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Chapter 27

RADIOLABELLED BLOOD ELEMENTS
TECHNIQUES AND CLINICAL APPLICATIONS

Matthew L. Thakur

Everything looks possible for those people
Who are willing to try it, "

-Jean-Louis Etienne

Introduction

Over the past few years, in nuclear medicine, the diagnostic applications of radiolabelled
blood elements in general, and of radiolabelled white blood cells in particular, have become
increasingly popular. This is primarily due to the introduction of lipid soluble mIn-oxine as
an agent, which not only is an excellent and a reliable tracer for blood cells but also enables
the investigators to study the in vivo cell kinetics and map the localization of labelled cells
by external gamma scintigraphy. The tracer has the modest half life of 67 hours and decays
with the emission of two gamma photons (173 and 247 kev) in high abundance. This
technique has provided a powerful tool to study the in vivo cell kinetics in health and localize
abnormal lesions in diseases which invoke intense focal cellular concentration.

Although IMIn-oxine remains the most commonly used agent for labelling blood cells, it's
use in the developing countries is likely to be limited because it is produced in a medium to
high energy accelerators, which are not readily available in these countries. The applications
of radiolabelled blood cells are so numerous and so useful in patient care, that intense
research effort is in progress to develop ^c™ labelled agents. Preliminary evaluation of
some of these agents, has shown some limitations in comparison to '"In-oxine but this
approach has provided a host of new agents for labelling blood cells.

Another limitation of all these agents, is that they require separation of blood cells in
vitro following the collection of patient's blood. This inconvenience has prompted
investigators to produce monoclonal antibodies specific for surface glycoproteins of blood
cells which can be radiolabelled and administered intravenously (i.v.) to the patient directly.
The labelled antibodies would interact with a specific cell type in vivo, thereby obviating the
need for blood withdrawal and in vitro cell labelling. Many such antibodies have been
already evaluated, both in animals and patients.

This field, thus far, has been the subject of hundreds of publications. It is difficult to
encompass all facets of its enormous growth and discuss every aspect of the subject, within
the confines of this Chapter. I have made an attempt to limit myself to the high-lights of the
techniques, a brief discussion of some of the new agents, routine and novel applications of
white blood cells, platelets and lymphocytes, and an outline of possible future directions. At
the end of this chapter, a list of selected reading material is given which, hopefully, will
provide answers to any specific queries that a reader might have.
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Cell labelling techniques

The techniques can be divided into two groups; in vivo labelling and in vitro labelling.

In vitro labelling

In vitro labelling is the most commonly used approach in cell labelling. In this
technique, blood is drawn from a patient in a suitable anticoagulant, cells are separated by
selective centrifugation, washed free of plasma and then incubated with a radioactive agent.
The general format of this procedure is illustrated in Fig. 27.1.

The need for labelling the blood cells in the absence of plasma, stems from the fact that
most lipophilic chelates prepared for this purpose are indiscriminative in that they label all
cell types rather than just the specific ones. The agents are also weak chelates and in the
presence of plasma bind to transferrin or other lipoproteins. Transferrin bound radioactivity
will not diffuse through the cell membrane and can not label blood cells. Washing platelets
free of plasma also diminishes their aggregatability.

The early search in the development of agents better than I nIn - oxine was aimed at the
preparation of agents that will label cells in the presence of plasma and in replacing n iIn with
"Tc™. Several such agents have been prepared. Some of them are listed in Table 1.

The most promising compounds from this long list are mIn-oxine and ™T<f HMPAO
(Hexamethyl propylene amine oxime). Both are lipid soluble agents. Using lllIn-oxine and
another lipid soluble agent mIn-Mercaptopyridine-N-oxide, it has been shown that the lipid
soluble complex diffuses passively across the cell membrane and '"In binds to cytoplasmic
components. This provides a firm intracellular label. "Tcm-HMPAO, also a lipid soluble
agent, is expected to behave similarly. However, presumably, 9STcm gets reoxidized
intracellularly and is eluted from the labelled cells. This radioactivity then distributes in the
patient, in the intestinal tract, thyroid, kidneys and bladder. The intestinal activity has been
observed in 27% of the patients imaged four hours after the administration of labelled cells
and in 100% of those imaged at 24 hrs. One way to alleviate this problem is to image the
patients earlier than four hours post-injection. This however results in high false negative
images. Both early and late imaging are therefore done and diagnosis is made after
comparing the images obtained at both time periods.

