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Abstract

This thesis explores the use of indium-111 labelled monoclonal antibodies
(McAD) for specific radiolabelling of cells in blood and solid tissues. Various
111In McAbs reacting with platelets, lymphocytes or molecules of the major
histocompatibility complex (MHC) have been tested in vitro then injected in
vivo to image the cell population expressing the relevant antigen using the

scintillation camera.

Experimental work involving an 111In anti-platelet McAb includes in vitro
tests for antibody binding and effect on platelet aggregation. Injection of the
111In McADb in man has resulted in imaging platelet distribution in the body

and detection of abnormal platelet deposition in thrombus.

111In McAbs have also been used for labelling the main subsets of
lymphocytes (T & B). Testing of 111In anti-lymphocyte McAbs with normal
lymphocytes and cell lines has indicated their range of binding and effect on
the cells. The injection of an 111In anti-T cell McAb in the rat has resulted in
antibody binding to T cells in blood, lymph nodes and spleen. Antigen
modulation after administration of the antibody has also been observed.
Additionally, 111In McAb cell labelling in the rat has been compared to the
use of 111In tropolone labelled lymphocytes in terms of imaging lymphoid

tissues, following lymphocyte kinetics and radiodosimetry.

In vivo use of 111In McAbs is also presented in an experimental model of
allogeneic kidney transplant in the rat. Immunopathological events of
lymphocyte infiltration and induction of Class I and II MHC molecules in
the graft during acute rejection have been traced using in vivo 111In anti-T
cell, activated T cell, Class I or Class II MHC McAbs and scintillation camera
imaging. Images of rejecting and cyclosporine treated transplants have been
obtained. The implications of the findings for the detection and

discrimination of rejection are discussed.
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FITC : Fluorescein isothiocyanate
GPIIb, IITa : Glycoprotein Ilb, Illa
HAMA : Human anti-mouse antibody
Hb : Haemoglobin

Hct : Haematocrit

ICRF : Imperial Cancer Research Fund
IF : Immunofluorescence
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Ig : Immunoglobulin

Int : intestine

ITP: Idiopathic thrombocytopenic purpura
kDa : Kilo dalton

KeV : Kilo electron-volt

Kid : Kidney

L:Left

LAK : Lymphokine activated killer

LAO : Left anterior oblique

LFOV : Large field of view

LM : Lymphocytes-Monocytes

LN : Lymph nodes

LNC : Lymph node cells

LPO : Left posterior oblique

M : Male

McAb : Monoclonal antibody

MeV : Mega electron-volt

MHC : Major histocompatibility complex
min : Minute

MLN : Mesenteric lymph nodes

MW : Molecular weight

NA : Not applicable

ND : Not done

OD : optical density

PA : Platelet aggregation

PAK : Phytohaemagglutinin activated killer
PBMNC : Peripheral blood mononuclear cells
PBS : Phosphate buffered saline

PHA : Phytohaemagglutinin

PI : Post injection

pl : Plasma

PMT : Photomultiplier tube

Post : Posterior

PP : Peyer’s patches

PPP : Platelet poor plasma

PRP : Platelet rich plasma

Ptlt : Platelet

R : Right

RAM : Rabbit anti-mouse

RAO : Right anterior oblique



RBC : Red blood cells

RBE : Relative biological effectiveness

ROI : Region of interest

RPMS : Royal Postgraduate Medical School
RPO : Right posterior oblique

RT : room temperature

SD : Standard deviation

SDS-PAGE : Sodium dodecyl sulphate polyacrylamide gel electrophoresis
se : Standard error of the mean

Spl : Spleen

Std : Standard

T1 /7 : Half-life

T1/2p : Biological half-life

T1/2¢ff : Effective half-life

TDL : Thoracic duct lymphocytes

Thy : Thymus

TIL : Tumour infiltrating lymphocytes

Tx : Transplant

UV : Ultraviolet

Vol : Volume

vs : Versus

VvWEF : von Willebrand factor

WB : Whole blood, or whole body (in images)
WBC : White blood cell

yr: Year
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Dedication

Sheherazade continued :

The fisherman cast his net for the third time and waited. Then, he pulled
the net out of the sea and there was a brass carafe inside it. “Good fortune”
said he, “For I could sell this at the market and get a few dinars in return”.
The carafe had a brass cap tightly fitted and when the fisherman prised it
open using his knife, a cloud of smoke billowed out. As the smoke reached
high in the sky, the full figure of a giant Ef’reet formed. The Ef'reet’s head
touched the clouds and his voice was like thunder. ...”Prepare yourself to
die” said the Ef’reet, “For I have sworn to kill whoever released me from my
imprisonment”..... The fisherman was very frightened, but he said : “O
great Ef'reet, before I die, can you satisfy my curiosity and answer my
question? How could you fit inside the little carafe and your body is like a
mountain?”...”I cannot believe that you could fit in such a small place”.

The Ef'reet laughed and said “To satisfy your curiosity I'll show you how it is
done”. Then, the Ef'reet converted himself into smoke and reentered the
vessel. Promptly, the fisherman replaced the cap and thanked God for his

safety.
The dawn came so Sheherazade stopped talking.

From A Thousand and One Nights, Eastern Heritage to All Humanity.

To all those who use good judgement, knowledge and honesty to control
the forces of nature and, particularly, those who employ nuclear energy for

peace and prosperity of mankind, I dedicate this thesis.

I Loutfi



Section One:

Aims and Relevant Background

24



25
Chapter1:

Aims and Objectives

1.1 Introduction :

Radioactive tracers provide tools for non-invasive evaluation of organ
function. As examples one may take the accumulation of 1311 by the thyroid,
the excretion of simple chelates by the kidney, and the use of radioactive

gases to examine regional ventilation.

One field of active research in the use of such tracers is the labelling of
circulating blood cells. Radionuclides such as 51Cr have been in use for
many years to label circulating red blood cells and record red cell mass and
cell survival (Sterling and Gray 1950, Ebaugh et al 1953). Further examples
are the labelling of lymphocytes with tritium (Gowans 1959) and leucocytes
with 32P (Grob et al 1947, Athens et al 1959).

With the advent of a gamma emitter, 111In oxine in 1976 (McAfee and
Thakur 1976a), it became possible to quantitate whole body distribution and
image cell accumulation in vivo. This was applied to migrating
granulocytes (Thakur et al 1977a) and also to platelets localisation in

thrombus (Goodwin et al 1978).

However, cell labelling with 111In oxine requires separation of the cells from
whole blood before labelling. This cell separation is necessary due to non-
selectivity of cell labelling with this agent. The method, therefore, suffers

from certain limitations :

1) Cell damage during separation.
2) Cell damage due to irradiation of a small population.

3) Circulating cells may not be representative of effector cells in tissues.
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Hence, the use of a cell specific tracer has some obvious advantages :

1) In vivo use, without need for cell manipulation in vitro.
2) Labelling a large cell population.
3) Specific labelling of cell subgroups, eg T & B lymphocytes.

One further point arises from this outline and that is the possibility of
labelling fixed cells with a specific tracer. This possibility has been fairly
widely explored in the use of monoclonal antibodies for imaging tumours.
Relatively little attempt, however, has been made to look at non-neoplastic

disease.

1.2 Aims of the thesis :

To explore the use of radiolabelled monoclonal antibodies for in vivo
labelling of platelets and lymphocytes and, in the case of lymphocytes, to

investigate labelling subsets of cells.

Lastly, as an approach to labelling antigens developed by fixed cells, to look
at monoclonal antibodies directed against the major histocompatibility
complex molecules, Class I & Class II, as exhibited by organs undergoing

rejection.

Accordingly, the experimental work in this thesis covers the following

1) The use of an 111In anti-platelet McAb : This involves :

- Testing in vitro the binding characteristics of the antibody to platelets
and studying its effect on platelet aggregation.

- In vivo use in a human clinical situation for imaging thrombus.
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2) The use of 111In anti-lymphocyte McAbs, involving :

- In vitro tests of two 111In anti-human T and B cell McAbs with
lymphoid cell lines and blood.
- In vitro testing and in vivo use of an 111In anti-T cell McAb in the rat as

an experimental model for imaging lymphoid tissue.

3) The use of 111In anti-lymphocyte and anti-Class I & II MHC McAbs in a rat

model of allogeneic kidney transplant for imaging graft rejection.
Note :

The use of radiolabelled anti-granulocyte McAbs has not been attempted in
this work as application of these reagents for labelling granulocytes has been

reported with some depth in the medical and scientific literature.
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Chapter2:
The Value of Cell Radiolabelling in Lymphocyte- and
Platelet-in-Vivo Physiology

2.1 Introduction :

The guidelines for use of cell tracers and the criteria of an ideal cell label for
quantitative analysis have been discussed by many authors (Brownell et al
1968, Ford 1975, Ansell and Micklem 1986). Such a tracer would be fixed and
localised to the cell; not secreted or eluted, it would be stable for the period
of the study, easy to detect and to measure with some precision and
functionally neutral not affecting a cell's behaviour or conferring any
physiological advantage or disadvantage. In addition, the tracer should be

readily available without recourse to complex preparatory procedures.

2.2 B emitters as early cell labels :

Radiolabels incorporating beta emitters have been used as the first cell
radiolabelling agents (Jones et al 1940, Bond et al 1958). Examples of using f3
emitters for labelling blood cells include, among others, erythrocyte
labelling with radioactive phosphorus ( Hahn and Hevesy 1940), the use of
3H-thymidine to trace lymphocytes in the thoracic duct (Everett et al 1960)
and the measurement of lymphocyte life-span in humans using 32P (Ottesen
1954). Table 2.1 shows B radionuclides that have been used for blood cell

labelling.
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Table 2.1, B emitters for cell labelling.

Radionuclide Half-life Radiation Chemical form/Radiopharmaceutical

EB (MeV)
SH 1246 yr| B~ 0.006 | Nucleosides : adenosine, uridine,
thymidine, etc.
Amino acids : glycine, leucine, etc.
Others : DFP.
HC 5570.0 yr | B~ 0.050 | Same as 3H (see above).
Serotonine (Platelets).
2p 143d | B~ 0700 |DFP, inorganic phosphate.
355 87.0d | B~ 0.049 | Amino acids : L-cystine, methionine.

yr : year, d : day, DFP : di-isopropyl fluorophosphate.

2.3 Cell radiolabelling with y-ray emitters :

2.3.1 Chromium-51

Chromium-51 was first used by Gray and Sterling in 1950 to label red blood
cells. Radioactive chromate can penetrate the cells and bind principally to
intracellular protein (Pearson 1963, Steiner and Baldini 1970). Chromium-
51 decays by electron capture with a half-life of 27.8 days emitting 320 KeV
gamma rays. These undergo, however, a high degree of internal conversion
so that only 10% of the nuclear transformations result in useful photonic

emissions.

Chromium-51 has been used both in experimental animals and man to
follow the kinetics of lymphocytes in vivo by recording whole body
distribution after intravenous administration of the labelled cells and

observing their recirculation by thoracic duct cannulation (see Chapter 7).
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Platelet radiolabelling with 51Cr has also been used to establish the kinetics
of these cells in man (Aas and Gardner 1958, ICSH 1977) in normal and

disease conditions such as idiopathic thrombocytopenic purpura (ITP).

Although the use of chromium-51 as a cell label has resulted in insight into
blood cell kinetics and sites of cell localisation in the body, its application is
presently restricted to experimental research in animals and a few
haematological investigations in man such as red cell survival studies

(ICSH 1971 & 1980, Dacie and Lewis 1984, Bentley and Miller 1986).

The main reasons for the unpopularity of chromium-51 as a radiolabel for
white cells stem primarily from the physical characteristics of the
radionuclide. Chromium-51 has a long half-life (28 days) and a low
abundance of y emissions due to the internal conversion phenomenon.
Also, its 320 keV v ray is not suitable for imaging with the scintillation

camera due to its relatively high energy.

2.3.2 Indium-111 lipophilic chelating agents

In 1976 McAfee and Thakur (1976a & b), having tried a number of
compounds, reported the suitability of 111In oxine for radiolabelling white

blood cells.

This agent (8-hydroxyquinoline) is highly lipophilic and readily forms a
complex with 111In. The complex penetrates the cell membrane then once
inside the cell, it dissociates and 111In binds intracellularly giving a stable
radiolabel (Thakur et al 1977b). 111In is a gamma-emitting radionuclide with
energies 173 KeV (99%) and 247 KeV (94%) very suited to external detection
by scintillation cameras. Other lipophilic chelates of 111In have also been

reported such as acetyl acetone (Sinn and Silvester 1979) and tropolone
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(Dewanjee et al 1981, Danpure et al 1982). The advantage of using the latter

lies in labelling white cells in plasma instead of saline.

Although 111In oxine was introduced primarily for radiolabelling
neutrophils (McAfee and Thakur 1976a), the use of this agent to radiolabel

platelets and lymphocytes came soon afterward.

Studies in vitro and in vivo comparing 51Cr- and 111In-oxine-labelled
platelets (Schmidt et al 1983a & b) have shown rather similar results.
Clinically, 111In oxine labelling has been used to image platelet localisation
in thrombus (Goodwin et al 1978, Davis et al 1980a & b) and in the diagnosis

of organ transplant rejection (Smith et al 1979a, Martin-Comin et al 1983).

Lymphocyte labelling with 111In oxine has also been used. Experimental
studies in rats (Rannie et al 1977) and in sheep (Frost et al 1979, Issekutz et al
1980) involving intravenous injection of 111In oxine labelled lymphocytes,
scintillation camera imaging and tissue sampling have shown kinetics of
the 111In labelled cells similar to those reported using other cell tracers such
as 51Cr. Scintillation camera scanning of the animals produced images of
lymph nodes and spleen. In man, the method has been applied to a limited
extent for following lymphocyte kinetics and lymph node imaging (see

chapter 7 for details).

2.3.3 Other gamma labels

Cell labelling using technetium-99m has been tried extensively due to the
availability and wide application of this radionuclide in various nuclear

medicine investigations.

Successful tagging of red blood cells has been achieved by very simple
methods involving this radionuclide (Stokely et al 1975, Pavel et al 1977).

This application has been useful mainly in nuclear cardiology studies and in
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the detection and localisation of gastrointestinal bleeding (Hegge et al 1978,
Winzelberg et al 1979). However, the use of ?mTc and other gamma-
emitting radionuclides such as the radioisotopes of iodine and ¢’Ga for
leucocyte labelling has not proved successful in general. The main problem
has been lack of suitable chemical vehicles for these radionuclides to ensure
stable and safe cell labelling (McAfee and Thakur 1976a & b). More recently,
the introduction of #mTc-HMPAO (hexamethyl propyleneamine oxime)
white cell labelling has proven as reliable as 111In oxine/tropolone leucocyte
labelling in the investigation of sepsis especially inflammatory bowel
disease and infected hip prostheses (Peters et al 1986 & 1988). However, due
to the relatively short experience in using this tracer for white cell labelling,
its value in platelet and lymphocyte labelling remains to be tested. Having
said that, non-selectivity of cell labelling by #mTc-HMPAO and the high cell
toxicity of intracellular mTc (Rannie and Donald 1977, Merz et al 1986)
would still restrict its use as a routine platelet or lymphocyte cell labelling

agent.

2.4 Radiation damage to cells

Damage incurred on blood cells by the radiolabelling method has been
studied by many workers in the field (Rannie and Donald 1977, Rannie et al
1977, Segal et al 1978, Kraal and Geldof 1979, Watson 1983).

Radiotoxicity to lymphocytes from 111In oxine has been found to be the
limiting factor for the obtention of the required radioactivity necessary for
imaging the labelled cells with preservation of their normal physiology.
Various functional end points have been tested including in vivo studies of
lymphocyte homing and migration to lymphoid organs and reactive sites
(Issekutz et al 1980, Sparshott et al 1981, van Dinther-Janssen and Scheper
1981), in vitro assays on the proliferative capacity of the cells (ten Berge et al

1983) or both in vivo and in vitro tests (Chisholm et al 1979).
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Chemical toxicity from oxine, tropolone, indium, cadmium which results
from 111In radioactive decay, and other metal contaminants has also been
implicated in affecting cellular function after labelling (Sparshott et al 1981,
Balaban et al 1986 & 1987).

Those experimental studies and various reports dealing with cell and body
dosimetry (Segal et al 1978, Goodwin et al 1981a & b, Silvester and Waters
1983, Goodwin and Meares 1985) have produced limits for the amount of
indium-111 that can be used per lymphocyte in order to achieve cell
labelling without significant toxic effect. The upper limit generally accepted

is 7.4 MilliBq (0.2 pCi) per lymphocyte.

Other blood cells show less radiosensitivity than lymphocytes. Granulocytes
and platelets can be labelled with 111In radioactivity which is adequate for
imaging without apparent effect on their function (Greenberg et al 1968,

Bassano and McAfee 1979).

Cell radiotoxicity from 111In oxine has been considered the result of Auger-
electron energy deposition in the cell causing damage to the nucleus mainly
and to a lesser extent the cytoplasm (Hofer et al 1975, Hofer 1984, Goodwin
and Meares 1985).

Body dosimetry shows that the spleen is the target organ using 111In-oxine-
labelled lymphocytes, granulocytes or platelets. However, doses to other

organs especially the bone marrow can also be important (Table 2.2)



34

Table 2.2. Organ and whole body dosimetry for 111In labelled leucocytes

(granulocytes mainly), lymphocytes or plateletsa.

Preparation® Radiation dose (mGy/MBq) Effective dose equi-
Spleen Liver Bone marrow valent mSv/MBq

Mixed leucocytes 4.7 0.8 1.3 0.65

(mainly neutrophils)

Lymphocytes 3.7 04 0.8¢ 0.65

Platelets 4.8 1.8 1 0.68

a Data from Goodwin et al 1981b.
b Labelled cells were injected intravenously.
¢ Dose to bone marrow and lymph nodes.

2.5 Summary

Presently, cell labelling with 111In oxine is widely used for granulocyte
radiotracing. However, due to technical difficulties in separating
lymphocytes, especially lymphocyte subsets, and the radiosensitivity of these
cells, 1'1In oxine use has been limited to a few research applications. Also,
platelet labelling with 111In oxine is fraught with technical complexities

restricting its widespread use.

Experience in using this agent in labelling blood cells, however, will serve
as background knowledge in the testing and implementation of the new cell

labelling approach using 111In-labelled-cell-specific monoclonal antibodies.



Chapter 3:

Monoclonal Antibodies

3.1 Introduction :

The era of Monoclonal Antibody Technology in biology began with the
report by Kohler and Milstein (1975), which won them the Nobel Prize in
Medicine in 1984, of a method to produce antibodies of a single specificity
(clonality) in unlimited amounts. They achieved this monoclonal antibody
(McAb) production by fusing B lymphocytes with myeloma cells grown in
culture and isolating the hybridomas secreting the antibody by the timely
use of selective media. The hybridoma incorporated the properties of the B
cell that rearranged its immunoglobulin gene in specific antibody

production and the unlimited expansion ability of the myeloma cell.

3.2 Monoclonal antibodies : Structure, production and preparation
of antibody fragments

The immunoglobulin secreted by the hybridoma, whether in tissue culture
or into the ascites fluid of a mouse or rat in which it is growing, retains
normally the four-chain structure of these proteins, consisting of two pairs
of identical heavy and light chains, held together by non-covalent bonds
and disulfide bridges (see Figure 3.1). In general, monoclonal antibodies are
homogenous reagents, available in potentially unlimited supply and are
produced in response to defined antigen stimuli by planned immunisation

of the animal source of B cells (mouse or rat) (Campbell 1984).

35



36

Figure 3.1 Antibody structure, antigenic determinants and effector functions

Hypervariable regions
(Antigen binding site)

Q)
o
2
2
=
Hinge
Binding to Clq
] CH 2
£ ( § —_ Control of catabolic rate (IgG)
Qé '
2 N
l —~———— Binding to Protein A
s CH 3
§
Binding to FcR
L

CH : constant domain of the heavy chain, VH : Variable domain of the heavy chain, CL :
constant domain of the light chain, VH : Variable domain of the light chain, Clq : First
component of the complement, FcR : Fe portion receptor.

Methods for the isolation, purification and fragmentation of monoclonal
antibodies derive from the basic concepts of the four-chain and domain
structure of immunoglobulins, and the experimentation in preparation and
use of antibodies for various reasons (Parnham et al 1982). For instance,
isotypic determinants correlate with biological activities (Oi et al 1984), such
as binding to staphylococcal protein A (Ey et al 1978), C1q (Neuberger and
Plasensky 1981) or specific Fc receptors (Unkeless et al 1981), that may be
important for purification. The specific antibody reactivity generated in the
hybridoma provides an additional property that can be utilised to advantage
in selecting clones and purifying material. Antibody fragments (see Figure

3.2), ie F(ab')y, Fab’, Fab/c, etc, can be produced by antibody digestion with



various enzymes mainly pepsin or papain (Lamoyi and Nisonoff 1983,

Parnham 1986).

Figure 3.2. Antibody fragments.
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In addition to basic monoclonal antibody methodology, the development of
somatic mutants and chimaeric molecules produced by transfectomas
(Morrison 1985) presents novel alternatives for producing artificial
constructs of antibody which can be useful for specific applications such as

in vivo use (Neuberger et al 1984).
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3.3 Monoclonal antibodies to blood cells

Within a period of less than ten years, the use of monoclonal antibodies in
the identification and classification of biological structures has become a
recognised and reliable approach. In the case of leucocytes and platelets,
cellular structures have been identified in vitro by monoclonal antibodies.
Monoclonal antibodies reactive with blood cells can be lineage- (lymphoid,
myeloid etc), subset- (T cell, B cell, etc), or clone- (anti-idiotype) specific
(Greaves et al 1981, Beverley 1984, Catovsky et al 1985, Janossy and Campana
1989).

Recently, a unified nomenclature classifying the majority of monoclonal
antibodies reacting with leucocytes and platelets as well as their malignant
counterparts has been agreed upon in what is presently known as the cluster
of differentiation nomenclature (CD) (Bernard et al 1984, Reinherz et al

1986, McMichael et al 1987, Knapp et al 1989).

The fact that monoclonal antibodies recognise molecules specifically by
binding to distinct epitopes on them makes the idea of specific targeting of
these molecules quite attractive. Not only does this apply to the scientist in
the laboratory for in vitro fingerprinting of different structures, but also to
clinicians who would find it very useful a tool for in vivo targeting of

certain tissues especially tumours.

3.4 In vivo use of monoclonal antibodies :

In practice, this question has been broadly addressed in two ways. The first
has applied monoclonal antibodies on their own making use of their
properties as biologicals with effector function for the defence of the
organism against foreign antigens (Waldmann 1988). This application can
be considered an extention of the erstwhile use of polyclonal antibodies in

the immunotherapy of cancer (Hericourt and Richet 1895, Murray 1958,
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Buinauskas et al 1959). The other line of research has been concerned with
the delivery of different reagents to desired sites in the body by injecting
reagent-coupled monoclonal antibodies. Again, the use of monoclonal
antibodies for this goal has followed early trials using polyclonal antibodies
(Pressman and Korngold 1953, Ghose et al 1972, Goldenberg et al 1978).
Different reagents have been employed including radionuclides (Mach et al
1980, Farrands et al 1982), cytotoxic drugs and different toxins (Thorpe et al
1982, Gallego et al 1982).

Radiolabelled monoclonal antibodies enable non-invasive imaging of the
targeted tissue using the scintillation camera. A second application would
come as a consequence of successful imaging of tumours in the form of local
radiation from energetic particles emitted by beta or alpha radionuclides
linked to the same antibody used for imaging (Carrasquillo et al 1984,
Mausner et al 1988).

3.5 In vivo use of monoclonal antibodies; limitations :

3.5.1 Antibody specificity, antigen accessibility

and antibody-antigen binding constant

Monoclonal antibodies for in vivo use are required to have specificity for
the tissue, especially tumour, that they target. This absolute specificity,
however, does not seem to apply for the majority of malignant tissues as
many epitopes expressed in cancerous tissues are shared to some extent with
their normal counterparts. Thus, many tumours associated antigens (TAA)
have been identified (Price et al 1980, Stefanini 1985) and monoclonal
antibodies have been generated to these antigens for use in vivo, eg anti-
CEA McAD (Bosslet et al 1985) and antibodies to the components of the

human milk-fat-globule membrane (Taylor-Papadimitriou et al 1981).
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In vivo binding of the antibody to its antigen depends in the first instance
on the accessibility of the antibody to that antigen. If the McADb has free
access to antigen, as in circulating cells, then Ab distribution on the cells and

in plasma will depend on :

a) The number of antigenic sites available and Ab concentration in blood.

b) The affinity of the antibody to its antigen (Ab binding constant) in
conditions of in vivo Ab-Ag reaction, ie 37° C, pH 7.4, in plasma and in
the presence of other blood cells.

¢ Any other non—specific binding of the antibody (Fc portion binding

and low affinity binding to other non-target tissues).

In the case of tumours in extravascular territory, antibody access becomes a
major problem resulting in a low fraction of the injected antibody reaching

target (Jain and Baxter 1988).

