were added to Tc-99m-Y22 contaming plasma, 
about 25% of tiie label was bound after 24 hours of incubation, whereas only 5-
10% of the labeUed control proteins was bound. 

When fibrin monomers were added to plasma containing Tc-99m labeUed Y22, 
70% of tiie labeUed Moab's was bound to tiie aggregating fibrin. Less tiian 10% 
of labeUed control protems (including fibrinogen) was bound under die same 
conditions. This indicates a higher rate of binding of Y22 to forming, 
polymerising fibrin than to polymerized fibrin, in which tiie epitopes may be 
less easily accessible to Y22. 

The binding of Tc-99m-Y22 must have occurred extremely rapidly, since 
aggregation of the fibrin monomers at neutral pH takes place within a few 
minutes. In semm, approximately the same amount of Tc-99m-Y22 was bound 
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to the fibrin. The findmg that binding of Tc-99m-Y22 to clots m serum is not 
different from that in plasma milieu, indicates that fibrinogen, present in 
plasma, does not hamper the binding of Y22 to fibrin. The observed increase in 
bmding of Tc-99m-fibrinogen in serum may be explained by the presence of 
residual thrombin activity in the semm. 

In conclusion, tiie newly developed labelling method using DMF couples the 
radionuclide Tc-99m tightly to antifibrin Y22 without diminishing the 
functional activity of the antibody. Binding experiments with clots indicate that 
Tc-99m-Y22 binds both to preformed and forming clots and that it reacts more 
rapidly with forming clots. 
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CHAPTER V 

SCINTIGRAPHIC DETECTION OF CLOTS 
IN VITRO 

Introduction 

In tiie previous chapter it was shown that Tc-99m labeUed Y22 bmds to plasma 
clots in a stationary system (i.e.in test tubes). To determine the scintigraphic 
implications of this clot-binding capacity of Tc-99m-Y22 and the effects of 
various environmental conditions of the clots on the up- take of Tc-99m-Y22 by 
the clots, we developed an in vitro circulation model. This model also enabled us 
to determine the kinetics of accumulation of antibody in the clots in a flow 
system: directly, by dynamic uptake studies on a gammacamera, and indirecüy, 
by immunofluorescence microscopy of the clots after exposure to the 
circulating antibody. 

Materials 

Heparin was obtained from Leo, Pharmaceutical Products, Weesp, The 
Netherlands; hirudin from Sigma Chemical Company, St.Louis, USA. The 
synthetic peptide Gly-Pro-Arg-Pro was a gift from Dr. G. van Dedem at 
Diosynth, Oss, The Netherlands. Aprotinin (Trasylol) was purchased from 
Bayer, Mijdrecht, The Netherlands. Fluorescein-iso-thiocyanate (FITC) 
labeUed goat-antimouse Ig was obtamed from Tago Inc., Burlingame, USA. 
Fibrinogen was purified from human plasma as described by Van Ruijven et al. 
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[1]. Non-related MoAb anti-FITC IgGl was kindly provided by Dr. J.J. 
Haaijman, Medical Biological Laboratory TNO, Rijswijk, The Netherlands. 

Methods 

Preparation of plasma 

Human blood was coUected in plastic tubes, containing 0,11 mol/l sodium citrate 

solution (1 vol per 9 vol blood), and centrifuged at 2300 g for 20 mmutes at 

room temperature. The plasma was stored at -20°C. 

Preparation of semm ("defibrinated plasma"^ 

Serum was prepared by addition of thrombin (2 NIHAnl plasma) and calcium 

chloride (2 mM) to citrated plasma in plastic tubes. After mcubation for 1 horn

at 37°C and 1 hour at 4°C, the tubes were centrifuged at 2300 g for 20 minutes. 

The serum was stored at -20°C. 

Preparation of clots 

Clots were formed by adding 2 NIH units of thrombin to 1 ml aUquots of plasma 
in plastic tubes, containing a thin wooUen thread. After incubation for 1 hour at 
37°C, the tubes were centrifuged at 23(X) g for 20 minutes at room temperature. 
The clots, formed around the woollen thread, were washed with phosphate 
buffered saline (PBS) and stored at 4°C until use. 

Circulation model 
Uptake of Tc-99m labeUed antifibrin Y22 by clots was visualized using an in 
vitro ckculation model as shown in Fig. V.l. A plasma clot, fonried around a 
wooUen thread as described above, was placed in a glass chamber (5x1 cm) on a 
gamma camera (Toshiba GCA 102S), connected to a computer (MDS-A^). The 
clot was fixed in the glass chamber by its woollen thread. Using a peristaltic 
pump witii plastic tubing (iimer diameter 2 mm), 10 ml of citrated plasma was 
circulated over the clot at a flow rate of 10 ml/min. After 1 hour of circulation. 
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1-5 ng Tc-99m-Y22 (1.1-2.6 MBq) was added to the plasma and dynamic studies 
of the uptake of Tc-99m label by tiie clots were made with tiie gamma camera 
for 15 hours (5 minutes per image). To assess the total amount of Tc-99m that 
was actuaUy bound, the clots were removed at the end of perfusion, washed with 
saline, and counted in an autogamma counter (Packard 5110). In control 
experiments, Tc-99m labeUed fibrinogen or a non-related MoAb was used. Four 
clots could be perfused and studied simultaneously using separate glass 
chambers and separate plasma reservoirs. 

^Tc-ant i -Mbr in 

gammacamera 

B 

Fig. V.1 Schematic (Fig. I A) and photographic (Fig. IB) representation of 
the in vitro circulation model. A plasma clot is placed in a glass 
chamber and plasma is circulated over the clot using a peristaltic 
pump. After 1 hour, Tc-99m-Y22 is added to the plasma and 
accumulation of antibody in the clot is assessed by use of the gamma 
camera 

Determination of detection limit of uptake of Tc-99m-Y22 bv clots 
As a measure for the rate of accumulation of Tc-99m-Y22 in clots, we 
determined the time required to obtain positive images of the clots from the start 
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of circulation of Tc-99m-Y22 containing plasma. With the aid of the computer 
connected to the gamma camera, clot-to-plasma ratios were calculated for the 
various experiments and the ratio at which a hotspot became visible on the 
scintigrams was determined. 
For objective assessment of this ratio, the following experiment was performed. 
With the computer, hotspots, comparable to the size of a clot in the circulation 
model, were generated on predetermined positions in a background. Poisson-
distributed noise was applied to both background and hotspots. Six persons were 
asked to localize the hotspots on these computerized scintigrams with target-to-
background ratios ranging from 1.0 to 2.0. On the scintigrams with target-to-
background ratios of 1.1 or more, all six persons localized the hotspots 
correctly. The ratio of 1.1 was therefore taken as the ratio at which a hotspot 
would also become visible in the circulation experiments (Fig. V.2). The time 
required to obtain a target-non-target ratio of 1.1 was then used as a measure for 
the rate of accumulation of Tc-99m-Y22 in tiie clots. 

1 1 
n B 

Fig. V.2 Images of computer-generated hotspots without (A) and with (B) 
Poisson-distributed noise at a target-to-background ratio of 1.1. Fig 
C shows the image of a clot in the circulation model at a clot-to-
plasma ratio of 1.1 
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Effect of experimental conditions on scintigraphic detection of clots in vitro 

The effect of various experimental parameters on the rate of uptake of Tc-99m-

Y22 by tiie clots was assessed by determming the time at which a ratio of 1.1 was 

reached in the various experiments. 

1 Using a waterbath, the temperature of clots and plasma was varied and tiie 

temperature-dependence of the accumulation of Tc-99m-Y22 m the clots 

was determined. 
2 In other experiments, the effects of addition of different anticoagulants on 

the bmdmg of Tc-99m-Y22 to clots was determined by addition of heparin 
(500 lU/ml), hinidin (0.6 U/ml) or Gly-Pro-Arg-Pro (10 mM) to the 
citrated plasma. (Hirudin is an inhibitor of thrombin and the syntiietic 
peptide Gly-Pro-Arg-Pro inhibits polymerization of fibrin [1]). 

3 Experiments in chculating semm were compared with those in plasma to 
assess the effect of circulating fibrinogen on accumulation of Tc-99m-Y22 
in clots. 

4 Since Y22 was eUcited by immunizmg mice with fibrin(ogen) degradation 
product Y, we evaluated the possibUity that accumulation of Tc-99m-Y22 in 
clots was caused by activation of the fibrinolytic cascade in our system and, 
as a consequence, by generation of fibrin-degradation products within the 
clots. Therefore, we assessed the effect of inhibition of fibrinolysis by 
addition of the plasmin inhibitor aprotinin (Trasylol) to the circulating 
plasma to a concentration of 1000 KlU/ml. 