Labelling Procedure

Basically there are four separate procedures to label blood cells; two for labelling
leucocytes (one for labelling with lipid soluble agents and the second one for labelling with
phagocytic agents), one for labelling platelets and the other for labelling lymphocytes. The
latter two use only lipid soluble agents. All procedures that use lipid soluble mIn-oxine or
IIlIn-merc were initially studied in my laboratory. A brief outline of the basic labelling
procedures followed in our laboratory is described below.
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Labelling Granulocvtes

a) With lipophilic agents

The term granulocytes refers to a mixed population of all white blood cells (excluding
platelets) which are referred to in the literature as white blood cells (WBC) or leucocytes.
For separating leucocytes from the whole blood, many variations of the basic technique are
reported from laboratory to laboratory. The most common method (Fig. 27.2) consists of
drawing with 19 G needle, 30 ml venous blood in a sterile disposable syringe containing 200
units of heparin. The syringe is then hung upright in a sterile area, usually a laminar flow
hood, and red blood cells are allowed to sediment spontaneously. Sedimenting agents such
as hydroxyethyl starch or methyl cellulose have been used but only rarely do we find the use
of such agents necessary. Leucocyte rich plasma is then carefully expelled in two round
bottom sterile test tubes and centrifuged at 450 g x 5 minutes, using a horizontal swing rotor.
The leucocyte poor plasma is separated and stored. The cell button which usually appears
red due to contaminating red cells is suspended in 5 ml 0.9% NaCl or sterile isotonic
phosphate buffer pH 7.0. The radioactivity is then added to it drop by drop and the mixture
incubated for 30 minutes at room temperature. The cells are then centrifuged again, washed
once with plasma, and resuspended in plasma for reinjection. The yield with "'In-oxine is
generally greater than 80% but that with ^ c 1 " HMPAO is variable. Most investigators use
400-500 uCi u lIn but 5-15 mCi 9*Tcm. In order to obtain high labelling efficiency with "Tcm

HMPAO some investigators use 80 ml blood. After administration of the labelled cells, the
liver and spleen receive the highest radiation dose because up to 60 % of the administered
radioactivity is promptly deposited in these two organs.

b) Labelling by phagocytosis

In this type of labelling, polymorphonuclear leucocytes are allowed to engulf radioactive
particles, 1.5 - 2.0 u in diameter. Two agents, "Tc™ albumin colloid and 9*TcIB stannous
fluoride colloid have been explored most. White cells are separated as described previously
and are incubated in plasma with 10-15 mCi of "Tcm colloid at 37°C for 15 min. Monocytes
will also get labelled. Some particles will adhere to the cell surface and will come down with
the cells during centrifugation carried out to eliminate non-bound radioactivity. As much as
40% of the activity can be surface bound, which in vivo, might separate and subsequently
accumulate in the liver and spleen. Up to 70% of the injected activity has been found in the
liver soon after injection. Following phagocytosis, the cells are carrying radioactive particles
but may have diminished functional ability.

This labelling technique uses less expensive and commonly available "Tc" colloid. It
can be easily set up in a developing country. It has been tried clinically in many patients,
with acute appendicitis. The reported results have been remarkably acceptable with 89 %
sensitivity, 92 % specificity and 92% accuracy. Experience with this agent is limited in
patients with osteomyelitis and other soft tissue abscesses.
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Labelling Platelets

Subtle differences also exist in various techniques for platelet separation and labelling
procedures. Most commonly however, (Fig. 27.3) 34 ml venous blood is drawn in a sterile
syringe containing 6 ml anticoagulant, (Travenols or equivalent). Usually the blood to
anticoagulant ratio of 6:1 is maintained and no smaller than a 19 G needle is used. Smaller
needle may damage platelets and induce haemolysis. In both events ADP is released which
promotes platelet aggregation.

The blood is then divided in two equal volumes in two sterile conical test tubes and
centrifuged at 180 g x 15 min., again in a horizontal swing rotor. Platelet-rich plasma is
separated and platelets are harvested by further centrifugation at 2000 g x 10 min. Platelet
poor plasma is then separated without disturbing the button. Platelets are then suspended in
a salt balance media. Several media such as Tyrodes solution, modified Tyrodes solution,
and perhaps more easily available I:I::ACD(A): plasma (10%) have been employed. Two
important points must be kept in mind. One is to avoid plain isotonic or phosphate buffered
saline as a medium because platelets suspended in these solutions have reduced aggregability
(Fig. 27.4). Secondly one must make sure that the pH of the medium is between 6.2 to 6.6,
preferably 6.4. pH below that range will alter platelet viability and above that will tend to
clump the platelets making it difficult to suspend them uniformly. As in the leucocyte
labelling procedure, platelets are washed once, free of plasma, resuspended and labelled using
a i nIn or *Tcm lipophilic agent. Most investigators resuspend the labelled platelets in ACD:
plasma for injection. Because of a non-physiologic pH and the presence of ACD, platelet
aggregation studies can not be carried out on platelets suspended in this media. Post-labelling
aggregation studies are somewhat complicated for routine use and most of the investigators
prefer to rely on careful adherence to the preparation procedure.