In both situations, the effect of the antibody used on its antigen can interfere
with its binding conditions and can therefore alter the way antibody
accumulates in target tissue. This is noted using antibodies that cause
antigen modulation (Ritz et al 1980, Chatenoud and Bach 1984),
complement activation (Masui et al 1986) or antibody-dependent cytotoxicity

(Kipps et al 1985).

3.5.2 Stability of the label and its effect on McAb kinetics

Radiolabelling of antibodies causes protein denaturation and results in
some loss of antibody reactivity (Lindmo et al 1984, Andres and Schubiger
1986). Also, elution of the radionuclide from radiolabelled antibodies occurs
after storage in vitro (Evans 1984) or due to enzyme degradation in vivo.
For example, radioiodine labelled antibodies undergo dehalogenation in
vivo resulting in a rapid clearance of the radioactivity in the urine

(Rainsbury and Westwood 1982).



41

In addition, the radiolabel can alter the distribution of the antibody in vivo.
This is noted especially following injection of 111In McAbs labelled by the
bifunctional chelates such as DTPA (Perkins and Pimm 1985, Halpern et al
1988). High uptake in the liver is found, thus reducing the amount of
antibody available for targeting tissue specifically and obscuring lesions

present in the liver itself.

3.5.3 The human anti-mouse antibodies (HAMA)

The generation of a humoral anti-mouse response to murine monoclonal
antibodies injected in vivo is a limitation to their repetitive use in the same
individual (Shawler et al 1985, Schroff et al 1985). The immune response
has been found to be directed mainly to the antibody isotype and its
subtypes, and to the antibody idiotype (Herlyn et al 1985, Chatenoud 1986).
The use of the less immunogenic antibody fragments, ie F(ab'), or Fab'
fragment, has been shown to offer a partial solution to this problem
(Courtenay-Luck et al 1986). Also, the introduction of human monoclonal
antibodies or human-mouse hetero-antibodies would minimise
immunisation against the administered xenogeneic antibodies (Boulianne

et al 1984, Brown et al 1987).

Using a different strategy, manipulation of the immune response in man by
induction of tolerance to rat or mouse McAbs or immunosuppression by
using cyclosporine treatment have also been tried. However, results have
been controversial and nonesof the methods reported so far has been efficient
in eliminating completely the immune response to the administered

mouse or rat antibodies (Benjamin et al 1986, Sivolapenko et al 1989).
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Chapter 4:
The Physiology of Platelets

4.1 The platelet : Origin, kinetics and life-span :

Early studies on thrombopoiesis have recognised platelet production from
the megakaryocyte of the bone marrow (Wright 1906). Recently, the major
cellular events that accompany the maturation of the megakaryocyte and
the effect of various factors involved therein have been described in more
detail (Feinendegen et al 1962, McPherson 1971, Levin and Evatt 1979). Less
clear, however, is the process of platelet release in the circulation, which is
generally thought to take place in the pulmonary vasculature, by
fragmentation of mature megakaryocytes and the generation of proplatelets

(Melamed et al 1966, Tingaard Pedersen 1974, Trowbridge et al 1982).

Circulating platelets have a finite life-span and their kinetics in the body are
described in terms of blood circulation, normal splenic pooling and final
removal from blood by the reticuloendothelial system (Harker 1977, Heyns
et al 1980, Klonizakis et al 1980).

Normal platelet survival, determined by random radiolabelling using 51Cr
or 1]n, is almost linear and the mean platelet life-span is 9-10 days (Heaton
et al 1979, Schmidt et al 1983a, Trowbridge and Martin 1983). In general, as
platelet life-span becomes more severely reduced in disease, the survival
deviates further from linearity. When platelet life-span is severely reduced
as in ITP (as short as a few hours) the survival profile becomes
approximately monoexponential implying random removal of platelets

from the circulation (Branehog et al 1974, Heyns et al 1982).

Platelets are distributed between a circulating pool (60-70%), a splenic pool

(30%) and a smaller liver pool (5-15%) in the normal human (Heyns et al
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1980, Klonizakis et al 1980, Robertson et al 1981, Scheffel et al 1982). Platelets
in the spleen are rapidly and freely exchangeable with their counterparts in
blood as in a closed, well-mixed, two compartmental system (Peters et al
1980). Accordingly, the number of platelets in the spleen depends on the
balance of input by the splenic blood flow and output, which is related to the
mean platelet intrasplenic transit time (normal = 6.5 min). In
splenomegaly, the splenic platelet pool is expanded and blood recovery of
injected radiolabelled platelets falls as low as 10%. In contrast, the recovery
in asplenic individuals approaches 100% (Aster 1966, Harker and Finch
1969).

The reason why the spleen concentrates platelets in such large numbers is
unclear. Macrophage function may play a role in platelet splenic pooling, as
many platelets can be seen adhering to splenic macrophages by scanning

electron microscopy (Weiss et al 1974).

4.2 Platelet activation and the role of platelet surface glycoproteins

in platelet aggregation :

Platelets are primarily connected with haemostasis. Clot formation after the
occurrence of a breach in normal vasculature or the development of
thrombosis in a diseased vessel involves platelet interaction and deposition
in the affected site (Mustard and Packham 1979, Kinlough-Rathbone et al
1983, Zucker and Nachmias 1985). Adhesion of platelets to sites of vascular
injury occurs basically by binding of von Willebrand factor (vWF) and
collagen in the subendothelium to platelet surface glycoprotein Ib (GPIb)
(Bolhuis et al 1981, George et al 1984). Next, platelet aggregation may follow.
This phenomenon is an active process requiring collision of platelets,
extracellular Ca2+, metabolic energy provided by intracellular ATP and
fibrinogen and can be triggered by various stimuli, eg ADP, thromboxane A2

and thrombin. These aggregating agents interact with platelet membrane
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components or specific receptors and the stimulus is transduced to trigger

platelet activation.

It is known presently, that aggregation is the consequence of the
mobilisation on the platelet surface of a fibrinogen receptor identified as the
GPIIb/IIla complex (Marguerie et al 1980, Nachman and Leung 1982, Bennett
et al 1982, Coller et al 1983). Once this receptor is exposed, the fibrinogen
molecule, by combining with receptors localised on adjacent platelets, is
thought to form bridges which link the cells together. Exposure of the
GPIIb/IIla molecule is assumed to represent a change in either the
conformation or the microenvironment of preexisting GPIIb/IIla complexes

in the platelet membrane (Coller 1980 & 1985).

Recently, more detailed studies on the expression and conformational
changes of platelet surface molecules (GPIb, GPIIb/IlIa, etc) in various test
conditions in vitro have confirmed the integral role of receptors in platelet
physiology (Nurden and Caen 1975, Caen et al 1976, McEver et al 1980,
Kunicki et al 1981, Pidard et al 1983). In these experimental systems the use
of antibodies (poly or monoclonal) has been instrumental in providing
tools for the identification and quantitation of platelet surface receptors and
specific reagents for pharmacologic interventions directed to each type of
receptors (McGregor et al 1983, Jennings et al 1985, Berndt et al 1985, Kunicki
et al 1986). An example of such usefulness is an antibody to platelet
membrane glycoprotein IIa, which binds only to activated platelets (McEver
and Martin 1984), thus making a specific probe for activated platelets in

vitro and potentially in vivo.
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4.3 Experimental and clinical studies using radiolabelled platelets :

Platelet kinetic studies and mapping of platelet distribution by surface probe
counting or scintillation camera imaging constitute the two major

applications of radiolabelled platelets clinically and in research.

Survival studies including mean platelet life-span and the shape of the
survival curve offer information on the likely cause and severity of a
thrombopenic condition (Abrahamsen 1970, Murphy et al 1972, Peters et al
1984 & 1985). This has been most valuable in cases of idiopathic
thrombocytopenic purpura (ITP) where shortened platelet life-span is

associated with near-exponential survival curves (Heyns et al 1982).

Imaging the distribution of radiolabelled platelets has been used in various
experimental and clinical conditions as a means to detect thrombus. This
was well shown by Thakur et al (1976), who first described platelet labelling
with 111In oxine. They tested the effect of the radiolabelling procedure on
the platelets in vitro and showed localisation of radioactivity in induced
deep venous thrombosis, surgical wounds and arterial lesions in dogs.
Human use of 111In oxine labelled platelets has been reported for the early
postoperative detection of venous thrombosis (Goodwin et al 1978, Fenech
et al 1981). Also, 111In labelled platelets have been used in the study of large
arterial lesions such as those occurring in the carotids and in atherosclerotic
aneurysms. Davies et al (1980b) reported 111In platelet deposition in carotid
atherosclerotic lesions. Abdominal aortic aneurysms showed also positive
platelet scan (Ritchie et al 1981). The effect of drugs on the accumulation of
platelets in different vascular lesions was studied as well (Fedullo et al 1982,
Romson et al 1982). The method, however, suffered many limitations. In
addition to complexity of the labelling technique, thrombus detection by
imaging 11In-oxine platelets proved to be of rather low sensitivity especially

in small vessels (Powers et al 1982). High circulating radioactivity, or blood
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pooling in aneurysms, prevented early detection of 111In oxine platelets that
localised in thrombus, although in selected cases, subtraction methods were
employed to enhance lesion contrast (Sutherland et al 1982, Bergman et al

1983, Machac et al 1989).

111In oxine labelled platelets have also been used for the diagnosis of organ
transplant rejection (Wang et al 1982). Rejecting kidneys accumulated
radioactivity as reported by Smith et al (1979a), Marcus et al (1986) Tisdale et
al (1986) and Desir et al (1987). Again, the complexity of the technique and
the difficulty in interpretation of the findings especially patients treated
with cyclosporine made it far from being routinely applicable in the

diagnosis of rejection.

Finally, the study of prosthetic vascular graft thrombogenicity has benefited
from imaging using 111In oxine labelled platelets (Agarwal et al 1982,
Stratton et al 1982). Thrombosis of prosthetic vascular grafts or prosthetic
valves was demonstrated by imaging and directly by tissue sampling
(Dewanjee et al 1983, Dewanjee 1984). The generation of micro-emboli from
the prosthesis surface was also shown (Dewanjee 1984). In this field,
however, there is still little understanding of the clinical significance of
early and late postoperative deposition of platelets in prosthetic material
and the exact relationship of platelet deposition to thrombus formation on

the vascular prosthesis.
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Chapter 5:

In Vitro Testing of an 111In Anti-Platelet

Glycoprotein Monoclonal Antibody

5.1 Introduction

In this thesis, a new method for platelet radiolabelling and in vivo
localisation of thrombus has been investigated. It involves testing the use
of an 111In labelled anti-platelet glycoprotein McAb for specifically targeting
platelets by experiments conducted in vitro and in vivo. This experimental
work includes radiolabelling of the anti-platelet McAb P256 (Bai et al 1984)
with 111]In, binding assays of the radiolabelled antibody to platelets in platelet
rich plasma and in whole blood, testing antibody effect on platelet
aggregation in whole blood and in vivo use of 111In P256 in a normal
volunteer and patients with deep venous thrombosis. The use of the 111In

F(ab'), fragment of the same antibody is also described.

5.2 Materials, methods and results

5.2.1 The Monoclonal antibody P256

P256 is a murine McAbD of the IgG; subclass. It was derived from fusion of
P3-NSI/-1-Ag4-1 myeloma cell line with spleen cells from BALB/c mice
immunised with peripheral blood mononuclear cells (Bai et al 1984). The
antibody reacts with the 135 kDa IIb component of the intact platelet
membrane glycoprotein complex IIb/IMla. It belongs to the CD41 cluster of
differentiation (Horton and Hogg 1987, von dem Borne et al 1989). P256
reacts primarily with normal human platelets and the megakaryocytes in
the bone marrow. P256 does not bind to platelets from patients with

Glanzmann's thrombasthenia which are deficient in the glycoprotein
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IIb/IIa from their surface (Phillips and Agin 1977, Nurden and Caen 1979,
Bai et al 1984).

Pure monoclonal antibody was prepared! from ascites fluid by Protein-A
affinity chromatography (Ey et al 1978) and was kept in phosphate buffered
saline (PBS) at 4° C.

5.2.2 Preparation of P256 F(ab"), fragments!

F(ab"), fragments of P256 were prepared by digestion with activated papain
(Parnham et al 1982). Purified McAb was concentrated to 5 mg/ml in 0.1 M
sodium acetate buffer, pH 5.5, containing 3 mM EDTA and was digested
with 2% activated papain for 4 hr at 37° C. The reaction was terminated by
addition of iodoacetamide and stored at 4° C. The digest was eluted on a
protein-A Sepharose column? to remove any remaining intact antibody and
Fc portions. Purity of the obtained F(ab'), fragments was checked by non-
reducing SDS-PAGE and Coomassie Blue gel staining. Purified P256 F(ab'),

preparation was kept in PBS at 4° C.

Both whole antibody and F(ab'), fragments described above were a kind gift

of Dr N Hogg, Imperial Cancer Research Fund, London, England.

5.2.3 11]n labelling of P256 and P256 F(ab'),

The monoclonal antibody was labelled with 111In using the method of the

double chelating agent of Hnatowich et al (1982 & 1983).

1 P256 whole antibody and P256 (Fab'); have been prepared at Dr N Hogg's laboratory,
Imperial Cancer Research Fund, London. The methods used for this purpose are described
above (Dr N Hogg, personal communication).

2 Pharmacia, Sweden.
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5.2.3.1 Coupling of P256 to DTPAT :

Batches of 5 mg of the antibody were used. The volume of stock solution
containing the amount of antibody required (usually 3-5 ml containing 5 mg
Ab) was dialysed? extensively in PBS3, pH 7.5-8, prepared in double distilled
deionised water (2 litres, 3 changes). Dialysis was necessary to eliminate any
trace of metals that might have contaminated the antibody solution during
preparation. After dialysis, the antibody solution was concentrated in an
Amicon Concentrator (England) to a small volume (200 pl at 2 X 104
mole/1 antibody?), then it was added to DTPA® (diethylene-triamine-
pentaacetic acid) cyclic anhydride powder in a plastic bijou® at a molar ratio
of 40 : 1, DTPA : Antibody’. The antibody was left to react with DTPA for 1
hour at room temperature. Afterwards, a volume of 10 pl of the reaction
mixture was frozen in an LP3 tube at -20° C for later testing (see below).
DTPA coupled antibody was then separated from unbound DTPA by elution
of the reaction mixture DTPA-McAD on a size exclusion Sephadex G-50
column8 prepared in a barrel of a 20 ml plastic syringe? . Two millilitre
successive elution fractions were obtained and the optical density (photon

absorption) at 280 nm wave-length through 1 cm light path was measured

Throughout the DTPA-Ab coupling procedure, disposable plasticware (bijou and universal
containers) was used. Also, new unused glass Pasteur pipettes and extensively washed
glassware with double distilled deionised water were used. The use of metal containers
and tools was avoided whenever possible.

2 Dialysis tubing (Viskin, England) was heated to 70° C in double distilled deionised HyO
containing EDTA (BDH, England) 10 mg/100ml, then it was washed twice in X2 Dist
Deion H,O before use.

3 Dulbecco's Formula A modified, Flow Labs, England.

4 The concentration of protein was measured using photon absorption at 280 nm. The
absorption coefficient (Extinction Cocfficient E ,g71%) of whole IgG and IgG F(ab')2
fragments was considered to be 13.6 (Johnstone and Thorpe 1987, Fasman 1976).

5 Sigma, England.

6 Sterilin, England.

7 MW : DTPA=357, IgG=15 X104, F(ab')»=10°. The amount of DTPA added to 5 mg whole IgG

was 0.5 mg and to 5 mg F(ab'), fragments : 0.7 mg.

8  Pharmacia, Sweden. Sephadex G-50 fine; useful fractionation range MW
peptides/globular proteins 1500-30000. Gel filtration was used as an alternative to
dialysis.

9 Monoject, England. Column volume 20 ml, void volume 6 mi (measured by elution of
Dextran Blue in PBS).



51

in each fraction using a spectrophotometer! (see Table 5.1)2. The fractions
containing Ab were then pooled, the final optical density® measured and the
solution was filtered through a 0.22 pm millipore filter* in a vial containing

N,5. The recovery of antibody after coupling ranged between 50-70%.

DTPA-coupled P256 was kept for a period of up to six months at 4° C.

Table 5.1. Elution fractions of P256-DTPA reaction mixture on the Sephadex
G-50 column in PBS. P256 : 5 mg, DTPA : 0.5 mg.

Fraction No Fraction volume oD Protein content

(ml) mg/ml

BG2 -- 0.00 0

1 2 0.01 ob

2 2 0.01 ob

3 2 0.02 0.01

4 2 1.17 0.86¢

5 2 1.04 0.77¢

6 2 0.12 0.09d

7 2 0.01 ob

8 2 0.01 ob

9 2 0.01 ob

a Background level was set at zero with PBS. This gave 3 reproducible readings of 0.000
before starting to measure the OD of the elution fractions.

b Fractions giving low readings, OD <0.010 (<10ug), were considered to be non-
different from background.

¢ Fractions 4 & 5 were pooled together; OD : 1.10, final McAb concentration : (.81 mg/ml,
total : 3.24 mg, recovery of protein : 68%.

d Fraction 6 was not pooled with fractions 4+5 in order to keep the antibody-DTPA solution
as concentrated as possible.

1 Pye Unicam, England.

2 DTPA-coupling of P256 F(ab'), was performed using the same protocol used for P256 whole
Ab (see Appendix, Table A5.1 page 292 for experimental data).

3 Optical density: OD.

Millex-GV, low protein binding. Millipore, England.

5 Amersham, England.

K
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5.2.3.2 111y labelling of antibody-DTPAT :

Firstly, the number of DTPA molecules bound per molecule of antibody was
calculated. This was done by reacting the sample of the reaction mixture (10
ul), which was frozen at the end of the coupling reaction Ab-DTPA (see
above), with carrier free 111In solution? (20-40 MBgq; 0.5-1 mCi) having raised
its pH to 6-6.5 by the addition of 3.8% sodium citrate BP3 (usually 1 volume
111In Cl; in 0.04 M HCI to 2 volumes sodium citrate 3.8%). After 30 minute
incubation at room temperature, the reaction mixture was eluted on a
Sephadex G-50 column to separate 111In labelled antibody from 111In-DTPA
using a similar protocol to that used for separating Ab-DTPA from DTPA, ie
2 ml elution fractions in PBS. The radioactivity in each fraction was
measured immediately in a dose calibrator and a radioactive count was
obtained for each fraction using a manual gamma scintillation counter® (see
Table 5.2). The fraction of DTPA that was Ab bound was calculated by taking
the ratio of the count-rate in the early fractions (associated with the protein
peak) to the count-rate in all fractions collected (usually 20 fractions of 2 ml)
representing 111In bound to DTPA (antibody associated or not6). This ratio

was converted to the number of DTPA molecules bound per Ab since both

All radiolabelling procedures were done at the hot laboratory-Medical Physics

Department RPMS, inside a fume cabinet having a lead-shielded working area.

Precautions were taken to avoid contamination of work surfaces by using absorbing

waterproof paper (Benchkote, Whatman, England). Also, careful monitoring of the

working arca was performed before and after the radiolabelling procedure to ensure safe

working conditions for users of the radiolabelling facilities. Disposable rubber gloves as

well as specially designed tongs and forceps were used to handle the unsealed source of

radioactivity. Radioactive waste was disposed of through the hot-lab-waste-disposal

unit.

2 11InCl3 in 0.04 M HCI (INS-1), 740 MBq/ml (20 mCi/ml) at calibration time, Amersham
International, England.

3 Sodium citrate injection 3.8% in 2 ml, Phoenix Pharmaceuticals Ltd, England.

Siel Isotope Calibrator, England.

Gamma scintillation counter, Department of Medical Physics RPMS. Samples were

counted at a fixed distance (reproducible geometry) from the counter's crystal. Energy

discriminators were set at 100 KeV (lower level) and at 450 KeV (upper level). The

distance between the crystal and the samples could be altered by moving the stand on

which the samples were placed up or down in relation to the crystal's face.

6 111In reaction kinctics with DTPA was assumed to be same for free DTPA and DTPA-Ab

(Hnatowich et al 1982).

=N
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concentrations of DTPA and Ab used were noted at the beginning of the

procedure.

Table 5.2. Elution of 111In+DTPA+P256 reaction mixture? on the Sephadex
G-50 column in PBS. Test sample (10pl) for calculation of the number of
DTPA molecules bound per Ab.

Fraction No Fraction volume Radioactivity Count-rate
(ml) (MBq) (cpm-BGP)
1 2.11 0.0 5¢
2 2.00 0.0 8¢
3 2.00 0.0 27¢
4 2.00 0.1 6144
5 2.00 0.5 3328d
6 2.00 0.1 557d
7 2.00 0.2 1405
8 2.00 0.3 1666
9 2.00 3.0 20147
10 2.00 6.1 42073
11 2.00 6.8 47380
12 2.00 3.7 26438
13 2.00 0.7 4504
14 2.00 0.2 1138
15 2.00 0.1 316
16 2.00 0.0 142
17 2.00 0.0 67
18 2.00 0.0 29¢
19 2.00 0.0 4¢
20 2.00 0.0 7¢

a Reaction mixture 10 pl; 25 mg/ml P256, 2.5 mg/ml DTPA, Mol DTPA : Ab; 42:1,111In: 24
MBq (0.65 mCi) in 100 pl.

b Background (BG) was subtracted. Average BG : 150 cpm (n=3, se=7).

¢ Count-rates corrected for background and falling within 3 standard errors of the
calculated difference (99% confidence limits) were considered to be non-significant and
were ignored.

d Radioactivity in elution fractions 4, 5 & 6 (first peak) was associated with DTPA bound to
Ab . The radioactive count in the following fractions 7-20 (second peak) was
associated with free DTPA. The ratios Ab-DTPA/DTPA (MBq) = 0.65/21.6 = 0.03. Ab-
DTPA/DTPA (cpm) = 4499/149775 = 0.03. The number of DTPA molecules bound per P256
molecule = 1.26 DTPA/Ab.

DTPA-coupled P256 was found to have 1.26 molecules of DTPA per
molecule of Abl (see Table 5.2).

1 The number of DTPA/AD for the various DTPA coupled monoclonal antibodies included in

the experimental work in this thesis will be given at the first mention of the 111In
labelled preparation of each DTPA-McAb.
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Preliminary testing of the DTPA coupled antibody involved also
radiolabelling of a sample of the final preparation in concentrations of
McAb-DTPA and 1In similar to those employed practically! to obtain 111In-
MCcAD for in vitro or in vivo use. Same conditions as those mentioned
above were used, ie antibody-DTPA added to 111In in citrate buffer pH 6-6.5,
reacted for 30 minutes RT? then the mixture eluted on a Sephadex G-50
column to separate 111In labelled McAb from free 111In. The early elution
fractions containing radiolabelled antibody were pooled and the resulting
preparation was afterwards millipore-filtered into a rubber-capped vial3,

which was kept in a suitable lead container at 4° C until use.

The radiolabelled product, ie 111In DTPA-P256 (111In P256) was described
finally in terms of antibody mass, volume of the Ab solution and the
specific activity at the time of labelling (labelling date and calibration time

noted with each preparation).

11Indium test labelling of P256-DTPAS; 0.1 mg with 111InCls-citrate; 115 MBq
(3.1 mCi) gave 900 MBq/mg (24.3 mCi/mg) specific activity in 6 ml PBS at
the time of labelling and test labelling of P256-F(ab'), -DTPA? ; 0.1 mg with
111In; 97 MBq (2.6 mCi) gave 650 MBq/mg (17.6 mCi/mg) in 6 ml PBS.

1 The limiting factor for the obtention of a high specific activity 121In McAb preparation
was the availability of carrier free 111In in sufficient amounts for labelling, ie 150-200
MBq (4-6 mCi) per 0.1 mg McAb-DTPA. Most of McAb labelling done with 111In in this
thesis used 40-80 MBq (1-2 mCi) of 11In per 0.1 mg Ab as a rough guide.

2 RT:room temperature.

Amersham, England.

4 11110 McAbs were kept at 4° C and were used within one week of radiolabelling, except
preparations for in vivo human application that were prepared immediately before use.

5 Antibodies radiolabelled with 111 In mentioned in the experimental work to follow
will be described in the terms mentioned above, ie Ab concentration and specific activity
at the time of labelling or use.

6 See Appendix, Table A5.2, page 292 for experimental data.

7 P256-F(ab')y -DTPA contained 1.17 DTPA molecules/Ab, (see Appendix, Tables A5.3,
A5.4, pp293 & 294 for experimental data.

w
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5.2.4 Immunoreactivity testing of the 111In labelled McAb

The assessment of the resulting 111In-DTPA-McAb preparation for suitability
for use experimentally involved also the measurement of its

immunoreactive fraction.

The method reported by Lindmo and Bunn (1986) was applied. A
radiobinding assay under conditions of antigen excess was set and the
immunoreactive fraction was determined by curve extrapolation to x = 0,
corresponding to infinite antigen excess, in a double inverse linear plot,
where the X axis represented the reciprocal of antigen concentration and the
Y axis the ratio of total antibody added, to that antigen bound (T/B). The
source of antigen used for testing 111In P256 or 111In P256 F(ab'), was platelet

rich plasma (see below).

