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ABSTRACT 

HUMAN CYTOKERATINS - their use as targets in cancer management 

Birgitta Sundström, Department of Medical Biochemistry and Biophysics, University of Umeå, 
S 901 87 Umeå, Sweden. 

Cytokeratins, biochemically related to intermediate filaments (IF), form an intracellular 
network of filaments which contributes to the mechanical stabilizing of the cell. 19 individual 
polypeptides, divided into two groups, constitute the cytokeratin family. 

Each type of epithelial cell can be characterized by its content of cytokeratin 
polypeptides since the expression pattern varies with the type of epithelium. During the 
transformation of epithelial cells into tumours, the cytokeratin patterns are usually maintained. 
This property has enabled cytokeratins to be used as tumour markers, especially for tumours 
not easily classified. 

In order to evaluate cytokeratins as tumour markers, we have generated a battery of 
monoclonal antibodies (MAbs) against cytokeratins extracted from carcinomas. Five antibodies 
were further characterized. All reacted with cytokeratin 8 (CK 8) amongst others, but only one, 
TS 1, was specific for this keratin. 

CK 8 is o ne of the most abundant keratins in carcinomas. It is released into necrotic 
areas and can be found intratumourally and in the blood, circulating as partially degraded 
complexes and as such can be used as a tumour marker. The deposits of cytokeratins in 
tumours enable these structures to be used as targets for the management of tumours, i.e. by 
radioimmunodetection and radioimmunotherapy. 

To assess the value of circulating CK 8 as a serological tumour marker, an enzyme-
linked immunosorbent assay (ELISA) was developed, employing two MAbs reactive with 
different epitopes on CK 8, i.e. TS 3 and TS 4. Serological determinations of CK 8 in cancer 
of the colon, pancreas and ovary showed that such measurements may be of value for the 
management of these types of cancer. 

For in vivo studies of cytokeratins as tumour markers, a nude mouse model carrying 
HeLa cell tumours was used to evaluate whether cytokeratins can play a role in 
radioimmunodetection and radioimmunotherapy. In such experiments, TS 1 demonstrated its 
usefulness i n both techniques. The accumulation in the tumour was visualized by co njugated 
radionuclides and the biological half-life for the antibody was e stimated to over 600 h which 
makes this MAb a suitable reagent for immunotherapy. 

Immunotherapy experiments in the same animal model showed that a modified approach 
should be considered if cytokeratins are to be used as the targets. Since antibodies accumulate 
mainly in necrotic areas, beta-emitters can not be used as in other studies on potential therapy 
methods. Instead, 125-1 which emits Auger elec trons and has a relatively low energy gamma-
radiation was investigated. Tumour growth was retarded with both 131-1- and 125-I-conjugated 
MAbs studied. 

This thesis indicates that simple epithelial cytokeratins (CK 7, 8, 18, 19) may be useful 
targets both for radioimmunodetection and radioimmuno-therapy of cancer. 
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ABSTRACT 

HUMAN CYTOKERATINS - their use as targets in cancer management 

Birgitta Sundström, Department of Medical Biochemistry and Biophysics, 

University of Umeå, S 901 87 Umeå, Sweden. 

Cytokeratins, biochemically related to intermediate filaments (IF), form 

an intracellular network of filaments which contributes to the mechanical 

stabilizing of the cell. 19 individual polypeptides, divided into two groups, 

constitute the cytokeratin family. 

Each type of epithelial cell can be characterized by its content of 

cytokeratin polypeptides since the expression pattern varies with the type of 

epithelium. During the transformation of epithelial cells into tumours, the 

cytokeratin patterns are usually maintained. This property has enabled 

cytokeratins to be used as tumour markers, especially f or tumours not easily 

classified. 

In order to evaluate cytokeratins as tumour markers, we have generated 

a battery of mo noclonal antibodies (MAbs) against cytokeratins extracted from 

carcinomas. Five antibodies were further characterized. All reacted with 

cytokeratin 8 (CK 8) amongst others, but only one, TS 1, was specific for this 

keratin. 