Although platelets labelled with "Tc"1 have been used for imaging studies,'their use for
kinetic studies suffers from the short half-life of "Tcm as well as its spontaneous elution from
the labelled platelets.

Labelling Lymphocytes

The procedure for labelling lymphocytes differs from that of labelling the mixed
population of white blood cells in two ways. First, in the cell separation and second, in the
radioactivity concentration. Because of the susceptibility of these mononucleated cells to the
radiation toxicity induced by the Auger electrons from the decay of " lIn, it is recommended
that 108 lymphocytes be labelled with no more than 20 fid M1In. If a whole body scan of the
patient is required, a minimum of 150 ;tCi l l lIn is needed. This would require close to 109

isolated lymphocytes. These have been obtained by using a cell separator connected to the
patient's arm. The contaminating platelets are then eliminated by passing the collected buffy
coat through a sterile glass bead column and the lymphocytes are then purified over the Ficoll
Hypaque gradient. Lymphocytes are then harvested, washed with PBS, suspended in PBS
and labelled with "lIn-oxine to yield approximately 20 fiCi/108 cells.
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This complexity has limited to some extent the clinical applications of labelled
lymphocytes. In a routine leucocyte preparation, the contaminating lymphocytes also get
labelled with much higher quantity of radioactivity than 20 ftCi/108 cells. It is estimated that
each cell receives more than 17 000 rads. With such a high radiation dose, lymphocytes do
not survive but the neutrophil function is not affected.

Due to the spontaneous elution of Tc, studies with Tc labelled lymphocytes are not
common.

Quality Control

The quality control tests for labelled cells should consist of a sterility test and cell
function tests. The sterility tests on blood samples obtained from patients with bacterial
infection may not be meaningful. However, all patients; e.g. patients with vascular
thrombosis may not fall into this category. One must make sure that the labelling procedure
is carried out in a sterile area using sterile containers. A certified laminar flow hood is the
equipment of choice. However, a home-made plexiglass box equipped with a U.V. lamp for
sterilization has been successfully used. Alternatively working carefully around a Bunsen
burner may be acceptable. The rapid Limulus sterility test can not be easily carried out on
blood samples and one must rely upon the bacteriological tests. However, such tests do not
provide results until long after the preparations have been injected and serve only as a
guideline, warning caution against any reagents or procedural failures.

Chemotaxis is one of the most acceptable tests for the assessment of PMN function;
however this too is not a quick test that can be done before the preparation is injected. The
aggregability test for platelets is rapid, reliable and quantitative. Most investigators believe
that it is a worthwhile platelet function test. Many researchers, however, argue that the
results of this test do not necessarily correlate with in vivo platelet survival or with imaging
results achieved.

In vitro labelling: potential risks

The blood cell labelling techniques are increasingly used clinically in the developed
countries because of the diagnostically helpful information that they provide. There is an
inherent danger of handling blood from patients with positive HIV, hepatitis or bacterial
infection. This poses a constant risk to individuals handling the blood. The possibility of
such a danger is much more in a developing country where adequate testing facilities are
unavailable and where the incidence of all these infections in the population is expected to be
quite high. The risk could be eliminated only if agents given to the patients would label the
desired type of blood cells selectively in vivo.
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A number of such agents have been recently developed, many with a commercial
potential. Such agents may or may not be available at present in the developing countries.
However, this chapter would not be complete without their brief description, a partial list,
their potential virtues and possible limitations in routine clinical practice.

In vivo cell labelling

These agents can be broadly classified in two groups; specific and non-specific. They
are administered directly to a patient or imaging abnormal lesions and thereby eliminate the
need for drawing patient's blood and labelling the blood components in vitro. The most
common specific agents, in that they are specific in their interaction with only a certain type
of blood component, are monoclonal antibodies tailored to interact with certain antigenic sites
available on blood cells or other blood components. In the use of such specific agents one
relies upon the high affinity constant between the antibody and the antigen. It is assumed that
the blood components associated with the radioactive antibody molecules then carry the
radioactivity to the lesion under examination.

