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Chapter 1: INTRODUCTION AND AIM OF INVESTIGATION.

In this thesis investigations on methods for the specific radioactive

labeling of blood monocytes are presented together with the results of some

in-vitro function tests of the labeled cells.

The ultimate goal of these investigations was to study a possible relationship

between Sternberg-Reed (SR) cells, the characteristic cells in Hodgkin's

disease, and monocyte-derived cells in the lympho-reticular system by tracing

labeled monocytes after administration in patients suffering from Hodgkin's

disease.

Although the idea for this kind of investigation originated already 10 years

ago, it proved impossible to fulfil this goal until now because of several

problems, the main one being that a specific labeling of monocytes was

difficult (if not impossible) to achieve.

For the aim as described above it is necessary to label monocytes specifically

in such a way that function and behaviour of the labeled cells are not

altered, while at the same time enough label has to be present in the cell to

allow detection.

The finding of a higher level of label in Sternberg-Reed cells when compared

with the level in cells known not to be derived from the mononuclear

phagocytic system (MFS) would be an argument for the hypothesis that

Sternberg-Reed cells are originating from (or are at least related to)

monocytes (i.e. the mononuclear phagocytic system).

In the first three chapters reviews on the origin of the Sternberg-Reed cell

(Chapter 2), the characteristics and functions of monocytes (Chapter 3) and

the radioactive labeling of blood cells (Chapter 4) are given.

A method to label monocytes specifically by endocytosis of an In-colloid is

described in Chapter 5, while the in-vitro functions of monocytes labeled in

this way are discussed in Chapter 6.

Another approach to the labeling of monocytes using non-digestible sugars is

outlined in Chapter 7 and the results of three different «ethods for

incorporating this labeled sugar into monocytes are presented.
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Chapter 2: REVIEW ON THE ORIGIN OF STERNBERG-REED CELLS.

2.1: Introduction

Hodgkin's disease (HD) is a malignant disorder of lymphoid tissue with unknown

cause. Ever since the first description in 1832 by Thomas Hodgkin ("On some

morbid appearances of the absorbent glands and spleen"), there has been a

continuous controversy about the nature of this disease, on the question

whether it is inflammatory, neoplastic or somewhere between these two extremes

in origin.

This controversy is still existing at the moment, although everyone involved

with aspects of this entity is convinced of the neoplastic behaviour of HD:

the involved tissues can invade the surroundings beyond the normal organ

borders (193), distant metastases can occur and there are abnormal cells that

are aneuploid and can be cultured in vitro for an infinite time (23, 175,

209).

Nowadays the dispute is focused on the origin of the neoplastic Sternberg-Reed

cells, whether they are derived from lymphoid or non-lymphoid tissue.

2.2: Microscopic appearance of SR cells.

Since several investigators have found cells resembling SR cells in other

conditions than HD (150, 158, 239, 273), the pathologist can only diagnose HD

in the case of Sternberg-Reed cells in a surrounding, characteristic for

Hodgkin's disease (198), i.e. a stroma of chronic inflammatory cexls

(lymphocytes, eosinophils and histiocytes) with scattered herein variable

numbers Sternberg-Reed (or Reed-Sternberg (RS) in British and American

orientated literature) cells.

Thus, the presence of SR cells is necessary for the diagnosis of HD. Micro-

scopically this cell type is characterised by its size (varying between 10-40

pm in diameter but always considerably larger than lymphocytes), the abundant,

pale-blue cytoplasm in the Giemsa stain and the nucleus, which is aulti-lobed

or multiple, often with an intensely stained nuclear membrane and large, often

multiple, deep-blue nucleoli (90, 123) (Fig 1). Cells with these characteris-

tics, but mononuclear, are called sometimes "Hodgkin" cells (180) and are

thought to be a precursor of the SR cell (6,23). Others however, give this

name to both mononuclear and multinuclear cells (218).
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Fig I: Microscopic appearance of a Sternberg-Reed cell in a lymphnode of a

patient with Hodgkin's disease (by courtesy of Dr. S. Poppema).

At least two variants of SR cells exist: the lacunar cell, described first by

Lukes et al.(149) as a cell with abundant water-clear cytoplasm, a lobulated

nucleus and small nucleoli. The appearance of this cell is probably caused by

a fixation artifact (6). This variant form is present in the nodular

sclerosing form of HD. The second variant is the "L and H" (Lymphocyte and

Histiocyte) form (148), present in the lymphocyte predominant type of HD,

which is a large cell with a lobed and folded nucleus and only a small

nucleolus. Neither cell type is diagnostic for HD, but should, on the other

hand, urge the pathologist to search for the 'real' SR cell.
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2.3: Origin of the SR cell

The SR cell is considered to be part of the neoplastic cell line of HD,

because of its ability to grow for infinite time without apparent induction

of growth by for instance Epstein-Barr virus (23, 175, 190, 209). Also,

Hodgkin's cells were, together with small lymphocytes, the only cellular
o

elements capable of incorporating H-thymidine (180). Furthermore, they are

often aneuploid when cultured (124, 175, 190, 209).

If we accept the SR cell line to be the neoplastic cell line, the origin of

this cell becomes important, in order to fully understand pathogenesis and

histologic appearances of the disease.

Since the first description of the SR cell by Langhans in 1872 (in 1898 and

1902 respectively Sternberg and Reed described the cell too), several possible

origins have been named, based on microscopic resemblance between the SR cell

and other cells, varying from megakaryocytes to lymphoblasts to histiocytes

(244). The view generally held during the fifties and sixties was, that the SR

cell was histiocyte-derived (192).

In 1961 however, Dorfman (64) used histochemical techniques in order to

provide insight in the relation of SR-cells and the other cellular structures

in involved tissues from patients with Hodgkin's disease. He was unable to

find positive reactions of SR-cells for esterase and phosphatase, while

surrounding reticulum cells were all positive. Therefore, he suggested that

the SR-cell might be of lymphocytic origin.

The next important observation was the presence of intracellular

immunoglobulin (83, 144, 242). This observation pointed towards a B-

lymphocytic origin and was supported by the presence of SR-like cells in

mononucleosis infectiosa (150) and nodular lymphoma (158).

However, Taylor (243) pointed out, that there are several explanations for the

presence of immunoglobulin (I„)« First, the I might be produced by the cell.

If so, we expect to find monoclonal I . Secondly, there might be passive

absorption of I , for instance as a manifestation of host-antitumor activity.

The most likely place to find absorbed I is on or near the cell surface, so

intracellular localisation might point towards cell death. The third

possibility is, that the SR-cell has endocytosed the Ig« In that case,

polyclonal I would prevail.

Garvin et al. (82, 83) found evidence of monoclonal Ig> but several others (6,
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121, 139, 177, 187, 189) found polyclonal I or light chains in SR cells.

Some authors have tried to relate the Ig with certain cell organelles.

Ribosomal localisation was found (14, 197), although others could not confirm

this (189). Also, several serum proteins (for example: albumin, a-1-antichymo-

trypsine) were detected immunochemically in SR cells (177, 187, 189) pointing

towards "uptake " by the cell.

Isaacson (115) used the presence of J-chain, a polypeptide present in immuno-

globulin-producing cells, as a marker of I -producing capacities. He was

unable to find a positive reaction for J-chain in SR cells, a finding

confirmed by Poppema (187).

Other evidence against a B-cell origin came from Bobrove et al. (22); they

presented a patient virtually without B-lymphocytes, who developed Hodgkin's

disease .

In HD, cellular immunity is nearly always diminished (2). Furthermore, the

first signs of HD are in the T-cell dependent areas of lymph nodes and spleen

(119, 274). However, Halie (96) was unable to confirm this in the spleen.

Investigations to see whether the SR cell has T-lymphocyte characteristics

have been performed, but without success. Neither rosette formation with

sheep-erythrocytes (101, 120) nor reactivity with anti-T-cell sera (188, 212)

showed positive results.

A rather surprising explanation of the features of the SR was offered by

Sinkovics et al. (224) who envisaged the SR cell as a "fusion between a

neoplastic T-cell and an antibody producing B-cell". By producing antibodies

to tumor antigens of the same cell, the cell becomes immune to immunologie

attack from the body. Their theory has not found widespread recognition.

By using monoclonal antibodies it was found that cultured SR cells resembled

myeloid cells more than any other cell-type (235), while in another investi-

gation similarities between cultured SR cells and an (as yet) unidentified

cell in lymphnodes and tonsils were found (216).

Also by using monoclonal antibodies, Poppema et al. (190) found evidence for a

B-cell origin of a cell line obtained from a patient with Hodgkin's disease.

They suggest that the morphological features of HD may be the result of a more
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or less successful T-cell mediated immune reaction against these

(transformed) B-cells.

Next in line as possible origin are cells from the Mononuclear Phagocyte

System (MPS) (78). Several different lines of investigation point towards

macrophages and/or histiocytes as the origin.

When electron microscopy (EM) was performed on SR cells in tissue or in

culture, resemblance to macrophages was noted by several investigators (127,

128, 181). Others, also performing EM, found evidence for a lymphocyte origin

(84, 101).

One of the properties of mononuclear phagocytes is phagocytosis, and there are

some reports, that SR cells have the capacity to phagocytose (121, 124, 127).

This was countered by Schmitt et al. (212), who could not prove phagocytosis

of latex particles by SR cells in vitro.

Another feature of MPS cells is the presence of intracellular enzymes, for

instance esterases, acid phosphatase and lysozyme. The failure to find

esterase in SR cells (by Dorfman (64)) has triggered the question, whether

lymphocytes were involved as precursor. Others were also unable to show

abundant esterase, but a faint positive reaction was found by several investi-

gators (9, 118, 240); lysozyme was found in a minority of investigated SR

cells only (177) and acid phosphatase was reported weakly positive in SR cells

by three groups (9, 110, 118), although Dorfman (64) and Stuart et al. (240)

were unable to demonstrate this enzyme.

A new approach to clarify the origin was reported by Strauchen (238) who used

lectins to demonstrate that the lectin-binding properties of SR cells and

macrophage-histiocytes were comparable. Lectins are plant—derived proteins

that bind specifically to carbohydrate groups found on the cell surface of

mammalian cells. There are some reports that suggest that lectin receptors may

be markers for lymphoid and MPS cells. For example the lectin concanavalin-A

is reported to have an affinity for cells from histiocyte-macrophage lineage

while it does not react with lymphocytes (238).

Since it was suggested that "antigen presenting cells" might be the origin of

SR cells (97,98) several investigators have tried to substantiate this

possibility.
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Antigen presenting cells are a more or less coherent group of different cell

types and include Langerhans cells (in the epidermis), interdigitating

reticulum cells (IDC) (in the T-cell dependent (paracortical) area of

lymphnodes, thymus and spleen) and dendritic cells (found in the outer cortex

of lymphnodes) (105, 249). These cells all bear the I. antigen on their

surface. This antigen is formed by the expression of nucleoproteins in the I

region of tïu. Major Histocompatibility complex and is thought necessary for

the antigen recognition of T-cells (255); it is found positive on SR cell

surfaces (118).

Especially the IDC has been highlighted as a possible origin of SR cells (9,

118, 186, 188),because of the following similarities:

-both show an irregular nucleus and a central localisation of cell organelles,

-both cell types are relatively abundant in T-cell dependent areas of lymph

nodes and spleen,

-both have a "corona" of T-lymphocytes, with which they presumably interact

(179),

-both show only limited esterase and acid-phosphatase activity,

-both show poor phagocytic activity,

-both showed no reactivity with monoclonal antibodies against "monocyte

specific antigens" (118, 240).

Its origin is uncertain, but some authors (105, 122) have suggested that the

IDC is raonocyte-derived. Recently it was reported that the IDC shares cell

membrane antigens with MPS cells (191).

2.4: Discussion

As can be seen from the literature reviewed on the preceding pages, after

several years of intensive investigations still nothing Is clear about the

precursor of the SR cell. Nearly every claim about presence or absence of

certain features is questioned in another paper.

At least two factors can be responsible for these differences:

l.The number of patients examined varies greatly; sometimes qualities of SR

cells of only one or two (often extraordinary) patients are reported (14, 101,

144, 209).

2.Differences in techniques used makes i t difficult to compare the results.
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Especlally when monoclonal antibodies are used that are not available for

routine use (118, 209, 216, 235) it can be very difficult to repeat work done

by the authors of the reports.

Furthermore, in several studies (for example: 9, 82, 139, 177) only a part of

the SR cells examined showed a particular quality. An explanation for this

fact might be that the expression of a particular quality by SR cells is

variable due to, for example, the environment cf the cell or the state of

maturation.

All investigations mentioned above have compared properties of SR cells with

properties of the cell type thought to be involved as precursor. But because

the SR cell is neoplastic, the possibility that this cell will show expression

of genes normally suppressed for its type (and/or suppression of normally

expressed genes) cannot be ruled out. Therefore, caution must be exercised in

interpreting results from these studies.

A method to overcome the problems mentioned above is to "label" a possible

precurser cell and to demonstrate the label in SR cells afterwards. This

principle can only work, if several conditions are met:

l.The probable precursor should be labeled specifically.

2.The label should remain cell-bound; if label is released, it should not be

re-utilised.

3.The label should not alter normal function and viability of the precursor

cell.

A.The label should be easily recognisable in tissues.

Because radioactive substances as "label" allow autoradiography to be

performed as a means of cell recognition and the amount of knowledge on

radioactive cell labeling is quite impressive (Chapter 4) the use of these

substances seems to be the method of choice for this approach.

In order to be able to define the nature of the SR cell, this approach mist

take the line, that the precursor cell used still has a normal function at the

time of labeling and that a part of the labeled cells will proliferate into

SR cells.

At the moment the possibility, that the SR cell is derived from MPS cells

(via IDC?) seems the most promising, therefore to label blood aonocytes

specifically with radioactivity is an attractive starting point for the

purpose outlined above.
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If monocytes are used as probable precursor cells, a method to label them

specifically without loss of cells becomes necessary; in Chapter 5 such a

method Is described and applied for monocytes of normal persons and some

patients with Hodgkln's disease.

Monocyte functions in HD do not seem to be very different from those of normal

persons (as will be discussed in section 3.5). However, there exists the

possibility that other cells, specifically available in HD, are labeled too by

this method. In fact, there is evidence that such abnormal cells do occur, but

perhaps only in patients with spleen involvement (i.e. hematological

dissemination) (96).

Attempts to concentrate and isolate these "Halle cells" hav» succeeded (166),

but the number of cells obtained is (at the moment) still too small for the

labeling and circulation experiments under study.

The question whether these cells interfere with the specific labeling of

monocytes can be answered only by performing the labeling in patients with HD.

When we assume the time for half of the pool of MPS cells in the tissues to be

renewed to be about 400 hours ( section 3.3) a radio nuclide with a half life

of 50-500 hours will be sufficient for our goal. In fact, Zucker-Franklin et

al. (279),who cultured mononuclear cells from Hodgkin patients, found "SR-like

"cells after 2-3 weeks of culture in agar.

In this approach the amount of labeled monocytes that are administered into

the patients has to be large enough to allow the recognition of enough labeled

SR cells, even if the fraction of MPS cells, that transform into SR cells is

low.

Thus, the ultimate experiment will include the following steps:

1. The radioactive labeling of monocytes of a patient with Hodgkin's disease.

2. Re-administration of the labeled monocytes into the patient, 2-3 weeks

prior to a scheduled staging laparotomy.

3. At laparotomy different tissues (for example spleen and lymphnodes) ara

obtained and autoradiography is performed.
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Chapter 3: MONOCYTES IN THE HUMAN BODY, A REVIEW.

3 . 1 : Introduct ion

Monocytes are immature members of the Mononuclear Phagocyte System (MPS) (78) ,

a system that comprises monoblasts and promonocytes ( in bone marrow),

monocytes ( in marrow and blood) and "raacrophages" in the t i s sues (Fig 1 ) .

CELL

(stem cell)

I
monoblast

\
promonocyte

monocyte

macrophage

LOCALISATION

bone marrow

blood

tissues:

- connective tissue: Mstiocyte

- liver

- lung

- lymph node

- spleen

- bone

- skin

: Kuppfer cell

: alveolar macrophage

: 1nterd1g1tat1ng

reticulum cell

: macrophage

: osteoclast

: Langerhans cell

Figure 1: A scheme of the mononuclear phagocytlc system (MPS).
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"Macrophages" is a general term for a large collection of cells, able to

phagocytose: Langerhans cells, interdigitating reticulum cells, Kupffer

cells, osteoclasts, alveolar and peritoneal macrophages, etc

3.2: Morphology

Morphologically, raonocytes can be recognized in the light microscope as

relatively large cells (15-20 \m in diameter) with a light-blue cytoplasm (in

Giemsa stain), in which vacuoles are often present, and a large, lobed or

kidney-shaped nucleus with a loose chromatine structure (Fig 2). Monocytes

stain weakly peroxidase positive (Fig 3), but show a marked positive reaction

for non-specific esterase (Fig 4) (18).

Figure 2: Microscopic appearance of a

monocyte (ARROW), stained with May-

Griinwald-Giemsa • The nucleus has a loose

structure, when compared with the dense

nucleus of the adjacent neutrophil.

When examined by electron microscopy, monocytes can be recognized by the

multiple microvilli and micro-pinocytotic vesicles on the cell surface, the

multiple dense, homogeneous granules (lysosomes), a well-developed Golgi-body

and numerous micro-fibrils and micro-tubules in the cytoplasm. The nucleus

contains one or two nucleoli (Fig 5) (16).
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Figure 3: Microscopic appearance of a

monocyte (ARROW) stained for peroxidase

activity. Typical is the loose structure

of the granules in the cytoplasm, when

compared with the dense distribution of

granules in the neutrophil (BOTTOM).

Lymphocytes (TOP) are peroxidase-negative.

Figure 4: Microscopic appearance of a

monocyte stained for esterase activity

(acetate esterase). The dark "spots" in

the cytoplasm are typical for this

staining.
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Figure 5: Electron microscopic appearance of a monocyte.

In the lobed nucleus a nucleolus (N) is visible, while several mitochondria

(M) and dense bodies (ARROW) are present in the cytoplasm. Furthermore, many

tubular structures, including a Golgi body (OPEN ARROW) are present too.

Magnification: 10750 x.

3.3: Kinetics

Relatively sparse information is available on monocyte kinetics in man and

animals. Problems with appropiate labeling are the main reason for this

deficit.

Qualitatively, the picture is reasonably clear: since Volkman et al. (262)

showed that macrophages in the rat originate in bone marrow, possibly with

monocytes as intermediate cell, the concept of MPS, as described in section

3.1 in this review, became generally accepted.
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Studies with H-thymidine (79, 267) indicate that monoblasts and promonocytes

are able to divide while monocytes either in bone marrow or blood have lost

this potential. There is evidence, that macrophages can proliferate (76, 277)

but only when certain stimuli (for example severe infection) are present.

In humans the transit time ( time that cells spend in a particular

compartment) for MPS cells in the bone marrow is estimated to be about 60

hours (163).

Once in the blood, the half life of monocytes in man was found to be about 8

hours (using in-vitro and in-vivo labeling of monocytes with H-DFP) (163,
o

164). However, in-vivo studies with H-thymidine pulse labeling in man gave a

much longer half life (about 70 hours) (267). A reason for this difference

might be that the manipulations of monocytes during in-vitro labeling result

in more adherence to endothelial surfaces (81).

There are different views as to whether a marginal pool (cells present in the

bloodvessels adherent to the vessel veil) exists for monocytes like the one

existing for neutrophils. Meuret et al. (164) found evidence for a rather

large marginal pool (about three times the circulating blood pool). Van Furth

et al. (81) considered this to be an artifact because of endothelial adherence

of the (in-vitro labeled) monocytes that Meuret used.

In the tissues monocytes transform into macrophages; it remains unclear

whether these macrophages are able to recirculate (270).

The pool of macrophages in man is estimated to be at least 50 times the total

amount of blood monocytes (270). With a half life in blood of 8 hours it will

take about 400 hours for half of the tissue macrophages to be renewed. In

rats, a half-life for renewal of 16 days for peritoneal macrophages was found

(178).

However, under circumstances, such as infections, the monocyte turnover is

increased (163, 261), a feature probably caused by serum factors increasing

monocytopciesis (228). Also in Hodgkin's disease and mycosis fungoides (165)

and tuberculosis (162), a markedly higher monocytopoietic activity in the bone

marrow was noted. Until now, no information on blood disappearance rate of

monocytes in these diseases has been published.
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3.4: Properties and functions

Monocytes, as part of the MPS, have functions in the defence of the body

against microorganisms: they are able to carry out chemotaxis (3.4.1),

endocytosis (3.4.2) and subsequent digestion of micro-organisms and they

interact with lymphocytes in order to induce a response of the body against

(foreign) antigen (3.4.3).

There is also evidence that mononuclear phagocytes are important for defence

against tumors (103, 169) and play a role in granulocytopoiesis (36) and

erythrocytopoiesis (3.4.5).

A specific task for macrophages, besides those mentioned above, is the

collection of body-"garbage": old and damaged cells. An example is the

removal of senescent erythrocytes during their circulation through the spleen

(92).

3.4.1: Chemotaxis

Chemotaxis is the non-random movement of cells (mononuclear phagocytes (100)

and granulocytes (156)) under influence of certain factors. These factors are

partly derived from the interaction of invading micro-organisms with serum

components and partly from the micro-organisms themselves. For monocytes, the

first process seems the most important (232).

3.4.2: Endocytosis

Endocytosis, the ability of cells to ingest material, either particles

(phagocytosis) or liquid (pinocytosis), is a well-known property of monocytes

(43). It is unclear, whether pinocytosis is a nearly universal quality of

cells (111, 233), or is restricted (in blood) to MPS cells (81, 172). In

blood, phagocytosis is reserved to granulocytes and mononuclear phagocytes

("myeloid cells").