Platelet rich plasma (PRP) was prepared by centrifugation! at 190g for 15
minutes of ACD? anticoagulated fresh whole blood (30 ml in two universal
plastic containers3) obtained from a normal volunteer4. After
centrifugation, platelet rich plasma above the cell pellet was carefully
withdrawn with a syringe tipped with a large bore needle (19G)® and was
transferred to a sterile 20-ml-universal-plastic container. The number of
platelets in the resulting PRP was counted using an automatic counter® and
manually using a haemocytometer’. Platelet rich plasma prepared this way
was found to contain a very low number of contaminating cells

(erythrocytes, monocytes and lymphocytes < 0.1% of the differential count).

Centaur 2 swinging-bucket centrifuge, MSE, England

Acid citrate dextrose NIH formula A BP. One part ACD to 6 parts blood was used.
Twenty ml capacity, Sterilin, England.

A total of 60 ml of blood drawn in a syringe containing 10 ml ACD was obtained for the
preparation of PRP and PPP. Blood was taken from healthy volunteers who were not on
any medication for at least two wecks before the study.

5 Sterican, Germany.

Coulter, USA, Haematology Dept RPMS.

7 Improved Neubauer, BDH, England.

oW N =

N
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111Tn P256 was added to aliquots of PRP containing increasing platelet

numbers in LP3! tubes (Table 5.3).

Table 5.3. Setting of the experiment for measurement of the

immunoreactivity of 111In P2562 with PRPP.

Tube No¢  Ptlt/mld 111]n P256 conc® 111InP256/ptlt Cold P256f ug/ml

ug/ml (tubes C&D only)
1 A,B,CD. 2X108 0.2 4000 20
2 ABCD. 108 0.2 8000 20
3.A,B,C,D. 5X107 0.2 16000 20
4.A,B,C,D.| 2.5X107 0.2 32000 20
5.A,B,C,D. | 1.25X107 0.2 64000 20
6.A,B,C,D.| 6.25X10% 0.2 128000 20

a 11In P256 ; 25 ug/ml, 173.6 MBq/mg (4.7mCi/mg).

b PRP obtained after centrifugation of whole blood contained 2.5X108 ptlt/ml. Platelet
poor plasma (PPP) was obtained by spinning 40 ml of anticoagulated blood at 1500 g for 10
min and was used for diluting PRP.

¢ Quadruplicate tubes were used for every tube number : 14, 1B, 1C, 1D, 2A, etc. Two tubes
(A&B) were used to measure the extent of binding of 111In P256 to platelets, the other two
(C&D) contained unlabelled P256 as well (dispensed in the tubes before addition of 111In
P256) and were used to measure the Ab non-specific binding.

d Doubling dilutions of PRP in PPP of the number of platelets in tubes No 1 were dispensed in
tubes 2-6. The total volume of the reaction mixture was made up to 1 ml with PPP.

e 111In P256 was added to all the tubes at 0.2 pg/ml in a volume of 8 pl. A reference standard
was left for comparison.

f Unlabelled (cold) P256 was added to tubes C&D of every number group at 20 pg/ml (100
fold excess over 111In P256) for measuring non-specific binding of 111In P256.

The tubes were incubated for 2 hours at room temperature. Intermittently,
they were gently shaken to keep the platelets in suspension. At the end of
the incubation, the tubes were centrifuged at 1500 g for 10 min and aliquots

of 500 pl of the supernatant in each tube? were transferred to gamma

counting plastic vials3, and counted in an automatic gamma counter4.

1 Luckham, England.

2 Centrifugation of PRP or anticoagulated whole blood at 1500 g for 10 min yielded platelet
poor plasma (PPP), which was virtually cell free plasma, and a cell pellet.

3 Sterilin, England.

4 Packard Autogamma, USA, Haematology Dept, RPMS.
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Table 5.4 includes the results of the binding assay and the calculation of the

ratio T/B:

Total 111In P256 added
111In P256 platelet bound],

Table 5.4. 111In P256 platelet bound and values of 111In P256 T/B for the

calculation of the antibody's immunoreactive fraction.

Tube No 1111n P256 ptlt bounda? Non-specific bindinge  T/Bd

cpm +1 se cpm *1 se +1se
1 37400 =170 © 200 + 250¢ 1.15 £ 0.006
2 36100 £ 170 100 + 250° 1.19 £ 0.007
3 33900 + 180 200 + 250¢ 1.27+£0.010
4 29500 % 190 400 + 250¢ 1.46 £ 0.011
5 24200 + 200 300 £ 250¢ 1.78 £ 0.016
6 15800 + 220 100 + 250¢ 2.72+0.039

a All radioactive counts were corrected for background (BG). Average BG=130 cpm (n=3,
se=7).

b Count-rate from 111In P256 platelet bound was obtained indirectly by counting the 500
ul aliquots of the supernatant in tubes (A&B), correcting the resulting count-rate for BG,
taking the average of the two count-rates (A&B) and multipying this average by 2 to get a
value for the total unbound count-rate in the supernatant (the volume of the platelet
pellet was ignored). Subtraction of unbound count-rate from the count-rate in the reference
standard resulted in the count-rate in the pellet (platelet-bound count).

¢ Same method described in b above was used to obtain cell bound count-rate in the presence
of excess unlabelled P256.

d Reference standard count-rate was obtained by counting an equal amount of 111in P256 to
that added to the test tubes (count was obtained in duplicate). Std 43000, n=2, se=150.

e The values of radioactive count-rates, differences in count-rates, ratios etc, that did not lie
within three standard errors (se) representing 99% confidence limits were considered to
be non-significant and were ignored.

The final step in calculating 111In P256 immunoreactive fraction was to plot
values for T/B (total 111In P256 added to platelet bound count-rate) from

Table 5.4 against the inverse antigen concentration (ml/platelet). The curve

1 This ratio is needed for the calculation of the Ab immunoreactive fraction (Figure 5.1).
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obtained was fitted with a linear function the Y-axis intercept of which gave

the reciprocal of the immunoreactive fraction, Figure 5.1.

P256 immunoreactive fraction was found to be 1/1.07 = 0.937 (93.7%). A

similar experiment was performed on 111In P256 F(ab"), (25 pg/ml, 218
MBq/mg; 5.9 mCi/mg) and the immunoreactive fraction of this preparation

tested with PRP was found to be 92.4%!1.

Figure 5.1, 111In P256 immunoreactive fraction, the double inverse plot.

Total cpm added/ ptlt bound cpm (T/B)
N

LI | ! I
0 10-7 2X10°7

Reciprocal of antigen concentration (ml/ptlt)

—a— T/Bvalues £ 1 se
Linear curve fit : y =1.07 + 107x

Y Intercept = 1.07
Immunoreactive fraction = 1__= 0.937
1.07

1" The experimental data and the double inverse plot for the calculation of 111In P256 F(ab')y
are shown in Appendix, Tables A5.5, A5.6 and Figure A5.1 pp294 & 295.
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5.2.5 In vitro binding of 111In P256 or 111In-P256-F(ab'), to human platelets in

platelet rich plasma and whole blood

Radioimmunoassays of 111In P256 or 111In P256 F(ab"); with human platelets
in near-physiological conditions (PRP, whole blood) were performed to
define the extent of binding of the radiolabelled McAb to platelets over a

defined range of McAb concentration.

5.2.5.1 Binding of 111In P256 to platelet rich plasma

Platelet rich plasma was prepared as described abovel. Aliquots of PRP
containing 2X108 platelets were dispensed in LP3 tubes in duplicate. 111In
P256 in PBS was added to the tubes in decreased concentrations starting at
106Ab/ptlt and ending at ~ 8000 Ab/ptlt, and the final volume was adjusted
to 1 ml with PPP, see Table 5.5. Another set of eight tubes, containing 2X108
ptlt in each was prepared for measuring non-specific binding of 111In P256.
To each tube, P256 McAb (unlabelled) was added at a concentration yielding
20 fold excess over 111In P256 before the addition of the labelled antibody, ie
Tube 1 :1000 pg/ml, Tube 2 : 500 pg/ml, etc. The tubes were incubated for 2
hr at 37°C in a water bath? with intermittent gentle shaking. Meanwhile,
radioactivity was counted in all tubes in the manual radioactivity counter3.
These counts represented the total radioactivity added to each tubet. At the
end of the incubation time, the tubes were centrifuged at 1500 g for 10 min
and aliquots of 500 pl PPP were transferred to LP3 tubes. The tubes were
then counted in the same manual counter of radioactivity in exactly the
same position as was done for the tubes containing the reaction mixture
before centrifugation. The delay in time between counting before and after

centrifugation did not exceed 30 minutes.

See Immunoreactivity testing of 111In P256 page 55.

Grant, England.

Medical Physics Dept, RPMS.

No reference standard was prepared in this experiment. However, 111In P256 added was
directly measured in each tube.

> W N



Table 5.5. Setting and results of 111In P2562 vs PRPY radiobinding assay.

Tube No¢ M1M1InP256

M1In P256  Std cpmd

Bound cpmd

conc pg/ml /ptlt
1 50 106
2 25 5X10°
3 12.5 2.5X105
4 6.25 1.25X10°
5 3.13 6.25X10%
6 1.56 3.13X104
7 0.78 1.56X104
8 0.39 7.8X103

+1se

84800
+ 210
42600
+ 150
21200
+ 100
10500
+70
5200
+ 50
2600
* 40
1350
+30
680
+20

+1se

13600
+ 340
9800
+230
7800
+ 160
4700
+110
3300
+70
2000
+ 50
1100
40
570
+30

B/T

+1se

0.16
+ 0.004
0.23
+ 0.006
0.37
+ 0.008
0.45
+0.011
0.64
+0.015
0.76
+0.022
0.80
+0.033
0.83
+ 0.053

a 11256 : 150 pg/ml, 182 MBq/mg (4.9 mCi/mg). The volume of McAb added to the tubes

was as small as possible (500-3.9 pul).

b PRP prepared in this experiment contained 3.5X108ptlt/ml.

¢ Tubes prepared in duplicate. Each tube contained 2X108 ptlt/ml. A separate set
containing 2X108 ptlt/ml + 20 fold excess of cold P256 over 111In P256 was prepared to

measure non-specific binding (see text).

d All count-rates were corrected for background. BG=165,n=3,se=7.

Radioactivity platelet bound was calculated by subtraction of the count-rate

remaining in platelet poor plasma (unbound radioactivity) at the end of the

incubation time, from the total count-rate in each tube. Unbound

radioactivity was obtained by correcting the count-rate in the 500 pl PPP

aliquots taken after centrifugation of the tubes for background and

multiplying the result by 2 (total volume of plasma = 1ml, the volume of

the platelet pellet was ignored). Non-specific binding, calculated in the

same way as above, was allowed for whenever statistically significant by

subtracting the values of the count-rate non-specifically associated to

platelets from the count-rate bound to platelets in the absence of excess

60
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unlabelled antibody. The results were finally expressed as a ratio of the

count-rate platelet bound to that totally added (B/T) (see Table 5.51).

A repeat of this experiment using a different 111In P256 preparation (same
P256-DTPA stock, but 111In labelling done on a different occasion) and PRP
obtained from a different source than the one in the experiment above,
showed essentially the same pattern of 111In P256 binding to platelet having
kept other reaction conditions equal to the previous experiment, ie
concentration of reactants, incubation time and temperature etc (results

summarised in Table 5.62).

Table 5.6. Result of the repeat 111In P2562 vs PRPP radiobinding assay.

Ab/ptlt: 106|5X105| 2.5X10° |1.25x105 |6.25X104 | 3.13X10% |1.56X104 | 8X103

B/T : 0.16
+1se: 0.004

0.22
0.006

0.36
0.009

0.47
0.012

0.65
0.017

0.78
0.024

0.82
0.037

0.86
0.060

a 111In P256 180 ug/ml, 348MBq/mg (9.4 mCi/mg).
b PRP was prepared from blood obtained from a normal volunteer. It contained
2.7X108ptlt/ml.

5.2.5.2 Binding of 111In P256 F(ab’), to PRP

The same experimental protocol to that employed for 111In P256 radio-

binding assay was used, ie 2X108 ptlt in PRP + 111In P256 F(ab'), (106Ab/ptlt-
g y % 2 j%

8X103 Ab/ptlt). Two experiments using PRP from two different donors were

performed and the range of binding of the F(ab'), was determined3.

Finally, the results? of 111In P256 and 111In P256 F(ab'), binding to platelets in

PRP were plotted as a function of Ab concentration (Figure 5.2).

1 Non-specific binding of 111In P256 was found to be non-significant (99% confidence limit)
and was ignored (Seec Appendix, Table A5.7, page 296 for experimental data).

2 See Appendix, Tables A5.8, A5.9, pp296 & 297 for experimental data.

3 See page 59 for the method and Tables A5.10, A5.11, A5.12 and A5.13 Appendix, pp296 &
297 for the experimental data.

4 The ratio of platelet bound to total antibody added is shown in the graph.



Figure 5.2. Binding of 111In P256 (Top) and 111In P256 F(ab'), (Bottom) to

platelets in platelet rich plasma.

111In P256 vs PRP
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0.6 4
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5.2.5.3 Binding of 111In P256 to anticoagulated whole blood

Blood obtained from a normal volunteer was collected in ACD
anticoagulant (1 part ACD to 6 parts blood)!. A complete blood count (RBC,
WBC, platelets, Hb and Hct)2 was obtained on a sample of the anticoagulated
whole blood using an automatic Coulter counter3. Aliquots of 4 ml of ACD-
anticoagulated blood were dispensed in sixteen 10 ml centrifuge tubes. 111In
P256 was added to eight tubes in concentrations similar to those added to
PRP, ie 106 Ab/ptlt-8000 Ab/ptlt (see Table 5.7). Unlabelled P256 was added
to the rest of the tubes at concentrations calculated to yield 20 fold excess
over 111In P256 which was added afterward in similar concentrations to the
first eight tubes. The tubes were then sealed with Parafilm (USA) and fixed
on a slowly rotating disc at 37° C%. After a 2 hr incubation period, aliquots of
500 pl ACD-blood from each tube were dispensed in gamma counting vials®.
The tubes were then centrifuged at 190 g for 15 min and volumes of platelet
rich plasma equal to those calculated to be contained in 0.5 ml ACD-blood +
111In P256 in each tube® were dispensed in counting vials. Subsequently, the
tubes were re-centrifuged at 1500 g for 10 min and similarly aliquots of PPP,
calculated to be contained in 0.5 ml blood were transferred to gamma
counting vials. Finally, all the counting vials were counted in an automatic

gamma scintillation counter’ . The count-rate in PPP was subtracted from

Sixty millilitre blood were withdrawn through a wide bore needle (G19) in a syringe

containing 10 ml ACD.

RBC : red blood cells, WBC : white blood cells, Hb : Haemoglobin, Hct : Haematocrit.

Coulter counter , Haematology Dept RPMS.

Warm room (37° C), Immunology Department, RPMS.

Count-rates in these tubes represented the reference standards of the total 111In P256

radioactivity added.

6 The volume of PRP (or PPP) obtained was calculated as follows : The volume of 111In P256
added to 4 ml ACD-blood reduced the haematocrit value (Hct in ACD-blood was
measured at the start of the experiment as part of the full blood count) in each tube
according to the amount of solution added. Therefore, the volume of plasma in 0.5 ml
ACD-blood + 111In P256 was calculated from the following equation :

Pl in 0.5 ml ACD-blood+111In P256 (u)=(1-Hct)X4000 + vol Ab in ul X 500 .
4000 + vol Abin ul
The volume of the platelets in PRP was ignored for the sake of this calculation.
7 Packard Autogamma, USA, Haematology Dept, RPMS.

G o= W N




64

the count-rate in whole blood to obtain cell bound count-rate, afterward, the
ratio of cell bound radioactivity to activity in whole blood (B/T) was

calculated (see Table 5.7)1.

Table 5.7. Setting and results of the 111In P2562 vs ACD-bloodb radiobinding

assay*.

Tube 111In P256 1117 P256/ cpm 5001l WB  cpm cell bound B/T+

conc pg/ml ptlt t1se 500 Wl WB +1 se 1se

1 70 106 71200 7800 0.11
+270 + 400 + 0.005

2 35 5X10° 35900 6500 0.18
+ 190 + 260 + 0.007

3 17.5 2.5X10° 18000 5800 0.32
+ 130 +.180 +0.010

4 8.75 1.25X10° 8900 3400 0.38
+ 100 + 120 +0.014

5 4.38 6.25X104 4500 2500 0.55
+70 + 80 +0.020

6 2.19 3.13X104 2200 1400 0.64
+ 50 + 60 +0.030

7 1.09 1.56X104 1100 800 0.70
+40 +40 +0.043

8 0.55 7.8X103 600 450 0.72
+30 + 30 +0.062

111n P256 : 300 ug/ml, 302 MBq/mg (8.2 mCi/mg).
Hect = 0.40, Ptlt No = 2.85X108/ml.
¢ All count-rates were corrected for background. BG =110, n =3, se = 6.

oo

It was also found that PRP contained 80-95% of the activity present in whole
blood. This pointed to a low binding of 111In P256 to other blood cells (RBC,
WBCQ) (see Table 5.8).

1 Non-specific binding was found to be statistically non-significant and was therefore
ignored (see Appendix, Table A5.14, page 299).



Table 5.8. Radioactive counts in PRP and their ratio to 111In P256 counts in

ACD-Whole blooda.

Tube cpm 500ul WB cpm PRP in 500 pl PRP/T
+1se WB=+1se t1se

1 71200 63400 0.89
+ 270 + 250 +0.005

2 35900 33000 0.92

+190 + 180 +0.007

3 18000 15500 0.86
+ 130 + 130 +0.010

4 9000 8500 0.95
+ 100 +90 +0.015

5 4500 4000 0.90
+70 + 60 +0.020

6 2200 1850 0.84
+ 50 + 40 +0.028

7 1150 1000 0.86
+40 +30 + 0.040

8 600 500 0.80
+30 + 30 + 0.055

a Same experiment as in the previous page.

The whole blood 11In P256 binding experiment was repeated twice
afterwards. The experimental conditions were kept the same at each time
except for 111In P2561 that was labelled especially before each experiment and
blood which was obtained from two different volunteers. The results of the
repeat 111In P256 versus ACD-whole blood radioimmunoassays are shown

in Table 5.92.

1 Same batch of P256-DTPA was used as the one in the previous experiments.
2 See Appendix, Tables A5.15, A5.16, A5.17, A5.18, pp300 & 301 for experimental data.
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Table 5.9. Result of the repeat 111In P256 vs ACD-blood radiobinding assays.

Ab/ptlt: 106 | 5X105R.5X10° h.25X105 6.25X104 B.13X104 [1.56X104 |8X103

B/T : 0.11 0.191 0.34 0.41 0.59 0.68 073 0.76
t1se :0.005( 0.006f 0.009 0.012 0.018 0.025 0.037 | 0.055

PRP/T: 086 0.91] 0.83 0.96 0.90 0.87 0.85| 0.81
+1se :0.004| 0.006] 0.008 0.013 0.017 0.023 0.034 | 0.048

Repeat IIP
B/T : 0.11 0.20 0.34 0.40 0.61 0.69 0.74 0.77

t1se :0.004| 0.006] 0.008 0.011 0.016 0.023 0.035 | 0.051

PRP/T: 0.89 093] 0.84 0.90 0.86 0.82 087 | 0.92

+1se :0.004| 0.006] 0.008 | 0.011 0.015 | 0.021 0.033 | 0.049
a 111n 256 : 260 pg/ml, 247 MBq/mg (6.7 mCi/mg), Het : 0.42, Ptlt ct : 3X108ptlt/ml.
b 111In P256 : 280 pg/ml, 276 MBq/mg (7.5 mCi/mg), Het : 0.37, Ptit ct : 2.45X108ptlt/ml.

5.2.5.4 Binding of 111In P256 F(ab’), to anticoagulated whole blood

Three radiobinding assays of 111In P256 F(ab'), were performed to assess the
degree of Ab binding to platelets in whole blood over a range of increasing
Ab concentrations. A similar protocol to that used for 111In P256 versus
whole blood radioimmunoassay (described above) was followed and the

range of binding of 111In P256 F(ab'), to platelets in whole blood was

determinedl.

The results of 111In P256 and 111In P256 F(ab'), radioimmunoassays with
whole blood were finally plotted as the antibody cell bound ratio versus

antibody concentration (Figure 5.3).

1 See Appendix, Table A5.19, A5.20, A5.21, A5.22, A5.23, A5.24 and A5.25 pp302-305 for
setting and results.



Figure 5.3. Binding of 111In P256 (Top) and 11In P256 F(ab'); (Bottom) to

platelets in anticoagulated whole blood.

111Tn P256 vs WB

1.0 -

0.8 T

0.6 —o—— Data from Table 5.7 + 1 se
g ——o—— Data from Table 5.9 £ 1 se
- ——m—— Data from Table 5.9+ 1 se

0.4

027

0.0 T T | 1

103 10% 10° 108 107
111
In P256/ptlt (Log scale)
11117 P256 F(ab'); vs WB

1.0 -+

0.8 7

0.6 -
- ——— Data from Table A 5.19 + 1se
E ——a3—— Data from Table A 5.22+ 1se

04 ——&—— Data from Table A 5.24 + 1se

02 4

0.0 T T 1 1

103 10% 10° 106 107

" In P256 Fab) ,/ptlt (Log scale)



68

5.2.5.5 Summary of 111In P256 or 111In P256 F(ab'), versus PRP or whole blood

radioimmunoassays

In vitro binding of the 111In labelled monoclonal antibody P256 and its

F(ab'), to PRP and whole blood are presented in Table 5.10.

Table 5.10. Summary of 111In P256 and 111In P256 F(ab'), radioimmunoassays

Ab/ptlta

106

5X10°

2.5X105

1.25X10°

6.25X104

3.13X104

1.56X104

7.8X103

111In P256 111In P256 F(ab"),
B/T (PRP)b B/T (WB)c B/T (PRP)» B/T (WB)c
+1se +1se +1se +1se
0.16 0.11 0.15 0.10
+0.003 + 0.003 +0.003 + 0.003
0.23 0.19 0.21 0.16
+ 0.004 +0.004 +0.004 + 0.004
0.37 0.33 0.31 0.29
+ 0.006 + 0.005 +0.005 +0.005
0.46 0.40 0.42 0.37
+ 0.008 + 0.007 +0.007 + 0.008
0.65 0.58 0.57 0.53
+0.011 +0.010 +0.010 0.011
0.77 0.67 0.68 0.62
+0.016 +0.015 +0.015 +0.015
0.81 0.72 0.76 0.69
+ 0.025 +0.022 +0.028 +0.023
0.85 0.75 0.78 0.72
+ 0.040 +0.032 +0.035 +0.023

a 1Mn P256 or 111In P256 F(ab')s.

b Average of two values ( see Tables 5.5 & 5.6 for 11111 P256, and Tables A5.10 & A5.12 for

1111n P256 F(ab"s.

¢ Average of three values (sec Tables 5.7 & 5.9 for 111In P256 and Tables A5.19, A5.22 &
A5.24 for 111In P256 F(ab'),.

Finally, Figure 5.4 shows the summary of the results in Table 5.10 plotted as

antibody cell-bound ratio versus antibody concentration.
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Figure 5.4. Summary of 111In P256 / 111In P256 F(ab'); radioimmunoassays
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5.2.6 In vitro testing of the effect of P256 or P256 F(ab'); on platelets

The effect of P256 or P256 F(ab"); on platelets at different McAb
concentrations was assessed in vitro by visual recording of spontaneous
aggregation in platelet rich plasma (PRP) under phase contrast microscopy.
Measurement of spontaneous or induced aggregation in citrated whole

blood was performed using the Ultraflo 100 whole blood platelet counter.

5.2.6.1 Platelet aggregation measured by microscopic counting

Blood collected from a normal volunteer was anticoagulated in ACD (30 ml
blood taken in a syringe containing 5 ml ACD). Blood was dispensed equally
in two universal plastic containers and centrifuged at 190 g for 15 minutes to
obtain PRP and a pellet of erythrocytes and leucocytes as described earlier
(see page 55). Platelet rich plasma was transferred to a third 20 ml-Universal

and a platelet count was donel.

Afterwards, aliquots of 1 ml PRP were dispensed in each of eight LP3 tubes.

Each tube was tested at a time as follows :

A platelet count was performed, then P256 or P256 F(ab"), was added in a 50
ul volume from a dilution of antibody in PBS prepared immediately
beforehand and calculated to yield the first Ab concentration set in Table

5.11.

1 50 pl volume of PRP was diluted X100 in 4950 pl normal saline in a 10 ml centrifuge tube.
After mixing, platelet count was done using a haemocytometer (Improved Neubauer,
BDH, England), a phase contrast microscope (X400 Magnification, M20 Wild-Leitz
Switzerland) and a tally counter (Clay Adams, Becton and Dickinson USA). Platelets
were allowed to settle for 15 min in the counting chamber before starting the count (the
haemocytometer was placed in a humidified box). Count was done in duplicate using both
counting chambers of the haemocytometer.
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Table 5.11. Concentrations of P2562 added to PRP.