5 The effect of variation of antibody dose on uptake by the clots was 
determined by adding different amounts of a Tc-99m-Y22 solution (cone. 
50 ng/tnl) with specific activity of 1 MBq/ng to the circulating citrated 
plasma. 

6 FinaUy, the circulation model was used to visualize the binding of Tc-99m-
Y22 to polymerising fibrin. To this end a wooUen thread, soaked in a 
tiirombin solution (10 NIH units/ml), was placed in a glass chamber and 
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perfused with citrated plasma to which Tc-99m-Y22 was added. 

Visualization of penetration of Y22 into clots by immunofluorescence studies 
In Chapter n it was shown that Y22 binds to frozen sections of thrombi. In the 
experiments in this chapter the penetration of Y22 into a thrombus is visualized 
at different times of circulation in the circulation model. Plasma clots (formed 
as described above, but without wooUen thread) were placed in the circulation 
model. Y22 (non labelled) was added to the circulating plasma to a 
concentration of 0.2 ng/ml. 

At different times of circulation (2,6 and 19 hours), clots were removed, 
washed with saline and frozen sections were made. After washing with PBS, 1:8 
diluted normal goat serum was added and incubated for 30 minutes. After 
washing, 1:40 diluted fluorescein-isothiocyanate (FTTC) labeled goat-antimouse 
Ig was added and incubated for 30 minutes. FinaUy, the sections were examined 
under an epi-fluorescence microscope (Leitz Labolux D). A non-related MoAb 
was used as a control. 

Results 

With the use of a gamma camera and a dedicated computer system, the uptake of 
Tc-99m labelled antifibrm Y22 by plasma clots was recorded. Figure V.3A 
shows images of a plasma clot after 10 minutes, 2 hours and 15 hours of 
circulation witii Tc-99m-Y22 containing citrated plasma at 37°C (corrected for 
decay of Tc-99m). InitiaUy, a fiUing defect was observed caused by the presence 
of the clot. This defect disappeared rapidly and the clot was visible as a clearcut 
hotspot after 2 hours of circulation, and was even more prominent after 15 
hours. 

In Fig. V.3B the distribution of activity is depicted in a longitudinal section 
through the chamber at different times of circulation (corrected for decay). It 
shows that the activity in the plasma surrounding the clot remained relatively 
constant. There was no difference in plasma activity on either side of the clot. 
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The radiolabel was selectively taken up by the clot with time, as is apparent from 
the single peak at the site of the clot, increasing in height with increasing 
circulation time. 
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Fig. V.3 Gamma camera images of a clot after 10 minutes, 2 hours and 15 
hours of circulation with Tc-99m-Y22 containing plasma (A). 
Figure B shows the activity distribution at different positions in a 
longitudinal section through the chamber (a = after 10 minutes, b = 
after 2 hours, c = after 15 hours of circulation) 

Regions of interest were drawn over clot and background on the basis of Fig. 
V.3B and accumulation curves were generated. Figure V.4 shows a graphic 
representation of the time-dependence of Tc-99m activity in clot and plasma 
after correction for Tc-99m decay. In the beginning, activity in the clot was less 
than that in plasma, due to the fiUing defect observed on the images. Thereafter, 
activity accumulated in the clot (corrected for decay), while the activity in 
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plasma remained approximately constant. Counting of the clots in a gamma 
counter showed tiiat only between 5 and 10% of mitiaUy appUed Tc-99m activity 
was eventuaUy bound to tiie clots after 15 hours of circulation (not shown). 
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Fig. V.4 Activity curves of clot and plasma (equal regions of interest) during 
circulation of Tc-99m-Y22 containing citrated plasma at 37°C 
(corrected for Tc-99m-decay) 

We determined the time dependence of tiie absolute amount of antibody 
molecules that was taken up by Üie clots by calculating tiie amount of 
accumulated radioactivity (anived at by dose calibration). This was converted 
to tiie amount of protein using tiie known specific activity. The resulting curve is 
shown in Fig. V.5. The rate of uptake of antibody molecules dropped rapidly 
witiiin one hour, following a gamma-fitted curve. Using this curve, we 
calculated the amount of Y22 bound to tiie clot after 15 hours to be 8% of 
initially applied Y22. 
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Fig. V.5 Time-dependence of rate of accumulation of Y22-molecules in a 
plasma clot. This curve is the first derivative of that in Fig. V.4 
(after smoothing by a gamma fit). The amount of antibody was 
calculated from the amount of Tc-99m-activity using the known 
specific activity 

During circulation with Tc-99m-Y22 in citrated plasma at 37°C, a target-non-
target ratio of 1.1 was obtained after 73 ± 59 min (n=8. Table V.1). Upon 
circulation with Tc-99m labeUed fibrinogen or a non-related MoAb this ratio 
was not attained even after 15 hours of circulation (not shown). 
Table V.1 shows the times of circulation at which a target-non-target ratio of 1.1 
was reached after addition of Tc-99m-Y22 to citrated plasma, and citrated 
plasma to which various anticoagulants were added. There was no significant 
difference in the time required to reach this ratio for the various anticoagulants 
added to the circulating plasma. A remarkable effect of temperature was 
observed: the time needed to obtain a clot-to-plasma ratio of 1.1 was 
approximately 4 times shorter at 37°C than at 20°C, which indicates an 
approximately 4 times higher binding rate. 

In the presence of aprotinin at 37°C, the standard deviation in the binding rates 
of Tc-99m-Y22 to clots was much smaller. This phenomenon was less prominant 
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upon circulation at 20°C. 

In serum, the binding rate of Tc-99m-Y22 to clots was comparable to the results 

obtained with plasma (ratio 1.1 reached after 85 min). 

Table V.l. Effect of various variables on rate of uptake of Tc-99m-Y22 by 

clots (expressed as time required to obtain a clot-to-plasma ratio of 

1.1.) 

Tc-99m-Y22 in Ratio 1.1 reached after (min) 

at 
20°C 

280 ±152 

(n=ll) 

340 ±101 

in=4) 

n.d 

n.d. 

277± 51 

(n=3) 

n.d. 

37°C 

73 ±50 
(n=8) 

85 ±60 
(n=4) 

112±58 
(n=3) 

73 ±37 

(n=6) 

43± 6 

(n=3) 

85 ±56 

(n=3) 

citrated plasma 

citrated plasma + heparin 

citrated plasma + himdin 

citrated plasma + Gly-Pro-Arg-Pro 

citrated plasma + aprotinin 

serum 



82 

Figure V.6 shows the activity curves of clots after addition of different amounts 

of Tc-99m-Y22 to tiie circulating plasma at 37°C, corrected for decay. There 

was a direct correlation (r=0.998) between antibody dose and absolute amount 

of counts present in the clot after 15 hours of circulation (Fig. V.7). 
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Figure V.6 Dose-dependent ac
cumulation of Tc-99m-Y22 in 
clots after addition of 1.5 (A), 6.5 
(B), 33 (C) and 66 ßg (D) labelled 
Y22 with a constant specific 
activity (1 MBq/fig) 

Figure V.7 Relationship between 
antibody dose and accumulated 
activity in the clots after 15 hours 
of circulation of Tc-99m-Y22 
containing plasma 

Clot-to-plasma ratios after 15 hours, however, did not differ significantiy for 
tiie different doses of Tc-99m-Y22 (Table V.2). Also, tiie rate of uptake of Tc-
99m-Y22 by the clots expressed as time required to obtain a clot to plasma ratio 
of 1.1 did not differ much for the various amounts of antibody. 
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Table V.2 Effect of antibody dose on rate cf uptake by the clots (expressed as 

time required to obtain a clot-to-plasma ratio of 1.1) and on clot-to-

plasma ratios (after 15 hours of circulation at 37%^). Different 

amounts of Tc-99m-labelled Y22 with constant specific activity (1 

MBq/fig) were added to the circidating plasma 

1.3 ng/ 1.3MBq 
6.5 ng/ 6.5 MBq 

33.0 ng/33.0 MBq 
66.0 ng/66.0 MBq 

90 mm 
130 mm 
115 min 

85 min 

time at which ratio clot-to-plasma ratio 

Dose Tc-99m-Y22 1.1 is reached (after 15 hours) 

2.2 
2.5 
2.0 
2.2 

When a thrombm-soaked wooUen diread was used mstead of a preformed clot, 
accumulation of radiolabel was aheady visible after a few mmutes of chculation 
of Tc-99m-Y22 containing citrated plasma (Fig. V.8A). As expected, perfusion 
of a thrombin-soaked woollen thread with Tc-99m-fibrinogen containing 
plasma also showed rapid uptake of this agent (not shown). Figure V.8B depicts 
the accumulation of Tc-99m-Y22 in the forming and preformed clot with 
increasing circulation time. The curve of the thrombin thread showed a rapid 
initial increment in counts and leveUed off thereafter, whereas tiie preformed 
clot showed a more gradual accumulation of radioactivity. 
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Fig. V.8 Images of the binding of Tc-99m-Y22 to a thrombin-soaked woollen 

thread (forming clot, "F") and a preformed plasma clot ("P") after 

perfusion on a gamma camera for 10 minutes, 2 hours and 15 hours 

(A). Fig. B shows the radioactivity curves as assessed by dynamic 

uptake studies on the gamma camera (5 minutes/image) of the 

preformed and the forming clot compared to background activity in 

equal volumes of plasma (corrected for decay) 

We were able to visualize tiie localization of anti-fibrin Y22 witiiin plasma clots 

by immunofluorescence microscopy at different times of circulation. A time-

dependent penetration of Y22 into the tiirombi was seen, as is shown in Fig. V.9. 