3.4.2.1: Phagocytosis

Phagocytosis can occur only when the particle is first attached to the cell

wall of the phagocytic cell. In vivo, this attachment is facilitated by

opsonisation of particles: the coating by specific antibodies, complement and
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perhaps other serum factors. Monocytes possess receptors for immunoglobulin

ana complement (C3) on their cellsurface (112), so opsonized particles become

attached easily. Also, the existence of a so-called "non-specific" receptor

for endocytosis is postulated (233).

However, when particles like polystyrene spheres are phagocytosed in the

absence of serum, other mechanisms must work: maybe the charge of the

particles or the chance "collision" of a particle (with a "tasty" surface) and

the phagocytic cell. When the surface of the particle that collides with the

cell is large enough, attachment (and subsequent phagocytosis) will occur

(172).

Once attached to the cell surface, the particles are ingested. This ingestion

is energy-consuming; it is accompanied by the acceleration of 0£ consumption

("respiratory burst"); this 0, is used in two distinct ways: partly (302) it

is converted in H2O2 and (>2~ (reactive oxygen), the remainder is metabolised

via oxidative phosphorylation (195). This is in contrast to neutrophils, that

use up to 90% of the O2 for the synthesis of reactive oxygen, while relying

heavily on anaerobic glycolysis for their energy supply.

There appear to be differences between members of the MPS too: alveolar

macrophages depend for nearly 100% on oxidative phosphorylation (195), while

peritoneal macrophages and monocytes seem to use glycolysis as their main

source of energy (40), although Reiss et al. (195) claim, that monocytes, like

alveolar macrophages, depend on oxydative phosphorylation mainly.

In fact, particle ingestion is not necessary for the enhanced 02-consumption

mentioned above, mere attachment is enough (86).

Morphologically, ingestion is characterised by the surrounding of the particle

by pseudopodia of the phagocytosing cell with subsequent neabrane

invagination and internalisation of the particle (and some surrounding fluid)

in the "endosome", which fuses rapidly with "primary" lysosone granules to

form the "secondary lysosome". In these vacuoles the phagocytosed particles

are degraded by the contents of the lysosoaes: an low pH and several

hydrolytic and oxidative enzymes (for instance lysozyae, ayeloperoxidase, acid

phosphatase, aryl sulphatase). The endosome has the ability to become acidic

(196), thereby allowing the binding between receptor and ligand to dissociate.

The non-digested material ("residual body") is eventually secreted by

exocytosis, a process, that mirrors endocytosis (1, 269) (Fig 6).
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Figure 6: Scheme of the different events taking place during phagocytosis.

(Modified after: ref. 269).

There is evidence for a rapid recycling of receptors back to the cell surface

once endocytosis has taken place (Fig 6). This interesting phenomenon was

suggested first by Steinmann et al. (236),who demonstrated that during

pinocytosis surface membrane was internalized by macrophages at a rate that

greatly exceeded the ability of the cell to produce new membranes.

MPS cells can phagocytose particles of every size up to, say, several ua in

diameter. In comparison with neutrophils, small ( smaller than 100 n») and

large (compared to cell size) particles are ingested more easily by monocytes
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(92, 155).

During differentiation to inacrophages, the phagocytosing capacity of monocytes

increases (270).

3.4.2.2: Pinocytosis

Pinocytosis proceeds in the same way as phagocytosis, giving rise to

pinocytotic vesicles, that fuse with lysosomes. The energy expenditure of

pinocytosis is supplied by oxidative phosphorylation; the process can be

inhibited by substances that block protein synthesis, such as cycloheximide

(43).

3.4.3: Cooperation with lymphocytes

In vivo, macrophages and lymphocytes cooperate in the induction of an immune

respons (255): macrophages are able to "present" antigen (once they have bound

it) to lymphocytes (for instance in lymphnodes) by virtue of Ifl antigens

(section 2.3) situated on their cellmembrane.

The circle of interaction is closed by the non-specific induction of cytotoxic

activity of phagocytes by products released by activated T-lymphocytes. An

outstanding example of this phenomenon is the activation of macrophages in

tuberculosis. This activation takes place only after immunisation of the

organism (152).

The cooperation of monocytes and lymphocytes is further indicated by their

mutual necessity for the induction of lymphocyte proliferation in-vitro

(41),where monocytes induce a T-lymphocyte blast transformation under

influence of antigens and/or mutagens.

A product that may be responsible for several of the reactions between

lymphocytes and the MPS cells is the interleukin-1, secreted by monocytes and

macrophages (when they are activated by antigen). This interleukin-1 (IL-1), a

low-molecular weight peptide, has a number of biologic activities in-vitro.

Examples are the stimulation of Ig production by B-lymphocytes, the induction

of IL-2 (T-cell growth factor) by (other ) T-lymphocytes and its action as a

chemotactic factor for neutrophilic granulocytes. In-vivo this compound can

cause fever.

Therefore, interleukines have several important contributions to the
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inflammatory reactions of tissues on invading micro organisms (176).

3.4.4: Secretion

Besides IL-1, MPS cells secrete a broad scope of products (169), for instance:

lysozyme, compounds of the complement system, interferon and several

substances that play a role in the process of clotting (like "plasminogen

activator") (257).

These products also play a role in the defence function of the MPS, partly by

inducing responces from other cells, partly by facilitating the removal of

foreign bodies.

3.4.5: Role in erythrocytopoiesis

In erythrocytopoiesis, in the bone marrow (and liver) "erythroblastic islands"

are present (17). These islands are composed of a central cell, surrounded by

young erythroid cells. The central cell microscopically resembles a macro-

phage; this macrophage is thought to provide a "nurturing microenvironment"

for the developing cells by providing substances like ferritin (275). Another

task is to phagocytose old erythrocytes and nuclei extruded by late normo-

blasts (17).

3.5: Separation of blood monocytes

Accurate measurements of monocyte function have been hampered for a long time

by difficulties in separating monocytes from other cells, so that measured

function could be attributed to monocytes only.

In general, granulocytes (especially neutrophils) have a function per cell,

that is at least the same as the function of monocytes per cell. For instance,

the metabolic burst after phagocytosis as measured by chemiluminescence is 2-5

times as high in neutrophils as in monocytes (171, 206). Chemotaxis of both

cell types is about the same (268). Furfb°rmore, lymphocyte contamination in

two other tests: antibody dependent cellular cytotoxicity (ADCC) and helper

function of monocytes in the blast transformation of lymphocytes under

influence of mitogen can give problems in interpreting the results (108).

Several attempts have been undertaken to separate monocytes from the other

cellular blood elements. Most of them depend on differences in specific
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gravity (SG) of the cells. Thus the cells can be separated by centrlfugatlon

in media of different density. However, within all populations of cell types

there are small differences in specific gravity, for instance between "young"

and "old" cells. Separation of the whole population of a certain cell type can

occur only, when the differences in SG between the celltypes are large, as

between platelets and all other cells and between granulocytes and mononuclear

cells. Between lymphocytes and monocytes there are no large differences in SG,

therefore a total separation by centrifugation seems impossible.

Each separation method for monocytes should start with the reduction of the

number of erythrocytes present, because the total number of cells that can be

handled is often critical (147). This reduction in erythrocyte number can be

performed by letting the blood stand for a while; eventually the separation

can be accelerated by adding macromolecules like dextran or cellulose

derivatives (227). Because of "rouleaux" formation the sedimentation rate of

the erythrocytes will increase. In the leukocyte-rich supernatant, normally

60-70% of all leukocytes are recovered.

Since Bennett et al. (11) used a serum albumine gradient for a partial

separation of leukocytes into mononuclear cells (monocytes + lymphocytes),

several other separation media have been used: Isopaque-Ficoll (26), Ficoll

(15) and Percoll (170, 182, 183). All of these methods lack either total

monocyte recovery or total monocyte purity. There are reports on different

properties of subsets of monocytes (73, 214, 253), therefore, when monocyte

recovery is low, such subsets may be lost preferentially. Besides, there is

evidence that suggest that Ficoll and Fercoll can be endocytosed by the

monocyte (43, 265).

The most promising separation method at the moment is the counterflow

centrifugation-elutriation (CCE) (Fig 7) (72, 73, 168, 237). Here the

separation of cells is attributable mainly to differences in cell size and

to a lesser extent to SG. This technique has the potential to perform a

separation even with minimal differences in cell size and SG. Nearly pure

monocyte suspensions can be obtained with high recovery, especially when the

size of the cells, that are elutriated, is monitored continuously (168).

Furthermore, it is reported that neutrophils separated with CCE have better

functions (among others superoxide production after stimulation) than those

separated by Ficoll-Hypaque (13).
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force

Figure 7: Schematic representation of the counterflow centrifugation

elutriation (CCE) (by kind permission of Beekman Instruments).

The flow direction of the medium is given by the small arrows.

A: Side view of the elutriation centrifuge. The chamber (enlarged on B, C and

D) is rotating.

B: The cell sample to be separated enters the elutriation chamber.

C: Equilibrium position of the cells: the centrifugal force is balanced by the

flow rate of the medium.

D: Lowering of the centrifugation speed or increasing of the flow rate: small

cells are elutriated from the chamber.

The principle of this method consists of the use of two forces that have an

opposite direction: the centrifugation force and the flow of medium through

the elutriation chamber.
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With a certain (experimentally assessed) centrifugation- and flow-rate the

cells possess an equilibrium position in the elutriation chamber, dependent

mainly on their size with smaller cells positioned more inward. By either

lowering of the centrifugation rate or enhancing of the flow rate of medium

these smaller cells are driven out of the chamber and can be collected.

A disadvantage is that only a relatively small amount of cells can be

separated otherwise the elutriation chamber will be overloaded. In practice

this means that a rough separation of blood into mononuclear cells is

necessary before the elutriation.

Other separation methods can be classified as "functional", for instance the

ability of monocytes to attach to surfaces, either glass or plastic (a

property that lymphocytes lack), from which they can be recovered with high

purity by scraping with a rubber "policeman" (27). Another separation method

includes the phagocytosis of iron particles with subsequent magnetisation

(145). These last two methods, however, often give low recoveries of viable

monocytes.

3.6: Monocyte function in disease.

The functional capacities of monocytes have been examined in patients

suffering from either malignant or benign diseases. In nearly all these

investigations the monocytes tested were either not pure or the cells were

purified by adherence; therefore the results have to be considered with

caution. In the next paragraphs a few examples are given.

In infectious diseases monocyte function (chemiluminescence after

phagocytosis) proved to be increased, when compared with normals (132). In

patients suffering from chronic granulomatous disease (CGD), a marked defect

in intracellular killing was observed (63).

Van Furth et al. (80) studied monocyte functions in monocytic leucaemia. They

found no differences in the phagocytosis and intracellular killing of

Staphylococcus epidermidis when compared with monocytes of normals.

In patients with "lymphoma" an increased chemlluminescence after phagocytosis

and normal chemotaxis was found (132), while others (110) found a normal

helper function in T-cell blast transformation and ADCC. De Mulder (167),

using ADCC as function test, found a significant increased monocyte activity

in NHL patients.
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In patients with "solid tumors" (breast, colon, melanoma), an increased ADCC

activity was reported (167), while Kitahara et al. (132) could not find any

significant differences in chemotaxis and chemiluminescence. Still others

found either increased function (among others: ADCC) (in patients with colon

cancer) or normal function (in patients with lung cancer and melanoma) (256).

It is unclear whether these results stem from intrinsic changes in monocytes

or are caused by the environment (or both). It seems reasonable to suggest

that the environment plays an important role in infections and malignant

diseases that are not monocyte-originated (NHL, solid tumors). In fact,

Snyderman et al. (231) reported that depressed macrophage chemotaxis in

patients with different malignancies returned to normal after surgical removal

of the tumor.

It seems equally reasonable to suggest that in chronic granulomatous disease

(63) and monocytic leucaemia (80) the eventual functional changes will be

caused largely by intrinsic monocyte changes.

3.7: Monocyte function in Hodgkin's disease

In Hodgkin's disease the monocyte can be considered the "stem cell" of the

diseased cell (Chapter 2). Therefore the functional capacities are of special

interest.

Holm et al. (110) used adherent monocytes to test ADCC and the helper function

of monocytes in T-cell blast transformation; they could not find any dif-

ferences in the responses obtained with HD patients and normals.

Using mononuclear cell suspensions, normal intracellular killing of various

micro-organisms (E. coli, Listeria monocytogenes) was found by Steigbigel et

al. (234) and Leb et al. (143), while monocytes from patients with Stage 3

and 4 disease (Ann Arbor classification) showed a diminished killing capacity.

De Mulder (167) was the only one to use nearly pure monocytes, obtained by CCE

of patients with HD to determine monocyte functions: ADCC and intracellular

enzyme activity. He found increased values for both tests in comparison with

normal persons (in patients with complete remission of HD, ADCC was normal).

Also, maturation of these monocytes into macrophages was not different from

normals.

No firm conclusions on monocyte function in HD can be drawn from the reports
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cited above, partly because the test systems used by the authors were

different, but also because of the small amount of patients examined (100 in

total). Probably the most important reason, however, is the purity of the

raonocyte suspension used by most investigators.

If the results obtained by De Mulder (167) can be extrapolated to all

patients with HD a picture emerges of intrinsically normal raonocytes that

express an increased activity, probably due to the activating micro-

environment in HD.
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Chapter 4: RADIOACTIVE LABELING OF BLOOD CELLS.

4.1: Introduction

In Chapter 2 it has been suggested that radioactive labeling of monocytes can

be an elegant method to investigate monocyte kinetics on a microscopic level

in tissues.

In this chapter the principles of radioactive cell labeling and the

application of these principles to monocytes will be discussed, together with

special attention to the radiation dosimetry of labeled cells. Tests to

determine monocyte viability and function after labeling will also be

discussed.

4.2: Principles of radioactive blood cell labeling

Radioactive blood cells are used either to monitor the kinetics and

distribution of the labeled cells in vivo or they are used in in-vitro test

systems. An example of thd latter is the use of Cr or In-labeled cells as

targets for the determination of cellular cytotoxicity, where the release of

radioactivity in the supernatant is used as a measure of the cytotoxic

capacity of T-lymphocytes (31, 219). The use of In-oxine labeled

lymphocytes to investigate the existence of an increased susceptibility of

the lymphocytes of patients suffering from paroxysmal nocturnal hemoglobinuria

(PNH) for complement (258) is also an example.

When cells are radiolabeled to investigate their kinetics and distribution in

vivo the 'tracer' principle is used: a fraction of the cells is labeled; these

labeled cells mix with the non-labeled remaining cells and the distribution

found is assumed to represent the behaviour of the total cell population. The

choice of the radionuclide used for labeling is governed mainly by the speed

of the process to be investigated: ideally, the half life of both parameters

should be of the same order of magnitude. When the physical half life of the

radionuclide is too short problems of quantification and counting statistics

arise; on the other hand, if the physical half life is too long the patient

will receive a radiation dose that is higher than necessary.

In principle, the labeling of a particular blood cell type can be accomplished
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in two ways:

1. The (blood) cells of interest are separated totally from all other cells

first and subsequently radiolabeled with a non-specific radiopharmaceutical.

2. The radiolabeling is performed on a mixture of different cells while the

radioactive substance has affinity for one particular cell type only. This

affinity can be chemical (for instance labeled antibodies to specific antigens

on the cell surface (51)) or biological (for instance phagocytosis of

labeled particles, as was done in the experiments described in this thesis).

In. oxine

In . acetylacetone

H3 H2 H3

c-c-c-c-c

0 0

\ /
\ I

\ /
n In n.

/
CH3

In.pyrithionate

Fig 1: The different In-complexes in use for blood cell labeling.
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4.2.1: Non-specific methods

Cell labeling with "non-specific" radiopharmaceuticals can take place because

of good lipid solubility (for instance U1In-chelates (250) or affinity of the

radioactive substance for cellular components (for instance the use of Cr

(91) and 99mTc (252)).

The time it takes for a monocyte to transform into a macrophage is too long

for short-living radionuclides like ""TC and I to be suitable for raonocyte

labeling; n i I n however can be used for this task, just like Ga, I, 51Cr
97 3 31 131

or Ru. For radio dosimetric reasons H, P or I (all beta emitters) seem
less suitable.

4.2.1.1: The use of U 1 I n

The use of In for cell labeling purposes has increased over the last years

after the introduction in 1976 of a lipophilic ^In-chelate: nlIn-oxine

(154) (Fig. 1).

In has physical properties (Table 1) that make it very suitable for

clinical studies taking 1-5 days to be completed. Examples of these studies

are leukocyte (and granulocyte) labeling for the detection of infectious foci

(49, 87, 204, 247); platelet labeling for the detection of venous or arterial

thrombosis (53, 70), renal transplant rejection (226) and determination of

platelet survival time (102); lymphocyte labeling for the determination of

kinetics and distribution of lymphocytes in, for instance, Hodgkin's disease

and leucaemia (140, 263) and erythrocyte labeling used for the detection of

gastro-intestinal bleeding (71).

Indium is a metal from the third group of the periodic system, but like

transition metals it forms complexes with inorganic and organic compounds that

have a negative charge, like 8-hydroxyquinoline (oxine) (266).

Besides oxine, several other substances have been proposed as chelates for
111In: tropolone (Fig 1) (56), acetylaceton (Fig 1) (225) and pyrithionate

(MERC) (Fig 1) (246).

The mechanism of cell labeling with either one of the In-complexes is the

diffusion of the neutral complex across the cell membrane, because of its

excellent lipid solubility. Once in the cell, the complex dissociates and

In binds to intracellular proteins. The stability constants of these In-
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Table 1: Decay data of radionuclides in use for blood cell labeling (after

ref. 59).

R A O I O N U C L I D E

3H

32 p

5 1Cr

67Ga

97Ru

99n,Tc

mu

123,

125,

131,

H A L F L I F E

i 2 y

1 1 d

2 8 d

7 B h

2.9 d

6 h

6 7 h

1 3 h

6 0 d

B d

R A D I A T I O N

beta

beta

gamma

gamma

gamma

gamma

gamma

gamma

gamma

beta +

gamma

E N E R G Y ( H e l )

( A B U N D A N C E )

.018 (1 .0)

1.7 (1 .0 )

.320 ( .10)

.160 ( .30)

.239 ( .18)

.380 ( .09)

.216 ( .85)

.140 ( .88)

.172 ( .89)

.247 ( .94)

.159 ( .83)

.035 ( .07)

.606 ( .09)

.364 ( .82)

.637 ( .07)

N U M B E R O F

A U G E R A N D / O R

C O N V E R S I O N

E L E C T R O N S

P E R D E S I N T E G R A T I O N

0

0

5.40

5.70

3.30

1.40

3.60

3.20

6.30

.17

protein complexes are higher than does the In-chelate complex (250).

The drawbacks of In are: it is quite radiotoxic, due to a high amount of

Auger electrons per desintegration (section 4.5.2) and it binds readily to

(serum) protein, especially transferrin, owing to its resemblance to Fe (266).

This means, that (at least with In-oxine and -acetylacetone) the cell

labeling step has to be performed in the absence of serum in order to achieve

high labeling efficiency (- the proportion of cell-bound to total radio-

activity). Especially for platelets this is a major drawback, because the

platelets are prone to activation (aggregation) without a serum environment

(251).

The partition coefficient oil/water of In-tropolone is higher than that of

In-oxine and In-acetylacetone (56), so for In-tropolone the cell
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suspension does not have to be serum free, although labeling efficiency is low

in a 100% serum environment (49, 56). It has been reported that, by using

In-tropolonate in a plasma milieu instead of In-oxine, the damage during

labeling to human granulocytes could be minimized (141).

An important reason that oxine is still the chelate used mostly for cell

labeling is that In-oxine is commercially available as a sterile isotonic

solution while all other In-complexes still have to be 'home-made'.

Furthermore, in the concentration used for cell labeling the toxicity of oxine

is less than the toxicity of acetylaceton (85).

4.2.1.2: Other radionuclides used in cell labeling

The use of Cr in the form of sodium chromate for blood cell labeling has

diminished since other radionuclides, better suited for in-vivo studies have

emerged: In (for leukocytes and platelets ) and ""Tc (for erythrocytes).

At present Cr is used for red cell survival studies only, because its half

life is suitable for this investigation (3). Cr is bound, as Cr , to

intracellular proteins: to haemoglobin (in erythrocytes) (91) and to basic

aminoacid groups in leukocytes and platelets (201). When leukocytes were

labeled with Cr, monocytes and lymphocytes were more heavily labeled than

granulocytes (69).

Ga, when administered intravenously as Ga-citrate, binds to proteins in

plasma and tissues, for example lactoferrin and transferrin (107). Cells are

labeled too, however the labeling yield is extremely low in the presence of

serum (33). These authors estimated that granulocytes and "lymphocytes" ( a

fraction obtained after Ficoll-Hypaque centrifugation containing lymphocytes

and monocytes) were labeled 500 to 5000 times better than erythrocytes, when

calculated on a per-cell basis.

97
The use of Ru, a radionuclide with favorable energy and half life for

leukocyte labeling (Table 1) has been proposed as a replacement for In

(246), but up to now no useful radiopharmaceutical has emerged.

125

I, when tagged to a suitable carrier, could serve as a useful cellular

label, although it is rather radiotoxic because of the high amount of low-

energy conversion- and Auger electrons per desintegration (Table 1). This
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radionuclide is not suited well for external detection with a gamma camera. Up

to now, no good labeling results with any radio-iodinated compound have been

reported.

4.2.2: Specific methods

The second principle, radioactive cell labeling by means of specific methods,

has attracted less attention than the first. Most work has been performed by

the labeling of phagocytic cells (granulocytes, MPS cells) by phagocytosis of

radiolabeled particles.

4.2.2.1: Endocytosls

In 1976, various radioactive particles were surveyed with the aim of finding a

simple and quick way of labeling blood phagocytes in order to use them for the

detection of inflammatory sites (155). Their conclusion was, that none of the

labeled particles they tried was useful, partly because of difficulties in

separating engulfed and not-engulfed material, partly because of non-specific

adherence to other (not phagocytic) cells. As stated the main focus of their

investigation was labeling of leukocytes, i.e. granulocytes, for the detection

of inflammation. Therefore, preferential labeling of monocytes, if present,

was not highlighted. The same applies to an other report: the use of "ic-

sulphur colloid as radiolabel for phagocytic cells (67).