Tube No 1 2 3 4 5 6 7 8

Ab conc (ug/ml) | 56 28 5.6 28 | 0.56 0.28 | 0.056 | 0.028
Ab/ptlt 106 | 5X105 | 105 5X104] 10% | 5X103 | 103 |5X102

a The same molar concentrations of P256 F(ab'); as those of P256 were used for testing the
effect of P256 F(ab')2 on spontaneous aggregation in PRP.

The tube was then sealed and incubated at 37°C for 15 min with gentle
intermittent mixing. At the end of the incubation time another platelet
count was done. Single platelets and platelet aggregates were recorded

separately using the tally counter.

The second tube was tested similarly except that the second Ab
concentration in Table 5.11 was added this time. The method was repeated
for each tube until the last Ab concentration was reached. The results of
platelet counts before and after P256 addition at different concentrations are

shown in Table 5.121.

The percentage platelet aggregation (PA) after addition of P256 was

calculated as follows :

PA =[1-(Nap)] X 100
Nop

Where Nap : single platelet number after the addition of Ab, Ny : single

platelet number before the addition of the Ab (see Table 5.18 and Figure 5.5).

1 The results of platclet count before and after addition of P256 F(ab') to PRP are shown in
Tables A5.26 and A5.27 and Figure A5.2, Appendix, pp305 & 306.



Table 5.12. Platelet counts? pre and post P256 addition to PRPP.

Pre P256 Post P256
Tube No Single Ptltc Aggregd Totale Single Ptltc Agoregd Totale

1 217 3 220 3 31 34
+10 +1.2 +10 +12 +4 +4
2 227 6 233 5 52 57
+11 +1.7 +11 1.6 +5 +5
3 204 3 207 7 48 55
+10 +1.2 +10 +19 5 +5
4 195 14 209 10 64 74
+10 +27 +10 22 +6 +6
5 208 9 217 43 72 115
+10 +21 +10 5 +6 +8
6 198 8 206 77 59 136
+10 +2 + 10 6 +5 +38
7 204 ) 209 193 14 207
+10 +1.6 + 10 + 10 +3 +10
8 196 6 202 191 7 198
+10 +1.7 +10 +10 +1.9 +10

Counts done in duplicate using the two chambers of the haemocytometer.

Stock PRP contained 2.25X108ptlt/ ml.

Single platelets counted in the 25 large square area of the haemocytometer.

Aggregates of platelets (two or more platelets together) counted in the same area as ¢
above.

e The total number of particles (single + platelet aggregates) counted in 25 large squares of
the haemocytometer.

0N oo

Table 5.13. Platelet aggregation after the addition of P256.

Tube No 1|2| 3| 4| sl 6 7| 8|
PA (%) 99 98 97 95 79 61 5 3
+1 se +0.6 |07 | £09 [+1.2 |+25 |+£37 [+6.7 [+7.0
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Figure 5.5. Platelet aggregation versus P256 concentration in PRP.
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5.2.6.2 Measurement of spontaneous and induced platelet aggregation in

whole blood in the presence of P256 or P256 F(ab’); using Ultraflo 100

The method employed an electronic particle counter, the Ultraflo 1001,
which counted single platelets in whole blood without the need to separate
them from other blood cells (Lumley and Humphrey 1981). The results
were recorded as a fall in individual platelet count denoting platelet

aggregation?,

5.2.7 Summary of the studies testing spontaneous or induced platelet

ageregation by P256 or 256 F(ab')»

Testing the effect of P256 or P256 F(ab'); on platelets in PRP and
anticoagulated whole blood showed an increase in spontaneous aggregation
of platelets in the presence of the antibody. This was especially noted with

whole P256 antibody which caused massive platelet aggregation when its

1 Clay Adams.
2 For experimental details and results see Appendix, pp306-308.
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concentration exceeded 3.5-4X103 Ab/ptlt. P256 concentration below that
level caused little aggregation and no significant aggregation was observed
at concentrations < 1000 ab/ptlt. In contrast, P256 F(ab'); showed a weakev
effect on aggregation than the whole Ab. Concentrations less than 3500
Ab/ptlt caused no significant increase in aggregation and only high
concentrations of the Ab (above 104 Ab/ptlt) led to a noticeable reduction in

single platelet count.

Antibody effect on induced aggregation was less obvious than its effect on
spontaneous aggregation in the experiments performed. Potentiation of the
effect of U-466191 by preincubation of whole blood with P256 was seen in
one experiment2. However, the effect of P256 or P256 F(ab'); on induced
aggregation by ADP or collagen at the concentrations of Ab used was not

markedly different from the control (no Ab)3.

5.3 Discussion

5.3.1 In vitro radioimmunoassays of 111In P256 or 111In P256 F(ab’); vs PRP or

whole blood

Labelling of P256 or P256 F(ab’); with 111In using the method described
yielded high specific activity up to 900 MBq/mg (24 mCi/mg), which was in
agreement with levels of specific activity of 111In McAbs reported earlier
(Hnatowich et al 1982 & 1983). This level provided adequate radioactivity
for imaging purposes using a low antibody mass (90 MBq/100ug) without

significant effect on the immunoreactivity of the antibody.

Binding of 111In labelled anti-platelet glycoprotein McAb P256 or its F(ab’);

fragment to platelets was documented by direct radioimmunoassays in

1 A stable prostaglandin endoperoxide analog, Upjohn.
2 Gee Table A5.30, Appendix, page 308.
3 See Table A 5.31, Appendix, page 308.



platelet rich plasma and in anticoagulated whole blood. The design of the
radioimmunoassays aimed at causing the least possible manipulation of
platelets by avoiding platelet washing and at minimising aggregation by
incubating the cells at room temperature or 37°C. This design necessitated
an indirect calculation of the amount of antibody bound to platelets by
measurement of non-cell-bound 'In radioactivity in the supernatant after
centrifugation of the cell suspension at 1500 g for 10 minutes and subtrating
this amount from the total 111In activity present therein. Non-specific
binding of 111In P256 to the tube wall or other cells (whole blood assay) was
not found to be significant, indicating reliability of the calculation for the

amount of antibody-platelet bound.

These tests, especially the one employing whole blood as a source of antigen
and labelling medium, simulated in vivo conditions of antigen-antibody
reaction and gave information on the range of binding of the antibody to
platelets in that situation. Furthermore, specific binding of 111In P256 or
111n P256 F(ab’), to platelets was confirmed in the whole-blood assays as 80-
96% of activity in whole blood was in platelet rich plasma both bound to

platelets and free in plasma.

Thus, the main question binding assays helped to clarify was the extent of
Ab binding to platelets at varying Ab concentrations. If the ratio of cell
bound to total Ab added was considered, the optimal Ab concentration for
the highest cell binding ratio would lie between 3X104 and 8X103 Ab/ptlt! (1-
0.25 pg/mi).

1 We chose to report antibody concentration as Ab molecules per platelet as it gave a more
realistic idea on the amounts involved in each assay. The number of platelets in the
media used (PRP & whole blood) lied usually within the range found in normal man, ie
2.50-4.00X108/ml (exception was the case of the immunoreactivity testing of the 111In
McAbs).
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5.3.2 Aggregometry studies employing P256 and P256 F(ab’)»

Serious effect of the antibody on platelets both in platelet rich plasma and
whole blood was observed. P256 induced platelet aggregation when added at
concentrations above 3.5-4X103 Ab/ptlt (0.2-0.22 pg/ml). This effect was
negligible at concentrations of Ab below 103 Ab/ptlt. In comparison, the
effect of P256 F(ab’); was less marked and platelet aggregation did not occur
until Ab concentrations more than 104 Ab/ptlt were added to platelet rich

plasma or whole blood.

In contrast to studies of spontaneous platelet aggregation by whole P256 Ab
or F(ab’),, testing of induced aggregation of platelets by proaggregants (U-
46619, ADP and collagen) in the presence of the antibody (P256 or P256

F(ab’);) did not result in a clear potentiation of the proaggregant effect.

This phenomenon could be explained by the antibody causing cross-linking
of GP Ilb/IIIa molecules, possibly leading to conformational changes in the

heterodimer complex, and enabling them to interact with fibrinogen.

Evidence to support this hypothesis was in the reduced effect of F(ab’),
fragment as compared to whole antibody and the total failure of monomeric
Fab’ of the same antibody to cause platelet aggregation under similar
conditions (Stuttle et al 1988b). Thus, a pharmacological effect of P256
F(ab’),, mediated by receptor-cross linking on platelet surface and Fc
mediated functions such as Fc receptor binding and lattice formation, would
be the main events to cause platelet aggregation by this antibody (Jennings et

al 1985, Modderman et al 1986).



Chapter 6:
In Vivo Use of 111[n P256 and 111In P256 F(ab’); in Man

6.1 Introduction :

The problems posed by in vivo use of anti-platelet McAbs to radiolabel
platelets are those related to direct effects of the antibody on platelet
function, those seen in general upon injection of a foreign protein, like
immediate or delayed immune reactions, and those concerning the
radiation dose expected from such use in human to the whole body and

target organs.

The effect of P256 and its F(ab’); on platelet aggregation was studied in vitro
(see Chapter 5). 111In P256 was subsequently applied in vivo and a pilot
clinical study of its value in labelling platelets for the early imaging of

thrombus was startedl.

In this chapter, the kinetics of radiolabelled platelets after injection of 111In
P256 or 111In P256 F(ab’); are described and images of localisation in

thrombus are shown.

6.2 Subjects, Materials and methods :

6.2.1 Subjects studied? :

One normal volunteer, a patient with leukaemia (megakaryoblastic, FAB :
M7) and 16 patients suspected of thrombus (DVT, vascular graft thrombosis,

arterial thrombi and vasculitis) were included in the study (see Table 6.1).

1 The study was approved by the local ethical committee and the Administration of
Radioactive Substances Advisory Committee (ARSAC).
2 Aninformed consent was obtained from each subject undergoing the study.
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Table 6.1. Subjects injected in vivo with 111In P256 or 111In P256 F(ab’),

Patient Sex M/F) Age (yr) Complaint/diagnosis Venography
I1.111[n P256
1. JPL M 59 Normal volunteer ND |
2. JW M 27 Leukaemia (Megakaryoblastic, M7) | ND
3. GM M 79 Total hip replacement, DVT L leg ? [ Normal
4. AS M 72 DVT L leg ? Positive
5. SH M 75 Ca bladder, DVT R leg ? Negative
6. VH F 48 Vasculitis, old venous thrombosis |ND
7. HQ M 63 DVT R leg ? Positive
8. DS M 60 Thrombosed prosthetic aortic valve| ND
9. CN M 63 Myocardiac infaction, LV thrombus | ND
10. CC M 62 Thrombus in R subclavicular vein |Positive

related to Hickman line

[I. 111]n P256 F(ab’);

11. AM F 89 DVT L leg ? ND
12. ML F 77 DVT L leg ? Negative
13. EK F 25 DVT L leg ND
14.JC M 63 DVT L leg Negative
15.MD M 81 DVT L Leg ? ND
16. DA F 87 DVT R leg ND
17. WM M 65 Carotid stenosis & aorto- ND
bifemoral graft.
18. RW M 50 Narrowed carotids, transient ND

ischaemic attacks.

Notes : ND : not done, DVT : deep venous thrombosis, Ca : carcinoma, LV : left ventricle,
L : left, R : right, ? : clinical suspicion of the abnormality.

Relevant medical history and clinical examination including the

measurement of the person’s height and weight were obtained for every
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participating individual. Also, a full blood count! was done before the
administration of the labelled antibody. All subjects studied were not on
any anticoagulants at the time of the study. No other preparation was

deemed necessary.

6.2.2 Labelling of P256 or P256 F(ab’), with 111In :

The method of labelling was described in detail earlier (see page 49). The
111 labelled preparation was filtered through a 0.22 um Millipore filter

after labelling and was used within 24 hr of preparation.

1111n P256 or 111In P256 F(ab’),? was injected intravenously in a small
volume (2-4 ml) through a 21 G-butterfly-injection set over 3-5 minutes and
flushed with 2 ml physiological saline BP. In all subjects injected with 111In

P256 or 111In P256 F(ab’); no untoward reactions were noted

6.2.3 Blood sampling

Blood samples were taken from a vein other than that used for injection of
111In P256 or F(ab’); (usually a vein in the contralateral arm to that injected
with the antibody). Five millilitre samples of blood were taken at each time
using a syringe tipped with a 19 G needle and blood was immediately
transferred to vials containing EDTA anticoagulant and mixed. A 1 ml
aliquot of blood was transferred to radioactivity-counting vial. The rest of
the collected blood was centrifuged at 1500 g for 10 minutes and a 1 ml

aliquot of plasma was taken into a second vial for radioactive counting.

In addition, separate blood samples for cell counting were collected in vials

containing EDTA and a full blood count was obtained.

The full blood count included : haemoglobin (Hb) and haematocrit (Hct) measurements,
erythrocyte, leucocyte and platelet counts.

Usually 100 pg labelled P256 or F(ab’)2 was used per patient, the normal volunteer was
injected with 5 pug of P256 only.



80

Blood sampling! began early (5 minutes) after injection and followed at close
intervals, eg 10 min, 30 min, 1 hr, then at more spaced times until 8 days
after injection. Radioactive counting was performed for each sample in an
automatic well counter? and the count was corrected for decay to the time of
injection (tp). Time activity curves for the radioactivity in whole blood and
its cellular fraction® were based on the counts obtained from each of the

cases studied.

6.2.4 Imaging using the scintillation camera :

All patients underwent imaging after the injection of the labelled antibody.
A large field of view scintillation camera* equipped with a medium energy
collimator and linked on-line to a computer> was used for acquisition,

display and analysis of the data.
6.2.4.1 Dynamic imaging :

The early distribution of the labelled Ab was studied by rapid sequence
imaging of the anterior upper abdominal area in 5 patients. One minute
successive frames were acquired in a 64X64 pixel matrix for 30 minutes

starting immediately after the injection of the tracer (see Figure 6.1).

The timing of blood sampling was dictated mainly by reasons of practicability (patients

being on the ward, etc).

2 packard Autogamma, USA, Haematology Dept, RPMS.

The count-rate cell associated was calculated by subtracting the count-rate in the plasma

in 1 ml whole blood, ie (1-Hct) ml, obtained after centrifugation of blood, from the count-

rate in 1 ml whole blood.

4 IGE Autotune, USA. Two cnergy windows centered around 170 KeV and 240 KeV, + 10%,
were used.

5 MDS Data system, USA.
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Figure 6.1. Dynamic sequence imaging 1-32 min of the upper abdominal
area after iv injection of 111In P256 in patient SH. Frames 64X64 pixel matrix,
1 min duration, sequence from left to right and from top to bottom.
Radioactivity is seen in the cardiac blood pool (centre), liver (left of each
frame) and spleen (right of each frame).
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Analysis of this study involved drawing regions of interest (ROI) around the
heart, liver and spleen on a composite image obtained by frame addition 1-
30. The average count per pixel for every region was obtained for every
frame and the resulting values! plotted as as function of time. The curves
represented the kinetics of 111In P256 or 111In P256 F(ab’); in the spleen, liver

and the blood pool (heart).
6.2.4.2 Static imaging

Images of the distribution of radioactivity after intravenous injection of
111In P256 or 111In P256 F(ab’); were taken to localise platelet deposition in
thrombus. Delayed imaging up to 72 hr was performed to allow background
radioactivity due to circulating radioactivity to decrease. Acquisition was
performed in a 128X128 pixel matrix and the time duration of each frame
was controlled manually depending on the count rate obtained. Multiple
views were taken including anterior upper abdomen, pelvis and the lower
limbs (2 views : upper legs & lower legs). In a few patients, a whole body

scan (anterior or posterior ) using the camera in scanning mode was done.

Analysis of the results involved visual inspection of the resulting images?
by three experienced and independent observers and the outcome was

reported as “positive” or “negative” for the presence of thrombus.

6.2.5 Contrast venography :

In patients suspected of deep venous thrombosis, venography studies® using

a radiocontrast substance? were performed to document the presence of

1" The values were not corrected for radioactive decay of 111In as it was negligible during the
30 min period of study.

2 A hardcopy of each scan was obtained directly on transparent nuclear medicine film
(Kodak, USA) from the camera’s oscilloscope. Also, images were checked using the
computer monitor.

3 Department of Diagnostic Radiology, RPMS, Hammersmith Hospital.

4 Iohexol 240, England.
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venous thrombus and to compare the result with the scans. Venography
was done within 12 hr of the injection of the labelled antibody and was

reported independently of the scan.

6.2.6 Reporting the results and clinical management of the patient :

All results (scans and radiographs) were reported to the clinicians in charge

so that proper action could be taken for each patient.

6.2.7 The protocol used :

1) Label P256 or P256 F(ab’); with 111In, dispense 100 pg.

2) Obtain from the patient informed consent, brief medical history and
clinical examination (record weight and height).

3) Place a butterfly in a vein and take blood sample for blood count.

4) Inject labelled Ab iv.

5) Start dynamic acquisition for 30 min.

6) Sample blood (early 5-30’, then up to one week or more) for radioactivity
and cell count.

7) Static imaging (delayed 12, 24 /48 & 72 hr).

8) Contrast venography (if applicable).
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6.3 Results :

6.3.1 Kinetics of 111In P256 or 11In P256 F(ab’); labelled platelets :

6.3.1.1 111Jn P256

The time activity curve of whole blood or cell bound! 111In activity after

injection of 111In P256 in the normal volunteer is shown in figure 6.22.

Figure 6.2. 111In radioactivity in blood versus time after the injection of 111In

P256 in the normal volunteer (JPL).
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Two other blood time activity curves after the injection of 111In P256 were
obtained for two patients. The first patient (SH) was diagnosed clinically to
have deep venous thrombosis and the second patient (CN), who had

sustained a myocardial infarction earlier, was diagnosed to have a left

1 The count rate in the volume of plasma contained in 1 ml whole blood, ie (1-Hct) ml, was
subtracted from the count rate in 1 ml whole blood and was plotted against time. Counting
time was 10 minutes, all counts were corrected for background.

2 See Appendix, Table A6.1, page 309 for experimental data.
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ventricular thrombus demonstrated on a 2D echo. A similar pattern of

blood radioactivity to that seen in the normal volunteer was observed?,2.

The distribution of 111In radioactivity between the plasma and the cellular
blood fraction was calculated from the radioactive counts in whole blood
and plasma. The ratio of cell bound to total radioactivity in blood indicated
that radioactivity was mainly associated with the cells, especially in the early
fractions (JPL average 0.69 * 0.019; SD= 0.143, SH average 0.76 + 0.006; SD =
0.036, CN average 0.80 + 0.007; SD = 0.070)3.

The dynamic study of the early distribution of 111In P256 after iv injection in
patient (VH) using the scintillation camera computer system showed a
decreasing count-rate in the blood pool, an increasing count-rate in the
spleen and a steady count-rate in the liver (Figure 6.3). This pattern was
seen in all the patients injected with 111In P256 that had a dynamic scan as
part of their study.

Figure 6.3. Kinetics of 111In P256 uptake in the blood pool (heart), spleen and

liver from 1-30 minutes after iv injection. A dynamic study using the
scintillation camera.
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The experimental data and blood time activity curve on patient SH are shown in Table
A6.2 and Figure A6.1, respectively, Appendix, pp 309 & 310.

The experimental data and blood time activity curve on patient CN are shown in Table
A6.3 and Figure A6.2, respectively, Appendix, pp310 & 311.

3 See Tables A6.1, A6.2, A6.3, Appendix, pp309 & 310 for experimental details.
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6.3.1.2 111[n P256 F(ab’),

The time activity curve of 111In radioactivity (whole blood and cell
associated) after injection of 111In P256 F(ab’), in patient JC suspected of deep

venous thrombosis in the left leg is shown in figure 6.41

Figure 6.4. 111In radioactivity in blood versus time after the injection of 111In

P256 F(ab’); in patient JC.
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Similar findings were also noted in another patient (AM)? in whom deep

vein thrombosis of the left leg was diagnosed clinically.

1In radioactivity after 11In P256 F(ab’), iv injection was found to be mostly
cell associated3. The kinetics of 111In P256 F(ab’); in blood, liver and spleen

was found to be similar to that obtained with the whole antibody4.

1 See Table A6.4, Appendix, page 311, for experimental details.

2 The experimental data and blood time activity curve on patient AM are shown in Table
A6.5 and Figure A6.3, respectively, Appendix, page 312.

3 See Tables A6.4 and A6.5, Appendix, pp311 & 312 for experimental details.

4 See Figure A6.4, Appendix, page 313 for the kinetics of 111In P256 F(ab'); in blood, liver
and spleen studied in patient WM.
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6.3.2 Delayed imaging

6.3.2.1 111[n P256

Whole body distribution of radioactivity 24 and 48 hr after 111In P256
injection in all patients imaged included intensive splenic uptake, low

blood pool and low liver radioactivity (see figure 6.5).

Figure 6.5. Whole body image of the distribution of radioactivity 24 hr after
the injection of 111In P256 in patient GM. pPosterior view showing intense
uptake in the spleen (L) and relatively low uptake in the liver and blood
pool (heart).
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The uptake in various organs was assessed by drawing regions of interest
around the selected organ on the anterior and posterior whole body images
taken at various times after injection of the labelled antibody (1, 24 and 48
hr). The percentage uptake in each organ of the total present in the whole
body was calculated for each view. Afterwards, the geometric mean of the
anterior and posterior percentage uptake in each organ was taken as
representative of the percentage uptake in that organl. Accordingly, the
spleen contained 30-40%, liver 10-15% and the blood pool 45-60% of the
activity in whole body between 1 and 48 hr after antibody injection in

patients GM and SH (see Table 6.2).

Table 6.2. Organ counts and percentage uptake in the spleen, liver and blood
pool? in patients GM and SH at 1, 24 and 48 hr after injection of 111In P256
taken from the anterior and posterior whole body scansb.

Ant ct %total  Postct % total % geometric mean
Patient GM
Whole body
1 hr 516260 100 568030 100 100
24 hr 362430 100 403750 100 100
Spleen
1 hr 179140 34.7 | 228920 40.3 374
24 hr 116370 32.1 157060 38.9 35.3
Liver
1 hr 65050 12.6 59080 10.4 114
24 hr 49730 13.7 41220 10.2 11.8
Patient SH
Whole body
48 hr 305270 100 347180 100 100
Spleen
48 hr 108370 35.5 | 137830 39.7 37.5
Liver
48 hr 47010 15.4 50690 14.6 15.0

a The percentage uptake in the blood pool was calculated by subtraction of the counts in
liver and spleen from the whole body count.
b No abnormal uptake of radioactivity was observed in these patients.

This method assumed regular body geometry and uniform attenuation of y rays throughout
the body and therefore the values obtained were a rough estimate of the amounts actually
present in each organ.
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Three patients imaged 24 hr after injection of 111In P256 showed abnormal
localisation of radioactivity. In the first patient (HQ), two intense areas of
radioactive uptake were seen in the right leg (above and below the knee).

Contrast venograms of the same area showed a venous thrombus

corresponding to the uptake seen on the scan (see Figure 6.6).

Figure 6.6. Positive uptake of radioactivity above and below the R knee
(arrow) seen 24 hr after the injection of 111In P256 in patient HQ of the
anterior whole body scan (left panel) corresponding to the venous thrombus
(arrow) seen on the venogram (right panel).

& —
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In the second patient (VH), intense positive uptake was seen in a
thrombosed arteriovenous-access shunt previously used for haemodialysis
in the management of the patient’s chronic renal failure (see Figure 6.7). No

other uptake was identified.

Figure 6.7. Posterior whole body scan of patient VH showing intense uptake
of radioactivity in a thrombosed arteriovenous shunt in the right thigh
(arrow).
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In the third patient (CC), localisation of activity was seen in the base of the
neck, in the right axilla and in an intravenous line (Hickman line) put
earlier in the subclavian vein. Venography of the right upper limb showed
thrombus in the subclavian vein and the Hickman catheter. Scans in the
rest of the patients (7 patients) were negative. This was in agreement with
negative venograms in these patients. In the patient with leukaemia (JW),
no abnormal localisation of radioactivity was noted after the injection of

11In P256, but an enlarged spleen was depicted on the scan (Figure 6.8).

Figure 6.8. Anterior whole body scan of patient JW 24 hr after injection of
11In P256 showing an enlarged spleen.
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6.3.2.2 111y P256 F(ab’),

The delayed (24 & 48 hr) whole body distribution of radioactivity in all
patients studied resembled that obtained with the whole antibody, ie intense
spleen uptake, low activity in blood pool and liver. The percentage uptake
in spleen, liver and blood pool was similar to that obtained with the whole

antibody.

Three patients imaged with this tracer showed positive uptake of

radioactivity.

The first patient (ML) suspected of a left leg DVT showed three discrete areas
of uptake one in the area of the left femoral vein and the other two in the
area of the right femoral vein. Images taken at 4 days showed further
accumulation of activity in these abnormal areas (Figure 6.9). The

venogram of the left leg was, however, negative.
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Figure 6.9. Uptake in areas of the left and right femoral veins after the
injection of 111In P256 F(ab’); in patient ML suspected of deep venous

thrombosis. The venogram of the left leg was negative.