CK 8 is one of the most abundant keratins in carcinomas. It is r eleased 

into necrotic areas and can be found intratumourally and in the blood, 

circulating as partially degraded complexes and can as such be used as a tumour 

marker. The deposits of cytokeratins in tumours enable these structures to be 

used as targets for the management of tumours, i.e. by ra dioimmunodetection 

and radioimmunotherapy. 

To assess the value of circulating CK 8 as a serological tumour marker, 

an enzyme-linked immunosorbent assay (ELISA) was developed, employing two 

MAbs reactive with different epitopes on CK 8, i.e. TS 3 and TS 4. Serological 
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determinations of CK 8 in cancer of the colon, pancreas and ovary showed that 

such measurements may be of value for the management of these types of 

cancer. 

For in vivo studies of cytokeratins as tumour markers, a nude mouse 

model carrying HeLa cell tumours was used to evaluate whether cytokeratins 

can play a role in radioimmunodetection and radioimmunotherapy. In such 

experiments, TS 1 demonstrated its usefulness in both techniques. The 

accumulation in the tumour was visualized by conjugated radionuclides and the 

biological half-life fo r the antibody was e stimated to over 600 h which makes 

this MAb a suitable reagent for immunotherapy. 

Immunotherapy experiments in the same animal model showed that a 

modified approach should be considered if cyto keratins are to be used as the 

targets. Since antibodies accumulate mainly in necrotic areas, beta-emitters can 

not be used as in other studies on potential therapy methods. Instead, 125-1 

which emits Auger electrons and has a relatively low ene rgy gamma-radiation 

was investigated. Tumour growth was retarded with both 131-1- and 125-1-

conjugated MAbs studied. 

This thesis indicates that simple epithelial cytokeratins (CK 7, 8, 18, 19) 

may be useful targets both for radioimmunodetection and radioimmuno-therapy 

of cancer. 
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This thesis is based on the following articles, which will be referred to by their 

Roman numerals. 

I Sundström BE, Nathrath BJ, Stigbrand TI. Diversity in 

immunoreactivity of tumour-derived cytokeratin monoclonal 

antibodies. J Histochem Çytochem 1989;37:1845-1854 

II Sundström B, Johansson B, Hietala S-O, Stigbrand T. Radio-

immunolocalization in nude mice using anticytokeratin monoclonal 

antibodies. Tumor Biol 1990;11:150-166 

III Sundström B., Stigbrand T. Two-site enzyme linked immunosorbent 

assay for cytokeratin 8. Int J Cancer 1990 ;46:xxx-yyy 

IV Riklund KE, Makiya RA, Sundström BE, Thorneil L-E, Stigbrand 

T. Experimental radioimmunotherapy of HeLa tumours in nude 

mice with 131I-labelled monoclonal antibodies. Anticancer Res 

1990;10:379-384 

V Riklund KE, Makiya R, Sundström B, Bäck O, Henriksson R, 

Hietala S-O, Stigbrand T. Inhibition of growth of HeLa cell tumour 

in nude mice by 125I-labelled anticytokeratin and anti-PLAP 

monoclonal antibodies. Submitted. 
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ABBREVIATIONS 

CK cytokeratin 

IF intermediate filament 

MIRD medical internal radiation dosimetry 

FET fluorescence energy transfer 

SDS sodium dodecylsulphate 

PAGE Polyacrylamide gel electrophoresis 

RID radioimmunodetection 

RIT radioimmunotherapy 

SPECT single photon emission computed tomography 

GFAP glial fibrillar acidic protein 

CEA carcinoembryonic antigen 

CA-125 cancer antigen 125 

AFP alphafetoprotein 

PAP prostatic acid phosphatase 

CSAp colon specific antigen protein 

PLAP placental alkaline phosphatase 

MW molecular weight 

Pi isoelectric point 
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INTRODUCTION 