Using ""Tc-Sn-colloid, Schroth et al. (215) reported promising results. They

overcame the problem of separating engulfed and not-engulfed matter by adding

sodium citrate solution, which solubilised the non-cellbound colloid* With

leukocytes labeled according to this method they were able to detect

inflammatory foci in humans. Also, there seemed to be a prominent monocyte

labeling.

Liposomes, aqueous compartments surrounded by (several) lipid layers, are

promising carriers of drugs (58). The liposome-entrapped materials (present

either in the aqueous compartment or in the lipid membranes) can be deposited

in appropriate cells after endocytosis of the liposome. Flnkelstein et al.

(75) have investigated the phagocytosis of liposomes by blood leukocytes and

noted, that monocytes took up liposomes more actively than granulocytes (and
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lymphocytes). Mehta et al. (161) also looked at monocyte uptake and found

that negatively charged vesicles were taken up more rapidly than positively

charged particles in cultured monocytes. However, in the reports discussed

briefly above, the liposomes were labeled with long-lived radionuclides like

C and H for the ease of calculating cell bound activity. No investigation

is known at this moment that uses other, more useful radionuclides like In

or iiJi with the explicit aim of labeling cells for in-vivo uses.

The radioactive particles described above have in common, that they are

endocytosed without interference with F - or complement receptors of cells. It

remains to be seen whether the activation of cells caused by the phagocytosis

of these particles is different from the activation caused by particles

endocytosed by means of specific (Fc and Cg) receptors. (213).

There are indications that, at least in neutrophils, the release of

myeloperoxidase and peroxide (the result of the activation) will modulate the

function of the complement receptors (95). In theory, this could mean that a

phagocytosing cell will be less able to endocytose via Fc and C^ receptors

when a "second" call on this function is made.

Pinocytosis as a way of labeling cells has, as yet, not been performed.

4.2.2.2: 'Piggy back' labeling

Another way of labeling cells, connected with phagocytosis, is the "piggy-

back" process (208). During this process, a soluble (radioactive) agent is

incorporated into phagocytes while some fluid around a phagocytosed particle

is engulfed. However, labeling efficiency is usually low. Charkes et al. (34)

used this method to label leukocytes to visualise a thrombus in a dog.

4.2.2.3: Radiolabeled antibodies

The use of radiolabeled antibodies to cell membrane antigens is in theory an

elegant way to label specific cell types; it should be possible even to label

these cell types in whole blood.

Since the discovery of the hybridoma technique (135) the attention has been

drawn to the potentials of monoclonal antibodies. In-vitro the determination
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(by RIA or other immunochemical methods) of several compounds In tissues will

be more specific than before with polyclonal antibodies. In-vivo

radioactively labeled antibody (for instance by 1 2 3 I , 1 2 5 I , 1 3 1 I , 99mTc or
In) to tumor specific antigens (like CEA) can be used to detect tumor

masses, that produce these antigens, by scintigraphy (151). Even therapy (for

example the use of cytotoxic antibodies to lyse specific lymphocyte subsets

(74) or the use of radioactive antibodies in order to selectively kill the

cells that carry the antigens mentioned (99) might be possible.

Disadvantages of in-vivo use of monoclonal antibodies may be:

-the i.v. administration of relatively high amounts of foreign protein can

give rise to anaphylactic reactions and/or, due to the formation of immune

complexes, serum-sickness,

-the fact that these antibodies are obtained from myeloma cells holds the

threat that some tumor-promoting factor (virus?) is co-administered (125),

-complement fixation and activation by immunoglobuline (135). This problem

could be avoided if immunoglobuline of the Ij.G-2 or 4 subclass is used only

(46),

-changes in the properties and position of membrane-bound receptors, once

antibody is bound. It has been reported (47), that lymphocytes, bearing Fc

receptors that reacted with immune complexes and I -aggregates, showed several

changes, for example:

1. Redistribution of the F receptors at the cell surface.

2. Endocytosls and subsequent degradation of the ligand.

3. Shedding of Fc receptors.

4. Modulation of Fc receptors.

These changes may result in a different cell behaviour afterwards.

At present very few reports exist on the use of this method for cell labeling

purposes. An example is the study done by Danpure et al. (51) who tried to
125label granulocytes and monocytes with a I-tagged monoclonal antibody. They

achieved a rather low labeling efficiency while there was a relatively high

loss of cellbound label in time (10-20% loss after 1 hour). This was an ln-

vitro study only.

Another possibility could be to delete unwanted cell types and/or

subpopulations from leucocyte suspensions by, for example, nonoclonal
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antibodies bound to magnetic particles (153). The remaining cells could then

be labeled (specifically now) with In-complexes.

Recently, rat T-lymphocytes were labeled in-vitro and in-vivo (61). Excellent

labeling efficiencies were found when a In-labeled monoclonal antibody

against a surface antigen on T-cells and lymphoma cells was used.

There have been published a few reports on "specific" monocyte antigens,

characterized by monoclonal antibodies (for example ref. 254) that might offer

a way to label monocytes specifically. However it remains to be seen if these

'specific' antigens are really specific for monocytes or that a certain amount

of overlap with other cell types exists.

4.3: Radiolabeled monocytes and mononuclear phagocytes

Attempts to label monocytes (and other cells of the MPS-system) with

radionuclides for kinetic studies have been performed by several authors.

However all used methods and radioactive substances that did not result in a

specific labeling of monocytes.

The use of DFP (di-iso-propyl fluoro phosphate), labeled with tritium for the

determination of human monocyte kinetics was advocated by Meuret et al. (163,

164). They labeled (among others) blood monocytes by administration of H-DFP
o

in-vitro (incubation of whole blood with H-DFP and subsequent re-injection of

the labeled cells) and in-vivo (intravenous injection of the radioactive

substance). With the latter method promonocytes were labeled too.

o

H-DFP is by no means a specific label for monocytes: it binds to lymphocytes,

granulocytes and monocytes in a ratio of 3:100:15 (28) by reacting with

hydroxyl groups of the serine moiety of proteins (29). In order to be able to

perform monocyte kinetic studies with this radioactive substance the

percentage of labeled monocytes in blood smears taken after suitable time

intervals had to be determined by autoradiography. From these data some

insight in half life of monocytes in blood and total cell pool could be

gained.

o

Others used H-thymidine to investigate the kinetics of MPS cells in the bone

marrow and blood of rats (262) and humans (79, 164, 267). Because 3H-

thymidine, after i.v. injection, labels every dividing cell, the kinetics of
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MPS cells had to be followed by determining (by autoradiography) the amount of

radioactivity in morphologically clear MPS cells.

Roser (203) used 19°Au (and/or ^Au) colloid to label mouse macrophages (in-

vivo and in-vitro) in order to determine the in-vivo migration of the labeled

macrophages. He found that after i.v. administration the labeled macrophages

appeared in liver and spleen mainly with only scanty labeled cells in bone

marrow and lymph nodes.

A few reports on MPS cell labeling in-vitro have been published:

1. In-oxine was used to label alveolar MPS cells, obtained by alveolar

lavage (52). Afterwards cell functions (phagocytosis, chemotaxis and release

of colony stimulating factor (CSF)) were found to be indistinguishable from

unlabeled cells.

2. Peritoneal MPS cells were labeled by phagocytosis of jTc-sulphur colloid

as a means of quantifying the rate of endocytosis (260).

3. The use of In-colloid as a means of labeling leukocytes in whole blood

was investigated by Zimmer et al. (278). They found high labeling efficiencies

(up to 80%) and their data suggest, that mononuclear cells (monocytes?) had

taken up a relatively high amount of radioactivity. However they did not

attempt to determine the extent of non-specific cellbound colloid (bound to

erythrocytes and lymphocytes).

4. Schroth et al. (215) labeled whole blood with 99mTc-Sn-colloid by

endocytosis in order to detect inflammatory foci. They too, found relatively

high monocyte labeling (173) besides granulocyte labeling. However, others

were unable to confirm their findings (50).

The study of monocyte distribution in human beings by scintlgraphy has been

hampered by two factors:

1. The non-existence of a reliable and specific labeling method for monocytes.

2. The need to obtain and radiolabel enough monocytes to be able to perform

scintigraphy. Because the number of monocytes per volume of blood is normally

low and the amount of radioactivity per cell is critical, a large volume of

blood (several liters) has to be fractionated in order to obtain enough

monocytes. Therefore the use of a leukopheresis system where the blood

components not used for labeling are re-administered into the patient Is

necessary.
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Looking at the attempts summarized above, there still is a need for a method

that labels monocytes specifically, with good cell function afterwards. Only

then, distribution and kinetics can be investigated properly.

4.4: Tests of cellular viability

Amongst the requirements an ideal radionuclide labeling method for blood cells

has to meet, a normal function of the cells after labeling is the most

important.

"The proof of the pudding is the eating" ; this applies for cell labeling too:

the in-vivo behaviour of the labeled cells is the ultimate function test.

However, in-vitro function tests can give important information on the extent

of damage to the cells during the cell labeling procedures.

When labeled cell populations are tested for some functions in-vitro, a

distinction has to be drawn between cells labeled by specific and non-specific

methods. When cells are labeled by non-specific means, one can expect that

there will be a rather uniform labeling of all cells, because the labeling is

independent of cell function (but dependent on chemical or physical properties

of cells). This is in contrast to specific labeling: only the cells performing

a certain function (for example phagocytosis) will be labeled.

This has an important consequence: function tests where the cells that perform

the highest function are taken to represent the whole cell-population cannot

be used when this population is labeled by a specific method. An example of

this problem is the chemotaxis test, where the maximum distance that a

particular cell moves under the influence of a chemotactic stimulus is

measured.

A solution for this problem is to measure the desired function of the cell

population as a whole. An example is the measurement of chemoluninescence

after phagocytosis of opsonized particles as a measure of phagocytosing

capacity (section 6.3.2.2).

Another approach is to relate the amount of radioactivity per cell to the

function of this cell. An example of this last possibility is given in section

6.3.2.1.

Only one report on the functions of labeled mononuclear phagocytes exists:

Davis et al. (52) conclude that 111In-oxlne labeled alveolar MPS cells

possess a normal phagocytosing capacity and chemotaxis when compared with non-
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labeled cells.

Besides phagocytosis and chemotaxis, other possible monocyte function tests

like ADCC, the ability to stimulate T-cell proliferation and the in-vitro

maturation into macrophages have, as yet, not been used for the determination

of the function of labeled MPS cells.

4.5: Radiation dosimetry

4.5.1: Principles

The aim of dosimetric calculations is to predict the radiation damage to the

(human) body. This damage is usually expressed as the chance to develop a

lethal disease caused by the ionising radiation. Besides these relatively

short-term effects possible changes in genetic material may be important too.

It is generally accepted that the risk of damage increases with increasing

radiation dose. Therefore the general rule is to keep the radiation dose as

low as reasonably achievable (ALARA principle); however, there is no 'safe'

radiation dose that is damage-free.

The radiation dose to the body after administration of radioactive substances

can be assessed by calculating the radiation energy that is delivered to the

body (or an organ). The MIRD (Medical Internal Radiation Dose) commission of

the Society of Nuclear Medicine developed a method for the "calculation of

the absorbed dose from biologically distributed radionuclides" (146). Here

source organs (in which radioactivity is present) and target organs (to which

the radiation dose is delivered) are postulated. For a given radiopharraa-

ceutical the radiation dose to a target organ due to the presence of this

radiopharmaceutical in several source organs can be calculated if the

distribution and disappearance of this radioactive substance is known

quantitatively.

In other MIRD publications, data necessary for the calculation of the

radiation dose, namely radionuclide decay schemes (59) and absorbed fractions

of radiation for different source and target organ pairs using different

radionuclides (229) are tabulated.

In 1977 the International Commission on Radiological Protection (ICRP) has

introduced a method to express the total radiation risk to the body in one

figure, the so-called 'effective dose equivalent' (114). This figure can be
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calculated by multiplying the dose equivalents of the individual organs with a

'weight factor' that is proportional to the radiosensitivity of these organs:

He * I wt*Ht in which:

He = effective dose equivalent (Sv)

wt = weight factor for organ t

Ht = dose equivalent in organ t (Sv), where

Ht » Dt . n • Q , with

D£ = radiation dose in organ t (Gy)

n = 'relative damage factor1: the product of all modifying factors on

radiation damage, except Q.

Q " quality factor of the radiation used, correlating radiation doses and

biological effects; it varies from 1 for gamma rays to 20 for alpha particles.

In these so-called macro-dosimetric calculations it is assumed that the

radioactivity is distributed homogeneously in the source organ. Therefore this

approach is suitable only when the range in tissue of the ionising radiation

examined is considerably larger than the mean distance between the decaying

atoms. This assumption is true for gamma rays, X-rays and high energy

electrons. The local distribution of the radiation dose around a decaying atom

('dose- profile') can be used if the ranges in tissue of the emitted radiation

are small in comparison to the distances between these decaying atoms (i.e.

alpha particles, low-energy electrons) (24).

The radiation dose on a microscopical scale is subject to rather high

variations when compared to whole organs. In order to provide insight in the

relation between delivered energy and biological and biochemical events in the

cells the micro-dosimetry uses statistical methods to calculate radiation

figures (57). As described in the next pages the ranges of the Auger electrons

emitted by, among others, In, are small when compared with cell size,

resulting in an unequal distribution of radiation dose within the cell.

Therefore micro-dosimetry is the method of choice to calculate this radiation

dose. However, up to now, this method has not provided data that can be used

for the calculation of radiation dose to labeled blood cells. At present, only

Hofer et al. (106) have used a micro-dosimetric method to calculate the

radiation dose to cells labeled with 3H, 67Ga and 1 2 5 I .
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4.5.2: Labeled blood cells

For In-oxine radiolabeled blood cells the macro-dosimetric radiation dose

was estimated according to the MIRD method by several authors. Also the

effective dose equivalent was calculated (116). The results are summarized in

Table 2.

Table 2: Radiation dose of ^In-labeled cells.

C E L L T Y P E

L E U C O C Y T E S

P L A T E L E T S

E R Y T H R O C Y T E S

L E U C O C Y T E S

L Y M P H O C Y T E S

P L A T E L E T S

R A D I A T I O N D O S E

S P L E E N E F F E C T I V E

T O T A L B O D Y

mGy / MBq

3.7

4.9 1.4

9.1 1.6

9.1 1.6

7.4 0.3

0.3 0.15

mSv / MBq

0.65

0.65

0.68

R E F E R E N C E

(204)

(248)

(199)

(210)

(194)

(271)

(determined in rabbits)

(116)
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According to these values the radiation dose to the spleen (the organ that

receives the highest dose) and the effective dose of In labeled blood cells

are of the same order of magnitude as those of other (routine) procedures in

nuclear medicine (116).

On the cellular level two origins of radiation damage have to be taken into

account:

-the external irradiation of the cells during incubation with the radioactive

substance,

-the decay of intracellularly localized radionuclides.

The radiation dose delivered to the cells during the incubation has been

calculated for ""Tc-labeled lymphocytes (62). They found doses of 0.1-1 Gy.

This is high in comparison with the effective total body doses (Table 2) but

low in comparison with the doses calculated for the decay of intracellular

deposited radionuclides.

Several authors estimated the radiation dose to In-labeled blood cells

caused by intracellular decay of In (among others: 217, 222). Using a

macro-^dosimetric approach and assuming that all decaying atoms were situated

in the centre of the (spherical) cell, they found doses of 20-30 Gy per cell
111 Q

during total decay of an usual amount of In (4 MBq per 10 cells). These

values are extremely high compared to, for example, external radiation to

lymphocytes where amounts of 1-5 Gy can cause extensive damage (7). At the

moment it is unclear what the meaning of these values is; probably in the

calculation method used by Silvester et al. (222) the radiation dose for

internal radiation is overestimated. More investigations in order to compare

the biological effects of internal and external radiation will be necessary.

An example of this kind of investigation was performed by Meigman et al.

(161). They compared the effects on in-vitro cell function of human

lymphocytes caused by labeling with ""Tc-pyrophosphate with the effects

caused by external irradiation. They calculated the radiation dose of the

labeled cells according to the method used by Silvester et al. (222) and found

that there was good agreement between biological effects and calculated doses

of both irradiation methods, if relatively low amounts of radiation were

administered (about 7 Gy for both methods). Because of technical problems

they were unable to compare higher radiation doses.

It was shown (217, 222) that more than 95% of the (calculated) radiation dose
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of labeled cells is caused by Che low-energy Auger electrons of In. Because

of the short range of these electrons the site of decay within the cell is

important- If an emission takes place within the cell nucleus the radio-

toxicity is much higher than when the emission takes place on the cell

membrane (106).

In-oxine (and probably the other **In chelates too) is probably situated

mainly inside the cell nucleus (52, 88). This seems also true for cells

labeled with 99mTc by means of pyrophosphate (161). Therefore it may be

concluded that - if the results of Hofer et al. (106) can be extrapolated to

other radionuclides that emit Auger electrons - the use of cell labeling

techniques, where the decaying radionuclides are localized on the cell

membrane or in the cytoplasm, instead of the cell nucleus, are favourable

(222).

From radio-biological experiments it is known that among blood cells, several

lymphocyte subsets are extra radio sensitive (7),while non-nucleated cells

(erythrocytes and platelets) or non-dividing cells (granulocytes) are very

resistent (109). Monocytes seem to be relatively insensitive (21, 32, 93).

When they divide, they are radio sensitive to the same extent as lymphocytes

(7, 12).

Radiation damage to cells may be important in order to answer two different

questions:

1-is cell function lost?

2-is there any induction of malignancy?

For several types of cells the first point was studied: Zakhireh et al. (276)

investigated the behaviour of granulocytes labeled with In-oxine (5-20 MBq
Q

per 10 cells) and found no function loss afterwards (chemotaxis, cell

viability and bactericidal capacity); this finding seems to agree with the low

radiosensitivity of granulocytes already discussed.

Segal et al. (217) and Ten Berge et al. (245) investigated in-vitro functions

of human lymphocytes (proliferative capacity induced by mitogens) after

labeling with In-oxine. Both found some function loss even with small
1 1 1 ft

amounts of xiiIn (2-4 MBq per 10° lymphocytes) and the loss seemed to be

dependent on the amount of In used. Ten Berge et al (245) reported that

many cells showed chromosomal abnormalities when labeled with 2 MBq per 10®

lymphocytes. Meigaan et al. (161) found similar results for lymphocytes
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labeled with ""Te; the function loss seemed to be radiation-dose dependent.

Chisholm et al. (37) and Van Dinther-Jans sen et al. (60) performed in-vivo

tests with In-oxine labeled lymphocytes (rat and guinea pig). Both reported

a diminishing recirculation capacity with increasing amounts of In.

Wagstaff et al. (264) determined the in-vivo distribution of reinjected

autologous lymphocytes in several test persons; they state that the recircula-

tion pattern of the lymphocytes was not affected by low amounts of In-oxine

(less than 1 MBq per 108 cells).

As discussed earlier the in-vitro functions of In-oxine labeled MPS cells

were normal (52).

Therefore the conclusion may be drawn that the functions of radiosensitive

cells are affected indeed by radioactive labeling; however not all functions

are affected to the same extent.

Discussing the second question ('is there any induction of malignancy?'),

Thakur et al. (249) pointed out that chromosomal damage (as found by Ten Berge

et al. (245)) is not uncommon during exposure to ionising radiation,

chemotherapy and viruses. Furthermore they state, that the relation between

chromosomal damage and carcinogenesis is not clear. Moreover the fraction of

lymphocytes that is radiolabeled is small (less than 1%), resulting in a

negligible chance for leucaemia induction.

Applying this train of thought to monocyte labeling, there seems to be little

risk that the labeling by itself will cause a malignant differentiation in the

mononuclear cells. On the other hand, a strictly normal function is not

certain either (as mentioned before); the in-vivo behaviour of labeled

monocytes will have to show whether they are (still) functioning normally.
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Chapter 5: TECHNIQUE OF THE SPECIFIC LABELING OF MONOCYTES WITH 1UIn-Fe-

COLLOID.

5.1: Introduction

In Chapter 2 the requirements are given for a method for labeling monocytes

specifically for kinetic in-vivo studies in patients with Hodgkin's disease.

As was shown in Chapter 4, no method for labeling monocytes specifically has

yet been reported.

In this chapter, part of which has been published (68), a method is described

that satisfies two requirements:

- no loss of monocytes during separation plus labeling,

- a specific labeling with a radionuclide that is suitable for autoradiography

up to 14 days after administration.

Furthermore, some insight is given into the mechanism of the uptake of the

radiolabel by monocytes.

5.2: Materials and Methods

The method of labeling monocytes described below consists of several steps

(Fig 1):

-Blood leukocytes are separated into raononuclear cells by centrifugation on a

gradient consisting of two layers with different density thereby using

differences in specific gravity of the cells to separate them.

-The monocytes in this mononuclear cell suspension are labeled by the

ingestlon of In-Fe-colloid.