Ahnost tiie entire thrombus showed fluorescence after 19 hours of circulation, 

as is shown in fig. C. No fluorescence was observed after circulation witii a non-

related MoAb (Fig. D). 
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Fig. V.9 Immunofluorescence microscopy of clots after 2 hours (A), 6 hours 

(B) and 19 hours (C) of circulation ofY22 in the circulation model. 

No fluorescence is seen after circulation of a control MoAb for 19 

hours (D) 

Discussion 

A circulation model was developed for the immunoscintigraphic detection of 

clots in vitro. In this model, plasma clots were placed in a glass chamber on a 
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gamma camera, and Tc-99m labeUed Y22 was added to plasma which circulated 
over the clots. In citrated plasma, clots were visible as hotspots after about 1 
hour of circulation at 37°C. The clots did not become visible upon circulation 
with Tc-99m labelled fibrinogen or non-related MoAb, There was a time-
dependent accumulation of Tc-99m-Y22 m the clots (corrected for decay). The 
activity in the plasma remained approximately constant (corrected for Tc-99m-
decay), which indicates that only a smaU fraction of total applied Tc-99m-Y22 
was actuaUy bound to the clots. This was confirmed by counting of the clots in a 
gamma counter at the end of circulation. Only 5-10% of total applied Y22 was 
bound to the clots. Apparenüy, this was sufficient to visualize the clots, due to 
the difference in local concentration of Tc-99m-Y22 in clots and circulating 
plasma as expressed in the target-to-background ratio. When the rate of uptake 
of Tc-99m-Y22 was plotted against the tune of circulation, a gamma fittmg 
curve resulted, which shows a rapid drop in accumulation rate within the first 
hour of circulation. 

The accumulation of radiolabel quantitatively reflects the amount of antibody in 
the clot, since our labeUing method ensures stable attachment of Tc-99m to the 
antibody, as was shown in the previous chapter. 

The time-dependence of the uptake of Tc-99m-Y22 by the clots,as observed in 
the scintigraphic experiments, was confirmed by immufluorescence studies on 
frozen sections of the clots. They showed a time-dependent penetration of Y22 
into the clots. Almost the entire clot showed fluorescense after 19 hours of 
circulation. This clearly demonstrated that binding of Y22 is not limited to the 
surface of a clot. 

Combining the results of the fluorescence experiments and the calculations of 
the uptake rate curve (Fig. 4), we postulate that the initial rapid accumulation of 
label in the clot is due to coating of the surface of the clot by Tc-99m-Y22. 
Thereafter, the antibody has to penetrate the clot by diffusion, which apparenüy 
is a much slower process, probably due to the compact stmcture of the clot or 
the fibrin fibres in the clot. 
It was observed that a clot became visible as a hotspot when a target-to-
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background ratio of at least 1.1 was obtained. ITie time required to obtain this 
ratio was then taken as measure to compare the effects of various experimental 
conditions on tiie rate of uptake of Tc-99m-Y22 by tiie clots. 
A remarkable effect of temperature on tiie bmding of Tc-99m-Y22 to tiie clots 
was observed. At 37°C clots became visible as hotspots 4 times faster tiian at 
room temperature. This may result from a temperature dependence of the 
physico-chemical properties of the interaction between fibrin and the antibody. 
Various anticoagulants did not affect the rate of binding of 
Tc-99m-Y22 to tiie clots. The results witii heparin, in particular, are of tiie 
utmost clinical importance, since it would mean that heparin therapy in patients 
can be started before appUcation of Tc-99m-Y22 for tiu-ombus imagmg. In tiiese 
experiments, heparin was added to a concentration of 500 lU/ml. Extrapolated 
to a total plasma volume of ± 3 1, this would imply a dosage of 1,500.000 lU for 
an individual patient, which is much higher than the dose normally given 
(20.000 - 30.000 IU/24 hours). Even tiiis extremely high heparin dose did not 
affect tiie bindmg of Tc-99m-Y22 to clots. 

In the various experiments there was a large standard deviation in times 
required to obtain target-non-target ratios of 1,1. When, however, the plasmin 
inhibitor aprotinin was added to the plasma, the standard deviation was much 
smaUer. Possibly, part of the uptake of antibody by the clot is counterbalanced 
by lysis of the clot, when fibrinolysis is not inhibited by aprotinin. The 
variability of times required to obtain a ratio of 1.1 in tiie experiments without 
aprotinm, is therefore possibly due to mterindividual differences in fibrinolytic 
activity in the used plasma (plasmas were prepared from blood of different 
donors and at different times of the day: fibrinolytic activity has a diurnal 
rhythm [2]), These experiments also show that generation of fibrin degradation 
products witiiin the clots is not responsible for accumulation of Tc-99m-Y22, 
since it was not affected by addition of aprotinin. 

There was no difference in the binding rate of Tc-99m-Y22 to the clots during 
circulation in plasma compared to seram. This mdicates that fibrinogen, present 
in plasma, does not hamper the bindmg of Tc-99m-Y22 to fibrin. 
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We also assessed the effect of antibody dose on rate of accumulation in the clots. 
In this experiment we added different amounts of Tc-99m-Y22 with a constant 
specific activity to the circulating plasma. The absolute radioactivity dose added 
was varied in this setting with samples of Tc-99m-Y22 of identical quality. The 
results would not have been comparable if the activity used was kept constant 
and tile antibody dose was increased, tiius changing the specific activity of the 
preparations. There was an approximately linear relationship between labeUed 
antibody dose and the amount of activity present in the clot at the end of 
circulation. The tune required to reach a clot-to-plasma ratio of 1.1, however, 
was not dependent on the antibody dose. The absolute mcrease in clot-bound 
activity at higher Tc-99m-Y22 dose was not reflected in an increased clot-to-
background ratio. This can be explamed by the fmding that only a smaU fraction 
of the applied Tc-99m-Y22 is eventuaUy bound to tiie clots and, in the absence of 
clearance, an increased antibody dose wiU therefore result in a concomittant 
elevated background. 

Yet, circulation with higher doses of labeUed antibody resulted in better images 
as a result of lower "noise" in clots and plasma. 

We observed that forming clots already became visible already after a few 
minutes of perfusion with Tc-99m-Y22 containing citrated plasma. In these 
experiments, clotting was induced by a wooUen thread, soaked in a thrombin 
solution. This result is in full agreement with that of the experiments with 
aggregating fibrin monomers, described in the previous chapter. 
Since fibrin is a large (MW 340 KD) and complicated molecule, different 
antifibrin monoclonal antibodies may be directed against different epitopes on 
fibrin. Various physiological and clinical conditions may affect the accessibility 
of the epitope to the antibody, depending on its location in the fibrin molecule. 
Using our model it seems possible to predict the effects of these environmental 
conditions on the clot binding capacity of a certain antifibrin antibody without 
the use of animal models. Because it is a dynamic system, the model resembles 
more closely the in vivo situation than static test tube experiments. 
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CHAPTER VI 

IN VIVO EXPERIMENTS 

1 THROMBUS IMAGING IN ANIMALS 

Introduction 

In the previous chapters it was shown that Tc-99m-labeUed antifibrin antibody 
Y22 binds to human fibrin (and virtually not to fibrinogen) in an enzyme 
immunoassay (Chapter II), to human plasma clots m test tubes (Chapter TV) and 
to plasma clots in a circulation model (Chapter V). In this chapter the 
experiments arp described which were performed to assess the feasibility of 
immunoscintigraphic imaging of thrombi in vivo. 

We found by enzyme hnmunoassay (Chapter II) that Y22 reacts not only with 
human fibrin, but also with fibrin of rabbits, rats, dogs and sheep (but not with 
porcme or murine fibrin). This enabled us to perform imaging studies with 
autologous thrombi m anhnal models. 
For practical reasons we decided to use rabbits and rats for the in vivo 
experiments. 