Non-specific agents

The non-specific agents, in principle, do not rely upon blood component carrier
mechanism. Perhaps one of the most important non-specific agent given to patients directly
is u lIn or "Tc™ labelled human polyclonal immunoglobulin (HIgG) to image inflammatory
foci. Excellent results with >90% sensitivity and specificity have been reported. Among
the currently explored directly administered agents for imaging abscesses or inflammation,
"Tc™ HIgG has drawn the most attention. "Tc"1 is not only less expensive and easier to
obtain than m In but it also delivers less radiation dose to the subject. With "Tc"1 HIgG, the
imaging can be done six to eight hourss post-administration, compared to that of 24 hr or
longer with In-111 HIgG, The recently reported results from a Singapore group, for example,
are highly encouraging and set an example for its use in other developing countries.

The HIgG is labelled with "Tcm by the cyclic anhydride DTP A bi functional chelating
agent technique. Serum albumin as a stabilizing carrier and stannous chloride as a reducing
agent for "Tc™ are added to the HIgG. The recent techniques of labelling antibodies with
"Tcm by the direct antibody sulphhydryl group methods are perhaps simpler, and easier to
use. We, in our laboratory, routinely label HIgG with "Tcm by reducing a small number of
disulphide groups to sulphhydryls using ascorbic acid as a reducing agent. We believe that
it has several advantages over the other methods. Reference to this could be found in the
suggested list of reading at the end of this chapter.

In addition to the nonspecificity of this agent, there are several other disadvantages that
should be noted. Perhaps one of the primary mechanism by which this agent accumulates in
the inflammatory lesions is the infiltration of radioactivity into the interstitial space due to
increased capillary permeability. If this is the mechanism then this agent may also be taken
up in certain tumours, thereby, like 67Ga citrate, raising diagnostic ambiguities about the
lesions in which they localize.
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HIgG also has a long half clearance time giving very high blood activity, as evident in
the images given in the Singapore group publication. This blood pool activity contributes to
the delayed imaging times as late as 24 hr post-injection. Using "Tc™ labelled human
neutrophil specific antibody, we have obtained positive abscess images within three hours of
administration in all five patients studied (Fig. 27.5). In all "Tc"1 labelled proteins, some
spontaneous elution of the tracer is inevitable. The radioactivity then goes to the kidneys,
bladder, thyroid and the intestines. This distribution of radioactivity makes the interpretation
of scans difficult. The ability of an agent to image lesions successfully at an early time after
injection is important as well as convenient. Modern preparations of HIgG are very safe and
have a proven track-record of being used in massive doses as an anti-infective agent in
patients with burns and immunodeficiency.

Specific agents

During the past four years or so, several agents specific for a variety of blood
components have been developed. Monoclonal antibodies specific for neutrophils, platelets,
lymphocytes, or fibrin have been radiolabelled and infused directly into the blood stream.
These antibodies, or their fragments, have been labelled with 111-In, 123-1 or "Tcm . The
antibodies are not only designed to interact with specific cellular blood elements but also with
other blood components such as fibrin and fibrin fragment B. The antibody molecules in the
blood stream are then expected to interact with the cell surface glycoprotein without altering
the cell's physiologic properties. The scintigraphic imaging is done later at a suitable time.
Many of them have been evaluated in patients for imaging infection, inflammatory process,
vascular thrombi and for the determination of the rejection episode of transplanted organs.
This approach and its early success has added new momentum to the research in this field and
it is expected that the need for labelling blood cells in vitro may soon be declining.

Despite the success and the excitement, some investigators have expressed concern that
the use of murine protein in humans may lead to the formation of HAMA (human antibodies
against mouse antibody). HAMA production may be particularly dangerous in those patients
who may otherwise be expected to have normal life span. The repeated use of antibodies in
these patients could therefore be inadvisable and perhaps unsuccessful. However, studies
have thus far shown that the HAMA response in patients receiving less than a mg of MAb
is infrequent than in those patients receiving multi- mg quantities. Most studies for imaging
haematological disorders of the kind pertaining to this chapter, have used less than a mg MAb
which hopefully will eliminate this problem. It is expected that the choices of the agents will
not be based upon the price or availability of the agent but instead may be made on the basis
of the sensitivity and the specificity of these agents, which must be evaluated thoroughly.

Several antiplatelet antibodies have been evaluated in patients with vascular thrombi and
excellent results have been obtained. It has been reported that "Tc™ labelled antibody
fragment clears rapidly from circulation and helps to enhance the lesion to background ratio.
Although this phenomenon is clearly favourable to imaging, it makes one wonder as to why
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the platelets labelled with such antibodies (assuming a major proportion of the antibody
molecules bind to circulating platelets) clear from circulation so rapidly.

Antibodies specific for CD - 2 lymphocytes antigens detect rheumatoid arthritis
effectively and those against CD - 4 antigens diagnose rejection episode in transplanted
kidneys by their extensive accumulation in the organ even before the clinical symptoms
become apparent.