CYTOSKELETON 

The cytoskeleton, found in all eukaryotic cells, is composed of a complex 

network of morphologically distinct filaments which organizes th e content of the 

cytoplasm. By continuous assembly-disassembly cycles, the cytoskeleton 

participates in important functions in cellular processes such as locomotion, 

maintenance of cell shape, growth, division, secretion, adhesion, phagocytosis 

and cell-cell contacts. It also plays an important role in the localization of 

surface antigens and can act as a solid-state support for arranging enzyme 

systems. Furthermore, the cytoskeleton provides a potential link between the 

extracellular matrix and the nuclear envelope. Cells can, by the cytoskeleton, 

influence neighbouring cells either by intercellular junctions or by effects on the 

extracellular matrix. 

Essentially all eukaryotic cells contain 3 types of filamentous structures: 

microfilaments (7-9.5 nm in diameter), microtubules (25 nm), and intermediate 

filaments (10-12 nm). 

Microfilaments 

Eukaryotic cells possess a distinct cortical layer of microfilaments (7-9.5 

nm) beneath the plasma membrane which provides the cell with muscle like 

contractile-assemblies. Microfilaments utilize actin as the contractile unit and 

several  forms of  act in  have been recognized.  Globular  ac t in,  analogous to  a,ß-

tubulin, establishes an equilibrium with its polymeric form, F-actin, depending 

upon ionic conditions, ATP levels and associated actin-binding proteins. 

These associated actin-binding proteins can cross-link actin filaments into 
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loose gels, bind them into stiff bundles, move along them generating force, or 

attach them to the plasma membrane. This cross-linking results in filament 

complexes of higher order, the most common being stress fibres and microvilli. 

Microfilaments participate in a wide range of cellular movements, as 

exemplified by cell migration during development, clot retraction by blood 

platelets and the movement of macrophages to injured tissues. 

Microtubules 

Microtubules (25 nm) form, by the polymerization of a and ß tubulin, 

heterodimers which have architectural and contractile properties. They are 

responsible for the intracellular movement of endocytotic and exocytotic vesicles. 

The number of microtubule complexes relates directly to the assembly-

disassembly equilibrium of the a,^-tubulin subunits. There are numerous factors 

which affect this equilibrium, including subunit concentration, microtubule-

associated proteins, temperature and different covalent modifications. 

Microtubule-organizing centres such as centrosomes continually nucleate the 

formation of new microtubules, which grow out in random directions. Slowly 

growing microtubules are unstable and liable to disassembly, but can be 

selectively stabilized by association with other structures that cap their two ends. 

This process largely determines the polarity and position of the microtubule 

arrangements in a cell. 

Microtubules are necessary for the formation and function of t he mitotic 

spindle and thus are present in all eukaryotic cells. 

Intermediate filaments 

These 10 nm filaments are rope-like polymers composed of protein 

subunits rich in linear a-helical content. They contain a homologous central 

domain which forms a rigid coiled-coil str ucture when the protein dimerizes. 
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These dimeric subunits associate to form the intermediate filaments. Once 

assembled, these filaments do not appear to disassemble even during cell 

division. The assigned function of this network is to provide tensile strength to 

cells and tissues and to anchor the less motile cellular organelles such as the 

nucleus. 

The intermediate filaments comprise a complex family of tissue-specific 

structures which can be subdivided into five major groups: the keratin filaments 

of epithelial cells, the neurofilaments of neuronal cells and the peripherin in 

peripheral neurons, the glial acidic p rotein (GFAP) of astrocytes and Schwann 

cells, the desmin filaments of muscle cells, and the vimentin filaments of 

fibroblasts and many other cell types. In addition to cytoplasmic intermediate 

filaments, lamins are analogous proteins found in the nucleus as the primary 

constituents of the fibrous lamina, lining the nucleoplasm^ surface of the 

nuclear envelope. 

This variation permits the mechanical properties of the intermediate 

filaments to match the specific requirements of a particular cell type. 