Materials 

Vetamine hydroxide (Vetalar) was obtamed from Parke Davis, Morris Plains, 
USA, and acepromazme (Vetranquil) from Aigin, Maassluis, The Netherlands, 
Pentobarbital (Nembutal) was obtained from Ceva, Paris, France, Control 
MoAb anti-FITC IgG, was kindly provided by Dr. J.J. Haaijman, Medical 
Biological Laboratory TNO, Rijswijk, The Netherlands, Heparin was purchased 
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from Leo Pharmaceutical Products, Weesp, The Netiierlands. Cephotest reagent 
was obtained from Nyegaard Diagnostics Division, Oslo, Norway. Microtiter 
plates (Immulon) were purchased from Greiner, Alphen a/d Rijn, The 
Netiierlands, Rabbit anthnouse Ig(7S) and goat anthabbit Ig(7S) were obtamed 
from Nordic, Tilburg, The Netiierlands; 3,3',5,5'-tetrametiiylbenzidine (TMB) 
from Aldrich Chemical Co,, Milwaukee, USA. Fibrinogen was purified as 
described by Van Ruijven et al (1). 

Methods 

ANIMAL MODELS 

I. Rabbits 

Jugular Vein Thrombosis Model 
Male New Zealand White rabbits, weighmg from 2,5 to 4 kg, were anaesthetized 
by intramuscular injection of a 10:1 mixture (0,5 ml/kg body weight) of 
ketamine hydroxide (Vetalar, 100 mg/ml) and acepromazine (Vetranquil, 10 
mg/ml). Anaestiiesia was maintained by intermittent mtravenous injections of 
pentobartital (Nembutal) at a dose of 5 mg/kg body weight m a margmal ear 
vein, A clot was made in the right jugular vein, usmg a modification of the 
method of CoUen et al, [2], An incision of about 5 cm in tiie neck of the rabbit 
was made and the right jugular vem was exposed. AU branches were Ugated. 
The jugular vein was clamped proxmially and distaUy, A thm wooUen thread 
(length 3-4 cm) was inserted in the clamped segment, using a needle (diameter 
0,5 mm). A clot was aUowed to form on the wooUen thread for 30 mmutes and 
the clamps were released. The blood volume of the clamped segment was 
approximately 1 ml. FinaUy, the wound was closed. 

Two to three hours after tiie end of tiie operation, Tc-99m labelled Y22 (1.0 mg, 
37 MBq), Tc-99m labeUed fibrinogen (2.0 mg, 37 MBq), control Moab anti-
FTTC (1.0 mg, 40 MBq) or 1-123 labeUed fibrinogen (2,0 mg, 24 MBq) was 
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injected into a margmal ear vein of the rabbits. In another control experiment, 
190 MBq of tiie mteimediate compound used in tiie Tc-99m labeUmg procedure 

(see chapter IV) was mjected into a rabbit. At tuned mtervals, images of tiie 
rabbits were made witii a ganuna camera (Toshiba, GCA 102S), connected to a 

computer (MDS-A^). 

Independent confirmation for the clot-specific binding of Tc-99m-Y22 was 

obtamed by determmation of the blood clot radioactivity ratios after removal of 

the clots, 20 hours after injection of tiie antibody. 
The extent of occlusion of the jugular vein by tiie thrombus was assessed by 

contrastvenography, 20 hours after thrombus induction. 

Clots in tiie peritoneal cavitv 
The abdomen of anaesthetized New Zealand White rabbits was opened by medial 

incision and two cylindrical cotton pads (0.5 x 2 cm), each soaked in 1 ml human 
plasma to which 2 NIH thrombin had been added, were adhered to the 

abdommal waU, Finally, the peritoneum and tiie skin were closed. 
Two to three hours after the end of operation, Tc-99m labeUed Y22 (1.0 mg, 37 

MBq), Tc-99m kibeUed fibrinogen (2.0 mg, 37 MBq) or anti-FTTC monoclonal 
antibody (1.0 mg, 40 MBq) was mjected m a margmal ear vem and images were 

made with the gamma camera. 

2, Rats 

Inferior Vena Cava Thrombosis Model 
Male Wistar rats (weighing 300-600 g) were anaestiietized by mtraperitoneal 
injection of 0,1 ml pentobarbital (6 mg) and tiie abdomen and peritoneum were 
opened by medial incision. The inferior vena cava was exposed, clamped and a 
thin wooUen thread (lengtii 2 cm) was inserted in the clamped segment using a 
needle, A clot was aUowed to form for 30 min and the clamps were released. 
Finally, the peritoneum and skin were closed. One hour after the end of 
operation, Tc-99m-Y22 (250 ng. 24 MBq) was injected mto a penis vem and 
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ùnages of the rats were made with the gamma camera. As a control, Tc-99m 

labelled anti-FITC monoclonal antibody (250 ng, 30 MBq) was mjected. In 

anoüier control experiment, Tc-99m-Y22 (250 ng. 24 MBq) was mjected m a 

non-operated rat. 

Clots in tiie peritoneal cayity 
The abdomen of anaestiietized Wistar rats was opened by medial mcision and 
two cylindrical cotton pads (0,5 x 0.5 cm), each soaked in 1 ml human plasma to 
which 2 NIH tiu-ombin had been added, were adhered to tiie inside of tiie 
abdommal waU, One hour after tiie end of operation, Tc-99m-Y22 (250 ng. 24 
MBq) was injected into a penis vein and images of the rats were made witii die 
gamma camera. As a control, Tc-99m-anti-FTTC monoclonal antibody (250 ng. 
30 MBq) was used, 

ExtraçorpQrgal Thrgmbpsis Modgl 
An extracoiporeal thrombus model was used, as described by Umetsu and Sanai 
[2], An incision of about 2 cm in tiie neck of an anaestiietized rat was made and 
the left jugular vein and right carotid artery were exposed. An extracorporeal 
shunt was made between the vessels with plastic tubing (inner diameter 
approximately 1 nun), A segment of the shunt was clamped and a thin wooUen 
thread was mserted, A clot was aUowed to form around the wooUen thread for 5 
minutes and tiie clamps were released. Heparin (20 lU) was injected m the 
extracorporeal circuit every hour. 
Thirty mmutes after induction of tiie thrombus, Tc-99m labeUed Y22 (200 ng. 
55,5 MBq) was mjected mto a penis vem of die rat. At tuned mtervals, raiages 
were made with tiie gamma camera, 

EXPERIMENTAL VARIABLES 

Effect of heparinization on tiirombus detection 
The jugular vein tiirombosis model in rabbits was used to assess the effect of 
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heparin on binding of Tc-99m-Y22 to thrombi in vivo. Heparin was 
administered intravenously (700 lU/kg) at 2, 4 and 6 hours after tiirombus 
formation and then intraperitoneally (a bolus mjection of 1400 lU/kg), The 
efficiency of anticoagulation was determined by activated partial 
thromboplastin time test (using Cephotest reagent according to the 
manufacturers' mstructions), Tc-99m labeUed Y22 (1 mg, 37 MBq) was mjected 
in a marginal ear vein two hours after induction of the thrombus and images 
were made with the gamma camera. 

Imaging witii F(ab)2 ̂ nd Fgb-fragmentg pf Y22 
Fab- and F(ab)2-fragments of Y22 were produced as described m Chapter m, 
Tc-99m labeUed F(ab)2 (1,0 mg, 37 MBq) or Fab-fragments (1,0 mg, 37 MBq) 
were injected into rabbits with a thrombus in the jugular vein. At timed 
intervals, images of the rabbits were made with the ganuna camera. Twenty 
hours after mjection of the labeUed fragments, the animals were sacrificed. The 
clots were removed and counted in an autogamma counter to determine 
thrombus-to-blood radioactivity ratios. 

BiQpd ciçarançg stwdigs 
The rate of clearance from tiie circulation of Tc-99m labeUed Y22, F(ab)2 and 
Fab was determined m rabbits. After mjection of the radioactive material, blood 
samples of 0.9 ml m syringes (contaming 0.1 ml of a 0.11 mol/l sodium citrate 
solution in saline) were coUected from an indwelling catheter in a femoral 
artery, which was kept patent by regular flushmg witii a heparin solution (100 
lU/ml salme). The samples were counted m an autogammacounter togetiier with 
a sample of the mjected material and tiie clearance rate was determmed. 