5.2.1: Cell separation

A modification of the method of Bennett et al. (11) was used: a volume of 10-

newly diagnosed Hodgkin's disease by veni-puncture and anti-eoagulated with

acid-citrate-dextrose (ACD-A, 15Xv/v in end-volume). Five volume percent of

methylcellulose (15 cP) in phosphate buffered saline (PBS, 13 «M, pH 7.4) was

added for rapid sedimentation of the erythrocytes. The syringe containing the
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SUMMARY OF THE METHOD FOR SPECIFIC LABELING OF MONOCYTES

VENOUS BLOOD

sedimentation

45 min

LEUCOCYTE-RICH PLASMA

centrifugation

15 min 130 g

LEUCOCYTE PELLET

resuspend in PBS,

centrifugation

15 min 1000 g on

16 and 22'i w/v HSA

MONONUCLEAR CELL SUSPENSION

resuspend in PBS

incubate 3 hr

with lUIn-Fe-collo1d

LABELED MONOCYTES PLUS 1UIn-Fe-CDLLOID '

incubate 10 min with

ACD-A; centrifugate

5 m1n 200 g

LABELED MONOCYTES '

wash with PBS plus PLASMA

resuspend in PLASMA

1

^•erythrocytes

^^THROMBOCYTE-RICH PLASMA

centrifugation

15 min 1000 g

PLASMA ,

^thrombocyte pellet

^^erythrocytes, granulocytes,

platelets, lymphocytes

^^-soluble U 1 I n

LABELED MONOCYTES |

Figure 1: Summary of the method for specific labeling of monocytes.

anti-coagulated blood was left upright for 45 minutes. The leukocyte-rich

plasma was transferred to 15 ml sterile plastic tubes (Falcon, Ocnard, USA)

and centrifuged for 15 minutes at 130 g at room-temperature. The platelet-rich

plasma was removed by pipette and the leukocyte pellet was resuspended in 1-2

ml PBS.

This cell suspension, which contained granulocytes, aonocytes and lymphocytes

besides a few erythrocytes and platelets, was pipetted on top of two layers
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of 3 ml each of 16% w/v and 22% w/v human serum albumin (HSA, Central

Laboratory of the Blood transfusion Service (CLB), Amsterdam, The Netherlands)

in a s te r i le plastic tube (Fig 2).

leucocyte suspension

16 % w/v HSA

22 % w/v HSA

centrifugation
15 min 1000 g
at room temperature

• platelets

monocytes
lymphocytes

erythrocytes
> granulocytes
lymphocytes

Figure 2: Results of the separation of monocytes from blood of normal

volunteers on a HSA gradient.

The tube was centrifuged for 15 minutes at 1000 g at room temperature. The

mononuclear cells (monocytes, lymphocytes) present at the Interface between

both HSA-solutions were harvested, washed once with 3-4 ml PBS and resuspended

in 1-3 ml PBS in a sterile glass vial.

5.2.2: Cell counts and differentiation

Cell counting was performed with a Coulter Counter, model ZF (Coulter

Electronic Ltd, Harpenden, UK). Differential cell counts on 200-500 cells were
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performed on spinner preparations (Corning LARC, Corning Scientific

Instruments, Medifield, USA), stained for peroxidase and butyrate-esterase

activity in addition to routine May-Grünwald-Giemsa staining. Differential

cell counts were taken as the mean of the three staining methods.

Recovery of the monocytes was calculated, taking the number of monocytes in

the leukocyte-rich plasma preparation as 100%.

5.2.3: H1In-Fe-colloid

5.2.3.1: Preparation:

At room temperature, 1 ml of sterile, carrier-free InCl^ (Mallinckrodt

Diagnostica, Petten, The Netherlands) in 0.04 N HC1 (0.5-70 MBq) was mixed

with 2 ml 0.1 N HC1 and 2 ml 0,9 % NaCl. This mixture was added to 1 ml of a

solution of 4.8 ug FeCl^-ol^O and 50 mg mannitol in sterile water in a glass

vial (Indium-113m Liver Scanning Kit, Vial A, Amersham Int. Ltd, Amersham,

UK). The vial was shaken for 10-15 seconds, then 1 ml of a solution,

containing 43.3 mg Nal^PO^l^O and 52.7 mg Na2HPO^ (Indium-113m Liver

Scanning Kit, Vial B) was added and the whole was shaken for 15 seconds.

5.2.3.2: Quality control:

Quality control of the In-Fe-colloid was performed according to Komarek et

al. (136) with minor modifications. In short, one drop of In-Fe-colloid

suspension was spotted on thin-layer chromatography paper (Gelman ITLC-SG,

Gelman Instruments Lab, Ann Arbor, USA) (activated for 15 minutes at 100 °C in

an oven), about 2 cm from the lower edge, together with a drop of a 0.05 M Ca-

Na2-EDTA solution. Ascending thin layer chromatography was performed in 10%

w/v NaCl-solution for 5 minutes and the distribution of radioactivity was

analyzed by cutting the paper in segments of 2 cm and counting them in a

gamma sample changer. The percentage of total radioactivity on the first two

segments from the bottom was taken as "colloid".

5.2.3.3: Particle size

Particle size of the In-Fe-colloid was estimated using polycarbonate

filters of different pore size (Nucleopore Corp, Pleasanton, DSA). The
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advantage of this kind of filters is that the pore sizes are fairly uniform,

in contrast to cellulose filters for which, because of the fibre-like

structure, no exact sizing can be performed (54).

A disposable filter with the desired pore size was pre-wetted with 0.1 M

phosphate buffer pH 6.0 and 0.1 ml of the colloid was spotted on it. The

filter, firmly attached in a fitting container, was rinsed subsequently with 5

ml 0.1 M phosphate buffer pH 6.0 followed by 5 ml of air, thereby removing the

remaining fluid while at the same time the integrity of the filter could be

tested.

Afterwards the radioactivity of the filter and the eluate were measured in a

dose calibrator.

5.2.3.4: Solubility of mln-Fe-colloid:

In order to determine the solubility of the 111In-Fe-colloid with ACD-A, a

centrifugation method was used: one ml of colloid suspension was pipetted into

a plastic centrifugation tube together with either 2 ml of PBS or 1 ml of PBS

and 1 ml of ACD-A. After incubation during 10 minutes at room temperature the

tubes were centrifuged for 5 minutes at 2000 g. One ml of the supernatant and

the remainder was counted in a dose-calibrator and the percentage of radio-

activity in the supernatant was calculated.

5.2.4: Monocyte labeling

5.2.4.1: General method

One to three ml of In-Fe-colloid suspension, prepared at least 15 minutes

before, were added to the mononuclear cell suspension in 1-3 ml PBS. The glass

vial was incubated for one hour at 37 °C. Then 1-3 ml (the same volume as the

colloid) of ACD-A was added at room temperature. After 10 minutes at room

temperature the vial was centrifuged for 5 minutes at 200 g. The supernatant

was discarded, the cells were washed once with PBS supplemented with 202

autologous plasma and 10% ACD-A and, after 5 minutes, centrifuged again for 5

minutes at 200 g. The cells were resuspended in autologous plasma.

The radioactivity of the cells was measured in a dose calibrator (Capintec
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CRC-WRB, Capintec Inc, Montvale, USA ).

All cell manipulations were performed in a laminar air flow hood.

5.2.4.2: Influence of metabolic inhibitors

In order to obtain some insight into the mechanism of labeling, in some

experiments monocytes were labeled in the presence of metabolic inhibitors:

cycloheximide and sodium fluoride. Mononuclear cells, resuspended in 1 ml

PBS supplemented with 20% autologous plasma, were incubated at 37 °C during 2

hours with a solution of either cycloheximide (Janssen, Beerse, Belgium), 0.6

ug/ml or sodium fluoride (Merck, Darmstadt, GFR), 2 mM. Next the cells were

centrifuged for 5 minutes at 200 g and resuspended in PBS, supplemented with

a drop of the solution used. Then In-Fe-colloid was added and cell labeling

was performed as stated in section 5.2.4.1.

In other experiments incubation was performed for 1 hour at 4 °C instead of 37

°C.
Finally, a few experiments were performed where mononuclear cell suspensions,

already labeled with In-Fe-colloid, were resuspended in 1 ml of PBS and

incubated for another hour with 'cold' In-Fe-colloid at 37 °C. This 'cold'

colloid was manufactured using a solution of 2.10" M InCLj in 0.04 N HC1

instead of radioactive InClg. Afterwards ACD-A was added and after 10

minutes the cells were processed further as stated in section 5.2.4.1.

All experiments were performed in duplicate.

In all experiments described above autoradiography of the labeled cell

suspensions obtained was performed as soon as possible after labeling.

5.2.5: Microscopical autoradiography (AR)

The labeled cell suspension was brought onto a glass slide with a cytospin

(Shannon-Southern Products Ltd, Astmoor, UK), fixed during 10 minutes in 22

w/v glutaraldehyde in PBS pH 6.9, washed in cold tap water and dried.

The slides were dipped in molten AR gel (Ilford 65 Nuclear Research Emulsion,

Ilford Ltd, Basildon, UK) (diluted 1:1 with 2% v/v glycerol in distilled

water), dried and exposed. The exposure time depended on the aaount of radio-

activity in the cell suspension, normally 1-4 hours was sufficient. The slides
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were developed for 5 minutes in developer (Kodak D19, Eastman Kodak Comp.,

Rochester, USA) (diluted 1:1 with distilled water), washed in cold water and

fixed for 10 minutes in a solution containing 20% w/v Na2S2O3 and 2% w/v KHSO3

in distilled water. Next the slides were washed in running tap water during 45

minutes, allowed to dry and stained with a diluted May-Griinwald-Giemsa stain.

By light microscopy the number of AR grains per cell was determined. At least

100 monocytes and lymphocytes each were counted; the differential grain

content (DGC) per slide was calculated for each cell type:

Na . D

DCG» .1002, where

Nt

N " the mean number of grains per cell type, corrected for background,

Nfc» the sum of the mean number of grains (corrected for background) times

differential cell count, of all cell types present,

D- differential cell count for this cell type.

As background, 10-20 areas as close as possible to the cells, but not

including them, were counted for grains.
2 2

A cell area of 130 \m was taken for monocytes, 50 |am for lymphocytes and 100
2

|jm for granulocytes.

In the tests where the grain content of monocytes labeled under different

conditions were compared with each other the autoradiography of the different

cell suspensions was performed at the same time in order to be able to compare

the results obtained.

5.2.6: Electron microscopical autoradiography

Labeled mononuclear cell suspensions in PBS pH 7.4 were fixed with 2X

glutaraldehyde in 0.1 M phosphate buffer pH 6.3 for 1 hour.
o

After fixation blocks of 1 mm were prepared from the cell pellet and rinsed

in a phosphate-sucrose buffer» Postfixatlon was performed in a mixture of

equal volumes of IX w/v 0s0^ in water and 3X w/v K^Fe(CN), in water for 2

hours, after which the blocks were dehydrated with increasing concentrations

of ethanol in water and embedded in epon.
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Ultrathin sections were cut and mounted on ploloform coated nickel grids and

coated with a 5 nm layer of evaporated carbon. A monolayer of Ilford L4

nuclear research emulsion was applied as described by Sillevis Smitt et al.

(220).

Autoradiographs were stored for at least three days in light-tight boxes

containing silica gel and developed after gold latensification in Agfa-Gevaert

developer for 9 minutes at 20 °C (137).

Autoradiographs were fixed for 3 minutes with 30% sodium thiosulphate, rinsed

with distilled water, dried and examinated in a Philips EM-201 electron

microscope.

5.2.7: Cell viability

Viability of the cell suspension was determined by trypan-blue exclusion (25),

taking as viable cells those, not containing a blue color after 5 minutes of

incubation with 0.25 % w/v trypan-blue in 0.9 % NaCl solution.

5.2.8: Sterility test

From each suspension to be tested for sterility 0.1 ml was added to Clausen

medium (Oxold Ltd, England) (38). After incubation at 25 °C and 37 °C for 2

weeks anaerobic and aerobic sub-inoculations were made (Dept. for Hospital

Epidemiology, University Hospital Groningen).

If no growth occurred, suspensions were considered to be sterile.

5.2.9: Statistics

Wilcoxon's 'two sample test' was used for significance determinations, p

<0.05 was considered to indicate a significant difference.

5.3: Results

5.3.1: Cell separation (Fig 2)

Recovery of monocytes between the two HSA-layers was 106 ± 152 (1 x SD)

(n«26). The mean recovery of monocytes below the 22 X w/v HSA-layer was 1Z

(n»26); recovery of monocytes above the 16 X w/v HSA layer was negligible
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(less than 0.1%).

The raononuclear cell suspension obtained after HSA centrifugation consisted of

raonocytes (20-50%), lymphocytes (50-80%) and granulocytes (mainly basophilic

granulocytes) (0-5%). Platelet contamination was low (less than one platelet

for every four mononuclear cells) while erythrocytes were usually absent.

The cells that were centrifuged through both HSA layers consisted of

erythrocytes, granulocytes (eosinophilic and neutrophilic) and lymphocytes.

The total recovery of monocytes from the blood of 18 consecutive new patients

suffering from Hodgkin's disease was 95 ± 30% (1 x SD). Of this amount, a mean

of 6% was recovered below the 22 % w/v HSA layer. This relatively high amount

was due mainly to 4 patients, where the recovery below the 22% w/v HSA layer

was 34 , 17 , 12 and 12% respectively. These patients tended to have more

extensive disease (Stages 2 and 3, Ann Arbor classification) than the other

patients examined.

5.3.2: min-Fe-colloid

When determined at least 15 minutes after preparation, 79 ± 14% (1 x SD)

(n=*79) of total radioactivity was colloidal; this percentage did not change

with time. When quality control was performed within 15 minutes after

preparation colloidal radioactivity was lower. In all cell labeling

experiments In-Fe-colloid was prepared 0.5-1 hour before addition to the

cell suspension.

When chromatography was performed without the. addition of EDTA, nearly all

radioactivity was recovered on the starting line; when the In-Fe-colloid

suspension was acidified by means of HC1 to a pH of 4-5, only 40-60% of total

radioactivity was colloidal.

The size of the colloid particles was estimated by filtration of the colloid

suspension. In Table 1 the percentages of added radioactivity that remained

filter bound are given for different pore sizes of the filters.

Nearly all In radioactivity was recovered on the filters with pore size

smaller than 400 nm, while filters with pore size above 1000 run contained only

small percentages of radioactivity. It can be concluded from these experinents

that the mean particle size of 111In-Fe-colloid is between 400 nm and 1000 nm.
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Table 1: Size of 111In-Fe-colloid particles. The percentage of total

radioactivity that remained filter-bound is shown for different pore sizes.

P O R E S I Z E

O F F I L T E R

1 0 0 nm

2 0 0 nm

4 0 0 nm

6 0 0 nm

8 0 0 nm

1 0 0 0 nm

3 0 0 0 nm

P E R C E N T A G E O F T O T A L R A D I O A C T I V I T Y

T H A T R E M A I N E D F I L T E R A S S O C I A T E D

9 6 ( n = 3 )

9 7 ( n = 1 )

9 1 ( n = 3 }

4 9 ( n = 3 )

3 5 ( n = 1 )

1 3 ( n = 3 )

1 ( n = 1 )

The determination of Che solubility of ^In-Fe-colloid (section 5.2.3.4)

showed that when ACD-A was added to the colloid, 101 ± 5% of total radio-

activity could be recovered from the supernatant, versus 9 ± 4% when no ACD-A

was added. This effect of ACD-A is probably caused by both its complexing

power for 1 U I n and its acidity (266).

5.3.3: Cell labeling

In the blood specimens of 22 healthy persons the cell-bound radioactivity was

low: varying between 1-10% of added radioactivity after 1 horn of incubation

at 37 °C. In Fig. 3 the relative amount of cell-bound radioactivity is shown

after different incubation times.
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30 60 90

TIME at37°C (min.)

120

Figure 3: Influence of incubation time at 37 °C on the mean number of

monocyte-bound radioactivity in a mononuclear cell suspension. On the ordinate

the relative amount of monocyte-bound AR grains (after background subtraction)

and on the abscissa the incubation time (in minutes) at 37 °c is given. Per

test the mean amount of monocyte-bound AR grains (after background sub-

traction) obtained after incubation for 1 hour at 37 °C was taken as 1.0.

Values are given with 1 x SD

Microscopic autoradiography revealed that 88 ± 5% (1 x SD) of this cell bound

activity was monocyte-associated, versus 10 ± 5% (1 x SD) lymphocyte

associated. Per preparation the mean number of grains per monocyte was

significantly higher than this number per lymphocyte and also significantly

higher than the number of grains per granulocyte (Fig 4, 5).



-53-

Figure 4: Microscopic auto-

radiography performed on a

mononuclear cell suspension

labeled with U1In-Fe-colloid:

one monocyte (ARRCW) and

several lymphocytes are

visible. The autoradiographic

grains (and thus radio-

activity) are localised mainly

on the monocyte; the

lymphocytes are labeled on

background level.

Figure 5: Microscopic auto-

radiography performed on a

mononuclear cell suspension

labeled with inin-Fe-colloid:

one monocyte (ARROW) and two

granulocytes are visible. The

amount of autoradiographic

grains on the monocyte is much

higher than on the two

granulocytes.

In a typical experiment after 2 hours of exposure the mean number of AR grains

per raonocyte after background subtraction was 25 versus 1-2 per lymphocyte and

2-3 per granulocyte. Care was taken to limit the exposure time in such a way

that the AR grains formed could be counted easily without extensive overlap of

adjacent grains. Normally, a mean number of 40 grains per monocyte was taken

as the upper limit where the results obtained were used.

The number of grains associated with thrombocytes and erythrocytes (when

present) was negligible.

In patients with Hodgkin1s disease the differential labeling of monocytes
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amounted to 90 ±

and granulocyte.

(1 x SD) with significantly less AR grains per lymphocyte

Table 2: Influence of metabolic inhibitors (incubation at 4 °C, cycloheximide

and sodium fluoride) and 'cold' colloid on the amount of monocyte bound

radioactivity. The ratio of the mean number of monocyte-related AR grains

(after background subtraction) of monocytes labeled under these different

conditions to tnonocytes labeled as described in section 5.2.4.1 is given.

S U B S T A N C E

A D D E D

CYCLO-

HEXIMIDE

0.6 ug/ral

NaF

3 mMol

'COLD'

In -Fe-

COLLOID

NONE

M E T H O D

U S E D

PRE-INCUBATION

2 HOURS a t

37° C

PRE-INCUBATION

2 HOURS a t

37° C

INCUBATION

ALREADY LABELED

CELLS

INCUBATION

1 HOUR a t

4°C

R A T I O

0.76 (n = 3)

0.24 (n = 3)

0.93 (n = 2)

0.20 (n = 4)

V I A B I L I T Y O F

C E L L S U S P E N S I O N

A F T E R W A R D S

> 90 5

> 90 %

» 90 %

> 90 %

The number of AR grains per monocyte in each preparation showed a normal

(Gaussian) distribution (p <0.05), as found by plotting the number of grains

per monocyte on propabillty paper.

When duplicate preparations were examined the number of AR grains per

monocyte, after background subtraction, did not differ significantly from each

other.
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The results of cell labeling experiments performed with inhibitors of

endocytosis, non-radioactive In-Fe-colloid or incubation at A °C are presented

in Table 2. The amount of monocyte-associated AR grains was much less when the

metabolism of the cells was inhibited by sodium fluoride, cycloheximide or by

incubation at 4 °C. Incubation with non-radioactive colloid gave a minor

decrease in monocyte-associated AR grains. In all tests the cell viability

afterwards (measured according to section 5.2.7) was normal.

When electron microscopic AR was performed in order to study the intracellular

distribution of 111In the majority (90-95%) of grains were situated in the

cytoplasm, often above or near lysosomes (Fig 6,7,8).

Figure 6: Electron microscopic AR of a mononuclear cell suspension labeled

with 1UIn-Fe-colloid.

Several labeled monocytes can be seen (ARROWS). Magnification: 3200 x.
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Figure 7: Electron microscopic AR of a mononuclear cell suspension labeled

with In-Fe-colloid. In this monocyte the majority of grains is situated

above the rytoplasra of the cell. Magnification: 10750 x.

5.3.4: Cell viability

Cell viability after labeling was greater than 90%.

5.3.5: Sterility

All 10 batches tested for sterility showed no growth.
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Figure 8: Electron microscopic AR of a mononuclear cell suspension labeled

with In-Fe-colloid. The cytoplasm of a labeled monocyte is shown. Nearly

all grains are situated above or near structures resembling lysosomes.

Magnification: 21000 x.

5.4: Discussion

As mentioned in section 3.5 several methods for the separation of monocytes or

mononuclear cells from the other cellular components of blood have been

published, all of them based on differences in cell-volume and weight.

We decided to use HSA, considering the "physiologic" nature of HSA in

contrast to Isopaque-Ficoll and Percoll and because for our studies a cell-
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elutriator was not available. Furthermore, full separation of monocytes from

all other blood elements was not needed, a mere depletion of granulocytes was

sufficient, because we took advantage of the endocytosing capacity of

monocytes for the labeling procedure.

Even with different staining methods, the percentage of monocytes in blood is

often underestimated, giving rise to recoveries above 100% (81). The fact

that in normal volunteers the recovery of monocytes at the interface between

both HSA layers was 106% does not prove, that no loss of monocytes takes place

during separation. The recovery of monocytes below and above both HSA layers

is only 1%, indicating that almost all monocytes are collected at the

interface.

In order to see whether the use of this separation method was restricted to

normals only, leukocytes of 18 consecutive patients with Hodgkin's disease

were separated too. In these patients the mean total recovery was slightly

lower, but only in a few patients a high amount of monocytes was found below

the 22 % HSA level. Although these patients had more extensive disease than

most others there was no correlation of this finding with a high stage of the

disease: several patients with comparable stages showed a normal (low)

recovery of monocytes below the 22% HSA layer. Therefore this finding might be

caused by differences in specific gravity of the monocytes of these patients

due to (as yet) unknown reasons.

The conclusion of this part of the investigation is, that this method of

achieving a total monocyte recovery can be used in the majority of patients

with Hodgkin's disease. For each patient it has to be shown beforehand that

this method is applicable before reinjection of labeled cells can be

performed.

When whole blood was laid on the HSA layers, separation did not take place

properly, possibly due to the high cell content of whole blood (147). The step

using roethylcellulose cannot be omitted.