Clinical applications

Leucocytes

It is reasonable to argue that in the history of nuclear medicine, no single
radiopharmaceutical has found as many applications as n iIn- oxine, which till today, remains
the most suitable agent for labelling cellular blood elements. The pathophysiological
responses against disease invoke intense cellular infiltration and often complicated biochemical
reactions. Many such responses have been thoroughly examined. The studies have provided
a strong basis for application of radiolabelled blood elements in scintigraphic localization of
abnormal lesions. During the past 15 years or so, the feasibility studies of numerous such
applications have been carried out using '"In labelled leucocytes, platelets and lymphocytes.
Some of these applications are listed in Table II.

Probably the most common among these applications are those which use radiolabelled
autologous leucocytes. Leucocytes withstand in vitro labelling manipulation well and allow
investigators to image lesions within 24 hrs after the injection. The labelling technique is
efficient and presents little problem in studying paediatric population or neutropenic
individuals. A general rule of thumb is that lesions actively harbouring blood cells will
accumulate radioactivity. Walled off abscesses or the lesions of chronic osteomyelitis may
be difficult to localize. Histologic studies have shown that the lesions of chronic
osteomyelitis, for example, attract more mononuclear cells than polymorphonuclear
leucocytes. These can be detected more readily by labelling a larger number of those cells.
This is achieved by drawing 80 ml of blood for labelling rather than the usual 30 ml. With
m In labelled cells, there is virtually no radioactivity found in the gastrointestinal tract. This
makes it convenient to study the patients with inflammatory bowel disease. However,
patients with intestinal bleeding may complicate interpretation and serial imaging may be
necessary. The usual lack of uptake of labelled leucocytes in tumours normally allows one
to distinguish malignant lesions from infection. However, the literature is full of examples
in which intense radioactivity accumulation in infected tumours has been reported. Imaging
infarcted myocardium is feasible yet uncommon since the kinetics of leucocyte infiltration
requires imaging to be performed within 24 hrs of the onset of chest pain. In subsequent
images fewer true positive scintigram have been obtained.

Although many such applications are routine, certain diseases tend to be more regional.
Ascariasis and filariasis, for example, is more frequent in developing and tropical countries
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than in the industrial, western part of the World. The occurrence of this infestation Is usually
associated with elevation of eosinophils in circulation. The so called tropical eosinophilia
supposed to be associated with filarial migration is associated with intense eosinophilia,
sometimes as high as 70 to 80 %. Because of their usual small number and difficulty in their
separation in pure form from blood, there are very few attempts to label eosinophils and
study their kinetics in a patient and investigate their interaction with helminths. Many such
regional diseases provide unique opportunity to study the cell pathophysiology non-invasively,
for basic knowledge as well as for patient care.

It is our hope that the availability of monoclonal antibodies specific for blood cells, and
the ability to label them with a variety of radionuclides without alteration of their biochemical
properties, will simplify the technique for applications in routine diagnosis and add to the
vital patient care. Needless to add that the simplification of cell labelling procedure will also
promote cell kinetic studies previously complicated by the possibility of their modulated
biological behaviour. Many such studies have already begun and encouraging results have
been obtained.

An example is given (Fig. 27.5) from our preliminary studies in which 100 ug of IgM
antibody, specific for lacto-N-fucopentoase antigenic determinant on human neutrophils, was
labelled approximately with 5 mCi "Tc1" and given to patients suspected of ongoing
inflammatory disease. The figure shows an intense uptake of radioactivity in the right lower
abdomen within 30 min, after the administration of anti-body. Perforated appendicitis was
evident at surgery. Approximately 40% of the circulating activity was associated with
neutrophils. At three hrs post-injection the bone marrow activity was estimated to be
approximately 7% and the bladder activity to be less than 1%.

Platelets

The number of experimental and clinical applications of radio- labelled platelets perhaps
exceed the number of applications explored with any other blood cells. The literature
indicates, however, that the labelled platelets are employed for fewer routine applications than
for example radiolabelled leucocytes. One of the major difficulties in the routine
scintigraphic applications of platelets may be traced to their long survival time which results
in high blood background activity and compels investigators to perform imaging several days
after the labelled platelets have been administered. For imaging intracardiac thrombosis, for
example, patients have been imaged for up to 5 days in order to allow the blood pool
background radioactivity to minimize. It is probably for the same reason that, the
visualization of small lesions of bacterial endocarditis or coronary artery thrombosis has been
less reliable and infrequent.