Assessment of immunogenipity of Y22 

Three weeks after inti-avenous injection of Tc-99m-Y22 (1,0 mg, 37 MBq), 

rabbits were boosted intravenously witii 1,0 mg Tc-99m-Y22 and gamma 

camera images were made. 
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The presence of rabbit-antmiouse antibodies m the rabbits was assessed by a 
newly developed enzyme immunoassay. WeUs of microtiter plates were coated 
witii Y22 in PBS (10 ng/ml), 110 nVweU). After mcubation ovemight at 4°C, 
tiie plates were washed witii PBS containmg 0.05% Tween 20 (PBS/Tween), 
Serum of the boosted rabbits, control rabbits or rabbit antimouse Ig (7S) was 
pipetted mto the weUs, After mcubation for 30 min at room temperature, the 
plates were washed with PBS/Tween. Horseradish peroxidase labelled goat 
antirabbit Ig (7S) was added to tiie wells and mcubated for 30 min at room 
temperature. After washing with PBS/Tween, reactivity was assessed by adding 
3,3',5,5'-teù:ametiiylbenzidine (TMB) and H2O2 as die substrate mixture (3), 
The reaction was stopped by addition of 100 nl sulphuric acid (IM) and the 
optical density at 450 nm was measured with a multichannel spectrophotometer 
(Flow Laboratories), 

Results 

To assess the feasibüity of immunoscmtigraphy of thrombi in vivo we injected 
Tc-99m-Y22 into rabbits, in which tiirombi had been introduced. Figure VI.1A 
shows the clearcut image of a thrombus m the jugular vein, obtained 18 hours 
after injection of the labelled antibody. Figure VI.IB shows the hnage of a 
rabbit after mjection of Tc-99m labeUed fibrinogen. The clot was only faintiy 
visible. 

After mjection of 1-123 labeled fibrinogen (Fig, VLIC), there was considerable 
accumulation of radiolabel in the thyroid glands, but the clot was not visible. 
After mjection of Tc-99m labelled control monoclonal antibody anti-FTTC IgG, 
the thrombus was not visualized. 

This shows the specific targeting properties of Tc-99m-Y22 of autologous 
thrombi in rabbits. 
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Fig. VI.1 Images of thrombi in the jugular vein of rabbits (-*); h = heart; I = 

liver; k = kidney; i = site of injection; t = thyroid gland. Images 

made at 18 hours after injection of Tc-99m-Y22 (A), Tc-99m-

fibrinogen (B), and 1-123-fibrinogen (C) 

With the computer system dedicated to the gamma camera, target-to-

background ratios were calculated. The clot-to-blood ratios of the rabbit in Fig. 

VI.1 A (i.e. activity in the clot compared to the contralateral vein) were 1.2, 4.9 

and 7.7 at 45 min, 4 hours and 18 hours after injection of Tc-99m-Y22, 

respectively. Injection of Tc-99m fibrmogen resulted in a ratio of 1.5 (after 18 

hours). After injection of Tc-99m labelled control monoclonal antibody (anti-

FITC IgG), the clot-to-blood ratio was only 1.2. These findings are in 

agreement with the results of experiments in which the thrombi were removed 

from the jugular veins (after 20 hours) and counted in an autogammacounter. 

Average clot/blood ratios were 6.1 ± 0.57 (n=3), and 0.9 ± 0.06 (n=3) for the 

Tc-99m-Y22 and the Tc-99m control antibody injected animals, respectively. 

Figure VI.2 shows the macroscopic appearance of a thrombus in the jugular 

vein, 20 hours after formation. 
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Fig. VI.2 Jugular vein thrombus, 20 hours old 

When we mjected die intermediate compound of the Tc-99m-labeUing method 
into rabbits, a large amount of radioactivity was stiU present in the bloodstream 
of tiie animals 20 hours after injection (Fig. VI.3), but the clot was not visible. 

Fig. VI.3 Image of a rabbit, 17 hours after injection of intermediate com

pound of the Tc-99m-labelling 

To assess the extent of occlusion of the jugular vein by the thrombus, 

venography was performed by injection of contrast material in a marginal ear 
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vein. 
Figure VI.4 shows the images of the occluded jugular vein (Fig. VI.4A) and the 

contralateral, normal side (Fig. VI.4B). As can be seen, the vessel is not 

completely occluded by the thrombus, but blood flow is severely impaired. 

Fig. VI.4 Contrastvenography of a rabbit with a thrombus (-*) in the jugular 

vein (A) as compared with the contralateral, normal side (B). The 

venography was performed by Dr J . van Unnik, Dept. of Diagnostic 

Radiology, University Hospital Leiden 

Figure VI.5A shows the image of clots in the abdomen of a rabbit, obtained 18 

hours after injection of Tc-99m-Y22. After injection of Tc-99m-fibrinogen, tiie 

clots were only faintiy visible (Fig. V1.5B). The clots were not visualized after 
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injection of Tc-99m labelled control monoclonal antibody (anti-FITC). The 

ratio of the radioactivity of tiie clots in the abdomen and that in surrounding soft 

tissues (clot-to-soft tissue ratio) were 5.8 for Tc-99m-Y22, 1.4 for Tc-99m-

fibrinogen and 1.2 for Tc-99m-control monoclonal antibody. 

M f 
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Fig. VI.5 Images of thrombi in the abdomen of rabbits (-*); I = liver; k = 

kidney. Images obtained 18 hours after injection of Tc-99m-Y22 

(A) and Tc-99m-fibrinogen (B) 

Besides the aforementioned experiments in rabbits, we also performed 

experiments in rats to determine the potential of Tc-99m-Y22 for thrombus 

imaging. 

Figure VL6A shows the images of a thrombus in the inferior vena cava of a rat 4 

hours after injection of Tc-99m-Y22. The lateral view, in particular, clearly 

shows the presence of a hotspot as compared with the bloodpool of a control rat 

(Fig. VI.6B). After injection of a Tc-99m-control antibody, the thrombus was 

not visible. Thrombus-to-blood ratios were 4.4 for Tc-99m-Y22, and 1.2 for 

Tc-99m-control antibody (representing only the bloodpool). 
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Fig. VI.6 Images of a rat with a thrombus in the inferior vena cava (— )̂, 4 
hours after injection of Tc-99m-Y22: anterior (ant) and right 
lateral (lat) view (A). Fig B shows the images of a control rat after 
injection of a Tc-99m labelled control MoAb; b = bladder; i = site of 
injection 

Figure VI.7 shows the image of a rat in which human plasma-soaked cotton pads 
were introduced in the peritoneal cavity. 

ww-̂  

Fig. VI.7 Image of a rat with clots in the peritoneal cavity (>), 17 hours after 
injection ofTc-99m-Y22; I = liver; k = kidney 
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As a variant of the in vitro circulation model, described in Chapter V, an 

extracorporeal shunt model in rats was produced, as described by Umetsu and 

Sanai [3]. Binding of Tc-99m-Y22 to the tiirombus was visible one hour after 

injection of the labelled antifibrin (Fig. VI.8A) and, more clearly, after three 

hours (Fig. V1.8B). The diameter of the extracorporeal loop was 1 mm, 

allowing only a small volume of blood to pass through the loop. This 

necessitated a long exposure time, as can be seen from the large amount of 

activity present in the body of tiie rat, compared to tiiat in tiie loop. 

B 

WH. 

Fig. VI.8 Images of a thrombus in an extracorporeal circuit in a rat at 1 (A) 

and 3 hours (B) after injection ofTc-99m-Y22 

We observed no effect of heparin on tiie binding of Tc-99m-Y22 to tiirombi in 

vivo. Thrombi in the jugular vein of heparinized rabbits were visualized with 

clot-to-blood ratios of 5.5, as measured 20 hours after injection of Tc-99m-Y22. 

Our heparinization scheme was adequate, as was assessed by activated partial 

thromboplastin time test (APTT). Control experiments in rabbits showed that a 

twofold elongation of the APTT is obtained at a heparin dose of 350 lU/kg (T1/2 

approximately 2 hours). 

After injection of Tc-99m-F(ab)2, thrombi in the jugular vein of 

rabbits could be visualized (see Fig. 9 A) with tiirombus-to-blood ratios (after 
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20 hours) of 3.3 - 4.0 (n=2). After injection of Tc-99m-Fab, however, tiirombi 

were only faintiy visible with thrombus-to-blppd ratios pf 1,2-1.4, 

In Fig, VI.9 tiie clearance rates of Tc-99m-labeUed Y22, F(ab)2 and Fab are 

depicted. The estimated halflives ( ß-phase) of Tc-99m-Y22, -F(ab)2 and -Fab 

were 28.3,18.4 and 12,4 hours, respectively. 
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Fig. VI.9 Clearance curves ofTc-99m-Y22 (0), Tc-99m-F(ab)2 (O) and Tc-
99m-Fab (O) in rabbits as percentage of the injected dose 