The In-Fe-colloid used is a suspension of small particles (0.5-1 pm in

diameter) of mannitol stabilised 111In-Fe-hydroxide (Table 1). The "colloid"

used could be centrifuged, so in fact it is no "real" colloid, but merely a

suspension of small particles.
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A major problem of labeling phagocytic cells by endocytosis of particulate

matter is to separate the engulfed from the non-engulfed particles (155). As

shown in section 5.3.2, ACD-A is well suited for this task by solubilising the

particles that remain in suspension after the incubation with mononuclear

cells.

The In-Fe-colloid is susceptible to changes in pH; while at neutral pH

nearly all In is particle-bound (as shown by the chromatographic behaviour

of the colloid when no EDTA was added and by the filtration experiments using

filters with small pore sizes (100 and 200 nm) where practically all radio-

activity was found on the filters), the addition of HC1 to a pH of 4-5

resulted in 40-60% non-particle-bound In.

Of the cells in the mononuclear suspension, only monocytes and granulocytes

are able to endocytose particles. The granulocytes in the cellsuspension are

mostly basophilic granulocytes, cells reported to be able to phagocytose, but

only slowly (207). Sometimes a cell suspension with a large number of

neutrophilic granulocytes was labeled; however, the number of granulocyte-

associated grains remained much lower than the number of monocyte-associated

grains (Fig 5). This last observation cannot be caused by the size of the

colloid (155); possibly the charge of the colloid is not optimal for uptake by

neutrophilic granulocytes.

In the preparations used for autoradiography only a diluted MGG stain was used

because esterase and peroxidase staining interfered with the AR procedure. In

this MGG stain monocytes could be recognized easily by morphology. Some young

monocytes (being able to endocytose) may not be recognized as monocytes,

therefore the differential labeling of monocytes (88% in normals and 90% in

patients with Hodgkin's disease) may be underestimated.

The small number of grains that persist per lymphocyte after background

substraction is probably due to non-ingested material, that sticks to the cell

membrane.

With the method described, only actively ingesting monocytes can be labeled.

The percentage of human monocytes, capable of endocytosis is not 100%; Van

Furth et al. (81) found 95% of human monocytes capable of phagocytosis and 72%

capable of pinocytosis; Tice et al. (253) found that not more than 57% of

Percoll-isolated monocytes ingested latex particles.
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The gamma rays and also the conversion electrons of In are absorbed in huge

volumes of tissue when compared with cell-size and will give rise to a

relatively uniform background when microscopic AR is performed. The Auger

electrons are ideal for autoradiography even on a sub-microscopical level. It

was shown that 90% of all grains caused by an In source were within 600 run

from this source (20). The number of grains in a cell can thus considered to

be a measure of the radioactivity in the cell, if an appropriate background

subtraction is performed.

It is known that the number of AR grains is proportional to the amount of

radioactivity in the preparation examined only if the density of AR grains is

'low', resulting in a practical limit of 1.5 grain per square micron for

Ilford G5 emulsion (200). Preparations where the mean amount of AR grains per

tnonocyte was higher than 40 were excluded from the results (section 5.3.3);

therefore, in this range of AR grain density it may be accepted that a linear

relation exists between the number of AR grains and radioactivity. The

reproducibility of this method proved to be good because duplicate

preparations did not differ significantly in the mean grain content per

monocyte. Thus, by doing AR, differences in uptake of colloid in monocytes

that were labeled under different conditions could be investigated.

The results given in Table 2 indicate that either incubation at 4 °C or the

addition of substances that interfere with the energy production of the cell

at the concentrations used (43) result in a lower amount of AR grains per

monocyte. This points towards an energy consuming process as the mechanism of

uptake rather than adherence to the cellul * membrane.

Two other results support this concept:

1. When already labeled cells were incubated with non-radioactive colloid,

only a slight decrease in mean AR grain content per monocyte was found. If the

radioactive colloid was cell membrane bound the addition of competitive, non-

radioactive colloid would result in a loss of cell bound radioactivity. The by

a rather high loss of cell bound radioactivity in time (section 6.3.3).

2. The intracellular distribution of the colloid, as found by electron

microscopic AR, is mainly cytoplasraatlc with only a minority of grains

situated on or near the cell membrane (Fig.8).
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Thus it can be claimed that the monocytes accumulate radioactivity by

endocytosis; considering the size of the colloid particles phagocytosis will

be predominant.

In order to assess the damage to the cell during separation and labeling, in-

vitro function tests (zymosan ingestion, ability of the labeled cells to

transform in-vitro to macrophages) will be reported (Chapter 6).

In conclusion, it is possible to label blood monocytes of normals and patients

with Hodgkin's disease specifically witl

with maintainance of good cell viability.

with Hodgkin's disease specifically with In-Fe-colloid in a sterile way
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Chapter 6 : IN VITRO FUNCTION OF RADIOCOLLOID LABELED MONOCYTES.

6.1: Introduction

In this chapter the results of two in-vitro function tests (phagocytosis and

ability to mature into macrophages) of colloid-labeled monocytes will be

discussed and compared with non-labeled monocytes. These tests give

information about the amount of damage caused by the total labeling procedure

including manipulations and radiation.

Phagocytosis of particles by monocytes is part of the normal behaviour of

these cells in the defence of the body against micro-organisms (section

3.4.2.1).

When a particle is phagocytosed, a "respiratory burst", producing several

reactive oxygen compounds, for instance ^y^2 aiw* ^2~» takes place. When

luminol is available this compound is oxidized with the result that the native

production of light in this "respiratory burst" is amplified (35). This light

can be measured in a liquid scintillation counter ( as "counts") or in a

luminometer (as "voltage") (65).

By culturing monocytes in-vitro the recovery of viable macrophages can be used

as an indication of viability. By measuring the cell-bound radioactivity at

different times in culture the elution rate of the radioactivity can be

assessed.

6.2: Materials and methods

6.2.1: Monocytes

Monocytes from normal volunteers were separated and half of them were labeled

as described in section 5.2.1 and 5.2.4.1.

The remainder of the mononuclear cell suspension obtained after centrifugation

on HSA served as "non-labeled monocytes".

6.2.2: Function tests

In the tests described below, the function of the same amount of labeled
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and non-labeled monocytes were compared .

6.2.2.1: Phagocytosis test

6.2.2.1.1: Opsonisation of zymosan.

A suspension of 1 mg zymosan (ICN Pharmaceuticals, Cleveland, USA) in 0.1 ml

of Gey's buffer pH 7.2 was incubated for 0.5 hour in a water bath at 37 °C

with 0.02 ml autologous plasma and 0.08 ml Gey's buffer in a plastic tube.

Afterwards the tube was centrifuged for 5 minutes at lOOOg. The supernatant

was discarded and the volume adjusted to 0.2 ml with Gey's buffer. The

opsonized zymosan suspension was stored at 4 °C.

6.2.2.1.2: Visual determination of phagocytosis.

This was performed, separate from the chemiluminescence determination

described below, according to dine (39) with one modification: the opsonized

zymosan suspension, obtained as described before was diluted tenfold with

Gey's buffer in order to obtain a suspension with only a minimal amount of

clumps of zymosan particles with adherent monocytes. Using this amount of

zymosan particles clumping did not interfere with the visual determination of

ingested zymosan particles.

At 0 °C and 37 °C, 0.1 ml mononuclear cell suspension, containing about 10°

labeled or non-labeled monocytes per ml was incubated for 0 and 30 minutes

with 0.1 ml diluted opsonized zymosan suspension. Afterwards, 0.2 ml of an

ice-cold solution containing 2 mM N-ethylmaleimide (Fluka AG, Buchs,

Switserland) in Gey's buffer pH 7.2 was added immediately. This substance is

an effective inhibitor of proteins bearing SH-groups â d will thus stop the

metabolic process in the monocytes. The whole suspension was left in melting

ice for about 30 minutes. Afterwards a few drops of autologous plasma were

added and spinner preparations were made. All tests were performed in

duplicate.

Half of the preparations of labeled monocytes were fixed in 2% glutaraldehyde

in phosphate buffer pH 6.9 and processed further for autoradiography as

described in section 5.2.5.

The remainder of the labeled cell preparations and all non-labeled

preparations were fixed in ethanol/formalin (40%) (9:1); the zymosan particles

were stained red with periodic-acid-Schiff reagent (PAS) and the cells were

counterstained with Harris' Haematoxylin.



-64-

150 monocytes of each preparation were counted for their zymosan content,

thereby taking care to count only monocytes that were separate from each other

and from clumps of zymosan particles.

The average amount of zymosan particles per monocyte was calculated per

preparation. The amount of zymosan particles per monocyte in labeled and non-

labeled monocytes was tested for significance against each other.

In the cell preparations where autoradiography (AR) was performed the amount

of zymosan particles (now visible as clear, oval particles within the

monocyte) and AR grains (after background subtraction) per particular monocyte

were determined. At least 50 monocytes were counted per preparation. The

correlation coefficient r of the relation between zymosan and AR grain content

was calculated.

6.2.2.1.3: Cherailuminescence

At 37 °C, 0.1 ml mononuclear cell suspension, stored at room temperature and

containing 10 labeled or non-labeled monocytes per ml, was mixed with 0.7 ml

luminol solution (2x10 M) in Gey's buffer and 0.2 ml zymosan suspension was

added. The chemiluminescence was measured in a luminometer (LKB-WALLAC 1250,

Turku, Finland). The maximum voltage obtained was taken as a measure of the

chemiluminescence reaction of the monocytes. Tests were performed in

duplicate. Along with each test background chemiluminescence was determined.

The voltage obtained with 10 non-labeled monocytes was taken as 100%.

6.2.2.2: Monocyte cultures

In a laminar-air flow hood labeled- and non-labeled mononuclear cell

suspensions in plasma were centrifuged 5 minutes at 200 g and resuspended in

RPMI 1640 (Gibco Europe Glasgow, Scotland) (supplemented with 100 E penicillin

and 100 ug streptomycin per ml) with 15% autologous plasma in order to achieve

a concentration of 10 monocytes per 0.3 ml.

0.3 ml of this suspension was pipetted into culture wells (Lab-Tec tissue

culture chamber/slides, Lab-Tec, Naperville, USA) and cultured at 37 °C in

saturated water vapor plus 5% CO2 for 1-7 days.

Cell counts were performed on the combined supernatants of four wells and on

the glass surface.

The supernatant plus two washings with PBS pH 7.4 were collected by pipette,

centrifuged 5 minutes at 200 g, resuspended in 0.2 ml autologous plasna and
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counted in a Coulter-Counter model ZF (Coulter Electronic, Harpenden, UK). The

cells adherent to the glass surface were counted microscopically by counting

40-50 areas of 1 mm , situated at random in the wells, thereby counting only

the intact cells. All tests were performed in duplicate.

Cell differential counts were performed on spinner preparations with routine

staining (MGG). Cells were considered to be macrophages when they showed one

or two egg-shaped or round dense nuclei together with a sky-blue cytoplasm

full of coarse, azure granules and vacuoles (270). In addition acetate

esterase staining was performed on some spinner preparations and slides of the

culture wells.

Per culture the recovery of mononuclear phagocytes was calculated as the

amount of mononuclear phagocytes (in supernatant and on the glass slide),

divided by the number of monocytes at day 0.

The amount of radioactivity that remained bound to the cells was calculated by

autoradiography by determining the mean grain content of the mononuclear

phagocytes both on the glass surface and in the supernatant on consecutive

days, taking the mean grain content at day 0 as 100%. At least 100 cells were

counted for grains. Background grain content was subtracted, taking into

account the surface of the cells. The surface area of the different cells was

determined by a micrometer mounted on the ocular of a microscope. In the tests

where the AR grain content of monocytes (cultured under different conditions

and/or time) were compared with each other the autoradiography was performed

at the same moment.

In addition, cultures of labeled and non-labeled monocytes were performed as

described above for 1-7 days with the addition of a sterile solution of

disodium cromoglycate (100 \xg /ml in 0.9% NaCl) (Fisons Ltd, Loughborough,

England) at day 0 (0.04 ml per well) and day 2 (0.02 ml per well). All tests

were performed in duplicate.

The lysozyme concentration of the supernatant of the culture wells after

centrifugation of the cells was determined by an enzyme-linked immuno sorbent

assay (ELISA) method using rabbit anti-human lysozyme coated plates (Dako no.

A 099, Dako, Copenhagen, Denmark). To these plates the samples, containing

lysozyme, were added. The plates were incubated for 45 minutes at 37 °C and

non-bound substances were washed off with TRIS buffer pH 8.0. To the plates,

goat-anti-human lysozyme (Nordic GAHu/Lys, Nordic, Tilburg, The Netherlands)

was added; the plates were incubated for 45 minutes at 37 °C and washed with

TRIS buffer pH 8.0. Next rabbit-anti-goat-I_G-horseradish peroxidase (HRPO)
O
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(Nordic RA/l G (H+L)/PO, Nordic, Tilburg, The Netherlands) was added, the

plates were incubated for 30 minutes at 37 °C and washed with TRIS buffer pH

8.0. HRPO was used to oxidise o-phenylenediamine-di-HCl (Eastman Kodak,

Rochester, USA). After addition of H2O2 the developed colour was measured by

spectroscopy at 492 nm. With this method, nanogram amounts of lysozyme are

detectable.

Corrections were applied for added volumes of disodium cromoglycate and for

the amounts of lysozyme in the plasma used for the cultures.

6.2.3: Cell viability

Cell viability was determined by Trypan-blue exclusion (25).

6.2.4: Statistics

The paired Student-t-test and Willcoxon's two sample test were used for

significance determination. p< 0.05 was considered to indicate a significant

difference.

6.3: Results

6.3.1: Monocytes

The mononuclear cellsuspension contained 50-80% lymphocytes, 20-50% monocytes

and less than 1% granulocytes.

The differential labeling of monocytes (section 5.2.4) amounted to 90 ± 5% (1

x SD), the rest being lymphocyte and granulocyte bound.

The number of AR grains per monocyte (after background subtraction) showed a

Gaussian distribution.

The amount of radioactivity of the monocytes was 20-40 kBq (0.5-1.0 uCi In)

per 10 monocytes at the moment of preparation.

Cellviability (section 6.2.3) was always greater than 90%.

6.3.2: Phagocytosis

6.3.2.1: Visual determination of phagocytosis.

In blood from 6 healthy persons no significant differences in the amount of

zymosan particles per labeled or non-labeled monocyte could be detected after

incubation at 37 °C for 0.5 hour (Willcoxon's two sample test).

At that time the mean number of particles per monocyte was 3.7 (non-labeled
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monocytes) versus 3.6 (labeled monocytes). Of all monocytes examined (both

labeled and non-labeled) 5-10% showed no uptake of particles after 0.5 hours

of incubation.

All preparations incubated at 0 °C and the samples taken at time 0 showed no

particle uptake by the monocytes.

There was no relation between the AR grain content and the amount of zymosan

particles per monocyte in all preparations examined.

6.3.2.2: Chemiluminescence

Between 4-10 minutes after addition of the zymosan suspension to the cells,

the maximal voltage (= chemiluminescence) was reached. Thereafter, the voltage

fell slowly; the starting level was reached again after 30-60 minutes.

Monocytes of 10 persons showed a mean maximum voltage of 5.6 ± 1.4 mV per 10

non-labeled monocytes versus 5.1 ± 1.4 mV per 10 monocytes for labeled

monocytes.

Chemiluminescence was always less than 0.1 mV when no zymosan was added, no

monocytes were added and when killed monocytes were added. Killed monocytes

were obtained by incubation of the mononuclear cell suspension for 30 min with

0.1 N HC1. Cell viability afterwards was always less than 2%.

The chemiluminescence of labeled monocytes and non-labeled monocytes was not

different (paired Student-t-test).

6.3.3: Monocyte cultures

The monocyte cultures, performed with mononuclear cells of 10 normal

volunteers in glass culture chambers showed a steady drop in numbers of

monocytes and lymphocytes with time. After day 2 no monocytes were visible

microscopically.

Macrophages began to appear after 1-2 days, rising in number unixx üay 7

(Fig.l). Nearly all cells judged to be macrophages morphologically were

acetate esterase positive. There was no significant difference in total

monocyte plus macrophage recovery between labeled- and non-labeled monocytes

on day 2, 4 and 7 of culture (paired Student-t-test).

At all times 30-40% of the mononuclear phagocytes recovered were adherent

cells, the remainder was found in the supernatant plus washings. No

significant difference existed between labeled and non-labeled mononuclear

phagocytes in this respect (paired Student-t-test).

During culture the labeled monocytes and macrophages always showed a normal
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labeled mononuclear phagocytes

• non .labeled mononuclear phagocytes

TIME Idaysl

Figure 1 Recovery of mononuclear phagocytes (monocytes + macrophages) in

cultures of monocytes from 10 normal volunteers. The Initial amount of

monocytes in the culture cell was taken as 100%. Values are given with 1 x SD.

On day 1 of culture, no reliable cell counts could, be performed, due to

clumping.

(Gaussian) distribution of AR grains per cell when this was determined by

plotting the grain content per cell on probability paper.

The amount of radioactivity that remained bound to the cells as a function of

time is shown in Fig.2. A steady decrease took place with only about 20% of

the initial grain content still cell-bound after 7 days. In this respect no

differences were measurable between adherent and non-adherent mononuclear

phagocytes.

This decrease in cell-bound radioactivity started from the moment of

resuspension on, with 20-30% of cellbound radioactivity lost after 2 hours.
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Figure 2: Relative amount of autoradiographic grains, after background

subtraction, per viable mononuclear phagocyte during culture of monocytes of 8

normal volunteers. The autoradiographic grain content of monocytes at day 0

was taken as 100%. Values are given with 1 x SD.

When gel filtration on Sephadex G 25 was performed with the solution

containing the non-cellbound In, more than 90% of the In appeared to be

protein bound.

In order to see whether re-utilisation of the non-cellbound In was

possible, moncnuclaar cell suspensions were incubated for 1 hour at 37 °C with

1 ml of the supernatant of the 7-day culture. No cell labeling was measurable

by autoradiography. When cultured, non-labeled macrophages (4-7 days) were

incubated with the supernatant of labeled macrophages, no significant cell

labeling could be detected (Willcoxon's two sample test).

When labeled monocytes were cultured for up to 7 days with the addition of
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Figure 3: Influence of the addition of disodium cromoglycate on autoradio-

graphic grain. contejit and lysozyme 'production of» cultured mononuclear

phagocytes. Mononuclear phagocytes of 6 normal volunteers were cultured for

different periods of time.

( ) Ratio of mean autoradiographic grains (after background subtraction)

(1 x SD) per mononuclear phagocyte cultured with (A) or without (B) the

addition of disodium cromoglycate.

( ) Ratio of mean lysozyme content (1 x SD) in the supernatant of culture

wells containing mononuclear phagocytes cultured with (A) or without (B) the

addition of disodium cromoglycate.

*: p< 0.05 (paired Student-t-test)

disodium cromoglyate (n-6) a significant increase in mean AR grains per cell

(after background subtraction) was measurable after 7 days of culture compared

to the cultures without this addition (Fig 3) (paired Student-t-test) while
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the recovery of cells remained comparable.

The lysozyme content of the supernatant of the wells showed a steady increase

in time. The amounts of lysozyme in the wells where disodium cromoglycate was

added were significantly lower at dav 7 of culture (Fig 3) (paired Student-t-

test).

6.4: Discussion

In this chapter some functions of labeled monocytes are compared with those of

non-labeled monocytes. Both groups of cells had endured the initial separation

of blood into a mononuclear cell suspension. If monocyte function has been

disturbed because of the separation steps, it has not been revealed by these

tests.

Cell viability determinations by Trypan blue exclusion showed no signs of

deterioration of cell viability after separation (and labeling). However, this

is no guarantee that cell function will be normal (66).

Several monocyte function tests have been described, for instance helper

function in mitogen-induced T-lymphocyte proliferation (202), phagocytosis

(171), antibody dependent cellular cytotoxicity (ADCC) (157), ability

of monocytes to mature into macrophages when cultured (117) and chemotaxis

(230).

In the mononuclear cell suspension we used for labeling, the majority of

cells are lymphocytes. So helper function and ADCC are not suitable as

furict-iön"rtests .for monocytes *in this-suspension.

Chemotaxis of monocytes has been described by several authors (100, 230, 268),

although the percentage of monocytes actually performing this function is

small (230). This raises the possibility, that only a subfraction of monocytes

was studied. It was shown previously that the radioactivity per monocyte per

preparation showed a Gaussian distribution (section 5.3.3).

If we consider the radioactivity as a cause of diminished cell function, it is

possible, that with chemotaxis tests we will measure only the non- (or

slightly-) labeled monocytes.

For the chemiluminescence test the presence of granulocytes, especially

neutrophilic or eosinophilic, can be troublesome, since they produce 3-4 times

as much light per cell as monocytes (171). For this reason the amount of

granulocytes in the mononuclear cell suspension was checked scrupulously. Each
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suspension that contained more than 1% of granulocytes was excluded from the

test.

The labeling of the monocytes by colloid ingestion gives rise to a

chemilumlnescence reaction too • However, labeling took place at least one

hour before these tests. Therefore, according to the normal shape of the

chemlluminescence curve, the background level should be reached by then. This

was confirmed by the finding that the chemiluminescence of labeled monocytes

without addition of zymosan was not elevated.

Phagocytosis as initiator of the respiratory burst causing chemiluminescence

is not always necessary: Goldstein et al. (86) showed that (at least for

neutrophils) mere attachment to the cell membrane of certain immune reactants

like C^a was enough to result in an enhanced Q^~ production by the cells.

Therefore, besides chemiluminescence a visual quantification of the

phagocytosis of opsonized zymosan particles was performed .

There was no significant difference in phagocytosing capacity between labeled

and non-labeled monocytes. The labeling step with an amount of radioactivity

necessary to perform autoradiography up to 14 days after labeling did not

influence the capacity to phagocytose, although the labeled monocytes had

ingested particles before.