The clinical problems associated with hypercoagulation are treated with anticoagulating
agents. This can reduce platelets aggregability and also their deposition on the lesions under
examination. In one study on imaging pulmonary embolism (PE), for example, heparin
prevented scintigraphic visualization of PE but its effect was reversible. Contrary to this,
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lesions of atherosclerosis are imaged in several patients receiving dipyridamole known to
reduce platelet aggregability.

Several successful studies have been carried out on the determination of platelet survival
and on the site of platelet destruction in the management of patients with idiopathic
thrombocytopenic purpura (ITP). A renal uptake index has been developed in order to be
able to predict a rejection episode of transplanted kidneys before the evidence of clinical
symptoms so that an aggressive regimen of therapeutic intervention could be warranted. The
scintigraphic determination of platelet kinetics in patients with transient thrombocytopenia
during surgery and its reversal by protamine sulphate illustrates the feasibility of such studies
that previously were almost impossible to perform.

Several antiplatelet anti-bodies and antifibrin antibodies and some antibody fragments
labelled with I23I, u lIn as well as with "Tc01 have been prepared and evaluated in patients with
deep venous thrombosis. Results have been encouraging not only because the agents were
able to localize thrombi but reportedly there was a rapid clearance of radioactivity. Since the
clearance time of platelet bound radioactivity should be determined by survival of platelets
and not by the in vivo elimination of the radiolabelled antibody, this phenomenon is
interesting. Such antibodies may be highly useful in imaging vascular thrombi and the lesions
of atherosclerosis but may have limited applications in platelet kinetic studies.

Lymphocytes

In principle, with m In or "Tc" labelled autologous lymphocytes, it is possible to image
all kind of lymphoid malignancies. Enlarged lymph nodes in patients with Hodgkins Disease
have been successfully imaged and tumours have been localized with high specificity and
sensitivity. The lymphocyte is a ubiquitous cell with a heterogeneous population. In animals
like rats and sheep lymphocytes are obtained from the thoracic duct, from the spleen in mice,
and from the footpad lymph nodes in hamsters. The number of lymphocytes in circulating
blood is relatively small but it is the most convenient place to obtain lymphocytes in humans.
The presence of lymphocytes in the blood, spleen, bone marrow, lymph nodes, thoracic duct
and other non-lymphoid tissue makes the cell migration pattern complex but interesting to
examine. Not much has been studied of their migration pattern in a state of disease.
Radiolabelled LAK cells appear to migrate in the malignant lesions within a few hours after
administration. Their migration in transplanted hearts at the time of rejection episode has
been studied in animals and more recently in transplanted kidneys in man. However, for the
latter application; radiolabelled antibody specific for lymphocyte determinant CD - 2 appear
to be a better way.

Labelling lymphocytes in vivo is not only convenient but the surface label of
radiolabelled antibody is expected to exert less radiation risk to these mononuclear cells than
the intracellular label like UIIn-oxine. Such a surface label is highly desirable particularly
for these dividing cells. It is reasonable to anticipate that the availability of such an in vivo
tracer for lymphocytes will promote new investigation not only in scintigraphic diagnostic
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studies but also in the studies of the migratory properties of lymphocytes in health and
disease.

Conclusion

In conclusion, I can say that this field is still in the infancy and the full scope of the
applications of the labelled blood cells is not yet fully realized. Hardly any work in this area
has come from the developing countries. The techniques are relatively simple and does not
need any costly equipment which is normally not available in a nuclear medicine department
of a hospital. The vast variety of infectious diseases that are prevalent in these countries
would provide numerous opportunities to an inquiring mind to pursue research in
understanding the interplay between the invader and the host's defence. In developed
countries there has been an undue emphasis on devising scintigraphic applications. The basic
kinetic studies can provide a lot of useful information even without scintigraphy. What better
physiologically compatible tracer there can be than labelled blood cells? I hope that the
international organizations will help in transferring this technology to the developing countries
where it is most needed and where this kind of technology will find its greatest challenge and
true fulfilment.

SUGGESTED READING

Journal Articles

A. Labelling Techniques.

[1] THAKUR, M.L, et al., m In labelled human platelets: Improved method,
efficacy and evaluation, J. Nucl. Med. 22 (1981) 381-385.

[2] THAKUR, M.L. et al., l uIn labelled cellular blood components: Mechanism
of labelling and intracellular location in human neutrophils, J. Nucl. Med. 18
(1977) 1020-1024.

[3] MATHIAS, C.J., et al., Radiolabelling of platelets: Sem. Nucl. Med. XIV
(1984) 118-128.

[4] PETERS, A.M., et al., Clinical experience with "Tc" HMPAO for labelling
leucocytes and imaging inflammation. Lancet 2 (1986) 946-949.