CYTOKERATINS 

Research within the cytokeratin field has been greatly influenced by 

several analytical techniques as SDS-PAGE [1], SDS-PAGE with discontinuous 

buffer systems [2,3], and two-dimensional gel electrophoresis [4]. For example, 

material shown to be homogenous with respect to zone electrophoresis and 

analytical ultracentrifugation, contained several components when analysed with 

these techniques [ i.e. 5-8]. 

a-keratin and prekeratin 

a-keratin is the main constituent of horn , hair, and nails, a compact mass 
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of dead cells of epidermal origin [9]. Keratinization is t he process causing the 

transformation from living cells of the stratum mucosum to this hard material, 

an accumulation of a cross-linked, relatively insoluble keratin. 

Prekeratin is the term used for the fibrous protein in epidermal cells, but 

this term is not applicable to a similar fibrous protein, the tonofibrils of 

stratified epithelia [10]. 

In mammalian epidermal tissues, the a-diffraction pattern characteristic 

of the stratum corneum [10,11] and the mucosum which produces it, is related 

to the diffraction pattern observed in tonofibrils [10]. 

Several investigators [12-17] extracted epidermis from various sites and 

species, using different approaches (low pH, high pH or urea solutions) and 

obtained "pure prekeratin" after serial precipitations. This material was often 

shown to be monodisperse. Various molecular weights were obtained probably 

depending on the extraction procedures used. 

Heterogeneity and distribution pattern 

The epithelial keratins, cytokeratins [18], are a family of closely related 

but distinct proteins which are phylogenetically conserved. The cytokeratin 

filaments are composed of p roteins related to, but not identical with, epidermal 

a-keratins [9]. The members of this protein family are biochemically and 

immunologically related to various degrees [5,8,17-39], and the keratins are 

expressed in unique polypeptide combinations in different epithelia [40-42]. 

The human cytokeratin polypeptides (MW 40,000 to 68,000 daltons) are 

assigned numbers according to their migration on two-dimensional gel 

electrophoresis [43]. Currently, at least 19 different polypeptides can be 

distinguished (Fig. 1). Peptide maps of partially-degraded cytokeratins reveal 

that these polypeptides can be subdivided into two subfamilies, an acidic group 

called Type I and a neutral-basic group called Type II [43]. The Type I and II 

nomenclature is in accordance with the nomenclature of the a-keratins in wool. 
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MW kd alton 

8.5 7.5 6.5 
isoelectric pH 

5.5 4.5 

Figure 1. Distribution pattern of all cytokeratins follow ing two-dimensional gel 
electrophoresis. Only major variants are depicted . The numbers refer to the 
classification of cytokeratins. 

Preparations enriched in cytoskeletal material examined by two-

dimensional gel electrophoresis, reveal a complex pattern of cytokeratin 

polypeptides in human epithelial tissues. This results in a specific pattern of 

cytokeratin components characteristic for a given e pithelium or epithelial cell 

[41,43-48]. This finding allows us to distinguish and classify carcinomas with 

respect to their specific pattern since the tumours appear to maintain the 

expression of many cytokeratins typical of the untransformed cell [40,44,46,49-

65], It can also serve as a basis for a novel approach to tumour characterization, 

improving specific tumour classification, especially in cases of undifferentiated 

metastases [53]. 

16 



Structure 

The IFs contain coiled-coil a-helices of the form first described by Crick 

[66]. Corey and Pauling [67] postulated a three- or a seven-chain model for 

coiled-coils. Results supporting the three-chain model were presented by 

Skerrow and later by Steinert [7,68-70]. Sequence data, combined with the 

characterization of proteolytic fragments of chicken desmin, raised doubts 

concerning this model [71]. Furthermore, model building using the helical 

portions of wool keratins demonstrated that the sequence is compatible with 

two-stranded, but not three-stranded, protofibrils. Cross-linking analysis of the 

polypeptide chains within an IF support this two-stranded model for the 

protofibrillar structure [72-76]. 