The finding that no significant correlation between the amount of AR grains

and Ingested zymosan particles per monocyte existed suggests that the F and

complement receptors on the monocyte surface that mediate the phagocytosis of

opsonized zymosan particles are not at all or only partly involved in the

ingestion of In-Fe-colloid. This could further be confirmed by an

experiment where monocytes were incubated with high amounts of human

immunoglobulin in order to saturate their Fc receptors. While phagocytosis of

opsonized zymosan particles and rosette formation with sensitized erythrocytes

was nearly zero, the amount of monocyte bound colloid was not different from

normal.

The percentage of monocytes that did not phagocytose after 0.5 hour at 37 °C

is of the same order as the results of Van Furth et al. (81) who found 96 X of

all monocytes examined capable to ingest opsonized bacteria, when measured

after 1 hour.

In the cell culture experiments, the recoveries of macrophages from labeled

and non-labeled monocytes did not differ. This suggests that the labeling

procedure does not influence the in-vitro maturation of monocytes. The
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macrophage recovery increased steadily after the initial "dip" in total

mononuclear phagocyte recovery (Fig 1). This finding might point towards the

existence of a subfraction of actively proliferating macrophages that remains

in culture. The results given above may be applied to this subfraction only.

The shape of the recovery curve is different from the curve given by others

(117, 159), who reported a more or less steady decrease in recovery of

mononuclear phagocytes. Probably the circumstances of our test system were

more favourable for macrophage proliferation.

In several cultures, double nuclei were seen but no mitotic figures were

visible.

Because of the diminishing cell-bound radioactivity in time the long term

study we had in mind is not feasible with monocytes labeled by In-Fe-

colloid. The released In became protein bound and showed no tendency for

re-utilisation in-vitro, thus a short-term kinetic study (up to 2 days after

administration of the labeled cells) should be possible.

Several explanations for the loss of cellbound In are available, for

instance:

1. A selective death of highly labeled monocytes takes place.

2. Because of cell division, the radioactivity per cell will diminish.

3. The intracellular In is secreted (or exocytosed) by the labeled cell.

If the first point is important, this cell death will result from the greater

radiation dose to the cell because of the higher radioactivity in the cell. As

discussed before in section 4.5.2, the Auger electrons of In are the

potentially most harmful radiation. Because of the presence of In in the

cytoplasm the majority of desintegrations takes place there, and the nucleus,

the most vulnerable structure, will receive relatively little radiation. Also,

the functions of the labeled monocytes were the same as the non-labeled

monocytes. This possibility seems less important.

The second point seems to be an important possibility, given the shape of the

recovery curve (Fig 1). A gross calculation indicates that this factor might

be responsible for 30-50% of net loss of radioactivity per cell. This

calculation was performed by extrapolating the upslope of the cell recovery

curve for labeled monocytes (Fig 1) back to zero time and calculating the

degree of cell division in this cell population.

In order to test the plausibility of the third explanation nentioned above

cultures with the addition of disodiua croaoglycate were performed. This

substance, in use for the long-tera treatment of (anong others) patients
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suffering from chronic obstructive pulmonary disease, is thought to stabilise

the cell membrane of mast cells and basophils, thereby preventing the release

of, among others, histamine, although the exact mechanism is still unknown

(5). In-vitro the optimal concentration for the inhibiting effect on histamine

release is in the range of 10-20 |ig/ml (5).In our test system this concen-

tration range was reached after the first addition and stayed within this

range during the following days.

The finding that after 7 days disodiumcroraoglycate had a significant effect on

both AR grain content and lysozyrae content in the supernatant (i.e. lysozyme

secretion by the macrophages) of the cultured cells, indicates that at least a

part of the loss of In can be attributed io a disodium cromoglycate

sensitive process (Fig 3).

Whether this process is exocytosis (recently reported by Beelen et al. (10)

for Cr-labeled macrophages) or secretion remains unknown.

It is remarkable that the effect mentioned above is visible only after a

rather long period of time; several investigators (for example ref. 129) who

were interested in the histamine release of basophils and/or mast cells after

antigenic stimuli reported that disodium cromoglycate had an immediate

influence on this release. It can be concluded that the effect of disodium

cromoglycate on AR grain content of cultured mononuclear phagocytes is

probably not caused by the inhibition of cAMP phosphodiesterase (205).

Besides this active process of 'secretion', passive loss may be possible too.

It was mentioned in section 4.2.1.1 that In-oxine, once intracellular, will

dissociate and 111In binds to protein (250). Because the In-Fe-colloid is

susceptible to acidification (section 5.3.2), this colloid may be hydrolysed

by the acid environment of the interior of the lysosome. The resulting In

ion (with a mantle of water molecules) is small enough to pass the different

cellular membranes and it may bind to protein, either intra- or extracellular.

When the labeled monocyte is resuspended in plasma this extracellular protein

might cause an (extra) rapid loss when compared to a non-protein environment.

Investigations into the validity of this hypothesis did not show a signifi-

cantly higher loss of radioactivity when labeled mononuclear cells were

incubated for p to 2 hours at 37 °C in plasma compared to saline (paired

Student-t-test). With longer incubation times the viability of the mononuclear

cell suspension in saline deteriorated rapidly. Because the process as

outlined above will take place within minutes rather than hours, this
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Figure 4: Scheme of the possible pathways of In-Fe-collold after ingestion

by monocytes.
(common) Pathway 1: after ingestion the labeled particle is found in the
endosome.

Pathway 2: part of the particles are 'shuttled' back towards the cell membrane

and excreted.

Pathway 3: part of the particles remains endosome-bound. After fusion with a

primary lysosome a secondary lysosome is formed.

(after: ref. 55).

mechanism seems of minor importance only to explain the loss of cell bound

radioactivity.

Another explanation for the loss of radioactivity of the labeled nonocytes

might be the following mechanism. It has been reported that when cells, able
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to pinocytose, are labeled by pinocytosls with radioactivity (19) or a

fluorescence indicator (55) and, after labeling, are resuspended in fresh

medium, a rapid release of either radioactivity or fluorescence indicator out

of the cells takes place for a short period of time (0.5-1 hour) while

afterwards only a slow release takes place.

This phenomenon was explained by suggesting that in the endosome (section

3.4.2.1) two pathways are possible (Fig. 4):

-back to the cell membrane (exocytosis),

-further on to the secondary lysosome.

The first pathway, also taking place when receptors are recycled, may explain

the rapid initial loss of label; in contrast the label that reaches the

lysosome is rather stable there.

In Figure 5, the difference between the cell-bound activity with time expected

to be found if only cell division is taken into account and the actual

cellbound activity is given. This difference shows a rapid increase during the

first hours after labeling; afterwards the curve is essentially flat. Thus:

after day 2 of culture the loss of cellbound radioactivity can be accounted

for by cell division.

This behaviour might be explained, as in the case of pinocytosls, by the

presence of an endosome where part of the phagocytosed colloid is subject to

quick exocytosis while another part reaches the lysosome where it is present

during the rest of the culture, with only minor losses of radioactivity. The

rate of exocytosis would be much lower than is suggested by Besterman et al.

(19) and van Deurs et al. (55) for pinocytosis.

If this theory can be applied generally, this would imply that the labeled

cells, before reinjection, have to be kept in suspension for up to 1 day, In

order to inject only cells that have their radiolabel strongly bound. This

could mean that the viability of the labeled cells will decrease and that at

the moment of reinjection labeled macrophages instead of monocytes are

present. The latter consequence is certainly not the aim of this study.

From the results shown above we can conclude that in-vitro functions of the

labeled monocytes when compared to non-labeled monocytes are not significantly

impaired. But in-vivo behaviour of the labeled cells (half life in blood,

transformation into Kuppfer cells, macrophages, etc) remains the ultiaate

viability test.
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Figure 5: Difference between cell-bound activity with time due to cell

division only and the actual cellbound radioactivity with time.

( ) A. Expected curve of cellbound radioactivity in time caused by cell

division. The amount of cell division was calculated with reference to Fig. 1,

by extrapolating the upslope of the curve found for labeled cells back to t«0.

( ) B. Actual cellbound activity in time (Fig 2)

( ) Difference between A. and B.

Preliminary short-term in-vivo studies (scintigraphy and autoradiography of

different tissues) of In-Fe-colloid labeled monocytes in inbred strains of

rats were inconclusive in this respect. This was caused mainly by difficulties

in preparing a cell suspension with a differential monocyte labeling that was

comparable to the differential monocyte labeling obtained in huaans (section

5.3.3). An important reason for this lower differential labeling was the low

amount of nonocytes in the aononuclear cell suspensions obtained, even after
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induction of monocytopoiesis by the intraperitoneal injection of latex

particles (228).

Thus the in-vivo short-term distribution and kinetic study must await better

procedures for separating and labeling the monocytes of the test animal used.



-79-

Chapter 7: LABELING OF MONOCYTES WITH A 125I-TYRAMINE-CELLOBIOSE ADDUCT.

7.1: Introduction

As can be concluded from the preceding chapter In is lost rapidly from the

labeled monocytes/macrophages in vitro; this loss is prohibitive for the long-

term study of monocyte kinetics in-vivo that was the aim of this investi-

gation.

Another approach to cell labeling is the use of radiolabeled non-digestible

sugars (185). Cohn et al. (44) pointed out that when disaccharides like

sucrose or cellobiose were added to macrophages, the lysosomes of these

macrophages became swollen. The explanation for this finding was that the

macrophages pinocytosed the sugars, but were unable to digest them, due to

lack of digestive enzymes for certain sugars. Thus, these sugars remained

within the lysosomes and attracted water by osmotic forces with subsequent

swelling of the lysosome. In this respect Cohn et al. (44) also suggested that

the lysosomal membrane was permeable to sugars with a molecular weight up to

220.

We adopted this approach in order to label blood monocytes specifically

through phagocytosis of a labeled cellobiose derivative. This particular
125

derivative, the I-labeled tyramine-cellobiose adduct ("adduct") was used by

Pittman et al. (184) to determine the sites of protein catabolism in rabbits
125

in-vivo: the protein to be investigated was labeled with the I-adduct and

injected into rabbits. Afterwards the animals were killed and the radioacti-

vity of different tissues was measured. After uptake (pinocytosis?) the adduct

was highly stable inside the cell (a spontaneous release of 5% per day was

reported); the amount of radioactivity thus reflected the uptake of the

(labeled) protein by these tissues. This low spontaneous release of the adduct

prompted us to investigate the use of this adduct as a label for monocytes.

Because the mononuclear cell suspension that was used consisted of only 20-50%

monocytes, active endocytosis was adopted as a way to bring the labeled adduct

into the cells. Three different approaches were executed:

1."Piggy back" uptake of the soluble radioactive adduct when non-radioactive

In-Fe-colloid was phagocytosed by blood monocytes.

2. Uptake of aggregated immunoglobulin, covalently bound to the labeled

adduct.

3. The use of liposomes as carrier for the adduct.
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Figure I: Reaction scheme for the reaction of tyramine and cellobiose.

Once the 'desired' adduct is formed, the reaction may proceed as shown in the

lower part of the figure.

7.2: Materials and methods

7.2.1: Synthesis of the tyramine-cellobiose adduct

This synthesis was carried out as described by Pittman et al. (184), with some

minor changes. 2.08 g tyramine HC1 (12 mmol) (Merck, Darmstadt, GFR), 4.10 g

cellobiose (12 mmol) (Sigma Chem. Comp., St Louis, USA) and 0.76 g sodium

cyanoborohydride (12 mmol) (Sigma Chem. Comp. St Louis, USA) were dissolved in

100 ml phosphate buffer pH 7.5 (44 mM NaH2PO^ and 152 mM Na2HPO4) and stirred

for 6-8 days at room temperature. The reaction scheme is given in Fig 1.

Next the pH was adjusted to 5.5 with 1 N HC1. Meanwhile a strong acid cation-

exchange resin (Bio-Rad 50H, H + form, Bio Rad Lab. Richmond, USA) was soaked
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in 1 N HC1 for I hour and washed with water until neutrality was reached. The

resin was mixed with the reaction mixture and after the gas formation had

ceased the mixture was brought in a glass column and eluted with water until

neutrality. Then the column was eluted with 0.5 M NH^OH; the first 200 ml of

the alkaline eluate were collected and freeze-dried.

This fraction was dissolved in water and separated first on a Sephadex G 10

column (10x1 cm) (Pharmacia, Uppsala, Sweden), eluted with 0.1 M ammonium

acetate buffer pH 7.5; fractions of 2 ml were collected. The tyramine-

cellobiose adduct, because of its higher molecular mass, was eluted before the

non-reacted tyramine. The fractions were assayed for their contents of adduct

by UV spectrometry at 276 run. It was assumed that a linear correlation between

extinction and concentration existed and hence the known deviation of the

straight line at higher extinctions (Lambert-Beer's law) was ignored. As

molar extinction coefficient for the adduct 600 was taken.

Also, Molish' test was performed to investigate the presence of carbohydrate:

in a small reaction tube a few drops of the eluate were mixed with 5 drops

alpha-naphtol (3% w/v in ethanol 100%) and the volume was adjusted to 1 ml

with water. Next, 2 ml of concentrated sulphuric acid was gently brought under

the aqueous solution. A purple ring at the interface of water and sulphuric

acid was indicative of the presence of carbohydrate (i.e. cellobiose).

Next thin layer chroraatography was performed on silica gel (HPTLC-Alufolien,

Merck, Darmstadt, GFR) with butanol-1, water and acetic acid (7:2:1) as

developing solvent. The chromatogram was dried in air, sprayed with 0.2%

ninhydrin in butanol-1 followed by heating at 100 °C for about 10 minutes in

order to detect organic amino groups.

The fractions with the highest amount of adduct were further separated by

(preparative) HPLC (Waters Ass., Milford, USA) with a reverse phase column

(Waters 5\i Cig) and a refractometer as detector. As eluent, 0.2 M ammonium

acetate buffer pH 4.2 was used. The pure adduct was freeze dried and examined

by mass spectrometry (30).

lie

7.2.2: Labeling of the adduct with x " l

Two or three Xodobeads (Pierce Chem. Comp., Rockford, USA) were washed twice

with phosphate buffer pH 7.4, 0.05 M, dried and incubated for 5 minutes with
125I Nal (3-30 MBq) (Aaersham Int, Amersham UK) and 200 ul phosphate buffer at

room temperature.

Then 1-10 ul of the pure adduct, now dissolved in ammonium acetate buffer pH
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4.0 in a concentration of 10-100 mg/ml, was added to the reaction vial. After

5 minutes at room temperature the reaction was stopped by removing the

supernatant from the beads.

Labeling efficiency was assayed by HPTLC as described in section 7.2.1 besides

TLC on reverse-phase plates (KC2gF, Whatman Inc., Clifton, USA) with 100%
125acetonitril as eluent. The amount of non-labeled I was also assayed as

described by Pittman et al. (184).

1257.2.3: Preparation of I-labeled aggregated immunoglobulins.

A sterile solution of human immunoglobulin (I ) (16% w/v) (Central Laboratory

of the Blood Transfusion Service (CLB), Amsterdam, the Netherlands) was

diluted with PBS pH 7.4 to a concentration of 10 ug/ml and heated for 20

minutes at 63 °C in a water bath (130). Small amounts of this aggregated I
125(about 1-5 yg ) were radiolabeled with I, either by the chloramine-T

125
reaction (113) or with the I-labeled adduct according to the method of

Pittman et al. (184).

The chloramine-T method was performed as follows: 25 ul 0.5 M phosphate buffer

pH 7.5, 25 ill chloramine-T (Merck, Darmstadt, FGR) (1 mg/ml) and 18-37 MBq (5-
I O C

10 pi) I-Nal (Amersham Int, Amersham, UK) were added to 2-5 pg aggregated

I in 10 ul of PBS buffer pH 7.4. After 60 seconds 100 ul sodium metabi-

sulphite (2.4 mg/ml) was added to stop further reaction.
125In order to obtain aggregated Ig labeled with the I-adduct, with a specific

activity high enough to perform autoradiography, it seemed necessary to

separate the tyramine-cellobiose adduct from the accompanying ammonium acetate

buffer, for two reasons:

1. In addition to the secondary amine moiety of the adduct the nitrogen atom

of ammonium would also react with cyanuric chloride .

2. The buffer capacity of the ammonium acetate buffer is too high to obtain

the elevation in pH necessary for the proceeding of the 'activation' reaction

of the adduct with cyanuric chloride.

This purification was achieved by gel filtration on a Sephadex G 10 column (1

x 10 cm) with demineralised water as eluent; fractions of 2 ml were obtained.

In the different fractions the presence of the adduct was determined by UV

spectrometry at 276 nm while the absence of ammonium acetate was checked by

osmoraetry (Roebling osmometer, Vogel, Giessen, FGR). The adduct eluted

slightly faster than the ammonium acetate.

After this separation the adduct was freeze-dried and dissolved in water to an
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appropriate concentration (10-100 mg/ml). Next the adduct was radiolabeled

with 125I as described in section 7.2.2 using 0.02 M instead of 0.05 M

phosphate buffer pH 7.5 .

75 nmol (in 25-50 pi) of the radio-iodinated adduct was allowed to react with

75 nmol of cyanuric chloride (twice recrystallised from toluene) (Sigma Chem.

Corp^St Louis, USA) in acetone and 150 nmol NaOH in water. After 30 seconds

225 nmol acetic acid in water was added. Immediately afterwards 5-10 ug of

aggregated I in 50 pi of PBS pH 7.4 was added; the solution was left for 1

hour at room temperature.

Radio-iodinated aggregated I , prepared by either method, was separated from

the other components by gel filtration on a Sephadex G 25 chromatographic

column with 0.1 M sodium phosphate buffer pH 7.2 as eluent. Fractions of 1 ml
125

were collected. The I-activity per fraction was determined in a well-type

scintillation counter and the amount of radioactivity that could be pre-

cipitated using a 15% w/v solution of trichloro-acetic acid (TCA) in water was

measured in each. In order to ensure that the aggregated I„ was precipitated

totally, 20 mg of non-radioactive I was added to all fractions. The specific

activity of the I-labeled aggregated I was calculated, taking into account

the percentage of total radioactivity that could be precipitated with TCA.

The fractions with the highest specific activity were stored in glass vials at

4 °C.

7.2.4: Preparation of C-labeled liposomes

Several different liposomes were manufactured:

-Negatively-charged multi'lameliar vesicles (MLV's), consisting of egg-yolk

phospatidylcholine (PC), bovine brain phosphatidylserine (PS) and cholesterol

(4:1:5) (plus C cholesteryloleate (Amersham Int. Amersham, England) as a

marker of the lipid phase) were made according to Olsen et al. (174). In

short: the lipid constituents, 5 umol in total, dissolved in chloroform-

methanol (9:1), were mixed and taken to dryness by rotatory evaporation. Then

the required amount of C cholesteryloleate in chloroform- «ethanol (2:1) was

added and the solvent was removed under reduced pressure. Next a few glass

beads and 1 ml of isotonic HEPES (10 mM) buffer (pH 7.4) in NaCl (oxygen free)

were added; the tube was vortexed for 30 seconds and then allowed to stand for

another 30 seconds during a total period of 10 minutes. Then the suspension

was extruded under pressure in a nitrogen atmosphere through a 1.0 uu poly-
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carbonate filter (Uni-pore, Bio-Rad, Richmond, USA) in order to exclude

aggregates and then through a 0.4 \m polycarbonate filter.The extruded

suspension was stored under nitrogen at 4 °C.

-Negatively charged MLV's consisting of PC and PS (1:2) (total lipid was 10

|imol) and C-cholesteryl-oleate as a marker of the lipid phase were produced

in the same way as described above, with extrusion through a 1.0 pm filter

only.

-Reverse phase evaporation vesicles (REV's) consisting of PC, PS and

cholesterol (4:1:5) (total amount of lipid was 10 (jinol) with C-chol-

esteryloleate as a marker of the lipid phase were made according to Szoka et

al. (241) with subsequent extrusion through a 1.0 ym polycarbonate filter

only.

7.2.5: Cell labeling experiments

Mononuclear cell suspensions were prepared as described in section 5.2.1 and

resuspended in PBS or PBS supplemented with 20 Z autologous plasma. The

number of mononuclear cells was determined using a Coulter Counter.

Differential cell counts were performed using a routine MGG stain.

7.2.5.1: 'Piggy-back' labeling

A volume of 0.2 ml of mononuclear cells (about 10 monocytes/ml), resuspended

in PBS, was incubated for 1 hour at 4 °C or 37 °C in glass vials with 50 jjl of
125

the I labeled tyramine-cellobiose adduct with or without the addition of

different amounts (0.1 ml; 0.2 ml or 0.4 ml) of non-radioactive In-Fe-colloid.

This colloid was prepared as described in section 5.2.4.2. The uptake of this

colloid was checked by chemiluminescence as described in section 6.2.2.1.3

with the only difference that, instead of opsonized zynosan particles, 0.2 nl

of the colloid was taken.

After 1 hour of incubation, ACD-A, in the same volume as the colloid, was

added to the cellsuspension at room temperature. After 10 minutes the cells

were centrifuged for 5 minutes at 200 g in a cooled centrifuge. The cells were

then washed twice with PBS, supplemented with 20Z autologous plasma; after the

last washing step the cells were resuspended in plasma. All tests «ere

performed in duplicate.

The I radioactivity of the cells and combined supernatants were counted in

a well-type scintillation counter and cell labeling efficiency was calculated.

Autoradiography was performed in order to calculate the differential labeling
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of monocytes. This was done as described in section 5.2.5 with the modifi-

cation that the exposure time had to be at least 1-2 weeks in order to obtain

enough AR grains per cell to calculate the DCG (section 5.2.5).

-IOC

The behaviour of the 16-r adduct in the presence or absence of In-Fe-colloid

was checked during centrifugation: 50 ul of adduct was mixed with either 0.5

ml PBS + 0.2 ml ACD-A or 0.3 ml PBS + 0.2 ml ACD-A + 0.2 ml In-Fe-colloid.

This mixture was then centrifuged for 5 minutes at 200 g in a cooled
125centrifuge. Next I radioactivity was estimated in 0.2 ml of the supernatant

and the remainder. The total amount and percentages of radioactivity in the

supernatant were calculated.