[5] MCAFEE, J.G., et al., Techniques of leucocyte harvesting and labelling:
Problems and perspectives. Sem. Nucl. Med. XV (1984) 83-106.

507



CHAPTER 27

B. Leucocytes.

B.I General:

[1] THAKUR, M.L., et al., Neutrophil Labelling Problems and Pitfalls. Sem.
Nucl. Med. XIV (1984) 107-117.

[2] MCAFEE, J.G., Editorial: What is the best method for imaging infections.
J. Nucl. Med. 30 (1989) 413-415.

[3] SAYLE, B.A., et al., '"In Chloride Imaging in patients with suspected
abscesses. J. Nucl. Med. 24 (1983) 1114-1118.

[4] MORELMAN, L. et al.,: In vitro and In vivo Evaluation of Granulocyte
Labelling with "Tcm d, 1-HMPAO. J. Nucl. Med. 30 (1989) 2022-2028.

B.2 "Tcm Labelled leucocytes (Colloid and HMPAO):

[1] MOCH, B.H., et al., Leucocytes labelling with "Tcm tin colloids.
J. Nucl. Med. 28 (1987) 1471-1477.

[2] MOUNTFORD, P.J., et al., Comparison of "Tcm-HMPAO leucocytes for
localizing intra-abdominal sepsis. J. Nucl. Med. 31 (1990) 311-315.

[3] RODDIE, M.E., et al., Inflammation: Imaging with "Tc™ HMPAO labelled
leucocytes. Radiology 166 (1988) 767-772.

B.3 Abdominal Abscess

[1] GOLDMAN, M., et al., ' "In-labelled leucocytes in the diagnosis of abdominal
abscess. Br. J. Surg. 74 (1987) 184-186.

B.4 Gastrointestinal System

[1] SAVERYMUTTU, S.H., et al., lnIn autologous leucocytes in inflammatory
bowel disease. Gut 24 (1983) 293-299.

[2] FROELICH, J.W., et al., The role of '"In white blood cells in inflammatory
bowel disease. Sem. Nucl. Med. 18 (1988) 300-307.

B.5 Pulmonary Direction

[1] SFAKIANAKIS, G.N., et al., Comparisons of scintigraphy with mIn
leucocytes and 67Ga in the diagnosis of occult sepsis. J. Nucl. Med. 23 (1982)
618-626.

508



RADIOLABELLED BLOOD ELEMENT
TECHNIQUES AND CLINICAL APPLICATIONS

[2] RUBIN, R., et al., '"In labelled nonspecific immunoglobulin scanning in the
detection of focal infection. N. Engl. J. Med. 321 (1989) 935-940.

B.6 Fever of Unknown Origin

[1] MCSWEENEY, J.E., et al., Diagnoses of pyrexia of unknown origin with
u lIn leucocytes. Nucl. Med. Comm. 11 (1990) 202.

B.7 Proteins (Monoclonal and polyclonal antibodies:

[1] FISCHMAN, A.J., et al., Detection of acute inflammation with "'In labelled
nonspecific polyclonal IgG. Sem. Nucl. Med. IS (1988) 335-344.

[2] GOH, A.S.W., et al., Imaging focal Inflammation with "Tcm labelled human
polyclonal immunoglobulin G, Nucl. Med. Comm. 11 (1990) 843-855.

C. Platelets

[1] INTERNATIONAL COMM. FOR STANDARDS IN HAEMATOLOGY:
Recommended Method for "'In platelet survival study. J. Nucl. Med.
29 (1988) 564-566.

[2] DANPURE, H.J., et al., Investigations to determine the optimum conditions
for labelling human platelets with "Tc^HMPAO, Nucl. Med. Comm.
9 (1988) 267-272.

[3] KNIGHT, L.E., Radiopharmaceuticals for thrombus detection. Sem. Nucl.
Med. 20 (1990) 52-67.

D. Lymphocytes:

[1] THAKUR, M.L., Radiolabelled blood cells: Perspectives and prospects.
Nucl. Med. and Biol. 17 (1990) 41-47.

E. Journal Issues:

[1] Seminars in Nuclear Medicine Part-I. April 1984.

[2] Seminars in Nuclear Med. Part-II. July 1984.

509



CHAPTER 27

F. Books:

[1] '"In labelled neutrophils, platelets and lymphocytes. THAKUR, M.L.,
GOTTSCHALK, A. (Eds.) Trivirum Pub. Co. N.Y. 1980.

[2] Radiolabelled Blood Elements. THAKUR, M.L. ,(Ed.) Life Sciences Vol. 88,
Plenum Pub. Co. N.Y. 1983.