A) Anterior pelvis, 12 hr post Ab injection, abnormal uptake in R femoral
vein (arrow). Note the high background in the iliac and femoral vessels.

B) Ant pelvis at 24 hr PI showing two discrete areas of abnormal uptake in
L & R femoral vein. Radioactivity in the blood pool is still noted.
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C) Ant pelvis 4 days PI showing 3 areas of abnormal accumulation of
radioactivity. No background seen.

D) Negative venogram on the left leg.
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The second patient (MD), suspected of left leg DVT, showed increased
activity in the upper left leg and two sites of increased activity in the line of

the femoral vein.

The third patient (WC) suffering from narrowed carotid arteries showed
increased uptake of 111In activity in the lower abdominal aorta
corresponding to a synthetic aorto-bifemoral graft put previously in that

area (Stuttle et al 1988).

The other 5 patients showed no focal increase in uptake and their scans were

considered negative.

6.3.3 Platelet counts before and after the injection of 111In P256 or 111InP256
F(ab')p_

In all patients, a platelet count was obtained immediately before the
injection of the 111In anti-platelet antibody. Monitoring of the platelet count
followed after the injection of the antibody and no significant difference

from pre-injection values was noted!.

1 See Table A6.4 for comparison of platelet counts before and after 111In P256 or 111In P256
F(ab'), injection, Appendix, page 313.



96

6.4. Analysis & Discussion :

6.4.1 Antibody dose and radioactivity

Based on the results of the radioimmunoassays and aggregation studies
described in Chapter 5, a dose of 100 pug of Ab per patient was used. The
starting point in the calculation of the dose was in deciding upon the
number of Ab molecules to be injected per platelet without causing
aggregation. A concentration of 500 Ab molecules per platelet
corresponding approximately to 1% of the total number of GPIIb/IIla on the
platelet surfacel was taken as the basis for dose calculation. This number
was multiplied by the total number of circulating platelets? to obtain the
dose (number of platelets/1 known from the blood count and total blood
volume calculated from a nomograph after measuring the weight and
height of the individual, Hurley 1975) . The amount of radioactivity
associated with 100 pg antibody used for scintillation camera imaging ranged

between 7.4-10 MBq (200-300 pCi).

6.4.2 Kinetics of 111In P256 or 111In P256 F(ab’),

The shape and time span of the blood clearance curve and the finding that

most blood radioactivity was cell associated after the intravenous injection

of 111In P256 or 111In P256 F(ab’); prompted a comparison of the 111In Ab data
with those obtained after the injection of 111In oxine/tropolone labelled

platelets; the standard method for platelet kinetic studies (ICSH 1988).

Firstly, recoverable blood radioactivity 30 min after injection of labelled

antibody amounted to 77% of that measured at 5 min for 111In P256 in the

The number of GPIIb/Illa on the platelet surface was reported by many authors (Pidard et
al 1983, Lombardo et al 1985, Ruggeri 1986). This number ranged between 20000-100000 per
platelet; average 50000.

The platelet population in the splenic pool amounting normally to 30% of the total
platelet pool was not included in the calculation. Circulating platelet number =~
1.25X1012ptlt.
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normal volunteer (JPL) and in patient CN. In the case of 111In P256 F(ab’)y, it
was 83% of the value at 10 min in patient JC. In comparison, recovery of
radioactivity in blood had been reported to be 60% approximately after the

injection of 111In oxine/tropolone labelled plateletsl.

Secondly, the shape of the blood time activity curve was similar in both
methods showing a slow decrease in blood count-rate over 4-5 days.
However, the time span of blood radioactivity after 111In P256 injection was
significantly shorter than that usually found using 111In oxine labelled

platelets in normal conditions (100-200 hr vs 2400 hrs).

Thirdly and from the dynamic studies using the scintillation camera
computer system, the spleen was the main organ to accumulate
radioactivity after injection of 111In P256. Peak uptake was reached at about
30 minutes post-injection. Moreover, splenic uptake was paralleled by a
decrease in the signal from blood pool; a picture similar to that obtained

after 111In oxine/tropolone platelet injection.

Thus, taking the above considerations into account and referring to
previously reported kinetics of intravenously-injected 111In-labelled murine
McAbs in man (Pimm et al 1985, Hnatowich et al 1985, Rosenblum et al
1985, Eger et al 1987), the shape of the time activity curve can be related to

three independent, although simultaneously acting events :

1) The kinetics of 111In McAb itself in the circulation regardless of its
specificity such as accumulation in liver, kidney and metabolism in
peripheral tissues. The pattern of antibody clearance follows roughly a
compartmental model and a half-life of 30 hr approximately in blood. This

factor would affect the non-cell bound fraction of antibody in the circulation.

1 Assuming normal platelet splenic pool.
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2) The kinetics of the 111In P256-platelet entity, which is related in turn to
the survival of the platelets and any effect of antibody binding to platelets

may have on this survival.

3) The kinetics of the 111In McAb vis a* vis its antigen present on the platelet
surface. This would include the affinity of Ab binding to its antigen,
degradation of the Ag-Ab complex on the surface and internalisation or

shedding of the immune complex in the circulation.

In all, blood clearance of radioactivity after iv injection of 111In P256 can be

described as shown in figure 6.10.

Figure 6.10. Body distribution of 111In P256 after injection intravenously.
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k : Binding constant of 111In P256 to platelets and turnover rate of antibody on the platelet
surface (see text).

k': Rate of exchange of 111In P256 between blood and the extracellular fluid and rate of
antibody loss in peripheral tissues.

111n P256 distributes in a closed space comprising blood volume in the early
period after antibody injection and both blood and extracellular fluid at a
later stage. At every time point this large space is subdivided into two parts :
the cell mass including all platelets and the plasma. Antibody distribution

between the two parts (bound and free), assuming even mixing of the
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antibody in the circulation (including liver and spleen parenchyma), will
depend on the concentration of antibody and antigen, and the binding
constant of the antibody to its antigen. In the conditions of reaction used,
where antigen concentration exceeds that of the antibody by 100 fold, the Ag-
Ab reaction is driven to completion (shift to the right). Therefore, the
continuous presence of cell bound radioactivity in the circulation will
depend mainly on the life-span of the intact Ab-platelet complex in the
blood and spleen. Since platelets have a finite life-span, then this would be
the major factor in determining the shape of blood time-activity curve after
injection of 111In P256. This is true provided the antibody does not cause any
change in platelet life-span, undergo degradation itself or get shed from the
platelet surface before the final removal of the platelet-Ab complex from the
circulation (no Ab reutilisation). Events leading to loss, inactivation or
degradation of the antibody from the surface of circulating platelets or the
premature clearance of platelets from the circulation result in a shortened
life-span of the platelet-Ab bound radioactivity as compared to the actual
life-span of platelets and produce a different shape of the time-activity curve

form the normal platelet survival curve.

All subjects studied using 111In P256 or 111In P256 F(ab’); showed shortened
life-span of radioactivity as compared to standard 111In oxine/tropolone
platelets (normal : 9-10 days). In five studies, good fit of the time activity
curves was obtained using exponential functions (Figure 6.11). In Table 6.3,
the details of each curve and the corresponding exponential as well as linear

curve fits are shown.
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Figure 6.11. Exponential function fit to blood 111In P256 and 111In P256 F(ab’)>

radioactivity versus time data.
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Table 6.3. Exponential and linear fit functions for blood radioactivity data

after 111In P256 or 111In P256 F(ab'); injection.

Subject Exponential data

JPLA
-WBc¢
-CAAd

SHa
-WB
-CAA

CNa
-WB
-CAA

Jcb
-WB
-CAA

AMbP
-WB
-CAA

fit equation

y=2745e0.03X
y=2205e-0.04x

y=24373e-001x
y=18885¢001X

y=15239e0.02x
y=11566e0.01X

y=12691e-0.01X
y=9655¢-0.01X

y=79081e-0.01X
y=49454¢001X

T12
(hr)

21
15.8

63
63

46.2
49.5

57.8
57.8

63
77

R2

0.88
0.89

1.00
1.00

0.92
0.85

0.97
0.98

0.96
0.98

Linear data fit

equation

y=2812-52x
y=2290-48x

y=22011-119x
y=16878-92x

y=15151-135x
y=11672-99x

y=12564-73x
y=9464-55x

y=77981-396x
y=47211-225x

Tip2
(hr)

26.9
24

924
91.8

56.2
58.8

86.1
85.9

98.4
105.1

BZ

0.68
0.63

0.93
0.95

0.82
0.75

0.84
0.86

0.76
0.87

a 11110 P256
b 1111n P256 F(ab')y
¢ WB : whole blood.

d CAA : cell associated activity.

For each time activity curve, the closeness of the fit using the exponential or

the linear function can be judged by the value of R2 (coefficient of

determination) which denotes the percentage of the variation in the data

that can be explained by the curve. Accordingly, the exponential curve fit

has been adopted as the best model for describing the observed kinetics. The

half-life of blood radioactivity (whole blood or cell associated) has been

calculated for each case; average! 57.5 hr, and the corresponding mean life 83

hr (3.5 days).

1" Data from the normal volunteer were not included due to inadequate delayed sampling.
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It is clear from Table 6.3 that in vivo use of 111In P256 or 111In P256 F(ab’),, in
the way described, has led to a peculiar pattern of blood radioactivity.
Although platelet labelling is evident, the kinetics of blood and cell
associated radioactivity have diverged from that obtained with in vitro 111In
oxine/tropolone labelled platelets. It is not clear, however, whether the
short life-span of blood radioactivity after 111In McAb use be due to random
removal of platelets coated with Ab from the circulation or to gradual loss of
the Ab from platelet surface by mechanisms related to protein turnover or
degradation in vivo. The former possibility is more likely, based on the fact
that anti-platelet antibodies are known to cause platelet immune mediated
destruction such as that seen in ITP, where platelet kinetic studies using in
vitro labelled platelets show drastically shortened platelet survival and an
exponential time activity curve of blood clearance. In the case of 111In-P256-
platelet labelling, however, the shortening of platelet life span is less
marked than that usually observed in ITP. In addition, the platelet counts
obtained before and after 111In P256 injection do not show significant
alteration of platelet numbers (see Table A6.6, Appendix, page 313) pointing
to effective compensation of any possible loss of platelets due to antibody

binding and reticuloendothelial system clearance.

Thus, the question of the shape and time span of the blood radioactivity
clearance after the injection of 111In McAb remains unresolved. More
studies are required to substantiate the observations obtained so far. Also,
the use of platelet dual labelling techniques such as sodium ®lchromate in
vitro and 111In McAb in vivo would enable the follow-up of in vitro labelled
platelets (°1Cr) that had bound "1In McAb in vivo and subsequently

establish their fate.
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6.4.3 Thrombus imaging using 111In P256 or 111In P256 F(ab’),

Whole body images taken 1-72 hr after the injection of 111In P256 or 111In
P256 F(ab'); gave a mapping of platelet distribution similar to that obtained
using 111In oxine/tropolone labelled platelets, ie high uptake in the spleen,
lower uptake in liver and activity in the blood pool. These images indicated
the efficiency of 111In P256 or 111In P256 F(ab'); in radiolabelling platelets in
vivo. In some patients, the use of the radiolabelled antiplatelet antibody
enabled to localise clinically suspected thrombus. In two patients (HQ &
CCQ), the findings were corroborated by positive venograms showing
thrombus in the same area seen on the scan. There were also areas localised
by scintillation camera imaging which did not show on the venogram. This
pointed to the value of the method in detecting sites of on-going platelet
localisation, ie active thrombus formation which would be most important
for the institution of anticoagulant therapy. Uptake was more pronounced
as delayed images of the affected area were taken indicating most probably

deposition of more platelets bearing the 111In McAb in the thrombus.

In addition, positive uptake was seen in prosthetic vascular grafts which had

been known to attract platelet deposition and thrombosis.

These findings were in agreement with data from experimental work in
dogs involving the use of other antiplatelet monoclonal antibodies or
antibody fragments radiolabelled with 123], 111]n or 9mTc (Oster et al 1985,

Som et al 1986).

Using the 111In McAb method, areas not easily accessible to conventional
venography such as the pelvis and neck could be investigated for thrombus
formation. Furthermore, thrombus in arteries, heart and main vessels
could be amenable to investigation using the new technique without

recourse to complicated and rather invasive procedures.
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A more detailed study including more patients is necessary, however, to
establish the clinical usefulness of the labelled antibody application in terms
of sensitivity, specificity and accuracy in detecting thrombus even though

early indications show promise for its application in this areal.

6.4.4 Dosimetry of 111In P256 or 111In P256 F(ab')s

Radiation dosimetry of 111In labelled anti-platelet McAb was studied both at

the cellular (single platelet) and whole body level.

Maximum radioactivity per platelet assuming even distribution of 111In
McAb? among the platelet population in blood and spleen was calculated to
be in the order of 4X10-6¢ Bq3. This was very much lower than radioactivity

associated with 111In oxine/tropolone labelled platelets (5X10-4Bq/ptlt).

Furthermore, the platelet being a cell devoid of a nucleus makes damage to
DNA, that potentially leads to mutation and malignancy, unlikely to occur
using 111In labelling of these cells although damage to the cytoplasm will

still be a factor to consider.

Whole body dosimetry using the kinetics and distribution of 111In McAb
radioactivity presented above? (see page 84), showed that the spleen was the
target organ. Localisation in the spleen was calculated to be 30-40% of the
radioactivity in the whole body, which reflected the proportion of platelets
normally present in that organ. The amount of radioactivity in the spleen,
after an initial increase up to 30 min post 111In McAD injection was assumed

to follow closely the kinetics of blood radioactivity (exponential decrease

1 It is worth mentioning that Amersham International plc has adopted development and
further testing of P256 antibody for the diagnosis of thrombus in man.

2 Amount of radioactivity used per patient 7.5-10 MBq (200-300 pCi) 111In.

This amount was simply calculated by supposing a freely exchangeable pool of blood and

splenic 111In McAb, a consideration of the number of platelets in blood and spleen

(1.75X1012 ptlt) and cell binding ratio of 75%.

Early and delayed imaging of whole body using the scintillation camera.
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T1/2b 60 hr). The effective half-life in the spleen was therefore T12 ¢ff 45 hr
and the maximum dose expected from a dose of 10 MBq (= 300 pCi) of 111In
McAb would be 37 mGy. Radiation doses to other organs were also
calculated. The liver was found to contain 10% of the injected activity
which gave a radiation dose of 1.7 mGy! and the bone marrow dose was
assumed to come mainly from blood radioactivity (20% of the injected dose)
amounting to 2.3 mGy!. The effective dose equivalent was calculated to be 3
mSv (Snyder et al 1975). These doses compared favourably with doses
caused by the use of 111In oxine/tropolone labelled platelets (see Table 2.2,

page 34).

1 SameTy /2¢ff was assumed for radioactivity in liver and bone marrow.
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Section Three :

111In Anti-Lymphocyte Monoclonal Antibodies, in Vitro and in Vivo Tests.
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Chapter 7:
Lymphocyte Physiology

7.1 Lymphocyte origin and circulation :

In the domain of lymphocyte physiology there have been many
controversies concerning lymphocyte origin and fate. Until the mid 1950s,
lymphoid organs, especially the lymphoid tissues of the gut, and lymph
nodes associated with the gastrointestinal tract, were thought to be the
major sites of lymphopoeisis. Once generated, lymphocytes are released in
efferent lymph, they then join the blood stream and subsequently enter
different tissues of the body where they end a short life cycle. These
concepts were based on experimental data obtained mainly by cannulation
of various lymphatic vessels and analysis of collected lymph in terms of
output of lymphocytes and type of cells present (Yoffey and Courtice 1956).
However, experimental findings on the long life-span of lymphocytes
(Ottesen 1954) and the confirmation of lymphocyte recirculation from blood
to lymph (Gowans 1959) came to rectify these postulates and to add new

insights into the functional role of these cells.

The outlines of the major physiologic pathways that lymphocytes followed
in the body were laid down soon afterwards as discoveries concerning the
functions of the thymus (Miller 1961a & b) and the bursa of Fabricius
(Kincade and Cooper 1971), were added to the body of information on
lymphocyte circulation and localisation. A schematic representation in
Figure 7.1, drawn by Micklem et al 1966, summarised the knowledge of that

subject at the close of the Sixties.



Figure 7.1. Diagram of cell migration pathways in the lymphomyeloid

complex as envisaged by Micklem et al 1966. The broken lines are putative

lymphocyte migratory pathways.

BONE MARROW

Stem cells

Myeclopoiesis

Committed lymphoid or

|
I
l
I
l
l

v

SPLENIC FOLLICLES
Lymphocytes
Plasmacytes

Histiocytes

>

multipotent stem cell ?
N /

/
N
/
AN
/
AN
/
y N
AN

108

THYMUS
'Apprentice’ thymocyte (not

able to colonize lymph nodes)

‘Trained' thymocytes (able to
colonize lymph nodes)

v

LYMPH NODES
Lymphocytes
Plasmacytes

Histiocytes

7.2 Lymphocyte subsets and specific microenvironments

for lymphocyte interaction :

Observations on lymphocyte involvement in reactive events have

indicated the presence of two main functional subsets of lymphocytes called

T and B cells.

Lymphocytes, depending on their origin, thymus derived or not, have been

found to localise into distinctive areas in lymph nodes and spleen in what is

known as segregation of thymus dependent and non-thymus dependent

lymphocytes (Parrott et al 1966). This segregation is thought to have an

important bearing on the way cells such as lymphocytes, dendritic cells and
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macrophages interact with each other, and in providing micro-

environments for these interactions (Parrott and de Sousa 1971).

7.3 Lymphocyte kinetics in pathology :

Central to their physiology, lymphocytes mount immune responses to
challenges by foreign (non-self) substances. The outcome of these reactions
depends on a multitude of factors. Some of them are related to the type and
nature of the antigen triggering the response, and others relate to the host in
which the reaction occurs. Conventionally, immune responses have been

studied under two main categories :

The first is the so called humoral response in which antibodies directed to
the antigen are produced. The second, namely, the cellular response
encompasses events that involve lymphocytes interacting directly with

antigen (cytotoxicity, delayed type hypersensitivity reactions, etc).

Generally, research into the progression and establishment of immune
responses has relied heavily on in-vitro tests, which have recently provided
insight into the minutia: of cellular involvement in each type of response
studied. Major discoveries in this field include, among others, the role of
the dendritic cell and the macrophage in antigen presentation (Fishman
1961), lymphokine secretion and effects (Isaacs and Lindemann 1957, Bloom
and Bennett 1966), and the condition of major histocompatibility complex

restriction in lymphocyte interactions (Zinkernagel and Doherty 1975).

In contrast to in-vitro experimentation, research into the kinetics of various
lymphocytes and other blood cells in vivo during the development of
immune responses has been limited to a relatively small number of

experimental studies in animals and a few observations in man.
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It is presently known that lymphocytes distribute randomly in lymphoid
tissues according to regional blood flow, or fraction of cardiac output, that
supplies each organ (Ottaway and Parrott 1979). This randomdistribution is
generally associated with a non-selective migration or localisation of
lymphocyte populations, mainly small lymphocytes, in lymphoid tissues or
reactive sites (Parrott and Wilkinson 1981). However in a few cases,
increased localisation of lymphoblasts has been found in reactive sites and
thought to be related to the presence of specific antigen (Asherson and
Allwood 1972, MacGregor and Logie 1974, Ottaway and Parrott 1979). In
other situations, non-random migration of large lymphoblasts has been
related to the source of cells studied. Lymphoblasts from mesenteric lymph
nodes or thoracic duct lymph share a marked preferential accumulation in
lymphoid tissue within or adjacent to the intestine, whereas cells from
peripheral nodes accumulated preferentially in peripheral lymph nodes
(Griscelli et al 1969, Guy-Grand et al 1974, Parrott and Fergusson 1974, Rose
et al 1976, Hall et al 1977). Recently, more evidence has been emerging on
non-random migration of lymphocyte subpopulations to lymphoid tissues
associated with different organs such as intestines and skin (Chin and Hay
1980, Reynolds et al 1982), or after specific immunisation (Baine et al 1981,
Drayson 1986). However, more studies are still needed to establish the exact

patterns of migration attributable to each lymphocyte subpopulation.

The kinetics of lymphocytes in malignancies affecting the immune system,
ie lymphomas, Hodgkin's disease and certain leukaemias, is another subject
of interest in the field of lymphocyte migration in pathology (Crowther et al
1969, Spivak and Perry 1970, Zatz et al 1974, Warnke et al 1979).
Observations on lymphoma spread and the propensity of many of its types
to affect certain organs such as T cell lymphoma of the skin and lymphoma
of the small bowel have suggested that malignant cells may follow to a great

extent the migratory pattern of their normal counterparts (T & B cells,
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immunoblasts, etc) (Strykmans et al 1977, Miller et al 1980, Crowther and
Wagstaff 1983).

These observations have been supported by limited research work
involving mainly radiolabelled (°H, 51Cr or 111In) circulating lymphocytes
from patients with Sezary syndrome or B-chronic-lymphocytic leukaemia
(Strykmans et al 1968, Hersey 1971, Bremer et al 1973a & b, Flad et al 1973,
Scott et al 1973, Engeset et al 1974, Wagstaff 1981a, b & ¢).

7.4 Experimental and clinical studies using radiolabelled lymphocytes :

Research into lymphocyte-in-vivo physiology has benefited to a great extent

from the application of radionuclides for labelling these cells.

Early experimentation in this field has employed B emitters and many
examples of this application are found in the literature (Gowans 1959,

Ottesen 1954, Everett 1960, Bremer et al 1973a)

More recently, quantitation and mapping of the distribution of the

radiolabelled lymphocytes have relied on the use of y-ray emitters.

Chromium-51 chromate has been used extensively to label lymphocytes in
experimental studies and, to a lesser extent, clinically in man. Smith and
Ford (1983) gave a multi-aspect account of in-vivo lymphocyte physiology in
the rat using 51Cr-labelled thoracic duct lymphocytes. After iv injection of
51Cr labelled lymphocytes (the cells were passaged from blood to lymph in
intermediate animals prior to injection), the immediate distribution of
radioactivity was in the lungs, blood and liver. Rapid localisation of
radioactivity followed in the spleen, lymph nodes and Peyer's patches, and
increased steadily with time as the radioactivity in the lungs, blood and
liver declined. The tempo of recirculation from blood to lymph was also

determined. The labelled cells peaked in thoracic-duct lymph between 8 and
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15 hr after injection, the average transit time from blood to lymph was 12 hr

and the cell recovery in lymph was 40% in the 24 hr period after injection.

Hersey (1971) injected sodium >lchromate-labelled autologous lymphocytes
purified by sedimentation and density gradient centrifugation of blood in
man. Using blood sampling, urine collection and external surface probe
counting at set times after injection of the labelled cells, he followed their
kinetics in normal volunteers and patients with chronic lymphatic
leukaemia (CLL). Clearance of radioactivity from blood followed a bi-
exponential pattern Ty, (1) : 15 min, Ty, (2) : 7 hr. The percentage of
labelled cells remaining in the circulation 4 hours after injection was 2% in
normals and 20% in patients with CLL. Surface counting showed
maximum uptake in the spleen at 2-3 hr after injection (6-8 % of injected
radioactivity), at 30 min in the liver (2%) and at a later time beyond 4 hr
over the iliac crest (representing bone marrow). In leukaemia patients, early

bone marrow uptake was absent and a delayed peak was seen at 24-48 hr.

A more detailed study in humans was reported by Scott et al (1972 & 1973).
These authors were able to demonstrate by careful analysis of cell kinetic
data obtained with 5I1Cr labelled leucocytes or lymphocytes, patterns of blood
clearance, as well as splenic and bone marrow uptake, which were
compatible with lymphocyte recirculation observed previously in
experimental animals. The recirculating lymphocyte pool was calculated to
be 23 X10 cells having a turnover through blood of 12 times/day. Mean
lymphocyte life-span was found to be 18 days. In CLL patients, the blood
clearance of CLL cells was slower than normal and equilibrium with the
marrow pool was delayed and became complete only after 24-72 hr. A mean

Ty, of 3.8 days in blood was found for the labelled cells in CLL.

Bazerbashi et al (1978) also studied the kinetics of 51Cr-labelled lymphocytes

in patients with chronic lymphocytic leukaemia. They showed that
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leukaemic lymphocytes left the circulation for the tissues less rapidly than
lymphocytes in normal individuals. However, the average number of cells
transferred per day was of the same order of magnitude as normal because
of the higher circulating lymphocyte count. They speculated that blood and
lymph nodes might accumulate lymphocytes in response to a transport

defect, which hindered the progress of these cells from one pool to another.

The introduction of the 111In lipophilic chelating agent oxine for leucocyte
labelling in 1976 (McAfee and Thakur 1976a) gave researchers a more
suitable lymphocyte labelling method and a great advantage over the use of

51Cr in enabling imaging of the labelled-cells with the scintillation camera.