Cytokeratin structures are based on rod-like subparticles. The description 

of these a-helical particles derived by proteolysis and sequence studies has 

generated a more elaborated model [46,70,77-96]. A central rod, approximately 

310 amino acid residues long, consists of four domain s rich in a-helixes, referred 

to as 1A, IB, 2A, and 2B, separated from one another by three regions of ß-

turns. These helical domains seem to be nearly constant in size and contain a 

succession of heptads of the type (a-b-c-d-e-f-g-)n where a and d are usually 

apolar residues. The distribution of charged residues, alternating positive and 

negative, results in charged zones along the helix. The non-helical spacer 

segments are also constant in size. In contrast, the amino and the carboxy non-

helical termini for both Type I and Type II keratins have subdomains of 

variable size and sequence (El and E2), joined to the rod through subdomains 

of highly variable repeats (VI and V2). In addition, type II keratins have 

homologous sequences of conserve d size on either side of t he rod domain (HI 

and H2), whereas type I keratins only posess a short and variable HI 

subdomain (Fig. 2). 

A coiled-coil rope develops when two helices associate by interfacing their 
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N-termlnal domaln central rod domaln C-termlnal domaln 

L1 L12 L2 

1A 1B 2A 2B 

O IQ type I ke ratin 

E1 V1 H1 

ZZ3D 
V2 E2 

E1 V1 H1 

type II keratin |0 O 

H2 V2 E2 

Figure 2. Schematic presentation of domains found in keratin filaments . 

respective apolar areas. Thus the coiling appears to be around a common axis 

[97]. No homopolymeric self-assembly has yet been found for any individual 

cytokeratin polypeptide. At least in vitro, certain cytokeratin mixtures seem to 

be required for filament formation. Keratin tetramers contain two type I and 

two type II chains, but it is not completely clear whether the presumptive two-

chain molecules are homodimers or heterodimers. A two-chain unit of intact IF 

proteins (lamin) has been isolated and characterized [98]. Accordingly, lamin 

dimers look like "mini-myosin" molecules. Two lamin polypeptides associate in 

parallel and in register with the two rod domains, forming a two-stranded a-

helical coiled-coil with the two C-terminal end domains being folded into two 

"globular heads" (Fig. 3). 

Cloning and sequences 

Cytokeratins belong to a multigene family of polypep tides [41,86,89,93,99-

102] and have been identified as individual translation products in vitro, with 

poly(A)+ mRNA fractions from various tissues and tumours [99-102]. 
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N-termlnal rod portion C-terminal 

Figure 3. Postulated assembly of intermediate filaments forming a myosin like 
structure. 

Keratin mRNAs hybridize with varying efficiencies to either of the two 

keratin classes. The amino acid sequences for both types, derived for cDNA 

clones, reveal only a distant relationship between keratin Type I and II and 

other IF subunits. 

The genomic organization of IF genes consists of 7 or 8 introns 

[86,89,103,104], mainly located in regions encoding the rod domains. Three 

introns occur in identical positions. The location of two other introns near the 

beginning and end of segment 2B are conserved. Each IF subunit also possesses 

unique introns in the rod domain, and one or two other introns in the regions 

which encode the C-terminal end domains. The rod domain contain the most 

highly conserved sequences and only amino acid substitutions compatible with 

an a-helical structure have been tolerated. The sequences of residues 8-20 of 

segment 1A and of the last 30 residues of segment 2B are highly conserved. A 

distinct discontinuity near the centre of segment 2B is found in all IFs. Short 

sequences at each end of the rod domain are particularly strongly conserved, 

indicating that they may play a crucial role in aggregation. In addition, the 

periodicity of a bout 28 in the distributions of acidic an d basic residues along the 

rod domain are strongly conserved, indicating that this pattern has been 

conserved during evolution, probably because of involvement in the formation 

of higher oligomers. The linker segments are constant in size, but their 

sequences are less conserved except for the very strongly conserved linker (L12) 
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located between the two major helical regions. 