[3] Blood Cells in Nuclear Medicine Part I and II. HARDEMAN, M.R.,
NAJEAN, Y., (Eds.), M. Nijhoff Publishers, Boston 1984.

[4] Clinical Applications of Radiolabelled Platelets. KESSLER, et al.,
Kluwer Academic Publishers, 1990.

[5] Radiolabelled Cellular Blood Elements. SINZINGER, H., THAKUR, M.L.
(Eds.) Wiley-Liss Inc. N.Y. 1990.

ACKNOWLEDGEMENT

I would like to thank Ms. Renee King for typing and Mr. Joe DeFulvio for proof
reading. Supported, in part, by NIH grant 1-R01 CA 51960-01.

510



RADIOLABELLED BLOOD ELEMENT
TECHNIQUES AND CLINICAL APPLICATIONS

TABLE I. RADIOACTIVE AGENTS FOR IN VITRO

In-111-oxine
In-111-Tropolone
In-111-Merc (2-Mercapto-

Pyridine-N-Oxide)

LABELLING

Tc-99m MDP, PYP (Pre-tinning)
Tc-99m Colloid (Albumin, Sulphur,
SnF2)
Tc-99m HMPAO
Tc-99m Porphyrine

TABLE n. DIAGNOSTIC APPLICATIONS OF
RADIOLABELLED BLOOD CELLS

Cell Type

Leucocytes

Platelets

Lymphocytes

Applications

Soft tissues abscesses.
Inflammatory foci.
Inflammatory bowel disease.
Infections of orthopaedic
implants
Osteomyelitis
Intracranial abscesses
Rheumatoid arthritis
Myocardial infarction

Venous Thrombosis
Intracardiac thrombosis
Renal transplant rejection
Bacterial Endocarditis
Pulmonary Embolism
Coronary Artery Thrombosis
Atherosclerotic lesions.

Lymphoid tissues
Malignant tumours
Transplanted organ rejection
Rheumatoid Arthritis
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Fig. 27.1. A schematic presentation of a general procedure for imaging
patients with radiolabelled autologous blood cells.

1. venous blood is drawn,
2. cells are separated,

> 3.& 4. cells are labelled with In-Ill-oxine,
5. injected back to the patient and
6. patient imaged later.
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RADIOLABELLED BLOOD ELEMENT
TECHNIQUES AND CLINICAL APPLICATIONS

30 ml Venous Blood in
200 I.U. (RF.) heparin

Allow to sediment

A
Add 5ml plasma

Inject IV.

Separate leukocyte
rich plasma

Centrifuge at
450g x 5 min

Incubate with
In-Ill oxine at
R.T. x 15 min

Labeling efficiency

Wash leukocytes x 2
(450 g x 4 min)
and suspend in
5 ml 0.9% NaCI

Fig. 27.2. A most commonly used leucocyte separation and labelling
procedure. (i.v.= International units. P.F. = preservative free
Heparin. P.F. heparin is not absolutely necessary).
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6 ml acid citrate
34 ml blood

Donor

6.5—pH—7.4
1.5 ml 3.8% Na Citrate
15 ml blood

centrifuge l80g x I5min
w

0.5 ml (§) for
aggregation

centrifuge lOOOg x lOmin.

(B)

store at 37°CV

wash with
MTS at 37°C-

[A)-P

suspend in 4 ml
MTS.+ In-HI oxine.

incubate at
37°C,IO min.

4 ml PPP A

—store at 37°C
r-—reject

[A>P

centrifuge
lOOOgx 10 min

suspend in 5 ml PPP B
incubate I5min.,37°C
0.5 ml for aggregation
inject

Fig. 27.3. A schematic presentation of a procedure for labelling human
platelets with mIn-oxine. (PRP = platelet poor plasma, MTS
= modified Tyrode's solution).
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RADIOLABELLED BLOOD ELEMENT
TECHNIQUES AND CLINICAL APPLICATIONS
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In-lll,
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Fig. 27.4. Influence of suspending medium on labelling efficiency and
aggregabiliry of "'In labelled human platelets. Open circles
represent aggregation and close circles the labelling efficiency.
Percentages are the mean values of three experiments.
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GS
ANT (3.5 HR)

Fig. 27.5. An anterior gamma camera image of a patient with fever, right
lowex quadrant abdominal pain and elevated white blood cell
count The patient was given i.v., 100 /zg of human neutrophil
specific monoclonal antibody, MCA-480, labelled with
approximately 5 mCi "Tc™ and imaged two hours later. At
surgery the lesion was confirmed to be a perforated
appendicitis. (From: Thakur, Marcus and Rhodes et al, JNM
in press).
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