The biodistribution pattems of Tc-99m-Y22, Tc-99m-F(ab)2 and Tc-99m-Fab 
were assessed in rabbbits and m rats. With Tc-99m-Y22, there was stiU high 
background activity in the circulation of the rabbit after 17 hours and 
considerable accumulation in the liver (Fig. VI. 10A), whereas the kidneys 
showed higher uptake after injection of Tc-99m-F(ab)2, Tc-99m-Fab was 
largely excreted from the circulation after 17 hours, due to rapid clearance by 
tiie kidneys (Fig, VLIOB). 
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Fig. Yl.lO Biodistribution in rabbits ofTc-99m-Y22 (A), Tc-99m-F(ab)2 (B) 

and Tc-99m-Fab (C); h = heart; I = liver; k = kidney; b = bladder; t 

= thrombus. Images obtained 18 hours after injection 

Fig. VI. 11 shows images of rats, 17 hours after injection of Tc-99m-Y22, Tc-

99m-F(ab)2 and Tc-99m-Fab. The same biodistribution pattern as tiiat obtained 

in the rabbits was observed. 

r y ^ 

Y22 FCab), Fab 

Fig. VI.11 Images of rats, 17 hours after injection of Tc-99m-Fab, Tc-99m-

F(ab)2 and Tc-99m-Y22; 1 = liver; k = kidney 
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Repeated injection of Tc-99m-Y22 caused a more rapid clearance from the 
circulation and a rapid accumulation in the liver (Fig. VI.12A) as compared 
with primary injection (fig.VI.12B). Fig. VI.12C shows that serum of the 
boosted rabbits gave a higher response in the EIA compared with normal rabbit 
semm, indicating the presence of rabbit antimouse antibodies in the circulation 
of the boosted rabbits. 
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Fig. YI.12 Image of a rabbit 3 hours after repeated injection ofTc-99m-Y22 
(A); h = heart; I = liver. Fig. B: image of a rabbit 3 hours after 
primary injection of Tc-99m-Y22. Fig.C shows the response in the 
EIA of serum of the boosted rabbits (I and II), as compared with 
normal rabbit serum (Ü) and rabbit-anti-mouse serum (M) 

Discussion 

To assess the feasibility of thrombus imaging with Tc-99m-Y22 in vivo, various 
thrombus models in rabbits and rats were employed. Excellent images of the 
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thrombi were pbtained with high target-npn-target ratips. In cpntrast, when Tc-
99m-fibrinogen was used instead of Tc-99m-Y22, die clpts were pnly faintiy 
visible. Using a Tc-99m-control monoclonal antibpdy, the thrombi were not 
visible. This shows that the images obtamed with Tc-99m-Y22 were not due to 
extravasation caused by the operation procedure. 

When we injected 1-123 labeUed fibrinogen mtp a rabbit, a high accumulatipn of 
radiolabel was observed in the thyroid glands, due to dehalogenation of the 
labeUed antibody m tiie liver, foUpwed by sequestration of fiee iodine by the 
thyroid. Upon injection of the Tc-99m labeUed proteins, no accumulation of 
label was seen in thyroid glands or stomach. This indicates that the bmding of 
Tc-99m to protems is stable not pnly m vitro, as was dempnstrated m chapter IV, 
but alsp in vivp. After injection of the Tc-99m intermediate compound (which is 
used m the labelling prodedure) in rabbits, a large amount of activity was stiU 
present m the anhnals 20 hours after mjection. It is conceivable that the active 
intermediate compound reacted with plasma proteins (predominantly albumin) 
upon injection, and circulated in the body. This stresses the need for adequate 
purification pf the antibpdy after labelling frpm the active intermediate 
cpmppund. 

Heparin did npt affect the bmding of Tc-99m-Y22 to the thrombi. This may be 
advantagepus in the clinical situation when imaging with Tc-99m-Y22 is 
considered, since it would mean that heparin therapy m patients can be started 
before appUcation of Tc-99m-Y22 for thrombus imaging. 
After 18 hours, there was stiU much Tc-99m-Y22 present in the circulation of 
the animals. We observed that the clearance behaviour of Y22 and of a control 
antibody (both Tc-99m labeUed) was very similar. This is another indicatipn for 
the fibrin specificity of Y22, since, if Y22 crossreacted witii fibrinogen in the 
circulation and formed immune complexes, a much more rapid clearance would 
have been expected. 

The relatively long lifetmie of Tc-99m-Y22 m die circulation results in high 
background activity. Therefore we investigated the possibility pf thrpmbus 
imagmg with Fab and F(ab)2 fragments of Y22, which have a shorter plasma 
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lifetmie i^ip^ 18.4 and 12.4 hours respectively). It has been found that the Fc-
fragment determines the lifetime of IgG antibpdies in the circulatipn (4-6). 
Thrombi m the jugular vein of rabbits could alsp be clearly visualized with Tc-
99m-F(ab)2. Tc-99m-Fab, however, gave disappointing results, ppssibly due to 
a combination of the higher clearance rate and the lower immunoreactivity of 
Fab compared with Y22 and F(ab)2. 

The biodistribution pattern of Tc-99m-Y22 differs from tiiat of Tc-99m-Fab 
and Tc-99m-F(ab)2. Tc-99m-Y22 is predominanüy cleared by the Uver, while 
Tc-99m-F(ab)2 shows an increased accumulation in the kidneys. Tc-99m-Fab is 
rapidly taken up by the kidneys and excreted in the urine. 
The Fc-part not only determines the lifetime of IgG antibodies in the 
circulation, but is also considered to be largely responsible for the elicitation of 
antimouse antibodies (7). Upon repeated injection of Tc-99m-Y22 in rabbits, we 
observed an mcreased blood clearance and accumulation of antibody in the Uver. 
In an enzyme immunoassay, serum of these boosted animals gave a much higher 
response than that of control rabbits, indicating the presence of antimouse 
antibodies. The slight reaction of normal rabbit serum m tiiis assay may be due 
to suboptimal test conditions, or it may be considered as "background response". 
In conclusion, Tc-99m labeUed antifibrin monoclonal antibody Y22 and its 
F(ab)2-fragments have great potential for the in vivo detection of thrombi with 
various locaUzations. Because of theh* higher clearance rate (resultmg in lower 
background activity) and presumably lower immunogenicity, together with 
their retamed mimunoreactivity, Tc-99m labeUed F(ab)2 fragments of Y22 may 
be preferable for use in humans. 

2 PROVISIONAL ASSESSMENT OF OTHER APPLICATIONS 

A Monitoring of thrombolytic therapy 

The recent developments in thrombolytic therapies have increased the need for 
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reUable means to monitor the efficacy of these therapies. Since fibrin is the 
target of these thrombolytic therapies, it was beUeved that fibrin degradation 
products would be specific blood markers for assessment of success of the 
treatment. However, it has been demonstrated that this assumption is not 
correct, since fibrin degradation products also increase when thrombolytic 
agents are given to normal healthy volunteers (8). Tc-99m labeUed Y22 
scintigraphy may be a good alternative to foUow direcüy the course of lysis of 
thrombi induced by thrombolytics, 

Prelmiinary results of experiments to assess the feasibility of thrombolysis 
monitoring are outiined below. 
Two models were used: 

Circulation model in vitro 

After circulation of Tc-99m-Y22 containing plasma over plasma clots in 
the in vitro circulation model (see Chapter V), two chain t-PA (2000 
lU/ml) was added to the plasma and dynamic studies of the clots were 
made with the gamma camera. 

Vena Cava Thrombosis model in the rat 

Four hours after injection of Tc-99m labelled Y22 in a rat with a 
thrombus m the inferior vena cava, 245.(XX) lU of two chain t-PA was 
mjected in a penis vein. At timed mtervals, ùnages of the rat were made 
with the gamma camera. 

Results and Discussion 

When, after circulation for 15 hours in the circulation model with Tc-99m-Y22 
containing citrated plasma, t-PA was added to the plasma, the radioactivity m tiie 
clot declined rapidly (Fig. VI. 13). Macroscopic inspection of the chamber 
showed that the clot had indeed disappeared. Apparenüy, the presence of Tc-
99m-Y22 in tiie clot does not prevent tiirombolysis by t-PA. 
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Fig. VI. 13 Activity curves of clot and plasma after addition of 20000 lU t-

PAIml to plasma in the circulation model 

In Figure VI.14A, an image of a rat is shown, taken 4 hours after injection of 

Tc-99m-Y22. The thrombus in the inferior vena cava is clearly visible. There is 

also a considerable accumulation of radiolabel in the left kidney, possibly caused 

by obstmction of the left renal vein by the thrombus. Two hours after injection 

of t-PA, the size of the hotspot in tiie vena cava had decreased significantiy (Fig. 

VI.14B). Moreover, the radioactivity in the left kidney was reduced, possibly 

due to improvement in renal blood flow by dissolution of the thrombus. 
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Fig. Vl.lA Effect of i.v. injection of 245.000 lU t-PA on a thrombus in the 

inferior vena cava of a rat 
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These prelunmary resuhs suggest that Tc-99m-Y22 miagmg of tiirombi may 

also be used to monitor thrombolj^c therapy with t-PA. 