1257.2.5.2: Labeling with I-labeled aggregated immunoglobulins

One ml of a suspension containing mononuclear cells with a concentration of 2—

3 million monocytes per ml, resuspended in PBS supplemented with 20%

autologous plasma was incubated in a glass vial at 37 °C or 4 °C for 1 hour

with 0.5 ug I-labeled aggregated I . Afterwards, the cell suspensions were
o

centrifuged for 5 minutes at 200 g at 4 °C in a cooled centrifuge in order to

stop further endocytosis- Next, two washing steps using PBS supplemented with

20% autologous plasma were performed. The cell pellet was resuspended in PBS

with 20% autologous plasma. Tests were performed in duplicate.

In a well type scintillation counter the amount of Xli-'i radioactivity of the

cell suspension and the washings were measured and cell labeling efficiencies

were calculated. The cell suspensions were processed further for autoradio-

graphy as described in section 5.2.5. The exposure time was at least 1-2

weeks.

The behaviour of the aggregated I during centrifugation was determined in

order to see whether this substance could be precipitated. 50 ul of the

labeled I was diluted with 1 ml of PBS pH 7.4 or PBS + 20% autologous plasma

and centrifuged for 5 minutes at 200 g in a cooled centrifuge. The percentage

of radioactivity in the supernatant was calculated (section 7.2.5.1).

7.2.5.3: Labeling with ^C-labeled liposomes

Two to three million monocytes in either PBS or PBS supplemented with 20Z

autologous plasma were incubated with different liposomes (500 nnol lipid )

for 0, 15, 30 and 60 minutes at 4 °C or 37 °C in glass vials. The cells were

then centrifuged at 4 °C in a cooled centrifuge for 5 minutes at 200 g and
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Figure 2: Example of a HPTLC chromatogram of the solution, obtained after

elution (with 0.5 N NH^OH) of a cation-exchange column containing the reaction

mixture of tyramine and cellobiose.

The hatched bars indicate the position of the spots, visible after treatment

of the chromatogram with 0.2 % ninhydrin In butanol-1 and 10 minutes heating

at 100 °C. The spots indicate that organic aminogroups (i.e. tyramine) are

present.

The hatching density per bar is an indication of the intensity of the spots.

Kluent: butanol-1, water, acetic acid 7:2:1.

washed twice with PBS + 20% autologous plasma. Tests were performed In

duplicate.

The C radioactivity of the combined supernatants and the resuspended cell

pellet was estimated after addition of a suitable liquid sclntillator. Cell-

bound radioactivity was then converted into tmol lipld per 106 aonocytes.
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Furthermore, along with each labeling, 50 |jl of the liposomes used, diluted

with 0.5 ml PBS or PBS + 20% autologous plasma, were subjected to centri-

fugation at 200 g during 5 minutes in a cooled centrifuge, in order to detect

whether this centrifugation step precipitated the liposomes from the

suspension. The calculation of the radioactivity in the supernatant as

percentage of total radioactivity was performed as stated above (section

7.2.5.1).

7.3: Results

125
7.3.1: Preparation of the I-tyramine-cellobiose adduct

The freeze-dried product, obtained after elution of the cation-exchange column

with 0.5 N NH4OH was dissolved in water and HPTLC with butanol-1, water and

acetic acid (7:2:1) was performed. There were at least two distinct spots

after spraying with ninhydrin: tyramine (Rf about 0.6) and a product with a Rf

value of 0.2-0.3. The intensity of the tyramine spot always was much higher

than the spot of the second product, therefore tyramin did not fully react

with cellobiose. When the product with Rf 0.2-0.3 was scraped from the chroma-

togram before spraying, it was found positive for carbohydrates (Molish1

reaction). It was concluded that this was the desired product. An example of

the results obtained is shown in Fig.2. As can be seen from this figure,

besides (unreacted) tyramine and the desired adduct, small amounts of several

other products appeared. Possibly one of these substances is the adduct of one

tyramine with two cellobiose molecules (Fig.l).

The purification of the adduct was started by gel filtration on Sephadex G 10.

It was possible to obtain fractions with the adduct as the major component.

This was checked by HPTLC with butanol-1, water and acetic acid (7:2:1) as

eluent. The HPLC elution pattern of such a fraction is shown in Fig. 3.

Positive-ion chemical ionisation mass spectrometry (reactant gas NH^),

performed on the HPLC peak with a retention time of about 10 minutes, showed

an (M+H) ion at m/z 464, in accordance with the molecular weight of the

tyramine-cellobiose adduct (Fig.4).
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Figure 3: HPLC chromatogram of a sample of the solution containing the

tyramine-celloblose adduct after partial purification by gelfiltration on

Sephadex G 10.

Column: reverse-phase (Waters 5u C18)

Eluent: 0.2 mol ammonium acetate pH 4.2

Retention time adduct (highest peak): about 10 minutes.

Retention time tyramine: about 12 minutes

The peaks with retention times of 3-4 minutes are caused by the solvent of the

sample.

This product gave one spot with Rf-0.3 on HPTLC with butanol-1, water and

acetic acid (7:2:1) as eluent and showed a positive reaction for carbo-

hydrates. Therefore the conclusion was that the desired adduct was chemically

homogeneous.
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Figure 4: Mass spectrum of purified adduct by positive-ion chemical

ionisation.

m/z 464: (adduct + H ) + ; m/z 198: (cellobiose + NH 4)
+; m/z 180: (cellobiose +

NH4 - H 20)
+; m/z 138: (tyramine + H ) + .

The non-volatile sample was introduced into the ion source by thermal

desorption from a platinum wire (30).

Radioactive labeling efficiency was assayed by three different Methods that

gave comparable results.

The fastest method proved to be TLC on reverse phase plates with 100%
125acetonitril as eluent. In this system non-bound I had a Rf value of 0.6-1.0

while the labeled adduct remained on the starting line. Usually labeling

efficiencies of 90-95 % were obtained after 15 minutes of incubation by the

Iodobead method.

When HPTLC on silicagel was performed with butanol-1, water and acetic acid
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(7:2:1) as eluent the R. of the labeled product was about 0.5 instead of the

0.2-0.3 of the non-iodinated adduct; this change in Rj value was probably
I O C

caused by a change in properties of the adduct due to the added x*Ji in such a

way that the higher R^ was reached. Attempts to obtain an iodinated adduct

with non-radioactive Nal did not yield a sufficient amount of product to be

used as a standard. Therefore the absolute proof that the product with R^ 0.5

actually is the radio-iodinated adduct is not available. However, support for

this proposition came from the behaviour of tyramlne radio-iodinated by the

Iodobead method; by performing HPTLC a coloured spot appeared at R^ 0.5-0.6

while the radioactivity peak was situated at Rf 0.7-0.8. Furthermore, when

non-HPLC-purified adduct was radio-iodinated, several radioactivity peaks

appeared on the chromatogram, the largest being at Rf 0.5, while also a peak

at Rj 0.8 appeared (probably iodinated tyramine).

With purification all these extra peaks disappeared with the exception of the

radioactivity peak at Rf 0.5 (Fig.5).

Therefore it may be concluded that the radio-iodinated adduct is the compound

at Rf 0.5.

7.3.2: Cell labeling experiments

7.3.2.1: 'Piggy-back' labeling

After labeling at 37 °C with the addition of 'cold' colloid cell-bound

radioactivity was always low: all tests performed on mononuclear cells of 10

different persons showed a labeling efficiency of less than 1% per 10

monocytes and no influence of the added amount of colloid could be found. When

incubation was performed at 4 °C or when no colloid was added the amount of

cell bound radioactivity was in the same range as in the tests with addition

of colloid; several times it was even higher.

In 4 cases the differential grain content of monocytes was determined by

autoradiography according to section 5.2.5; the mean value was 70%. When cell

bound radioactivity was followed in time after 3 hours up to 20% of previously

bound radioactivity appeared in the supernatant; after one day this value

increased to 40-50%.
195

No evidence could be found that the I-labeled adduct was precipitated by

centrifugation with or without the presence of the colloid.

The chemiluminescence determination always showed a positive reaction with a

maximum voltage reached after about 5 minutes, while no reaction took place
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without the addition of colloid.

before
purification
on HPLC

after
purification
on HPLC

Figure 5: Influence of purification (by HPLC) of the solution containing the

tyramine-cellobiose adduct on the distribution of radioactivity and organic

bound amino groups on HPTLC, with butanol-1, water and acetic acid (7:2:1) as

eluent.

The hatched bars indicate the position of the spots visible after the

treatment of the chromatogram with 0.2 % ninhydrin in butanol-1 and 10 minutes

heating at 100 °C. In the coloured spots organic amino groups (i.e. tyramine)

are present. The hatching density per bar is a indication of the intensity of

the spots.

The continuous line gives the relative distribution of radioactivity, measured

by scanning the chromatogram with a scintillation counter.

The non-labeled 125I was about 5X in both samples.
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1?S
7.3.2.2: Labeling with I-labeled aggregated immunoglobulins

The aggregation step can be performed before or after the labeling of the I .

Because the concentration of I at the moment of aggregation is critical and
O

the possibility of absorption to the wall of the reaction vessel is not

inconceivable, it was decided to aggregate the I before labeling.

The reaction of the aggregated Ig with the labeled tyramine-cellobiose adduct

was troublesome; most of the radioactivity was not protein bound after 1 (or

more) hours of reaction time yielding aggregated I with a low specific

activity. When the reaction circumstances were changed (i.e. the concentration

of aggregated I_; the sequence of reagents added and the amount of labeled

adduct) no improvement was obtained.

When the amount of aggregated I added was increased to 1 mg, about 30% of

total radioactivity became protein bound but the specific activity was low

(about 300 kBq/mg protein)• By lowering the amount of aggregated Ig to 5-10 |ig

the specific activity was higher (up to 14 MBq/mg) while about 3% of total

radioactivity was protein bound. At this point the absorption of the

aggregated I to the wall of the reaction vessel became a serious problem,

thus prohibiting further diminishing of the amount of protein. Pittman et al.

(184) state that the labeling efficiency of proteins with the radio-iodinated

adduct was usually above 70%. They used much higher amounts of protein (up to

10 mg) but the specific activity of their proteins was lower than in this

investigation.

The specific activity reached with the method as described above was too low

for the determinination of the differential labeling of monocytes by auto-
125

radiography. Possibly by using higher specific activities of the I-

tyramine-cellobiose adduct the low specific activity of the aggregated I

could be raised, but it was decided to use the chloramine-T method in order to

obtain protein with a higher specific activity. The labeled aggregated I that

was used for cell labeling purposes had a specific activity of about 120

MBq/mg protein.

According to the group of Van Es in Leiden (48, 131) 20-100 fmol of aggregated

I (4-20 ng protein) should give a measurable uptake using 10 MPS cells. We

used about twenty times as much protein per 10 monocytes. At the moment of

use the percentage of radioactivity that was TCA-precipitable was always above

90%.
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In mononuclear cell suspensions of 6 normal persons a mean of 1.5 ± 0.5% (1 x

SD) of added radioactivity was bound to the cells after incubation at 37 °C

for 1 hour; at 4 °C this mean percentage was 0.1%.

By using autoradiography no specific monocyte labeling could be observed;

after background subtraction the differential monocyte labeling amounted to

20-30%, the rest being lymphocyte bound. Furthermore, many monocytes did not

contain autoradiographic grains.

The labeled aggregated I could not be precipitated by centrifugation at 200

7.3.2.3: Labeling with 14C-labeled liposoraes

In Table 1 the amounts of lipid that appeared cell-bound are given for the

three different liposome systems. The ratio of uptake at 37 °C to 4 °C was

always slightly higher than 1, pointing towards a low uptake of the liposomes

by the monocytes.

Liposomes were not precipitated with the centrifugation speed used.

7.4: Discussion

The synthesis, purification and radio-iodination of the tyramine-cellobiose

adduct proved to be quite straightforward. On several points different

approaches from the method given by Pittman et al. (184) were used: the gel

filtration, the HPLC purification and the method of labeling.

Pittman et al (184) used the Iodogen method (77) for the labeling; only very

low labeling efficiencies (1-3%) could be achieved by us using this method.

Therefore we selected the Iodobead method. This is essentially the

'chloramine-T' reaction (113) with the advantage that the chloramine-T is

firmly bound to the beads. The separation of the solution and chloramine-T is

easy and virtually no chloramine-T is found in the solution afterwards.

Because of the promising possibilities of the 'piggy-back' system, already

discussed briefly in section 4.2.2.2, we investigated the incorporation of the
12*5

I-labeled adduct in phagocytosing cells.

As particles the In-Fe-colloid was used because the experience with In-Fe-

colloid made clear that it was phagocytosed by monocytes without affecting the

in-vitro functions of the cells (Chapter 6).

By incubation at 4 °C the endocytotic capacity of the monocyte is effectively

blocked (Chapter 5, Table 2) and only absorption to the cell membrane will
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Table 1: Amount of cellbound radioactive liposome after different incubation

times (nrool lipid per 106 monocytes) and the ratio of uptake of liposomes

after incubation at 37 °C to 4 °C.

L I P 0 S 0

MLV *

PC-PS-CHOL

4 - 1 - 5

R A T I O

MLV *•

PS-PC 2 - 1
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4 - 1 - 5

R A T I O
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37° to
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4°

37°

4°
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C

0

0

0
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.02 S

14
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15 min

0.11

0.20

1.8

0.26

0.36

1.4

0.47

0.63

1.3

ON T I

30 min

0.17

0.19

1.1

0.34

0.39

1.1

0.54

0.84

1.6

M E

60 min

0.15 -

0.09 S

0.22 -

0.11 S

1.5

0.29

0.43

1.5

0.63

0.83

1.3

.' LABELING EXPERIMENTS PERFORMED IN P B S

' ; MB£LINS EXPERIMENTS PERFORMED IN P B S SUPPLEMENTED WITH 20S AUTOLOGOUS

PLASMA

IN ALL EXPERIMENTS: n = 2, EXCEPT S: n « 7. VALUES ARE GIVEN WITH 1 X S D

take place. In contrast, at 37 °C, besides this absorption, endocytosis also

occurs. Without the addition of colloid only absorption ( and possibly

pinocytosis) of the labeled adduct will take place at 37 °C>

The amounts of cellbounil radioactivity were only minimal and the differential

labeling of monocytes was much lower than the value that was found for
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monocytes labeled with 111In-Fe-colloid (section 5.3.3).

Also, cell bound radioactivity disappeared quickly. When other particulate

matter (albumin microspheres ranging in size from 80 nm to 1 vim) was incubated

with mononuclear cells in the presence of a radioactive solution, a very low

uptake and comparable differential labeling of monocytes could be measured.

A possible explanation for the low cellbound radioactivity might be that the

non-radioactive colloid was not phagocytosed. There was a positive chemilumi-

nescence reaction when cells were incubated with colloid; as mentioned

previously (section 6.4) this is no proof of phagocytosis; adhesion alone

might be responsible too (86). However it is unlikely that the change of In

to non-radioactive In would also change the properties of the;/ colloid,

although this cannot be proved unless other procedures, for instance the use
59

of Fe instead of 'cold' Fe, are performed. ^.

The amount of radioactivity that will be taken up by the cells during piggy-

back phagocytosis is 'dependent on the concentration of radioactivity in the

surrounding solution. By changing the amount of colloid (and thus the

concentration of the adduct) no clear differences in cell- bound radioactivity

could be found; the uptake of radioactivity remained in the same range as

found by labeling at 4 °C or without the addition of colloid. Probably the

high specific activity of the In-Fe-colloid is the reason that monocyte

labeling can be achieved by this substance.
125

Klebanoff (133) demonstrated that I, taken up by the 'piggy back' mechanism

in polymorphonuclear phagocytes was able to iodinate engulfed bacteria. He

stated that with other particles (I.e. latex particles) "the iodine fixation

by leucocytes is very much diminished although not abolished". Therefore a

main reason for the disappointing results obtained might be the low avidity of

the particulate matter we used for monocytes. On the other hand the use of

high-avidity particles (like opsonized zymosan or bacteria) poses the threat

that the viability of the labeled cells is diminished due to the activation

of complement.

The uptake of radiolabeled aggregated I„ as a means of specifically labeling

monocytes is subject to some problems. Although nearly all monocytes possess

Fc receptors (81), B-lymphocytes and also some T- and non-B-non-T lymphocytes

possess these receptors too (45).

On monocytes, receptors for I_G

whether receptors for the remaining I classes are present too. Lymphocytes

On monocytes, receptors for I G (45) and I M (94) are present; It is unclear,
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can possess receptors for IC, I„M, I A and I E (45).

It has been reported that the F receptor (at least for I„G) of monocytes and

lymphocytes are structurally different (42). There is also evidence that there

are differences in the affinity of the (sub)classes of I for lymphocytes and

monocytes (4, 142). IgG^ (in monomeric form) binds to monocytes only and not

to lymphocytes (142), but when human myeloma immunoglobulins of different I
ë

subclasses were aggregated, the binding of all 4 I G subclasses (and I_E) to

lymphocytes increased (142).

Sinchowitz et al. (223) reported that Fc~receptor bearing lymphocytes could

bind all aggregated I C subclasses. In conclusion, it seems unlikely that

there exist specific classes of aggregated I that will bind to monocytes but

not to other cells.

The mechanism of uptake of aggregated I is twofold:

1. Binding to the cell membrane-bound Fc receptors.

2. Endocytosis of the aggregate + adherent receptors.

The first step takes place at low temperatures too (134); while the second

phase is energy consuming and will only proceed at 37 °C.

Once inside the phagocyte the binding between receptors and the I aggregate
©

dissociates; the receptor 'shuttles' back towards the cell membrane while the

aggregates are processed further in the lysosomes. It is known that monomeric

I is engulfed poorly or not at all by phagocytic cells, probably because
o

ingestion can proceed only if large amounts of F£ receptors are bound

simultaneously (221).

Because lymphocytes do not endocytose, attachment of the aggregates to the

membrane-bound receptor takes place only. This attachment will also be subject

to a dissociation process: when excess I is available (autologous plasma)

with time the ratio of lymphocyte-bound to monocyte-bound aggregates will

gradually diminish because monocytes engulf the cell bound aggregates too.

Thus, if we require that the cell suspension to be readministered into the

patient consists of labeled monocytes only (besides non-labeled cells) the

cell suspension will have to be kept in suspension for a more or less longer

period of time.

If the pilot study described above will warrant further investigation, the

differential labeling of monocytes will have to be high after incubation for

1 hour. As stated in section 7.3.2.2 the differential labeling of aonocytes

amounted to only 20-30%, too low to proceed with this method.
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In this test system total human I was used, therefore besides I„G a certain

amount of I A, ID, I E and I M will be aggregated too. Monocytes probably
O Ö & O

possess receptors for I G and I M only (45, 94), thus the possibility exists

that the low differential labeling of monocytes is caused by selective binding

of aggregated I^A, I„D and/or I E by lymphocytes. Lymphocytes do not bind IeA

and I D aggregates (142) and usually more than 80% of total I is I G. This

possibility will be of minor importance only.

Another factor might be that by heat-aggregation, aggregates of different

sizes are formed (126) and these aggregates tend to grow in size during

standing. Daha et al. (48) investigated the uptake of I G aggregates of
Ü

different sizes by guinea-pig monocytes and found that the uptake was higher

with increasing size of the aggregates, probably, as noted before, because

more F -receptors are bound simultaneously with increasing size of the

aggregates. Also they reported, that monocytes appeared to be much less able

to bind the aggregates than macrophages and Kupffer cells did.

The aggregates used in this study were not stabilised nor was their size

investigated. When the results of the study of Kauffmann et al. (126) are used

we may expect that at the moment of cell labeling the majority of I is

present in large aggregates; although they were not large enough to be

precipitated by centrifugation at 200 g.

Liposomes, particles consisting of lipld bi-layers surrounding aqueous

compartments, are under investigation as a way of delivering Pharmaceuticals

to specific sites in the human body. When administered intravenously the

majority of particles is taken up by cells of the MPS system (notably Kupffer

cells and macrophages).

Also, in-vitro tests indicated that cells possessing phagocytic properties

were able to internalize liposomes (58, 75, 138, 160). Since it may be

expected that the intracellular pathway of endocytosed liposomes will involve

lysosomes, the uptake of these particles could be an excellent method for
125 125

delivering the I-adduct into the cell. The aqueous I-labeled adduct will

have to be encapsulated within the lipid bi-layers; for this approach

especially REV's seem suitable because the internal aqueous volume can be

relatively high (241) in comparison to MLV's and they offer the advantage of

high encapsulating efficiency.

As mentioned above, a few reports have appeared on the uptake of liposomes by

leukocytes. Finkelstein et al. (75) and Kuhn et al. (138) investigated the
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uptake of negatively charged MLV's (PC, dicetylphosphate and cholesterol,

7:2:1) by blood leukocytes. Finkelstein et al. (75) reported that "monocytes

took up liposomes more actively than neutrophils (and lymphocytes) did".

Coating of the liposomes with aggregated immunoglobulin resulted in increased

uptake of these liposomes while incubation at 0 °C largely inhibited the

internal!sation.

Mehta et al. (160) used liposomes of different composition for uptake

experiments with adherent monocytes that were cultured overnight. They too

found a measurable uptake by these raonocytes that could, for a major part, be

inhibited by incubation at 0 °C. The highest amounts of cell-associated

liposome were obtained with negatively charged MLV's of the PC-PS (1:2)

composition.

In our own experiments especially the small difference in uptake between

incubation at 37 °C and 4 °C respectively is striking (Table 1). This small

difference can be caused by a low uptake at 37 °C or a high uptake at 4 °C

(i.e. absorption to the cells).

Mehta et al. (160) gave no values for this ratio after 1 hour of incubation.

After 8 hours the ratio between the uptake at 37 °C and 4 °C is about 7.