An experimental study in the rat (Rannie et al 1977) comparing different
lymphocyte radiolabelling agents including 51Cr, *mTc and 111In, concluded
that 111In oxine was the most promising agent, among labelling agents
available at the time, for the study of lymphocyte migration and in imaging
the distribution of the labelled cells using a scintillation camera. Frost et al
(1979) succeeded in imaging lymph nodes in various parts of the body of
sheep injected with 111In-oxine-labelled lymphocytes. They postulated that
labelling with 111In oxine would provide a means for imaging lymphoid
tissue in man and following the migration of lymphocyte populations into

lymphoid and non-lymphoid tissues in a variety of pathological conditions.

In man, Lavender and co-workers (1977) used 111In oxine lymphocytes in
two normal subjects and two patients with Hodgkin's disease. They showed
localisation of the labelled cells during the first four hours after injection in
the spleen, liver and bone marrow. After 19-26 hours, uptake of
radioactivity could be observed in cervical, external iliac and inguinal
lymph nodes as well as mediastinal and hilar lymph nodes in the patients

with Hodgkin's disease. Blood radioactivity in two subjects dropped to 50%
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the starting value shortly after injection and 25% was left at 12 hrs, then

there was a 10 % rise in activity followed by further much slower clearance.

Wagstaff and co-workers (1981a, b & c) employed a rather complicated
technique by elutriation of lymphocytes in great numbers in order to get
200-450 uCi (7.4-17 MBq) of 111In radioactivity on the cells. They reported
successful imaging of lymphoid organs and cell kinetics in two normal
volunteers that were similar to those observed in the experimental animal.
Patients with lymphoid leukaemia, lymphoma, Hodgkin's disease and
osteogenic sarcoma were also studied, and it was possible to localise areas of
tumour involvement as well as identify abnormal lymphocyte kinetics in
some of them. For example, 111In labelled lymphocytes in CLL patients
cleared from the circulation without any sign of reappearance therein (in
normals, reentry of the cells to blood after initial transit in the spleen would
cause a late blood-radioactivity peak). Lymph node localisation was less
well defined in CLL patients than in normals and the uptake in bone
marrow appeared to be higher in those patients. The authors explained this
pattern as reflecting the migratory behaviour of the type of lymphocytes
labelled in CLL which was mainly B cells, while in normals, T cells were the
majority in the labelled lymphocyte population collected from blood (70%)

and thus their kinetics were recorded primarily in such studies.

Employing a similar lymphocyte-labelling method by automated apheresis,
Read et al (1990) reproduced earlier findings by Wagstaff et al (1981a, b & c)
and pointed to the potentiality of 111In-oxine-labelled-human lymphocytes

in studying normal and abnormal lymphocyte traffic.

Other authors (Goodwin et al 1981a, Milgram and Goodwin 1985) reported
uptake of radioactivity in chronic osteomyelitis, rheumatoid arthritis and
cystitis after injection of 111In oxine lymphocytes. However, the sensitivity

of the method in detecting these lesions was low in the order of 50%.



115

7.5 Radiolabelling lymphocyte subsets :

Mariano Garcia et al (1988) studied the localisation of rat lymphocytes
prepared from different organs and labelled with 111In tropolone. They
found similar pattern of distribution using labelled peripheral blood
lymphocytes or T-enriched-splenic cells (collected by running spleen cells on
a nylon-wool column). Localisation was observed in lymph nodes and
spleen at 24 hr, while labelled splenic cells (unfractionated) showed a
different pattern by localising mainly in liver and spleen, and relatively less
in lymph nodes. Thymus cells failed completely to migrate and localised in
the liver. No mention was made, however, of any morphological

identification of the labelled cells, ie surface markers or rosetting properties.

Attempts in the direction of effector lymphocyte radiolabelling have been
reported recently in conjunction with the use of lymphokine-activated
lymphocytes (lymphokine activated killers; LAK cells) for the
immunotargeting of tumours (Rosenberg 1985). Immediately after
intravenous injection, 51Cr or 111In oxine labelled LAK cells localised mainly
in the lung. Progressive localisation in the liver followed and little or no
localisation in the tumour site was seen (Lotze 1980). Mitogen
(phytohaemagglutinin; PHA) stimulated lymphocytes (PAK cells) have also
been tried for immunotherapy (Mazumder et al 1984). The localisation
pattern of these cells was studied by following their distribution after 111In
oxine labelling and was found to be in liver, spleen and lungs. In a tumour
mass in one thigh, day-one count rate increased by only a factor of 2 by day 8
after infusion of the cells. The use of tumour infiltrating lymphocytes (TIL)
after expansion in vitro with interleukin-2 and mitogen (PHA) was also
tested (Rosenberg et al 1986). 111In oxine TIL (Kradin et al 1987) were found
to localise mainly in the lung, liver and spleen. Areas of metastatic

involvement did not accumulate, however, any radioactivity.
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Chapter 8:

In Vitro Tests and in Vivo Use of an 111In Anti-T Lymphocyte
Monoclonal Antibody in the Rat

A Model for Cell Binding, Antigen Modulation, Lymph Node Scanning and
Radiation Dosimetry of in Vivo Injected 111In Anti-T Cell McAbs

8.1 Introduction :

Two strategies can be used to image lymphoid tissue with radionuclides!. In
the first, lymphocytes or leucocytes are labelled in vitro with a suitable
radionuclide before reinjection into the autologous recipient. In the second,
and more recently, monoclonal antibodies with specificity for cell surface
molecules on lymphocytes or on lymphocyte subpopulations have been

radiolabelled and infused into recipients.

Studies using indium-111 labelled lymphocytes (Lavender et al 1977,
Wagstaff et al 1981a, b & ¢) have been limited by the extreme radiosensitivity
of this cell type (Anderson et al 1974, Sprent et al 1974, Chisholm et al 1979,
Sprent 1985). In order to obtain satisfactory external images of lymphoid
tissues without exceeding the limits imposed by this radiosensitivity, it has
been necessary to isolate large numbers of cells for labelling and this is not
generally practicable. Although the exact mechanism by which radiation
damage is inflicted on lymphocytes by indium-111 is not known, it is likely
that a major cause of damage is the release within the labelled cells of the
short range Auger electrons associated with radionuclide decay (Silvester
and Waters 1983). If so, then the alternative strategy of using indium-111
labelled antibodies directed only at the cell surface should reduce the

likelihood of radiation damage.

1 Lymph node scanning using radioactive nanocolloids is not considered here. Only methods
employing specific cell radiolabelling techniques are discussed.
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Furthermore, the specificity of radionuclide binding in vivo using labelled
antibodies is dictated by the specificity of the antibody itself; this strategy has
therefore the additional practical advantage of not requiring in vitro

preparation and purification of the target cells before labelling.

In the experiments described below, a rat model has been used to analyse in
vivo labelling of T lymphocytes with an indium-111 labelled monoclonal
antibody MRC OX-19 (Dallman et al 1984) which reacts with a cell surface
molecule analogous to the CD5 glycoprotein of human T cells. In vivo
distribution of indium-111 labelled antibody has been tested by indirect
immunofluorescence analysis of cells obtained from a variety of lymphoid
tissues, by counting tissues for indium-111 and by scintillation camera
imaging. 111In McAb distribution has also been compared to 111In labelled
lymphocytes by scintillation camera imaging and tissue counting. Finally,
an estimation of the radiation dosimetry involved for the use of a similar

application in man is presented.

8.2 Materials and Methods:

8.2.1 Animals

Adult Wistar rats bred in closed colonies! were used as recipients of
unlabelled or 111In-labelled monoclonal antibodies. AO (RT1v) inbred rats?
were used as donors of lymphocytes for 111In labelling in vitro and as

recipients of the labelled cells.

BALB/c mice? were used for immune-ascites production.

1 RPMS Biological Services Unit and King’s College Zoology Dept.
2 Harlan-Olac, England.
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8.2.2 Monoclonal antibodies

8.2.2.1 MRC OX-19

MRC OX-19 is a mouse anti-rat CD5 monoclonal antibody of the IgG;
subclass which reacts with a surface glycoprotein present on all rat
thymocytes and peripheral T cells and on a small proportion (2%) of B cells
(Dallman et al 1984). It was purchased as ascites fluid from Serotec Ltd,
England. Immunoascites was also produced on sitel after growing the
hybridoma cell line? producing the antibody in RPMI 1640 tissue culture
medium3 supplemented with 10% foetal calf serum in a humidified
atmosphere of 5% CO; in air at 37°C in a tissue culture incubator?.
Hybridomas were injected (107 cells in 1 ml PBS per mouse)
intraperitoneally in four Pristane®-conditioned-BALB/c mice and ascites was
obtained by tapping the peritoneal cavity of ascites-affected mice daily until
death of the animals (3-5 ml of immunoascites was obtained per mouse on
average). MRC OX-19 was purified by ion exchange chromatography (see
below) and stored at 0.5 mg/ml in phosphate buffered saline (PBS) at 4° C in

a vial containing nitrogen gas.

8.2.2.2 W3/13

W3/13 is a mouse monoclonal antibody which reacts with all rat thymocytes
and peripheral T cells (Williams et al 1977). Tissue culture supernatant was
obtained as a gift from Dr AF Williams, MRC Cellular Immunology Unit,
Oxford, England.

1 Immunology Department RPMS.

2 The cell line was a kind gift from Dr AF Williams MRC Cellular Inmunology Unit,
Oxford, England.

3 RPMI (Roswell Park Memorial Institute) 1640 medium contained 20mM NayHCO3, 2 mM
L-glutamine, 1 mM sodium pyruvate, 50 iu penicillin and 50 pg/ml streptomycin.

4 Leec, England.

5 Pristane (2,6,10,14-tetramethylpentadecane): Sigma England. Pristane was injected
intraperitoneally at 0.5 ml in BALB/c mice and the animals were left for 10 days before
inoculation with hybridoma cells.
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8.2.2.3 H17E2

H17E2 is a mouse monoclonal antibody of the IgG; subclass with specificit};
for human placental alkaline phosphatase (Travers and Bodmer 1984). It
does not bind to rat tissues and was used as a control (irrelevant) antibody in
these studies. Purified ascites was obtained from the Imperial Cancer

Research Fund, London, England.

8.2.3 Purification of MRC OX-19

Firstly, a sample of the ascites fluid (10 ul, 1/100 dilution) was analysed by
SDS-PAGET! for its protein content. This showed 4 protein bands one of
which corresponded to mouse IgG (see Figure 8.1).

Figure 8.1. Photograph of the SDS-PAGE of MRC OX-19 ascites showing 4
bands in the left lane. Control mouse IgG sample is shown in the right lane.

[
]
ox-4 154

1 Sodium dodecyl phosphate polyacrylamide gel electrophoresis. See Appendix, page 314
for experimental details.
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Next, the monoclonal antibody was purified by Ijunning the ascites fluid
produced on the anion exchange chromatography column Mono Q of a Fast
Protein Liquid Chromatography system! (FPLC). A sample (100 pl of 1:10
dilution of ascites in 20 mM TEA buffer; see below) was loaded on the
column equilibrated with 20 mM of triethanolamine (TEA)2 pH 7.7. The
column was then eluted using a salt gradient of 1M NaClI3 in 20 mM TEA
and the elution fractions were collected using an automatic fraction collector
set to collect separate protein peaks as detected by the system's UV cell in

separate tubes (total of 4 corresponding to those on SDS-PAGE), Figure 8.2.

Figure 8.2. Photograph of the FPLC trace upon elution of MRC OX-19 ascites
(pilot run). Four peaks of protein eluting separately (blue line) are seen.
The red line denotes application of the salt gradient
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1 Pharmacia, Sweden.

2 Sigma, England.
3 BDH, England.
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Each fraction was tested for antibody presence by an indirect
immunofluorescence assay using rat lymph node cells (see the
Immunofluorescence section page 131 for details of the staining procedure).
Fluorescence on the cells was examined under a fluorescent microscopel!
and scored as negative, weak positive and strong positive2. One positive
fraction was identified and was confirmed to contain MRC OX-19 McAb by
running the cells in the corresponding test tube in a fluorescence-activated-
cell sorter3. The antibody was located in protein peak No 3 (see Figure 8.2).
Afterwards, a second run of a larger volume of ascites fluid (2 ml) dialysed
against 20 mM TEA using similar conditions to the ones used before, ie 20
mM TEA loading buffer, 1 M NaCl gradient in 20 mM TEA eluting buffer
etc, was performed and the fraction containing the antibody was collected*.
This was then dialysed against phosphate buffered saline (PBS)°> pH 7.5-8 and

finally kept at 4°C in a vial containing nitrogen gas®.

8.2.4 Monoclonal antibody labelling with 111In and testing antibody

immunoreactivity

MRC OX-19 and H17E27 McAbs were labelled with 111In using the method of
the double chelating agent DTPA of Hnatowitch et al (1982)8. The specific
activity obtained was 650 MBq/mg (18 mCi/mg) of MRC OX-19 and 250
MBq/mg (7 mCi/mg) of HI7E2.

1 Dialux 20, Leitz, Wetzlar, Germany.

For details of the findings, sce Appendix, pp314 & 315.

Epics C flow cytometer, Coulter USA. For details of the experimental setting and results

see Appendix, pp314 & 315.

A volume of 6 ml was obtained, OD (280nm) : 0.47, protein content : 0.35 mg/ml.

Dulbecco's Formula A modified, Flow Labs, England.

Amersham, England.

H17E2-DTPA coupled antibody was taken from a stock preparation intended for use in

patients. It contained 1.2 DTPA molecules per antibody and its immunoreactivity was

75%; ICRF Oncology Group, Hammersmith Hospital, London.

8  For details on the labelling procedure see Chapter 5 Page 49. For experimental details on
DTPA-coupling, measuring the number of DTPA/Ab and test labelling of MRC OX-19 see
Tables A8.1, A8.2 and A8.3, Appendix, pp315-317. For test labelling H17E2 see Table
A8.4, Appendix, page 317.

W N
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Immunoreactivity after labelling was tested by a radiobinding assay under
conditions of antigen excess (Lindmo and Bunn 1986). The

immunoreactive fraction was determined by extrapolation in a linear plot of
the inverse relative cell associated activity versus the inverse cell

concentrationl.

8.2.5.Binding of 111In MRC OX-19 to rat lymph node cells and blood

Cervical lymph nodes were dissected form an adult Wistar rat. A cell
suspension was prepared by teasing the lymph nodes in a plastic Petri dish
containing Tris balanced salt solution 1% BSA, pH 7.45 using two 21 G
needles mounted on two 5 ml plastic syringes2. The clumps were allowed to
settle in a 20 ml plastic Universal tube3 for 5 minutes, then the resulting cell
suspension was washed once in the buffer. Finally, the cells were
resuspended in 5 ml buffer and their number counted in a haemocytometer.
LP3 tubes were prepared in duplicate, each contained 4X10¢ lymph node cells
in Tris-buffered balanced salt solution 1% BSA. 111In MRC OX-19 was added
in increasing concentrations (5X103-106 Ab/cell see Table 8.1 and the

volume adjusted to 1 ml using buffer. After 2 hr incubation at 37° C the
cells were washed twice? and the radioactivity bound to the cell pellet

counted in a gamma scintillation counter (Packard Autogamma-USA).

Radiobinding of the 111In MRC OX-19 to whole blood was performed in LP3
tubes by adding the antibody in 100 pl PBS to 1 ml ACD® anticoagulated
Wistar rat blood (1 part ACD to 6 parts blood) in increasing concentrations
(see Table 8.1). The haematocrit (0.25 in this case) and lymphocyte count
(4X108/ml) were measured in a sample having a similar dilution before the

assay, ie 1 ml ACD-blood + 100 ul PBS.

For details of the experimental procedure, see Appendix pp317 & 318.
Monoject, England.

Sterilin, England.

Centrifugation at 150 g for 7 minutes and washing in buffer.

Acid Citrated Dextrose NIH Formula A BP.

G W N =
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Table 8.1. Concentration of 111In MRC OX-19 added to lymph node cells or
ACD-whole blood.

Tube No Ab/lymphocyte Ab ml
1 106 1
2 5X105 0.5
3 105 0.1
4 5X104 0.05
5 2.5X104 0.025
6 104 0.01
7 5X103 0.005

The tubes were left to incubate for 2 hr at 37°C in a water bath with
intermittent gentle mixing. Then, they were centrifuged at 1000 g for 10
min, a 200 pl volume of plasma was transferred to counting vials and the
radioactivity counted in an automatic well counterl. Cell bound
radioactivity was calculated by subtracting the amount in the plasma from

the total added (see Results page 136).

In both cases (whole blood & lymph node assay), standards of the added
radiolabelled antibody were prepared for calculation of the relative cell

bound activity.

8.2.6 111]In labelling of lymphocytes

Lymph node cell suspensions were prepared from the superficial cervical
lymph nodes of normal AO rats and the lymphocytes were labelled with
indium-111 in vitro (Chisholm et al 1979). The cells at 108/ml in saline were
incubated with 111In-tropolonate? at 370 kBq (10 nCi)/108 cells for five

minutes at room temperature. The cells were washed three times by

1 Packard Autogamma USA, Hacmatology Department RPMS.

2 Tropolone (2-hydroxy-2,4,6-cycloheptatriene-1-one), Fluka, Switzerland, was used as a
4.4X1073 M solution in 20 mM Hepes saline buffer, pH 7.6. 111InCl3 in 0.04 M HCI (10 l, 3.7
MBq, 100 nCi) was mixed with 100 pl tropolone solution and the mixture was added to the
cells and incubated for 5 minutes.
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centrifugation in PBS containing 1% foetal calf serum to remove unbound
11In and were resuspended in PBS for injection. A standard of the injected
dose containing a known radioactivity and number of cells was left for

reference.

8.2.7 In vivo administration of antibody or labelled cells and tissue sampling

8.2.7.1 The experimental setting (Figure 8.3)

Three different groups of experiments were performed to test binding of in
vivo injected antibodies to lymphocytes and compare the injected 111In-anti-

T cell antibody with 111In tropolone lymph node cells (Figure 8.3).
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Figure 8.3. The experimental setting for in vivo administration of

antibodies and labelled lymphocytes in the rat.
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H17E2
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4 Thoracic duct lymphocytes collected from cannulated rats (in Group A & B).
Abbreviations : PBL : Peripheral blood lymphocytes, LN : Lymph node, Spl : Spleen, PP :
Peyers patches, BM : Bone marrow, LNC : Lymph node cells, 1" : 1 minute, Cpm : Count per

minute, Ig : Immunoglobulin.
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Group A :

In the first set of experiments, unlabelled MRC OX-19 in PBS was injected
intravenously in increasing doses into Wistar rats. The animals were killed
at 2 or 24 hr after injection and in vivo antibody binding to lymphocytes in
blood, lymph nodes and spleen was tested by indirect immunofluorescence
or immunochemistry. This experimental group included also rats which
had indwelling thoracic duct cannulae to test antibody binding to thoracic
duct lymphocytes, and rats injected with the negative control (irrelevant)

H17E2 monoclonal antibody (see Table 8.2).

Table 8.2. List of experiments performed using unlabelled MRC OX-19 or
H17E2 McAb, Group A.

Expt. Rat Preparation used Dose Time of sacrifice

Al Ala MRC OX-19 400ug/kg 2 hr
Alb MRC OX-19 400pg/kg 24 hr
Alc H17E2 400pg/kg 2 hr
Ald H17E2 400ug/kg 24 hr

A2 A2a MRC OX-19 20ug/kg 2hr
A2b MRC OX-19 20ug/kg 24 hr
A2c MRC OX-19 80 ug/kg 2 hr
A2d MRC OX-19 80 ug/kg 24 hr
A2e MRC OX-19 400ug/kg 2 hr
A2f MRC OX-19 400pg/kg 24 hr
A2g HI17E2 400ug/kg 2 hr
A2h H17E2 400ug/kg 24 hr

A3a A3a MRC OX-19 20 ug/kg 24 hr
A3b MRC OX-19 40 pg/kg 24 hr

a MocAb injected into cannulated rats.
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The second set of experiments involved intravenous injection of 111In MRC

OX-19 in Wistar rats, imaging the animals at different times afterwards then

sampling various tissues for the amount of radioactivity localised in each of

them. This group included, also, thoracic duct cannulated rats in order to

test the amount of 111In MRC OX-19 reaching central lymph (Table 8.3).

Table 8.3. List of experiments performed using 111In MRC OX-19 and details

of the dose, radioactivity and time of injection, Group B.

Expt.
B1

B2

B3

B4a
B52

Rat
Bla
B1b
Bilc
B1d
B2a
B2b
B2c
B3a
B3b
B3c
B3d
B4a
B5a

Dose

20 pg/kg
20 ug/kg
20 ug/kg
20 ug/kg
25 ug/kg
25 ug/kg
25 ug/kg
40 ug/kg
40 ug/kg
40 ug/kg
40 pug/kg
40 ug/kg
40 ug/kg

Radioactivity

4.8 MBq (130 puCi)
3 MBq (80 uCi)
2.5 MBq (70 pCi)
2.3 MBq (63 pCi)
6 MBq (160 uCi)
4.7 MBq (130 uCi)
3.8 MBq (60 uCi)
3.5 MBq (95 uCi)
3.5 MBq (95 puCi)
2 MBq (50 uCi)

2 MBq (50 pCi)

4 MBq (110 pCi)
4 MBq (110 pCi)

Time of sacrifice

2 min
10 min
20 min
30 min

1 hr
3 hr
24 hr
2 hr

24 hr

36 hr

50 hr

7 hr
12 hr

2 McAb injected into cannulated rats.
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The third experimental setting involved comparison of rats injected with

111In MRC OX-19, 111In H17E2 (negative control) or 111In tropolone lymph

node cells by scintillation camera imaging and tissue sampling at 2 or 24 hr

after injection of the label. In vivo binding of 111In MRC OX-19 to

lymphocytes in blood, lymph nodes and spleen was also tested by indirect

immunofluorescence or immunochemistry (Table 8.4).

Table 8.4. List of experiments performed, rats included and details of

injected antibodies or cells, Group C.

Expt. Rat Preparation used Dose Radioactivity Time of sacrifice
C1a| Cla |111In MRC OX-19| 40 pg/kg| 3.5 MBq (95 pCi) 2 hr
Clb |111In MRC OX-19] 40 ug/kg| 3.5 MBq (95 uCi) 24 hr
Clc |11In LNC 5X108 cell| 1.5 MBq (40 pCi) 2 hr
Cid |111In LNC 5X108 cell| 1.5 MBq (40 uCi) 24 hr
C2 | C2a (111In H17E2 40 ug/kg| 1.5 MBq (40 uCi) 2 hr
n H17E2 40 ug/kg| 1.5 MBq (40 pCi) 24 hr

2 Rats Cla and C1b were also included in Table 8.3 as B3a and B3b, respectively, for the
sake of completion of 111In MRC OX-19 sampling data.

8.2.7.2 Injection of the antibodies or 111In labelled cells.

111n-labelled or unlabelled antibodies were injected in adult Wistar rats and

11In-tropolone lymph node cells were injected in AO rats. Injections (=1ml)

were given intravenously in a lateral tail vein under ether anaesthesia. A

standard of the injected radioactivity was kept for comparison.

The amounts of antibody or cells used, radioactivity injected and the times

of sacrifice of the animals after injection are given in Tables 8.2, 8.3 and 8.4.
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8.2.7.3 Thoracic duct cannulation

The method described by Ford (1977) was applied!. Lymph was collected in
separate fractions in 10 ml centrifuge tubes after injection of the antibody
(two hourly fractions after the injection of MRC OX-19 and one hourly

fractions after the injection of 111In MRC OX-19).

8.2.7.4 Tissue sampling
Group A experiments

The injection of the antibodies was described above (see Table 8.2). At the
set time of killing of each animal (2 or 24 hr after injection of the antibody),
blood, lymph nodes and the spleen were sampled and suspensions of
mononuclear cells were prepared. Samples of lymph nodes and spleen were
also frozen for cutting tissues sections at a later time (for details of sampling
and tissue suspension preparation see Appendix page 319). Staining of the
cells (PBMNC?, spleen cells and lymph node cells) by immunfluorescence
followed. Also, multiple cytospin slides of each of the cell populations were

prepared for immunocytochemistry staining.

The thoracic duct cannulated rats, injected with MRC OX-19 after an
overnight collection of lymph, were sacrificed 24 hr post antibody injection.
Before that, two hourly lymph fractions up to 12 hr post antibody injection
were collected in 10 ml centrifuge tubes containing 1 ml DAB-203 and
cytospins were immediately prepared for each fraction without cell washing
for immunocytochemistry staining at a later stage (see preparation of

cytospins, Appendix, page 319 and immunochemistry staining page 132). At

1 For details of the procedure see Appendix, page 318.

2 PBMNC : peripheral blood mononuclear cells.

3 Dulbecco's phosphate buffered saline (A) containing calcium and magnesium (B) and 20
unit of heparin per ml.
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the time of sacrifice, the rats were treated in the same way described above

for the intact rats injected with unlabelled antibodies.
Group B

At set times after injection of 111In labelled antibodies, blood was taken into
a 10 ml syringe containing heparin through a cardiac puncture under
terminal anaesthesia. Samples of various lymphoid (cervical lymph nodes,
thymus, mesenteric lymph nodes, spleen and Peyers patches) and non-
lymphoid tissues (lung, liver, kidney, intestine, bone, bone marrow and
muscle) were then removed and cleaned. The tissue samples were kept on a
wet tray, then they were weighed in preweighed gamma scintillation
counting vials!. Finally, the vials were counted for 111In radioactivity in an
automatic well scintillation counter2. The amount of radioactivity in each
tissue was expressed as the percent injected dose of 111In present per gramme
wet weight of tissue. A known volume of blood was transferred to a
counting vial and another aliquot of heparinised blood was centrifuged
(1000 g, 15 min) and a known volume of plasma was also obtained for

counting.