B Detection of pulmonary emboli 

We assessed the feasibility of emboUsm detection with Tc-99m-Y22 m rabbits. 
The jugular vein of rabbits was exposed and a catheter was inserted (inner 
diameter 0,5 mm). SmaU fragments of rabbit blood clots (approxmiately 0,3 
mm^) in saline were mjected via the catheter. We observed a change in the 
respiration pattern of the rabbits as an indication that the clots had lodged m the 
pulmonary circulation. The rabbits were ventilated with pure oxygen by a nasal 
tube. One hour after die operation, Tc-99m-Y22 (1 mg, 37 MBq) was mjected m 
a marginal ear vein and images of the rabbits were made with the gamma 
camera at timed intervals. Twenty hours after injection of Tc-99m-Y22, the 
animals were sacrificed. The lungs were excised, the clots were removed from 
the pulmonary vessels and counted m an autogammacounter. 

Results and Discussion 

Figure VI, 15 shows a macroscopic view of the lungs of the experimental rabbits 
with a dark area representing an area of infarction. 

Unfortunately, the emboli were not observed on the scintigrams. Embolus-to-
blood ratios, however, were as high as 5.5, 20 hours after injection of Tc-99m-
Y22, After injection of Tc-99m labelled control monoclonal antibody (anti-
FTTC IgGl), embolus-to-blood ratios were only 0,9 -1,1, 
The fact that we were unable to image pulmonary emboli in the rabbits, 
altiiough a strong accumulation of Y22 m the emboU could be demonstrated, 
may be explained by the high background activity in heart and liver, which 
blurrs the ùnages of the emboU, Experiments to lower the background activity 
e,g, by use of F(ab)2-fragments are needed to assess the feasibility of 
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immunoscintigraphic detection of puhnonary embolism. 

^ ^ . 

Fig. VI. 15 Macroscopic aspect of the lungs of a rabbit in which pulmonary 

emboli were introduced; -* = site of infarction 
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General discussion and summary 

This thesis describes a study on the development of a new detection method of 
thrombosis. Patients with deep venous thrombosis are at high risk for the 
development of potentiaUy fatal puhnonary embolism. For that reason, it is 
essential to recognize the condition in an early stage and to start anticoagulant 
therapy as soon as possible. However, because of its possible haemorrhagic side 
effects, this therapy should be reserved for patients m whom the diagnosis is 
certain. 

It has become generaUy accepted that the diagnosis deep venous thrombosis is 
not made on the basis of clinical signs and symptoms alone. Many tests have been 
developed for objective confirmation of the diagnosis, but most of them suffer 
from lack of sensitivity and/or specificity. Contrast venography is considered 
the gold standard with which other tests have to be compared. However, this test 
also has its limitations, some of them due to the use of contrast media. Of the 
non-invasive tests, ùnpedance plethysmography and real time ultrasonography 
have been evaluated most extensively. They have been found to be highly 
sensitive and specific for proximal deep vein thrombosis, but relatively 
insensitive for thrombosis of the calf veins, from which most thrombi originate. 
Since fibrin is an essential constituent of thrombi, methods to detect fibrin 
deposits are m theory powerful tools for the detection of thrombi. This thesis 
describes experiments which were performed to develop a new method for the 
detection of fibrin deposits (i,e, thrombi) usmg a mouse monoclonal antibody 
dhected against fibrin. 
This antifibrin monoclonal antibody (designated as Y22) was labeUed with the 
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radionuclide Tc-99m, which has excellent characteristics for imagmg with a 
gamma camera. 

In chapters n and in of this thesis, antifibrin antibody Y22 is characterized and 
its specificity defined, Y22 (of IgGl isotype with kappa light chams) is directed 
against a conformation dependent epitope in die D-domam of fibrin of hiunans, 
dogs, rabbits, rats and sheep (but not of porcine or murine fibrin). In an enzyme 
immunoassay, Y22 reacts strongly with fibrin monomers, and only weakly with 
fibrinogen, Y22 not only reacts with monomeric fibrin, but also with the 
polymerized and crosslinked fibrin of blood clots as was assessed by 
immunofluorescence microscopy. 

Since the D-domain of fibrin contains a site, which is involved in the 
polymerization of fibrin, the effects of Y22 and its F(ab)2 and Fab fragments on 
fibrin assembly were assessed. Intact Y22 prolongs the thrombin time of 
citrated plasma much stronger than F(ab)2 fragments. Fab fragments have 
hardly any effect on clottmg of plasma. This apparent correlation with the size 
of the inununoreactive material suggests that the anticlotting effect of mtact Y22 
is due to steric hindrance, A control monoclonal antibody has no effect on 
clotting of plasma. Transmission and scanning electronmicroscopic studies show 
tiiat Y22 mterferes witii fibrin polymerization. Clottmg of citi-ated plasma or 
blood in the presence of intact Y22 results in formation of shorter, thinner 
fibres as compared with fibrin formed in Üie absence of Y22, This is less 
pronounced with F(ab)2 fragments, whereas Fab fragments have no effect on 
fibrin structure. 

The D-domam of fibrm is also involved in the stimulation of plasminogen 
activation, catalyzed by tissue plasmmogen activator (t-PA). Therefore, we also 
assessed the effects of Y22 and its F(ab)2/Fab fragments on this property of 
fibrin. Intact Y22 has no effect on the stimulating capacity of fibrin in 
plasminogen activation by t-PA in a parabolic rate assay. F(ab)2 fragments 
sUghtiy and Fab fi:agments strongly ùihibU the stùnulatùig capacity of fibrin. As 
in die formation of fibrin, the different behaviour of Y22 and its fragments m 
tills stimulation assay seems to be related to their molecular size and may be due 
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to differences in the effectiveness in hindrance of the binding of plasminogen or 
t-PA to fibrin. These findmgs mdicate that Y22 and its fragments may be useful 
tools in the study of the topography of sites involved in polymerization and ùi 
the fibrin-induced rate enhancement of the t-PA catalyzed plasminogen 
activation. 

An other interesting potential application of Y22 may involve its use in the 
development of new tiuombolytic drugs. At present, hemorrhage is a prominent 
adverse effect of thrombolytic therapies and is thought to be related to systemic 
effects of the thrombolytic agents. Fibrin specificity of a lytic agent may 
circumvent this problem of systemic fibrinogen consumption. Therefore, Y22 
with its fibrin selectivity may serve as a vehicle for plasminogen activators, thus 
concentrating the conversion of plasminogen at the clot surface. This may then 
result in increased thrombolysis and in less systemic fibrinogenolysis. 
Chapter IV describes the method and quaUty assessment of labeUing Y22 with 
the radionuclide Tc-99m, In vitro experiments showed that the labellmg method 
couples Tc-99m tighüy to Y22, since no transfer of label could be observed 
when Tc-99m-Y22 was incubated with albumin for 24 hours at 37°C. 
Experiments m rabbits indicated that the bindmg of Tc-99m to Y22 is also stable 
in vivo, since no thyroid uptake or stomach activity was observed after injection 
of Tc-99m-Y22. Functional assays showed that the Tc-99m labeUing method 
does not affect the ùnmimologic activity of the antibody. 
Binding experiments with clots indicated that Tc-99m-Y22 binds both to 
preformed and forming clots and tiliat it reacts more rapidly with forming clots. 
The reason for the lower rate of reaction of Y22 with preformed plasma clots as 
compared with forming fibrin is not clear. Possibly the epitope for Y22 is more 
readily accessible in non-aggregated than in aggregated fibrin. The high 
reactivity of Y22 with forming clots suggests that Y22 will especially 
accumulate in active, extending thrombi. However, also preformed, aged 
tiirombi wiU bmd Tc-99m-Y22, 

In chapter V, an m vitro circulation model is described, which was developed to 
assess the scintigraphic implications of the clot-bmding capacity of Tc-99m-Y22 
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and the effects of various environmental conditions of the clots on the uptake of 
Tc-99m-Y22 by the clots. In this model, there was a time dependent 
accumulation of Tc-99m-Y22 in the clots, and the clots could be visualized with 
a gamma camera after approxmiately 1 hour of cimlation at 37°C. After 15 
hours of circulation of Tc-99m-Y22, only a smaU fraction (5-10%) of total 
applied Tc-99m-Y22 was bound to die clots. However, tiiis was sufficient to 
visualize tiie clots due to the difference m local concentration of Tc-99m-Y22 m 
clots and circulating plasma. Immunofluorescence microscopy experiments 
mdicated that bmdmg of Y22 to clots is not Umited to tiie surface, but tiiat Y22 
penetrates the clots. 

Various anticoagulants, includmg heparin, did not affect the rate of binding of 
Tc-99m-Y22 to die clots. This findmg may be of clmical ùnportance, smce ù 
would mean that heparin tiierapy in patients can be started before application of 
Tc-99m-Y22 for thrombus imagmg. 