Finkelstein et al. (75) state that incubation of leukocytes at 0 °C during 15

minutes gives an uptake of liposomes, corresponding to 5% of the uptake at 37

°C, without giving details on the absolute amount of uptake at 0 °C. Neither

do they give any indication of the ratio of uptake at 37 °C to 0 °C when

mononuclear cells were incubated with liposomes.

Dijkstra (58) who used REV's to label Kupffer cells in-vitro found an

increasing ratio of uptake at 37 °C to 0 °C; this ratio was 3 (after 1 hour)

and about 5 (after 4 hours of incubation). The absolute amount of uptake at 0

°C after 1 hour of incubation in his work is comparable with our value of 0.6

nmol lipid per 10 monocytes if we presume the amount of protein per 10

monocytes to be about 100 îg (2 72).

The conclusion is therefore that the uptake at 37 °C is extremely low. Three

explanations are possible:

l.The time of incubation is too short: Mehta et al. (160) found that their

monocytes showed a "lag-phase" of 1-2 hours, after which uptake accelerated.

2.The ability of monocytes to endocytose is relatively low. Axline (8) stated

that macrophages have a greater endocytosing capacity than monocytes . It

might be possible that the cultured monocytes used by Mehta et al. (160) were
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in fact partly converted into macrophages after the incubation overnight-

3.The size of the liposoraes is not optimal. Measurements of particle size

performed on liposomes prepared in the same way as the ones that were used for

these experiments indicate that all have diameters smaller than 400 nm (211).

This size is such that uptake by monocytes is possible (40, 155).

By incubating monocytes longer, the viability of the cells might deteriorate.

The best way to overcome the second point is to enhance the avidity of the

particles for the monocytes. However, coating the lysosoraes with, for example,

aggregated I„ offers no advantages, as mentioned before in this section.

The conclusion from the experiments performed is that uptake of liposomes by

monocytes under the conditions used is too low to be useful for the transfer
125

of the I-adduct into monocytes.

The overall conclusion from the experiments described in this chapter is that

at this moment no reliable and efficient method to label monocytes specifi-
125

cally with the I-adduct by endocytosis is available. The value of this

radioactive marker for the investigation of monocyte kinetics will be unknown

until the problem of labeling efficiency is solved. This validation will have

to include investigations on the function of the labeled monocytes, the rate

of the elution of radioactivity from the labeled cells and in-vivo studies.
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Chapter 8: FUTURE DIRECTIONS IN MONOCYTE LABELING.

In the preceding chapters several at temps to label monocytes specifically were

described, all based on the endocytosis of particles, whether radioactive or

not. The results of these investigations showed that with -In-Fe-colloid a

specific labeling of monocytes could be obtained, while this proved impossible
I O C

with the I-tyramine-cellobiose adduct under the test circumstances used.

Because of the rapid loss of In radioactivity from the labeled monocytes

in-vitro, this method cannot be used for long-term in-vivo studies.

In 1984 it was stated, that: "from the experience of all in-vivo studies to

date it must be concluded that labeling neutrophils by phagocytosis of

radioactive particles inevitably activates the cells metabolically, resulting

in poor in-vivo survival" (153).

If we assume that this statement applies for monocytes too, the conclusion

seems justified to concentrate further research on monocyte labeling in three

fields:

1.Better cell separation methods to ensure that the purity and the recovery of

the monocytes after separation will both approach 100%. The most promising

method seems to be the countercurrent centrifugation-elutriation (CCE)

(section 3.5), especially when in-process control of the cell size that is

elutriated is executed (168). Because it is possible to perform this

separation method in a sterile way, monocytes separated by CCE can be used for

subsequent in-vivo studies too.

2. The use of labeling agents, that allow the cell labeling step to be

performed in a plasma environment. An example is the use of In-tropolone

instead of In-oxine (section 4.2.1.1).

3. The use of labeled monoclonal antibodies to monocyte surface antigens. It

seems that the problems of radioactive labeling of the antibodies are

relatively small; besides radio-iodination with I (or I), especially the

use of bifunctional chelates for the labeling of i nin to proteins (89, 104)

is promising. As mentioned in section 4.2.2.3 there is a possibility that the

function of the monocyte is changed after binding of the labeled antibody»

This will have to be investigated thoroughly before this method can be used.
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Chapter 9: SUMMARY, SAMENVATTING.

With the aim of studying a possible relationship between circulating monocytes

and Sternberg-Reed cells investigations were started on the specific labeling

of monocytes.

In this thesis the literature on the pertinent data has been reviewed and a

series of experiments on the monocyte labeling procedure has been described.

In Chapter 1 the objective of these investigations, to relate the origin of

the Sternberg-Reed cell in Hodgkin's disease to circulating monocytes and thus

to the mononuclear phagocytic system, was stated.

A review of the relevant literature on the characteristics and origin of

Sternberg-Reed cells was presented in Chapter 2. It was concluded that no

clear answer to the question, from which cell type the Sternberg-Reed cell is

originating, can be given by comparing the characteristics of the Sternberg-

Reed cell with other cell types because of three reasons:

1. The different techniques used by the various investigators.

2: The small number of patients examined.

3. The malignant nature of the Sternberg-Reed cell.

Therefore another approach, consisting of the administration of labeled cells

that will mature into Sternberg-Reed cells was suggested and the requirements

for this approach were given.

In Chapter 3, the properties and functions of monocytes in the human body

together with the available information on monocyte kinetics were reviewed.

The monocyte is active mainly against invading microorganisms by engulfing

them directly or after being stimulated to do so by lymphocytes.

Next the problems encountered by measuring accurately the function of

monocytes, were discussed. These problems focus on the fact that monocytes do

not possess functions that are unique when compared with the other white blood

cells. Therefore methods to separate monocytes are necessary. Attention was

drawn to the most promising of these methods: counterflow centrifugation

elutriation ("elutriation").

Finally monocyte function under pathologic conditions, with special attention

to Hodgkin's disease, was reviewed shortly. The general conclusion was that

in most diseases the intrinsic monocyte function is normal but that in some
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instances (infections, Hodgkin's disease) the monocytes are activated by the

conditions caused by the disease.

In Chapter 4 the principles of cell labeling with radioactive compounds were

discussed.

These principles can be separated into two parts:

1. Total separation of the particular cell population to be labeled and

subsequent labeling with a non-specific radiopharmaceutical.

2. Specific cell labeling in a mixture of cell types based on a well defined

affinity of the cell under study for the radiopharmaceutical used.

Next the radionuclides that can be used for cell labeling purposes were

discussed with special attention for In and its chelates.

The methods that may be used in order to achieve cell labeling by the second

principle mentioned above were summarized and the reports concerning monocyte

labeling were reviewed. It was concluded that, at present, no reliable method

exists for the specific labeling of monocytes.

Finally the principles of radiodosimetry were discussed shortly. This section

was focussed on the radiation dose the labeled cells receive because of the

intracellular localized radioactivity. The radiation burden is high in

comparison to amounts of radiation known to affect cell viability. The method

used to calculate the dose from intracellularly radioactivity may give over-

estimated values. It was suggested that investigations comparing the

biological effects of external- and internal irradiation of cells will have to

be performed. The consequences of the radiation dose were discussed and it was

concluded that, due to the relative insensitivity of the monocyte, probably no

major loss in cell function will occur. Radiation-induced monocyte-related

malignancies were considered improbable.

In Chapter 5 a newly developed method for labeling monocytes specifically by

phagocytosis of In-Fe-colloid without apparent loss of cells was described

in detail.

This method consists of several steps:

1. Blood leukocytes are depleted from erythrocytes by accelerated

sedimentation of the erythrocytes.

2. A mononuclear cell suspension is prepared by centrifugation on a two-layer

human serum albumin (HSA) gradient.

3. After washing the cells, labeling is accomplished by incubating the cells
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with In-Fe-colloid. The monocytes phagocytosed the colloid particles.

4. The non-phagocytosed colloid Is solubilized by ACD and the labeled

monocytes are resuspended In autologous plasma.

The cell suspension obtained after centrifugation on HSA was composed of

monocytes and lymphocytes. The recovery of monocytes was complete in normals

and in patients with newly diagnosed Hodgkin's disease.

Autoradiography of the labeled mononuclear cells showed that:

1. Monocytes are labeled to a significantly higher level than lymphocytes and

granulocytes, resulting in a differential labeling of about 90 % in normals

and in patients with newly diagnosed Hodgkin's disease.

2. Most of the autoradiographic grains were localized in the cytoplasm of the

monocytes.

The viability and sterility of the labeled mononuclear cells proved to be

good.

It was concluded that monocytes can be labeled specifically by phagocytosis of

In-Fe-colloid, with good viability afterwards.

In Chapter 6 some in-vitro functions of labeled monocytes were compared with

those of non-labeled monocytes.

No significant differences were found in phagocytosing capacity (measured as

chemiluminescence as well as by microscope) using opsonized zymosan particles.

When the (labeled) monocytes were cultured for up to 7 days no effect of

labeling on raonocyte/macrophage recovery could be found. The amount of

cellbound radioactivity decreased rapidly: after 7 days of culture about 20%

of the initial amount was cellbound. No re-utilisation of the tracer could be

detected.

At least two factors are relevant for this diminishing cell-bound

radioactivity:

1. Division of the monocytes during culture, resulting in a 'dilution' of the

amount of radioactivity per cell.

2. A "secretion" process that could be partly inhibited by disodium

cromoglycate after sevaral days of culture.

It was concluded from these experiments that because of the rapid loss of

cellbound radioactivity monocytes labeled with In-Fe-colloid cannot be used

for long-term kinetic studies in-vivo.

Therefore, the synthesis and labeling of another compound, a cellobiose-



-104-

tyramine adduct, that was expected to show a much slower loss from the cell,

was performed (Chapter 7). It is known that cellobiose cannot be metabolized

by cells, thus, once in the lysosomes, it is rather stable there. In order to
125

label cellobiose with I an adduct with tyramine was made and purified.

Subsequently the tyramine part of this adduct was radio-iodinated. The

synthesis and labeling procedure proved to be rather easy.

Several attempts to label monocytes with this adduct were described:

1. The use of the "piggy-back" system with non-radioactive In-Fe-colloid as
125

the phagocytosed particle. A minor amount of I became cellbound with a low

differential labeling of the raonocytes. It was concluded that this is probably

caused by the relatively low phagocytosing capacity of monocytes under the

conditions used.
125

2. The use of I-labeled aggregated immunoglobulin. Efforts to label
125aggregated immunoglobulin with the I-tyramine-cellobiose adduct failed to

yield a specific activity sufficiently high to perform autoradiography. With
125

aggregated immunoglobulin, labeled with I (by the chloramine-T method) to a

higher specific activity so that autoradiography could be performed, a very

low differential monocyte labeling (less than 30%) was found.

3. The use of liposomes labeled with a lipid-phase marker ( C-cholesteryl

oleate). A low uptake of radioactivity by the mononuclear cells was measured,

an uptake that was too low to warrant further studies. It was concluded that

this low uptake was probably caused by the low phagocytosing capacity of the

monocytes under the conditions used.

The conclusion of this chapter was that with the experiments conducted it was

impossil

adduct.

125
impossible to label monocytes specifically with the I-tyramine-cellobiose

Finally, in Chapter 8 three possible directions for future investigations in

monocyte labeling were mentioned:

1. Improved cell separation methods in order to produce pure monocyte

populations without loss of any specific subpopulation.

2. The use of cell labeling agents that allow labeling in plasma milieu.

3. The use of labeled monoclonal antibodies against monocyte membrane

antigens.
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SAMENVATTING.

In dit proefschrift Is een onderzoek naar de mogelijke relatie tussen

circulerende monocyten en Sternberg-Reed cellen beschreven.

In hoofdstuk 1 werd het doel van het onderzoek, nl. de relatie te bepalen

tussen monocyten (en dus het mononucleaire phagocyten systeem) en Sternberg-

Reed cellen bij patiënten met de ziekte van Hodgkin, uiteengezet.

In hoofstuk 2 werd eerst een overzicht gegeven van de beschikbare gegevens

over de eigenschappen en de afkomst van de Sternberg-Reed cel. Door de

eigenschappen van de Sternberg-Reed cel te vergelijken met die van andere

celtypes kan geen eenduidig antwoord gegeven worden op de vraag, van welk cel

type de Sternberg-Reed cel afkomstig is, doordat:

1. De verschillende onderzoekers verschillende technieken gebruikten.

2. Er maar weinig Sternberg-Reed cellen bij patiënten met de ziekte van

Hodgkin onderzocht werden.

3. De maligne kenmerken van de Sternberg-Reed cel het vergelijken van

eigenschappen met die van van normale celtypen hachelijk maken.

In hoofdstuk 3 werd ingegaan op eigenschappen en functies van monocyten. De

monocyt blijkt voornamelijk actief te zijn tegen 11chaamsvreemde organismen

door ze te phagocyteren, ofwel direct, ofwel na inductie door lymphocyten.

Daarnaast werden de beschikbare gegevens over monocyten kinetiek bij de mens

op een rijtje gezet.

In een volgende paragraaf werd melding gemaakt van de problemen, die aanwezig

zijn, als men de functie van monocyten nauwkeurig wil meten. Deze problemen

worden voornamelijk veroorzaakt door het feit, dat monocyten. geen 'unieke'

functies hebben, in vergelijking met de andere witte bloedcellen. Dus moeten

ze eerst gescheiden worden. De verschillende scheidings methoden werden kort

besproken, met een wat uitgebreidere verhandeling over het elutriëren van

cellen.

Als laatste werd aandacht besteed aan de relatieve functies van monocyten bij

verschillende ziekte beelden, met nadruk op deze functies bij de ziekte van

Hodgkin. In het algemeen kan gesteld worden, dat de intrinsieke monocyt

functie normaal is bij de meeste ziekten maar dat soms (bijv. bij infecties en

de ziekte van Hodgkin), ten gevolge van de plaatselijke omstandigheden, er een
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activatie op kan treden van de monocyten.

In hoofdstuk 4 werden de twee principes van cel labeling met radioactive

stoffen besproken:

1. Totale scheiding van de cel populatie, die gelabeld moet worden en

vervolgens labeling met een aspecifiek radiopharmacon.

2. Door gebruik te maken van een bijzondere gevoeligheid van de te labelen cel

voor het radiopharmacon kan in een mengsel van verschillende cel typen een

specifieke cel labeling plaats vinden.

Vervolgens passeerden de radionucliden, die gebruikt kunnen worden voor het

labelen van cellen, de revue. Speciale aandacht werd gegeven aan In en z'n

chelaten.

De methoden om cellen te labelen, die werken volgens het tweede principe,

werden samengevat, terwijl de literatuur over de radioactieve labeling van

monocyten besproken werd.

Het laatste gedeelte van dit hoofdstuk was gewijd aan de stralings dosimetrie,

waarbij vooral ingegaan werd op de stralings dosis, die gelabelde cellen

ontvangen door het verval van intracellulaire radionucliden. Deze dosis is

hoog in vergelijking met die hoeveelheden straling, waarvan bekend is, dat ze

de vitaliteit van de cel kunnen beïnvloeden. De methode, die gebruikt wordt om

de dosis in gelabelde cellen te berekenen, geeft waarschijnlijk een te hoge

waarde aan. Het lijkt dus zinvol om onderzoek uit te voeren, waarbij de

biologische effecten van interne- en externe bestraling van cellen vergeleken

wordt. De consequenties van deze hoge stralings dosis werden besproken,

waarbij de conclusie luidde, dat monocyten waarschijnlijk geen belangrijk

verlies aan celfuncties zullen lijden, dit als gevolg van de relatieve

ongevoeligheid van monocyten voor straling. Ook lijkt het onwaarschijnlijk dat

er maligniteiten, afkomstig uit de gelabelde monocyten, ontstaan.

In hoofdstuk 5 werd een nieuw ontwikkelde methode om monocyten specifiek te

labelen met In-Fe-colloid gedetailleerd beschreven. Bij het gebruik van

deze methode traden geen verliezen op aan monocyten. De methode bestap.t uit

verschillende stappen:

1. Leucocyten worden gescheiden van erythrocyten dmv. het versneld uitzakken

van de erythrocyten.

2. Een mononucleaire cel suspensie wordt bereid dmv. centrifugatie van de

leucocyten op een dubbellaag van humaan serum albumine.
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3. Na een was stap worden de cellen gelabeld door ze te incuberen met In-

Fe-colloid, waarbij de monocyten de colloid deeltjes phagocyteerden.

4. De rest van het colloid wordt gesolubiliseerd dmv. ACD; de gelabelde

monocyten worden geresuspendeerd in autoloog plasma.

De celsuspensie die verkregen werd na punt 2 bestond voornamelijk uit

raonocyten en lymphocyten. Zowel in bloed genomen van normale vrijwilligers als

in patiënten met de ziekte van Hodgkin bleek de recovery van monocyten na de

centrifuge stap volledig te zijn.

Autoradiografie van de gelabelde cellen liet zien dat:

1. Monocyten significant meer radioactiviteit bevatten dan lymphocyten (en

granulocyten). In bloed genomen van zowel gezonde vrijwilligers als patiënten

met de ziekte van Hodgkin resulteerde dit in een differentiële labeling voor

monocyten van ongeveer 90%.

2. De meeste autoradiografische korrels waren gelocaliseerd boven het

cytoplasma van de monocyten.

De vitaliteit en steriliteit van de gelabelde monocyten was goed.

De conclusie van dit hoofdstuk luidde, dat monocyten specifiek gemerkt kunnen

worden met behulp van In-Fe-colloid, met

steriliteit na afloop van de gehele procedure.

worden met behulp van In-Fe-colloid, met daarbij een goede vitaliteit en

In hoofdstuk 6 werden enkele in-vitro functies van gelabelde en niet-gelabelde

monocyten vergeleken.

Toen de phagocytose van geopsoniseerde zymosan deeltjes getest werd (dmv.

chemiluminescentie en ook door een microscopische methode) bleek dat tussen

beide groepen geen significante verschillen aantoonbaar waren.

Ook toen de monocyten, zowel gelabeld als niet-gelabeld, in kweek gebracht

werden, kon geen verschil gevonden worden in de recovery van monocyten en/of

macrophagen na verschillende kweek tijden.

Echter, de hoeveelheid radioactiviteit, die celgebonden was, verminderde snel;

na 7 dagen in kweek geweest te zijn was nog ongeveer 20% van de begin

hoeveelheid aan de cellen gebonden. Er kon geen re-utilisatie van het In

aangetoond worden.

Er lijken tenminste twee relevante factoren aan te geven voor deze dalende

celgebonden radioactiviteit:

1. Door deling van de monocyten tijdens de kweek treedt een 'verdunning' op

van de hoeveelheid radioactiviteit per cel.

2. Een 'secretie' proces, dat na meerdere dagen van de kweek gedeeltelijk
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geremd kon worden door natrium croraoglycaat.

Er werd geconcludeerd, dat, door het snelle verlies van de celgebonden

radioactiviteit, met In-Fe-colloid gelabelde monocyten niet gebruikt kunnen

worden voor langdurige in-vivo kinetische studies.

Om dit probleem te omzeilen werd een ander product, een cellobiose-tyramine

adduct, gesynthetiseerd en gelabeld met "-'i (hoofstuk 7). Omdat het bekend

is, dat cellobiose niet door cellen gemetaboliseerd kan worden, mocht verwacht

worden, dat deze stof, mits intracellulair in de lysosomen aanwezig, veel

langer in de cel zou blijven. Omdat cellobiose moeilijk te labelen is met
125

I, werd eerst een adduct gemaakt met tyramine, wat vervolgens gelabeld werd
1 25

met I. Het geheel van synthese en labeling bleek vrij eenvoudig te zijn.

Er werden verschillende pogingen ondernomen om monocyten te labelen met dit

radioactieve adduct:

1. Er werd gebruik gemaakt van het zg. 'piggy-back' systeem, waarbij niet-

radioactief In-Fe-colloid dienst deed als het deeltje wat gephagocyteerd werd

door de monocyt. Er bleek maar weinig ^•"i celgebonden te zijn met een lage

differentiële labeling van de monocyten na afloop van de proefnemingen. Dit

resultaat kan verklaard worden door aan te nemen dat monocyten een relatief

lage phagocyterende capaciteit hebben onder de omstandigheden zoals die

tijdens de experimenten heersten.

2. Daarna werd met I gelabeld geaggregeerd immunoglobuline gebruikt,
125waarbij de pogingen om deze eiwitten te labelen met het I-tyraraine-

cellobiose adduct tot een specifieke activiteit, die autoradiografie mogelijk

zou kunnen maken, faalden. Daarom werd geaggregeerd immunoglobuline gelabeld
125met I via de chloramine-T methode. Hiermee kon wel autoradiografie bedreven

worden. Na opname door de mononucleaire cellen bleek, dat er een zeer lage

differentiële labeling van monocyten aanwezig was.

3. Als laatste werden liposomen, radioactief gemerkt met C-cholesteryl

oleaat, gebruikt. Na incubatie met mononucleaire cellen was de opname zo laag,

dat geen verdere proefnemingen gedaan werden. De conclusie werd getrokken, dat

deze lage opname waarschijnlijk veroorzaakt werd door de lage phagocyterende

capaciteit van monocyten onder de heersende omstandigheden tijdens de proeven.

De conclusie van dit hoofdstuk was, dat met de beschreven proefopzetten het
125

onmogelijk bleek om monocyten te labelen met het I-tyramine-cellobiose

adduct.
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Tenslotte werden in hoofstuk 8 drie richtingen aangegeven, waarin onderzoek

naar labelings methoden voor monocyten zich waarschijnlijk zullen begeven:

1. Verbeterde methoden van cel scheiding met het doel om een pure monocyten

suspensie te verkrijgen, zonder verlies van specifieke subfracties.

2. Het gebruik van radiopharmaca, die cel labeling in een plasma milieu

mogelijk maken.

3. Het gebruik van gelabelde monoclonale antistoffen tegen monocyt-membraan

antigenen.
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