Tissue sampling in the rats which had indwelling thoracic duct cannulae
involved collection of lymph in LP3 tubes (containing 10 units of heparin in
10 ul) immediately after the intravenous injection of 111In MRC OX-19.
One-hourly fractions were collected and the volume, cell number and
radioactivity in the lymph and that cell associated were measured for each
fraction. After the last lymph fraction, the rats were killed and treated in the
same way as the other 111In McAb injected rats, ie tissue sampling for

counting radioactivity.

1 Gterilin, England.
2 Ppackard Autogamma, Hacmatology Dept, RPMS.
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Group C

Tissue sampling in this group of animals involved a combination of blood
and lymphoid organ sampling for immunofluorescence and
immunochemistry staining (see Group A above) as well as lymphoid and
non-lymphoid tissue sampling for radioactivity counting (Group B

protocol). This was done in rats injected with 111In MRC OX-19.

The animals injected with 111In tropolone lymph node cells and 111In H17E2
were sampled only as was done in Group B, ie sampling lymphoid and non-

lymphoid tissues for radioactivity counting.

Sampling in each pair of experimental animals in this group was done at 2

or 24 hr after injection of the labelled antibodies or cells (see Table 8.4).

8.2.8 Immunofluorescence analysis by flow cytometry

Indirect immunofluorescence staining was performed on mononuclear cell
suspensions from peripheral blood, spleen and lymph nodes. In LP3 tubes
prepared in triplicate, the cells (2-4 X106 cells in a pellet), were incubated
with monoclonal antibody MRC OX-19 or W3/13 added in 100 ul for 30
minutes on ice, washed! to remove excess antibody and then incubated with
fluorescein isothiocyanate (FITC)-conjugated rabbit anti-mouse
immunoglobulin? for 30 minutes. The cells were then washed, fixed in

paraformaldehyde? and stored at 4° C until analysed by flow cytometry.

Flow cytometry analysis was performed by a Coulter EPICS C flow cytometer

using 90° and forward angle light scatter to gate on the lymphocyte

1 Washing was done using PBS containing 1% BSA and 1% sodium azide (pH 7.4).

2 QQB.ARY F(ab’); Rabbit-anti-mouse Ig fluorescein conjugate, Serotec, England. This reagent
was used at 1/120 dilution in PBS containing 20% normal Wistar rat serum (the mixture
was centrifuged for 10 minutes in a microfuge before use).

3 1% paraformaldehyde (BDH, England) in PBS pH 7.4. The cells were fixed for 15 minutes
at room temperature then washed in PBS 1% BSA-azide.
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population and single parameter fluorescence analysis to identify FITC
positive cells. For each population at least 10* cells were analysed and the
proportion of the cells positive as well as the intensity of fluorescence was

recorded.

Assessment of in vivo MRC OX-19 binding was made by staining cell
suspensions with FITC-conjugated anti-mouse Ig alone. The proportion of
CD5-positive cells in each tissue which had bound MRC OX-19 in vivo was

then calculated as :

% cells stained with FITC anti-mouse Ig alone X100
% cells stained with MRC OX-19 and FITC anti-mouse Ig

The extent to which in vivo MRC OX-19 caused modulation, ie T cells that
had lost the CD5 molecule from their surface was calculated by comparing
the proportion of T cells stained in vitro with W3/13 monoclonal with the

proportion stained with MRC OX-19 in vitro, ie

1 - _% cells stained with MRC OX-19 and FITC anti-mouse Ig X100
% cells stained with W3/13 and FITC anti-mouse Ig

8.2.9 Immunoalkaline phosphatase staining of cytospins, touch imprints &

tissue sections

Cytospins were prepared from the suspensions of PBMNC, LNC, TDL or
spleen cells!. The slides were stained for MRC OX-19 or W3/13 by an
indirect alkaline phosphatase/anti-alkaline phosphatase (APAAP)
technique (Bevan & Chisholm 1986). Assessment of in vivo MRC OX-19
binding was done by staining the preparations without addition of a first
layer antibody, while identification of CD5- or W3/13-positive cells in the
preparation was done using MRC OX-19 or W3/13, respectively, as the

| primary antibody followed, in sequence, by rabbit anti-mouse Ig2, APAAP?

1 For details of the technique see Appendix, page 319.
2 Dako, Denmark.
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complex and a chromogenic substrate (Fast Red!). The touch imprints were

fixed in acetone and stained in the same way as above.

Tissue sections from spleen and lymph nodes were prepared by cutting the
frozen blocks of tissue in a cryotome2. Five-pum-thick sections were cut and
mounted on microscope slides. After overnight drying, the sections were

fixed with acetone and stained using APAAP as described above.

8.2.10 Scintillation camera imaging

8.2.10.1 Instrumentation and relevant performance characteristics of the

system used for imaging

A large field of view scintillation camera3 (crystal diameter = 35 cm, PMT No
30) was equipped with a pinhole collimator (conic shape, pinhole diameter =
5 mm , height = 30 cm, diameter at base = 33 cm). The camera was linked to

a dedicated on-line computer for acquisition, display and analysis of the data

(Medical Data System, USA), see Figure 8.4.

Figure 8.4. The scintillation camera with the pinhole collimator in place.

1 Sigma, England.
2 Bright, England.
3 Toshiba GCA-202, Japan.
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A test using a phantom of the thyroid gland! was done to check the ability of
the system to pick small variations in radioactivity in the field of view at
various pinhole positions ranging between 2 cm from the plane of the object
studied giving maximum magnification and the pinhole at = 15 cm from
the object (minimum magnification). The energy of acquisition of the
camera was set at 240 keV+ 20% window. The test showed that the system's
resolution was 10 mm (diameter of the smallest resolvable circle) in the
centre of the field of view at the position of minimum magnification.
Resolution was 6 mm at the position of maximum magnification. Spatial
distortion did not affect the quality of the image obtained and was mainly
noticeable at the edge of the field of view. Quantitation of the relative
amounts of radioactivity in different compartments of the phantom by
drawing regions of interest on the images obtained showed approximately

the same results regardless of the collimator’s distance from the phantom?.
8.2.10.2 Rat imaging after the injection of 111In McAb or 111In labelled cells.

Imaging of the rats injected with 111In McAbs (MRC OX-19 or H17E2) was

carried out on animals under intraperitoneal anaesthesia.

Static acquisition was performed immediately before the animal was killed
taking multiple views (128 X 128 pixel matrix) of 10 minute duration. Views
of the whole animal were taken as well as spot views of the head and neck,
chest and abdomen. Analysis of the data was by visual examination of the

images.

1 3602 Thyroid phantom, Picker Nuclear USA. See Figure A8.2, Appendix, page 319.
2 Gee Table A8.6, Appendix, page 319 for details.
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8.2.11 In vivo testing of lymphocyte recirculation after in vitro 111In MRC

OX-19 cell binding and fluorescein labelling.

Three experiments! were performed to test the ability of thoracic duct
lymphocytes which had been radiolabelled in vitro by incubation with 111In
MRC OX-19 to localise in lymphoid tissue and recirculate from blood to
lymph. In the last experiment, fluorescence labelling of TDL (Butcher and
Ford 1986) was performed in addition to in vitro labelling with 111In MRC
OX-19.

Each experiment involved an overnight collection of TDL from a thoracic-
duct-cannulated Wistar rat in DAB-20 (see rat cannulation, Appendix page
318). The cells were washed once in Hank's balanced salt solution
containing 1% BSA then were incubated with 111In MRC OX-19 at 10°
Ab/cell in the same buffer at 37°C for 2 hours. Afterwards, the cells were
washed, resuspended in a small volume of medium and reinjected into the
same rat. In the last experiment only (Expt D3), the incubation of TDL with
111In MRC OX-19 was followed immediately by another incubation with
fluorescein solution? at 40 ug/ml FITC for 15 min the cells were then
washed and the extént of 1MIn MRC OX-19 binding was measured in a
gamma well counter and the labelling with FITC checked under a

fluorescence microscope.

The cells were reinjected in the same rat via an indwelling venous port in a

lateral tail vein. One hourly lymph fractions were collected immediately

1 Experimental group D, Expt D1; Rat D1a was injected with 7X108 TDLs that had bound 2.3
nug MRC OX-19 and radioactivity of 0.1 MBq (3 pCi) 111}y, the rat was sacrificed at 2 hr
after injection of the cells. Expt D2; Rat D2a injected with : 4X108 TDLs bearing 1.7 ug
MRC OX-19 and 0.1 MBq (3 uCi) 111In, the rat was sacrificed at 24 hr after injection of the
cells. Expt D3; Rat D3a injected with 6.5X108 TDLs bearing 1 ug MRC OX-19, 0.33 MBq (9
1Ci) 111In and labelled with FITC (dual labelling), the rat was sacrificed at 19 hr after
injection of the cells. Rat D3b injected with: 5X108 TDLs, 1.66 pg MRC OX-19, 0.2 MBq (5.5
uCi) 111n, FITC labelled, time of killing of the animal 43 hr after cell injection.

2 Fluorescein isothiocyanate, Isomer I, Sigma, England. FITC was dissolved in PBS then it
was filtered through a 0.45 um filter and a stock solution of 500 pg/ml was prepared.
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afterwards and 1In radioactivity was measured in each (cell bound and
unbound). The cells were also examined for fluorescence under the
fluorescence microscope in the experiment using double labelled cells . The
presence of fluorescent cells in the collected lymph was recorded as positive
or negative and their percentage was determined whenever their number
was statistically significant. At the end of the lymph collection the rats were
sacrificed and their tissues sampled for radioactivity counting (see

experimental setting B page 130).

8.3 Results

8.3.1 Immunoreactivity and binding of 111In MRC OX-19 to blood and lymph

node cells

The immunoreactive fraction was 50% for 111In MRC OX-19 and 75% for

11fn H17E2.

The results of the in-vitro assays of 111In MRC OX-19 with rat blood and
lymph node cells are shown in Figure 8.5 and Table 8.5 (refer to paragraph
8.2.5 and Table 8.1 pp 122 & 123 for experimental details and setting).

Figure 8.5. Binding of 111In MRC OX-19 to rat blood and lymph node cells.
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Table 8.5. Binding of 111In MRC OX-192 to rat blood and lymph node cells.

Tube No Std added® Cpm bound Ratio Cpm in Cpm cells RatioB/T
LNCr¢ B/Td 1-HctPle (Iml WB)f (WB)s
3600000 450000 0.125 | 2790000 811000 0.225
+8500 +700 | £0.0004 16400 +10600 | +0.003
1800000 290000 0.162 | 1333800 467800 0.260
+4250 +460 | +0.0005 3000 +5200 | £0.003
360000 72200 0.200 | 271000 89600 0.249
+850 +130 | £0.0006 +700 +1100 | +0.003
180000 38700 0.215 | 124900 55300 0.307
+420 +100 | #0.0007 +500 +650 | £0.004
90000 19700 0.219 66000 24000 0.266
1210 +70 | £0.0009 350 +410 | £0.005
35600 8550 0.240 25240 10300 0.290
+130 +50 +0.001 3220 +260 | £0.007
15640 5100 0.329 10040 5600 0.358
+90 +40 +0.002 +100 +140 | £0.009

1111n MRC OX-19 : 163 MBq/mg (4.40 mCi/mg).

Cpm added to each tube containing lymph node cells.

Cpm bound to Iymph node cells in each tube.

Ratio of bound to total radioactivity added.

Cpm present in the volume of plasma in 1 ml whole blood, ie (1-Hct) ml.
Cpm cell associated in 1 ml whole blood.

Ratio of cell bound to total added radioactivity in whole blood.

Q"m0 an o

In Table 8.5, the binding of 111In MRC OX-19 to lymph nodes cells ranged
between 12.5 to 33% of the total amount of Ab added in the assay. Binding
of the antibody to cells in whole blood was in the range of 23-36% of the total

for the same concentrations of Ab added above.

8.3.2 In vivo binding of McAb to lymphocytes, Studies with unlabelled MRC

OX-19 or H17E2 antibodies, Group A experiments

The extent to which intravenously injected MRC OX-19 antibody bound to

lymphocytes in lymphoid tissues was tested in three separate experiments in
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which different amounts of antibody were injected and tissues were

removed for analysis 2 or 24 hr after injection (see Table 8.2, page 126).

Lymphocyte populations obtained from peripheral blood, spleen and lymph
nodes were tested by immunofluorescent staining for the presence of MRC
OX-19 on their surface. Lymphocytes in all three tissues bound in vivo
administered MRC OX-19, although to a different extent (see Table 8.6) and
the degree of binding, ie the proportion of the available CD5-positive cells
within any one tissue which bound the antibody was dose dependent (see
Table 8.7). Doses of antibody above 20 pg/kg resulted within two hours in a
high proportion of the CD5-positive cells in spleen and peripheral blood
being labelled; binding to lymph node cells was more limited and more
variable. There was also a reduction in the extent of in vivo binding

demonstrable in cells taken at 24 hours compared to cells taken at 2 hours.

Although in some experiments almost all the available CD5-positive cells in
lymphoid tissues had bound antibody in vivo, ie the proportions of cells
which were labelled in vitro with indicator (FITC anti-mouse Ig) alone was
the same as the proportion labelled with MRC OX-19 and indicator, the
intensity of immunofluorescence in cells labelled in vivo was substantially
less. This relatively weak fluorescence in cell populations labelled in vivo
compared to cells stained in vitro in antibody excess, suggested that by no
means all the CD5 molecules on the positive cells had bound antibody in

vivo (see Figure 8.6).
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Figure 8.6. Comparison of the immunofluorescence staining profiles of cells

which bound MRC OX-19 in vivo (a) and in vitro (b), Expt C, Rat Cla.

Periﬁl‘{eral blood lymphocytes i
a
|
|
!
i
b
|
i
—Spleen cells :
a |
|
i
5 b
Q
= i
& ;
2
E
S
= Lymph node cells
b

Fluorescence internsity



Table 8.6. Immunofluorescence staining of peripheral blood mononuclear cells, lymph node cells and spleen cells after injection of
MRC OX-19, H17E2 or 111In MRC OX-19 McAbs.

Exptd Rat Percentage of positive cells
No Ab added in vitro MRC OX-19 added in vitro W3/13 added in vitro
PBMNC LNC Spleen cells PBMNC LNC  Spleen cells PBMNC LNC Spleen cells
Al | Ala 20 0.7 4 31 50 28 ND ND ND
Alb 0.6 0.4 0.7 53 30 42 ND ND ND
Alc 0.8 0.4 0.6 67 63 43 ND ND ND
Ald 04 04 04 55 46 39 ND ND ND
A2 | A2a 3 0.4 3 62 67 47 47 36 36
A2b 1.1 2 0.6 67 54 60 71 46 39
Al2c 38 1 17 58 55 37 57 39 47
A2d 1 2 0.6 53 48 54 68 45 41
Ale 7 5 15 7 51 25 62 40 42
A2f 14 2 3 27 7 30 69 33 29
A2g 0.2 0.4 0.2 71 53 40 66 39 35
A2h 0.2 0.2 0.6 85 64 74 73 41 48
A3 | A3a 15 6 14 20 45 23 52 45 37
A3b 18 8 9 18 47 30 51 47 38
C1 Cla 54 4 20 53 44 43 67 54 46
Cib 5 6 5 57 55 42 70 55 42

a Experiments listed in Tables 8.2 and 8.4.
Abbreviations : PBMNC : peripheral blood mononuclear cells, LNC : lymph node cells, ND : not done.
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Table 8.7. MRC OX-19 binding to rat lymphocytes in blood, lymph nodes and spleen and modulation of CD5 in vivo.

Expt?a

Al

A2

A3

C1

Rat

Ala
Alb
Alc
Ald
A2a
A2b
A2c
A2d
A2e
A2f
A2g
A2h
A3a
A3b
Cla
Cib

% Binding to CD5 positive cells

PBMNC

LNC

[
OO OO OO oo OO0

e
O N W

11

Spleen cells
14

o)) H>
OO OOoOOMNOUTIO OO

% Modulation

PBMNC
ND
ND
ND
ND

0
6
0
22
89
61
0
0
62
65
21
19

LNC

Spleen cells

ND
ND
ND
ND

O OO ONNODOOCOCO
O O

ND
ND
ND
ND
0

0

21

0
40
0

0

0
38
21

7

0

a Experiments listed in Tables 8.2 and 8.4.
Abbreviations : PBMNC : peripheral blood mononuclear cells, LNC : lymph node cells, ND : not done.
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Immunocytochemical analysis of cytospins prepared from the same tissues
as used in the flow cytometry analysis confirmed these findings and,
additionally, frozen tissue sections revealed that most of the labelled cells
were confined to the T cell-dependent areas of spleen and lymph nodes, ie
were T cells (Figure 8.7). As in the immunofluorescence analysis, it was
clear that the intensity of staining of cells after in vivo binding was less than
could be achieved with antibody excess in vitro (Figure 8.7B, D, F & H). In
each of these experiments an irrelevant monoclonal antibody H17E2 anti-
human placental alkaline phosphatase antibody of the same isotype as MRC
OX-19 injected into control rats did not bind to lymphocytes neither did it
affect the numbers of CD5-positive cells present in any tissue (see Tables 8.6

& 8.7).



143

Figure 8.7. Immunochemistry of cytospins, touch imprints and sections of
lymph nodes and spleen taken from rats injected with MRC OX-19 in vivo
and stained with APAAP.
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Fig 8.7A. Cytospins of lymph node cells from rat A2c (2 hr post Ab injection)
stained with indicator only to detect in vivo MRC OX-19 binding (APAAP,

X1000) Note the faint red staining.

Fig 8.7B. Cytospins of lymph node cells from rat A2c (2 hr post Ab injection)
stained with MRC OX-19 in vitro and indicator showing CD5-positive cells
(APAAP, X1000). Note the strong red staining on the cells.

N
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Fig 8.7 C. Touch imprints of a lymph node from rat A2d (24 hr post Ab
injection) stained with indicator only to detect in vivo MRC OX-19 binding
(APAAP, X400). Faint staining on the cells.
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Fig 8.7D. Touch imprints of a lymph node from rat A2d (24 hr post Ab
injection) stained with MRC OX-19 in vitro and indicator showing CD5-
positive cells (APAAP, X400). Strong red staining on the cells.




Fig 8.7E. Spleen section from rat A2e (2 hr post Ab injection) stained with
indicator only to detect in vivo MRC OX-19 binding (APAAP, X400). Note
the strong red staining around the central arteriole (T cell area).
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Fig 8.7F. Spleen section from rat A2e (2 hr post Ab injection) stained with
MRC OX-19 in vitro and indicator showing CD5-positive cells (APAAP,
X400). Note the very strong red staining around the central arteriole.

145



146

Fig 8.7G. Lymph node section from rat A2e (2 hr post Ab injection) stained
with indicator only to detect in vivo MRC OX-19 binding (APAAP, X160).
Note positive red staining around the high endothelial venule and
paracortical zone (T cell area).

Fig 8.7H. Lymph node section from rat A2e (2 hr post Ab injection) stained
with MRC OX-19 in vitro and indicator showing CD5-positive cells (APAAP,
X160). Note the strong red staining in the paracortical zone.
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8.3.3 In vivo modulation of CD5

Binding of antibody at 37°C to lymphocytes surface molecules can result in a
polar redistribution of the antibody-antigen complexes followed by
exocytosis or shedding of the complexes from the cell. Internalisation of the
complex inside the cells may also occur. This modulation or loss of surface
markers can be induced by antibody following in vivo administration and
can result in an apparent disappearance from the circulation or from tissues
of cells for which the antibody has specificity. In reality, the cells may still be
present but will be unable to bind further antibody until resynthesis of the
surface molecule occurs. Whether or not modulation of the CD5 molecule
had occurred was investigated in experiments by estimating the numbers of
T cells present in the cell populations stained for CD5 by staining also with
the McAb W3/13 which identified a T cell marker distinct from CD5. As
shown in Table 8.7, doses of MRC OX-19 above 20 pg/kg resulted in in vivo
binding to T cells, but in some experiments this was accompanied by a
substantial loss of the CD5 molecule from the cells. A dose of 400 ug/kg of
antibody resulted in the loss of the CD5 molecule from more than 80% of
the T cells in the blood within 2 hours of injection (Expt A2). Doses of 40
and 80 pg/kg antibody produced high levels (70-100%) of binding to T cells
with only relatively little modulation, ie 20% or less of the T cells had lost
the CD5 molecule from their surface. The extent of modulation of CD5
from peripheral blood lymphocytes, although not the extent of binding, was

comparable at 2 and 24 hours.
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8.3.4 Studies with 111In MRC OX-19, Experimental group B

The results of five experiments in which 111In MRC OX-19 was injected
intravenously and the distribution of the antibody was measured at various
times after injection by counting various tissues for 111In are presented in
Table 8.8. In one of the experiments (Expt B3, Rats B3a & B3b) assessment of
in vivo binding was also made by immunofluorescence analysis (Expt C1,
rats Cla & Clb, Tables 8.6 and 8.7) which provided corroborative evidence of
in vivo binding of the labelled antibody to T cells. Analysis of the tissue
distribution of 111In labelled antibody showed splenic uptake which
increased progressively over the first 2 hours and did not alter sustantially
thereafter (Figure 8.8). Localisation of labelled antibody within lymph nodes
occurred more slowly and reached significant levels at 24 hours (Figure 8.8),
at which time the superficial cervical nodes were clearly visible by
scintillation camera. Activity in the blood declined rapidly over the first
hour after injection and then decreased more slowly (Figure 8.9).
Localisation of labelled McAb in muscle was low throughout (background

level) and relatively low in liver (Figure 8.9).