In serum, there was no difference in binding rate of Tc-99m-Y22 to clots 
compared to experiments m plasma. This observation indicates that fibrmogen, 
present in plasma, does not hamper die bmding of Tc-99m-Y22 to fibrin, and it 
shows the fibrin specificity of Y22. The small crossreactivity of Y22 with 
fibrinogen in an enzyme immunoassay, as is described in chapter n, is therefore 
probably due to artifacts, caused by the used test system. 
Using the circulation model, described m this chapter, it may be possible to 
predict the effects of various environmental conditions on the clot bmding 
capacity of an antifibrin antibody without the use of animal models. Because it is 
a dynamic system, the model resembles more closely the m vivo situation than 
static test tube experiments. 

Smce Y22 not only reacts with human fibrin, but also with fibrm of rats and 
rabbits, these anùnals were used to assess tiie feasibility of tiirombus ùnagùig hi 
vivo with autologous thrombi (chapter VI). 

Thrombi in the jugular vein and abdomen of rabbits, and ùi the mferior vena 
cava and abdomen of rats could be visualized with high clot-to-background 
ratios. Some of the tiirombi were already visible 3 to 4 hours after injection of 
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Tc-99m-Y22, but results were better after 18 hours, Heparinization (in a dose 
that doubles die APTT) did not affect the visualization of thrombi m tiie jugular 
vem of rabbits. This findmg is m accord with the results obtamed with the 
circulation model (chapter V), 

Thrombi could not be visualized witii Tc-99m labeUed fibrinogen or a control 
monoclonal antibody. 

Intact Y22 has a relatively long lifetime in the circulation, resulting in 
considerable background activity. F(ab)2 and (especiaUy) Fab fragments are 
cleared more rapidly as compared with intact Y22. After injection of Tc-99m-
F(ab)2 fragments, thrombi in the jugular vein could also be visualized, hijection 
of Tc-99m-Fab fragments did not result in positive images of the thrombi, 
probably due to the lower ùnmimologic activity of Fab compared with F(ab)2 
or Y22. The results show that antifibrm Y22 and its F(ab)2 fragments may have 
potential in the detection of thrombi with various locaUzations, 
Because of their enhanced clearance, their possibly lower immunogenicity and 
their retamed ùnmunoreactivity, F(ab)2 fragments of Y22 may be preferable 
for use Ù1 humans. 

Preliminary experiments mdicate that inununoscintigraphy of thrombi may also 
be useful to monitor the efficacy of thrombolytic therapies e,g, with tissue-type 
plasmmogen activator (t-PA). When, after ùnagùig of clots, t-PA was added to 
the circulatmg plasma m vitro or was mjected mto a rat with a thrombus m the 
inferior vena cava, the radioactivity in the clots decreased significantiy. 
FinaUy, experiments were performed in rabbits to determine the feasibility of 
ùnaging pulmonary embolism with Tc-99m-Y22. Although high embolus-to-
blood ratios were obtained 18 hours after injection of Tc-99m-Y22, 
visualization of the emboli was severely hampered by the high background 
activity in heart and liver. Therefore, experiments to lower the background 
activity are needed to determine a possible role of ùnmunoscùitigraphy in the 
diagnosis of pulmonary embolism. 
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SAMENVATTING 

Algemeen wordt erkend dat de klinische diagnostiek van diepe veneuze 
trombose niet erg betrouwbaar is. Slechts ongeveer 50% van de patiënten bij 
wie de diagnose vermoed wordt heeft ook werkeUjk trombose. De diagnose 
moet dan ook altijd met objectieve middelen bevestigd of uitgesloten worden. 
Als "gouden standaard" voor de objectieve diagnostiek van diepe veneuze 
trombose geldt de röntgencontrastflebografie. E>eze methode is echter mvasief, 
niet altijd makkelijk uitvoerbaar en kan bijwerkingen hebben, veroorzaakt door 
het gebmikte contrastmiddel. 

Van de huidige niet-invasieve diagnostische methoden zijn impedantie-
plethysmografie (IPG) en real-time echografie zeer sensitief en specifiek voor 
het opsporen van proximale diepe veneuze trombose, maar weinig gevoelig 
voor de detectie van kuitvenetrombose. 

Dit proefschrift beschrijft de ontwikkeling van een nieuwe diagnostische 
methode, die mogelijk ook de aanwezigheid van kuitvenetrombose zal kunnen 
aantonen. De methode is gebaseerd op het gegeven dat het fibrine-netweik een 
essentieel bestanddeel vormt van een trombus. Een methode om specifiek 
fibrine-neerslagen te detecteren is daarom in theorie zeer geschikt om trombose 
op te sporen. Antilichamen, gericht tegen fibrine, zijn hiervoor goede 
kandidaten. 

Er werd daarom een monoclonale antistof ontwikkeld, die specifiek gericht is 
tegen fibrine en niet reageert met de in het bloed circulerende voorloper van 
fibrine, fibrinogeen. Deze antistof (Y22 genoemd) werd gemerkt met het 
radioaktieve isotoop technetium-99m (Tc-99m) met behulp van een nieuw 
ontwikkelde methode, Tc-99m heeft een korte half waardetijd (6 uur), 
resulterend m een lage stralenbelastmg voor de patient. Bovendien is de foton-
energie van de gammastraling van Tc-99m ideaal voor detectie met een 
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gammacamera. 
Tc-99m-Y22 bleek zich in vitro specifiek aan stolsels te bmden, m tegensteUmg 

tot gemerkte controle-eiwitten als fibrinogeen, albumine of een willekeurige 

andere monoclonale antistof, niet gericht tegen fibrine. 
Tevens bleek dat Y22 een stoUmgsremmende werking heeft door renunmg van 
de aggregatie van fibrine. Dit is een gunstig neveneffekt van de toepassing van 

Tc-99m-Y22 voor diagnostiek in vivo, daar bij toediening van Y22 verdere 
aangroei van een trombus zal worden vertraagd. 

De experimenten in vitro toonden bovendien dat diverse antistoUingsmiddelen 
(waaronder héparine) geen invloed hebben op de binding van Tc-99m-Y22 aan 

de stolsels. In de praktijk betekent dit dat direkt met heparine-therapie begonnen 
kan worden bij het vermoeden van de diagnose, zonder dat dit invloed heeft op 

de m tweede instantie uit te voeren diagnostiek. 
Enkele modeUen in ratten en konijnen werden ontworpen om de mogeüjkheid 

van trombosediagnostiek in vivo te onderzoeken. Trombi in de vena jugularis 
van konijnen en in de vena cava mferior van ratten konden uitstekend zichtbaar 
gemaakt worden met behulp van een gammacamera na injektie van Tc-99m-
Y22, hetgeen niet lukte met de eerder genoemde controle-eiwitten. Ook hierbij 
bleek dat héparine geen invloed heeft op de diagnostiek met Tc-99m-Y22, 
Onderzoek in patiënten zal uit moeten wijzen of deze veelbelovende resultaten in 
vitro en in proefdieren ook gelden voor de mens. 

Fibrine is eveneens een belangrijk onderdeel van een embolus, dat ùnmers een 
losgeslagen en versleept stuk trombus is. Daarom werd ook geprobeerd 
longembolieën te detecteren met Tc-99m-Y22, waarvoor een konijnemodel 
werd ontworpen. Tc-99m-Y22 bleek zich inderdaad ook specifiek op te hopen m 
emboüeën, maar dit kon niet zichtbaar gemaakt worden met de gammacamera. 
De oorzaak is waarschijnlijk gelegen ùi de hoge achtergrond-radioaktiviteit in 
hart en longen, die de ophoping van Tc-99m-Y22 m de zeer nabij gelegen 
longembolieën maskeerde. Er werden daarom fagmenten van Y22 gemaakt 
(Fab en F(ab)2 genaamd), die sneller uit de circulatie worden verwijderd 
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(halfwaardetijd resp. 12 en 18 uur, vergeleken met 28 uur voor intact Y22) en 
daardoor resulteren in een sneUere daling van de achtergrond-aktiviteit. Fab-
fragmenten van Y22 zijn echter minder immunologisch aktief dan intact Y22 en 
niet erg bruikbaar voor diagnostiek. De (grotere) F(ab)2-fragmenten, 
daarentegen, zijn even reaktief als intact Y22 en wel goed bruikbaar voor 
detectie van trombi m de vena jugularis van konijnen. 

Nader en meer gedetaiUeerd onderzoek zal uit moeten wijzen of het mogelijk is 
ook longembolieën ùnmunoscùitigrafisch aan te tonen met een combinatie van 
goede immunoreaktiviteit en relatief hoge verwijderingsnelheid uit het bloed 
(bijvoorbeeld met F(ab)2-fragmenten van Y22). 
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