Table 8.8. 111In MRC OX-19 distribution in vivo; tissue sampling data

%ID/ml %ID/g

Expta Rat W3B Pl CIN MLN Thy Spl Lung Liver Kid PP Int Tib+BM Tib Muscle
B1 Bla 2.16 297 { 023] 017 0.07 263 1.17 0.47 ] 0.58] 0.02] 0.10f 0.25 ND 0.06
+0.005 | £0.008 |+0.003 | £0.008 [£0.0003 | +0.006| =+0.01 | +£0.003 0.002(0.0001 {0.0001 | £0.002 ND | £0.0002

B1b 1.75 2.25 0.95 0.40 0.13 7.26 1.64 054 0.78] 037 0.121 051 0.17 0.05
+0.004 | £0.008 [+0.003 | £0.002 [+0.0007 {+0.0001 | £0.004 | £0.003 H0.002 [£0.002 |0.0006 | £0.003 {£0.001 | +0.0003

Blc 1.95 3.52 1.23 0.61 0.17 11.33 1.51 099 ] 1.10} 0.42| 0.20 0.76 0.48 0.05
+0.006 | %0.01 }+0.003 | £0.002 |+0.0009 | +0.016| +0.004 | £0.004 {0.002 {-0.002 |0.0008| +£0.003 |+0.001 | +0.0003

Bld 1.31 1.99 1.54 0.83 0.07 8.37 1.68 045| 0.66] 053 0.12 0.53 0.33 0.07
+0.004 | £0.007 {£0.005| £0.002 {+0.0004| =0.01{ +0.004 E0.0009 {0.002 {0.002 1£0.001{ £0.002 {+0.001 | £0.0003

B2 B2a 1.99 3.32 0.64 0.35 0.08 10.01 0.84 3,511 099 0.23} 0.17 0.25 0.11 0.04
£0.004 | £0.008 |+0.001 [ £0.001 [+0.0003 | *0.016| £0.002 | +0.007 {0.002 [£0.001 {+0.001 | £0.001 |0.0003 | +£0.0002

B2b 0.96 1.40 4.82 4.59 0.73 13.51 1.53 254 069 3.74f1 0.26 0.28 0.17 0.06
+0.001 | £0.005 |£0.011 | £0.015 | £0.003 | +0.023| +£0.004 | £0.005 {0.002 }+0.016 (+0.001 | £0.001 [0.0001 | £0.0006

B2c 0.27 0.44 5.56 4.11 0.22 15.40 0.60 4471 159} 1.88] 0.26 0.29 0.20 0.03
+0.001 | £0.002 |£0.001 | £0.001 | £0.001| £0.031{ +0.003 | £0.013 E0.005 [£t0.016 |+£0.002| £0.001 {+0.001 | +0.0003
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Table 8.8. (cont)

%ID/ml %ID/g

Expt Rat WB PIL. CIN MLN Thy Spl Lung Liver Kid PP Int Tib+BM Tib Muscle
B3 B3a 1.25 1.82 | 411} ND ND| 1296 ND 1.14| ND| ND| ND}| ND ND 0.04
+0.006 | £0.010 |+£0.017( ND ND| +0.038] ND | #0.01| ND| ND| ND| ND ND| =#0.001

B3b 0.27 044 | 689 ND ND| 1332 ND 163| ND| ND| ND| ND ND 0.08
+0.002 | +0.008 |+0.028] ND| ND| #0040 ND [#0.063| ND| ND| ND ND ND| #0.002

B3c 0.25 033 | 460 457 030 13.85| 0.89 148 | 198| 152 036| 049 0.42 0.03
+0.001 | £0.001 |+£0.008 | +0.042 | £0.017| +0.042| £0.004 | £0.007 {£0.007 {£0.009 |+0.002| £0.004 +0.002 | £0.0003

B3d 0.14 020 | 414 417 037| 1512} 0.38 1.79 | 2.35| 1.95| 051} 038 0.26 0.03
+0.0006 | +0.001 |+0.010 | £0.036 | £0.002| #0.046| £0.002 | +0.007 }-0.008 {-0.007 [£0.003 | +0.003 +0.001 | £0.0003

B4 | B4a 1.14 3.05| 093] 0.60 027) 18.28] 0.98 098 | 1.62| 050 040| 1.00 0.38 0.03
+0.009 | £0.024 |+0.016 | +0.017 | £0.003| #0.22| £0.012 | +0.008 {£0.013 | £0.01 | £0.01| +0.01 +0.005| +0.008

B5b | B5a 0.27 040 | 097( 087 0.15| 1043| 0.66 083 | 099| 070 0.15] 042 0.39 0.02
+0.0008 | £0.001 |+0.003 | £0.003 | £0.001| =+0.06| £0.002 | +0.01 [+0.006 [-0.003 |£0.001 +0.001 |%0.001 | £0.0001

a Expts listed in Table 8.3.

b Thoracic-duct-cannulated rat.
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Figure 8.8. Uptake of radioactivity in the spleen and cervical lymph nodes
in the rat after injection of 111In MRC OX-19.
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Figure 8.9. Blood kinetics of radioactivity and uptake in liver and muscle in

the rat after injection of 111In MRC OX-19.
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The injection of 111In MRC OX-19 in two rats with indwelling cannulae in
the thoracic duct resulted in radioactivity in the lymph very soon after
injection. Part of this radioactivity was associated with the cell fraction in
the lymph. In the first rat (Expt B4, Rat B4a), only two lymph fractions were
collected over two hours (1 hr each fraction) after injection of 111In MRC OX-
19 and the cells were stained by immunofluorescence to check antibody
binding to TDLs. The percentage fluorescence was 54.8% in fraction 1, 36.6%
in fraction 2 and 64.9% in a positive control of lymph collected before Ab
injection and stained with excess MRC OX-19 added in vitro. Fraction 1
contained 0.44+0.005 % ID/ml lymph and 0.04+0.001% ID was cell associated
(= 10% of the radioactivity in the lymph). The corresponding values for
fraction 2 were : 0.55+0.007%ID/ml; 0.06%0.001 cell associated. In the second
rat, the collection of thoracic duct lymph continued until 12 hr after
injection of 111In MRC OX-19. Twelve one-hourly fractions were obtained
and the radioactivity in the lymph and that cell associated were measured in

each (Table 8.9).

Table 8.9. Radioactivity in thoracic duct lymph after injection of 111In MRC
OX-19 in the rat (Expt B5, Rat B5a).

Lymph Fraction2 %ID/ml %ID cell associated in 1 ml
1 0.51+0.001 0.06+0.0003
2 0.55+0.001 0.05%0.0002
3 0.41+0.001 0.03£0.0002
4 0.34+0.001 0.0240.0002
5 0.32+0.0009 0.02+0.0002
6 0.30£0.0009 0.01+0.0002
7 0.2510.0008 0.01£0.0001
8 0.26+0.0008 0.02+0.0002
9 0.21£0.0007 0.01+0.0001

10 0.19£0.0006 0.01+0.0001
11 0.22+0.0007 0.01£0.0001
12 0.2140.0008 0.01+0.0001

a Time after Ab injection in hours.
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The results of tissue sampling of the two cannulated rats are shown in Table
8.8 where a much lower uptake in the lymph nodes is noted in comparison
to the intact animals due to depletion of T lymphocytes by drainage through

the cannulated thoracic duct.

8.3.5 Direct comparison of the in vivo distribution of 1'1In after injection of

labelled antibody or labelled lymphocytes

A comparison was made of the distribution of intravenously injected 111In
MRC OX-19 with the distribution of lymphocytes pre-labelled in vitro with
1In tropolone and then injected intravenously. The cell population
labelled with 111In, ie lymph node lymphocytes, comprised 70-75% CD5-
positive cells and the cells were labelled with a dose of 111In well within the
limits of radiotoxicity for lymphocytes and previously shown to permit
normal migration of the labelled cells in vivo (Chisholm et al 1979). The
dose of 111In McAb chosen was 40 pg/kg which was thought on the basis of
earlier experiments to be sufficient for binding to a majority of CD5-positive
cells, at least in the blood, without causing modulation of the glycoprotein
from the cells. As a control, some animals were injected with the same dose
of 111In H17E2 (irrelevant) antibody. The results of the experiment are

presented in Figure 8.101.

1" For the experimental details see Table A8.6, Appendix, page 320.
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Figure 8.10. Comparison of radioactivity distribution after injection of 111In
MRC OX-19, 111In tropolone labelled lymph node cells or 111InH17E2 McAb

in intact rats (sampling at 2 or 24 hr after injection).
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The findings with the labelled lymphocytes were exactly what one would
expect from the results of numerous lymphocyte migration studies carried
out in rats using many different radionuclides, including 111In :
Lymphocytes localised rapidly in the spleen, more slowly in lymph nodes
and there was a concomitant loss of labelled cells from the blood which

reflected this progressive accumulation in and migration through the
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extravascular compartment of the lymphoid tissues. Injection of labelled
MRC OX-19 antibody also resulted in localisation in the lymphoid tissues
although the proportions of the injected 111In found was less than was seen
using cells pre-labelled in vitro. In contrast to the situation with labelled
cells, in which almost all (90%) the radionuclide was and remained cell-
associated, up to 70% of the 111In found in the blood after injection of
labelled antibody was in the plasma reflecting, presumably, an equilibrium
between free and lymphocyte-bound antibody. The localisation of 111In
H17E2 (irrelevant) antibody was completely different : No localisation to
lymphoid tissues, a substantial liver uptake and a high level of circulating

antibody.

8.3.6 Scintillation camera imaging of rats injected with 111In McAbs or cells

The animals used in the experiments described above were examined by
scintillation camera early and up to 50 hours after injection. Whole body
images taken soon (10-120 minutes) after injection of 111In MRC OX-19
showed high localisation in the spleen and a substantial signal from the

blood pool (Figure 8.11).

Figure 8.11. Static posterior view of rat B2a at 1 hr after injection of 111In
MRC OX-19. High radioactivity is seen in the spleen (red area), liver and
blood pool in the heart. Radioactivity is also seen in the area of the bladder
due ot secretion of non-Ab bound 11In DTPA.
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By 24 hours after injection of either labelled MRC OX-19 or labelled
lymphocytes, the superficial cervical lymph nodes and the mesenteric chain
of lymph nodes could be clearly visualised (Figure 8.12).

Figure 8.12. Uptake in lymph nodes 24 hr after injection of 111In MRC OX-19
(rat C1b), left panel, and 111In tropolone lymph node cells (rat C1d), right

panel.

Fig 8.12A. Anterior view of the head and neck showing uptake in the
cervical lymph nodes.
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Fig 8.12B. Anterior view of the abdomen showing uptake in the mesenteric
lymph nodes.
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Whole body images taken at 24 hours (Figure 8.13) showed splenic uptake in
animals injected with either 111In MRC OX-19 or labelled cells and a rather

high liver uptake in the animals injected with labelled McAb.

Figure 8.13. View of the posterior whole body 24 hr after injection of 111In
MRC OX-19 (rat C1b), left panel, and 111In tropolone lymph node cells (rat
C1d), right panel. Note the relatively high background and high liver
uptake in the rat injected with McAb.
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Images of animals injected with 111In H17E2 demonstrated a gradually
increasing localisation in the liver with a high blood pool persisting over 24

hours and no other tissue localisation.

8.3.7 Test of lymphocyte recirculation after labelling with 111In MRC OX-19

in vitro; the dual labelling experiment

In the first two experiments! where TDLs were labelled in vitro with 111In
MRC OX-19 and injected into the same cannulated animal, radioactivity was
detected in the lymph early after injection. Part of this radioactivity was cell

associated.

In the third experiment, TDL double labelled (111In MRC OX-19 and FITC)

were followed in the lymph collected from the cannulated rats. Fluorescent

1 See paragraph 8.2.11 and Footnote 1 page 135.
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cells were detected in the lymph pointing to recirculation of the double
labelled cells. The results of lymph and tissue sampling are shown in Table

8.10.

Table 8.10. Results of lymph and tissue sampling in the experimental group
D (testing of lymphocyte recirculation after 111In MRC OX-19 labelling in

vitro).

I. Lymph sampling

Expt D1, Rat D1a (2 hr after injection of 111In MRC OX-19-TDL)

Lymph fraction® Duration %ID/ml %ID/ml cell bound IEb
1(1) 1hr 0.044+0.010 0.005+0.0004 NDe
2(2) lhr 0.010+0.0001 0.0024+0.0007 ND

Expt D2, RatD2a (24 hr after injection of 111In MRC OX-19-TDL)

Lymph fraction® Duration %ID/ml %ID/ml cell bound IFb
1(2) 2hr 0.094+0.003 0.002+0.0007 ND
2(3) 1hr 0.113+£0.003 0.005+0.0008 ND
34 lhr 0.073%0.002 0.007+0.0008 ND
4 (12) 8hr 0.023+0.001 0.004%0.0008 ND
5(14) 2hr 0.030£0.001 0.007+0.0008 ND
6 (15) Thr 0.033+0.001 0.007+0.0008 ND
7 (16) lhr 0.032+0.001 0.007+0.0008 ND
8 (17) 1hr 0.022+0.001 0.005%0.0008 ND
9(18) 1hr 0.025+0.001 0.005+0.0007 ND
10 (19) 1hr 0.0234+0.001 0.007+0.0008 ND
11 (20) lhr 0.027%0.001 0.007+0.0008 ND
12 (21) lhr 0.0204+0.001 0.007%0.0008 ND

Expt D3, Rat D3a (19 hr after injection of 111In MRC OX-19+FITC-TDL)

Lymph fraction? Duration %ID/ml %ID/ml cell bound IFb
1(D) Thr 0.073£0.001 0.002+0.0003 -ve
2(2) Thr 0.0484+0.0008 |  0.002+0.0003 -ve
33 1hr 0.045+0.0008 |  0.001+0.0003 -ve
4 (4) Thr 0.073£0.001 0.002+0.0003 -ve
5(5) Thr 0.053+0.008 0.002+0.0003 -ve
6 (6) Thr 0.038+0.0007 {  0.002+0.0003 +ve
7(8) 2hr 0.051£0.0009 |  0.002+0.0003 +ve
8 (16) 8hr 0.025£0.0006 |  0.002+0.0003 +ve
9(19) Thr 0.019£0.0006|  0.003+0.0003 +ve
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Expt D3, Rat D3b (43 hr after injection of 111In MRC OX-19+FITC-TDL)

Lymph fraction2 Duration %ID/ml %ID/ml cell bound  IFb
1(16) 16hr 0.005£0.0002 0.001+0.0001 +ve, 1%
2(17) Thr 0.006£0.0002 0.001+0.0001 +ve, 2%
3 (18) 1hr 0.006£0.0003 0.0007+0.0001 +ve, 2-3%
4 (19) 1hr 0.007+0.0003 0.0009+0.0001 +ve, 3%
5 (20) 1hr 0.005+0.0003 0.0008+0.0002 +ve, 2%
6 (22) 2hr 0.004£0.0003 0.001+0.0002 +ve, 1-2%
7 (24) 2hr 0.004%0.0003 0.001£0.0001 +ve, 5-6%
8 (26) 2hr 0.004£0.0002 0.0009+0.0001 +ve, 5%
9 (28) 2hr 0.004+0.0002 0.001+0.0001 +ve, 1-2%
10 (30) 2hr 0.003%0.0002 0.0007+0.0001 +ve, 1-2%
11 (32) 2hr 0.00240.0001 0.0004+0.0001 +ve, 1%
12 (41) 9hr 0.003%0.0003 0.0006+0.0001 +ve, 1%
13 (43) 2hr 0.002+0.0001 0.0006+0.0001 +ve, 0.5%
a The numbers in brackets show the time after injection of the cells in hours.
b IF : Result of immunofluorescence testing (-ve : negative, +ve : positive).
¢ ND:Not done.
II. Tissue sampling
%ID /g (ml)
Expt D1 ExptD2 ExptD3
Tissue Rat Dla Rat D2a Rat D3a Rat D3b
WB 0.51+0.003 0.03x0.001 0.05+0.001 0.004£0.0005
Pl 0.70+0.004 0.04%0.002 0.062+0.001 0.007+0.0005
CLN 2.91%£0.050 1.47+0.05 0.987+0.01 0.14£0.002
MLN 3.70£0.037 0.78+£0.019 0.595%0.009 ND
Thy 0.09+0.003 0.06£0.002 0.063%0.002 0.005£0.0008
Spl 3.35+0.014 6.8510.833 9.55+0.065 1.07+0.007
Lung 26.45%0.085 0.48+0.005 1.29+0.010 0.10£0.003
Liver 1.224+0.009 1.99+0.008 1.29+0.007 0.33+0.002
Kid 3.08%+0.007 1.02+0.004 0.61+0.004 0.09+0.0006
PP 2.01£0.041 0.31£0.016 0.30+0.008 ND¢
Int 0.17+£0.017 0.05+0.006 0.023£0.002 ND
Tib+BM 1.58+0.009 0.21£0.002 0.924+0.006 ND
Tib 0.76+0.007 0.11+0.002 ND ND
Muscle 0.034+0.002 0.006+0.001 | 0.005%+0.0003 0.0008+0.0001

Early localisation of the cells was noted in the lungs in rat Dla. This lung

uptake decreased at 24 hr and localisation in spleen and lymph nodes was

observed in the other rats. Radioactivity in the lymph was noted in all

animals and cell bound fraction ranged between 2-35%. Immunofluorescent

cells in the lymph were mainly detected in the late fractions after 5 hours of

the injection of the double labelled cells.
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8.4 Discussion

8.4.1 Testing in vitro the immunoreactivity of '1In MRC OX-19 antibody

and its binding to blood and lymph node cells

MRC OX-19 was labelled with 111In at a specific activity of 650 MBq/mg (18
mCi/mg). This was in agreement with earlier reports on antibody labelling
using this method (Hnatowich et al 1982 & 1983). The antibody retained
50% of its immunoreactivity after purification and 111In labelling, which was
acceptable for use experimentally provided allowance for the non-reactive

fraction be made in the interpretation of experimental data.

The binding of 111In MRC OX-19 to blood and lymph node cells using
similar lymphocyte numbers showed that 12-35% of the total antibody added
was cell bound when Ab concentration was between 5X103-106 Ab/cell. This
finding pointed to the useful range of antibody concentration for the
purpose of radiolabelling T lymphocytes by 111In MRC OX-19, ie between
5X103-5X10% Ab/lymphocyte.

8.4.2 In vivo tests

8.4.2.1 Studies using unlabelled antibodies; in vivo antibody binding and

antigen modulation

Analysis of in vivo binding of monoclonal anti-CD5 antibody by indirect

immunofluorescence established the following :

(1) Whether or not cells in different lymphoid compartments had bound the

antibody,

(2) what proportion of the CD5-positive cells in any one compartment had

bound the antibody,
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(3) whether or not modulation, ie loss of the CD5 glycoprotein from the cells

which bound the antibody had occurred and

(4) provided an estimate of the relative amounts of antibody bound per cell
in different compartments by analysis of the intensity of fluorescence within

the positive cell populations.

This strategy allowed a far more detailed analysis of in vivo binding of an
anti-lymphocyte antibody than was possible using radiolabelled antibody
and simply measuring the in-vivo distribution of the radionuclide. Using
unlabelled antibody it was possible to identify by immunofluorescence a
dose of antibody which gave good binding to lymphocytes, ie which bound
to a high proportion of the cells in peripheral blood, spleen and lymph
nodes, but which did not alter substantially the cell surface expression of the
glycoprotein to which the antibody was directed. For the purpose of imaging
lymphocytes, it was important that the antibody did not alter the function of
the cells to which it bound. Cross-linking of cell surface glycoproteins on
lymphocytes by antibodies could alter lymphocyte function in two ways : it
could result in loss of function through loss of the molecule from the cell
surface by exocytosis or internalisation, thus rendering the cell "invisible"
for imaging purposes or, alternatively, it could activate the cell through
delivery of a mitogenic signal (Clevers et al 1988). Modulation of CD3
glycoproteins from human peripheral blood lymphocytes regularly occurred
following repeated injections of anti-human T cell McAbs to achieve
reversal of transplant rejection (Russell et al 1984) but there had been little
information on the likelihood of it occurring after a single imaging dose of
antibody. Alternatively, cross-linking at the cell surface by antibody in vitro
could activate the cell through delivery of a mitotic signal (Clevers et al
1988) although this would perhaps be less likely following in vivo
administration of antibody. In the model presented in this thesis, a single

dose of 400 pg/kg of éntibody was sufficient to cause modulation on a
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majority of peripheral blood lymphocytes within two hours. The
experimental system used made it possible to measure the binding of
radiolabelled antibody by radioactive counting and by immunofluorescence
as well as determine whether or not modulation of the CD5 glycoprotein
had occurred by using a second non-cross-reacting antibody with specificity
for the same cell population in the immunofluorescence analysis. A similar
strategy should be employed in clinical imaging studies since modulation
would profoundly alter the in-vivo distribution of radiolabelled antibody

and complicate interpretation of any images obtained.
8.4.2.2 Studies using 111In McAbs and 111In tropolone labelled lymphocytes

Direct comparison of 111In distribution following injection of labelled anti-
lymphocyte antibody or pre-labelled lymphocytes using the 111In tropolone
technique identified similarities and differences in the results obtained
using the two methods. The amount of McAD injected in these experiments
was a dose previously determined in experiments using unlabelled antibody
to result in binding in vivo without modulation. The amount of 111In used
to label the antibody or the cells was estimated to be within the safety limits!
for radiation damage to lymphocytes (Goodwin and Meares 1985) whether
the cell bound the radionuclide at the cell surface in vivo or internally after
labelling of the cells in vitro. Both injection of labelled antibodies and cells
resulted in clear scintillation camera images of lymphoid tissues, ie of the
spleen and some lymph nodes. The degree of labelling of superficial lymph
nodes achieved with either method generated signal to background ratios
on the scintillation camera comparable to those obtained in mice after
injection of an 11In anti-mouse histocompatibility alloantigen McAb

(Goodwin et al 1985).

1 11115 MRC OX-19 radioactivity up to 0.5 milliBq (0.01pCi) per cell from estimates in blood
and lymph, 111In tropolone radioactivity : 3 milliBq (0.08pCi)/cell.
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Quantitative analysis by radiation counting in tissues showed significantly
greater accumulation of 111In labelled cells than 111In labelled McAb in
lymph nodes. The kinetics of 111In-tropolonate-labelled lymph node cells
followed the normal pattern of migration of labelled lymphocytes reported
previously (Chisholm et al 1979, Rannie et al 1977). This pattern (see Figure
8.10, page 154) was of early splenic localisation and gradual increase of
lymph node uptake after injection of the labelled cells. The decrease of
activity in the spleen between 2 and 24 hr indicated lymphocyte migration
from this organ to lymph nodes. The difference in the distribution of
radioactivity between antibody and labelled cells could therefore reflect a
difference in which the radionuclide reached the tissues; whereas the
presence of radionuclide in lymph nodes after injection of labelled cells
could be unambiguously attributed to migration of the labelled cells from
the blood into the tissues, localisation of the radionuclide following
injection of labelled antibody could be a consequence either of antibody
binding to cells in the blood followed by their migration to the tissues, or
alternatively, it could result from antibody binding to cells in situ after its
perfusion into the tissues. This experimental system could not distinguish
between these two possibilities. It was an important point, however, since
in imaging studies the former would furnish a measurement of lymphocyte
migration whereas the latter would provide only a static image of
lymphocyte distribution. Comparative studies using labelled IgM and IgG
McAbs with specificities for the same lymphocyte population should clarify
this issue since IgM but not IgG immunoglobulins remain confined to

blood.

The second difference in the scintillation camera images and radionuclide
distribution in tissues between injection of labelled anti-T-cell antibody or
labelled cells was that there was a greater blood (plasma) pool of

radioactivity both early and late (24 hr) after injection of antibody. The
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sensitivity of the labelled antibody system could perhaps be increased by
injection of heterologous anti-Ig to clear the blood of unbound McAb
immediately before scanning (Goodwin and Meares 1985) and this might
allow detection of more deep-seated lymph nodes at an earlier time after

injection of antibody .

8.4.2.3 Recirculation of in vitro 111In MRC OX-19 labelled cells after injection

in vivo

The use of an independent cell label (fluorescein) to check whether
autologous thoracic duct lymphocytes that had bound 11In MRC OX-19 in
vitro recirculated back to lymph after intravenous injection gave support to
the notion that lymphocytes kept their migratory capability after binding the
antibody. In the experimental system used, however, the answer to the
question of recirculation was given, essentially, as presence or absence of
FITC labelled cells in the lymph and a rough estimate of their percentage
therein by counting manually their number under a fluorescence
microscope. The percentage was in the region of 0.5-6% and reflected most
likely recirculation of lymphocytes that had bound the antibody in vitro.
Although testing of the recirculation of lymphocytes that bound 111In MRC
OX-19 showed some evidence of this happening in the rat, the furf{gional
competence of these cells could not be ascertained in the experiments
described. The functional testing would involve tracing of specific
lymphocytes undergoing activation in a given condition, which would
necessitate the use of another marker (other than CD5 present on all T cells)
for cell detection. This condition was provided experimentally by the use of
an anti-activated T cell monoclonal antibody in an allogeneic renal

transplantation model described in detail in the next section.
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8.4.3 Cellular and whole body dosimetric estimates: implications for use of a

similar method in man

8.4.3.1 Microdosimetry of 111In MRC OX-19

The radiation damage to lymphocytes by emissions from 111In is mediated
almost exclusively through damage to the DNA inside the nucleus
(Anderson et al 1974, Sprent et al 1974). The efficiency of the transfer of
energy from radioactive decay products to the genetic material varies
enormously depending on the range, energy and location of the emissions.
11In emits about 345 Auger-type electrons of various energies when any of
its unstable nuclei disintigrates(Sastry and Rao 1984, Rao et al 1988). About
30% of these have an effective range (the distance over which most of the
energy is dissipated) of 0.2 um and if located in the cytoplasm can act only at
the periphery of a 3.5 pum-diameter-lymphocyte nucleus. Five percent have
a range of more than about 6 pm and can thus have an effect from
anywhere in the cell or even from the cell surface. Sixty-seven percent have
an energy of 600 eV and range of only 25 nm and can have very localised
effects. It has been calculated (for cells slightly larger than lymphocytes) that
the values of absorbed fractions, the ratio of energy absorbed in the nucleus
to that emitted either in the nucleus or in the cytoplasm, vary over a range
of 25 : 1 (Sastry et al 1987). Deposition of only a few hundred electron volts
in the DNA of a cell is very likely to produce double strand breaks that lead
to inactivation of the cell (Charlton 1987). The very low energy particles
constituting the largest proportion of the spectrum of 111In may therefore be
extremely disruptive when emitted close to the nucleus. They have
negligible effect, however, if produced even a few tens of nanometers away
from the nucleus. Thus, for any attempt at calculating the microdosimetry
of the radionuclide, it is essential to have an exact map of the localisation of

the indium atoms in the nucleus and in the vicinity of the DNA.
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The amount of damage due to loading the cells with indium labelled carrier
is therefore dependent on the extent to which it is localised in the cell
surface, cytoplasm or nucleus (Makrigiorgos et al 1989). As a rough guide,
bearing in mind the difficulty of assessing the actual dose, the relative
biological effectiveness (a measure of relative damage or relative effective
dose) may be used as a proxy for cell damage. Since RBEs of 4.3 and 2 have
been reported for 11In oxine (80% nuclear) and 111In citrate (30% nuclear)
respectively (Sastry et al 1987), it would be expected that the radiation effect
will be diminished even more in the case of 111In MRC OX-19 (cell surface
and probably low cytoplasmic localisation) compared to 111In oxine and
citrate. In order to measure the cell damage (and thus give a rough
indication of dose to the cell in conventional terms) a cell survival curve for

each radiopharmaceutical loading the cell could be established.

8.4.3.2 Whole body dosimetry using 111In anti-T cell antibody in man based
on 1]y MRC OX-19 data in the rat

Estimation of whole body dosimetry from the use of an 111In anti-T cell
McADb in man was attempted depending on the b<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>