The subdivided non-helical regions at both termini vary greatly in 

sequence and in length but considerable homology exists between these domains 

within a particular class of IF protein. The major differences appear to be 

between the classes. It is in teresting that the non-helical termini for members 

of t he different keratin types are more similar than they are for keratins within 

a single type. The distinct subdomains, HI and H2, of Type II keratins contain 

conserved sequences with tandem peptide repeats which are enriched in glycine 

and/or serine. 

Taken together these data suggest t hat all genes coding for different IF 

subunits arose from a common ancestor gene, followed by seve ral duplications 

leading to the early formation of several genes: Type I,II (keratins), III (desmin, 

vimentin, GFAP, peripherin), IV (neurofilaments) and V (lamins) genes. The 

multiplicity of re lated sequences within these classes seems to have arisen from 

more recent gene duplication (Fig. 4). 

Assembly and dynamics 

The ultrastructural similarities of assembled filaments from different cell 

types gave the first indication that the subunits of d ifferent IFs might be related 

[31]. Most IF proteins form homopolymeric filaments but keratin and lamin 

filaments are obligate heteropolymers [41,74,75,98,105]. In the case of keratins 

and nuclear lamins, it is not quite clear whether primary homodimers or 

heterodimers are formed. The interactions between coiled-coils [89,93,97,106] are 

probably due to the distribution of charged residues in this region of the 

molecule. The maximum number of fav ourable ionic interactions occurs, when 

segments IB and 2B of neighbouring molecules are adjacent in an antiparallel 

order [86,107,108]. The formation of the four-chain unit appears to be rate 

limiting in vitro. These small polymers a re considered to be the smallest, stable 

oligomers that can exist in solution. Once such small polymers have formed, 

further assembly proceeds rapidly. In vitro assembly is quite sensitive to pH and 
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true IFs are only p roduced within a narrow pH range [95,96]. 

The assembly, bo th in vitro and in vivo, have been investigated by using 

engineered mutant proteins [109]. Deletion of the entire N- or C-terminal 

domains of cytokeratin 14 did not interfere with the incorporation into existing 

intracellular filaments, but once deletions included small portions of t he helical 

rod domain, the mutant protein was no longer incorporated. 

Using immunofluorescence techniques and electron microscopy, 

dissociation of IFs and packing of the subunits into non-filamentous spheroidal 

structures can be visualized inside cells [110,111]. Site-specific phosphorylations 

might be important in this modulation of filament structure and organization 

[112-114]. Disassembly of vimentin and lamin filaments into dimers and 

tetramers can be induced by hyperphosphorylation, while dephosphorylation has 

the opposite effect. Phosphorylation occurs in a large number of different IF 

proteins in vitro and in vivo, and in many instances in association with filament 

disassembly. Several kinases are responsible for the phosphorylation of vimentin 

[113]. Recent studies have indicated a dynamic behaviour of the intermediate 

filament network. Fluorescence energy transfer (FET) experiments suggest a 

rapid and complete exchange of the constituents within the neurofilaments [115]. 

Compared with other cytoskeletal components, surprisingly little is known 

about the assembly kinetics and dynamics of IFs and even their function in vivo. 

Expression during differentiati on 

Cytokeratins are expressed in different sets during various routes of 

epithelial differentiation [29,43,116-121]. Some of these cytokeratin polypeptides, 

found in multilayer epithelia, may be tissue-specific products during 

differentiation where the basal layers comprise proliferating cells, and the 

outermost layer consists of fully differenti ated cells. Durin g the differentiation 

process, cells leave the basal layer and migrate to the surface, meanwhile 

changing the expression of several keratin genes. Epithelial cells of the 
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ancestor 
"lamin" 

/ \  
IF lamln 

À 
uronal IF 

desmin / \ peripherin 
vimentin GFAP / 

NF protein 

keratin I keratin II 

Figure 4. Postulated relatedness between different interme diate filament genes. 

epidermis differentiate by a process called keratinization. Other stratified 

epithelia such as corneal and conjunctival tissues differentiate by a similar 

process. 

Vitamin A has often been used to study d ifferentiation since it regulates 

epithelial growth and differentiation and can alter the programs of subunits 

expressed in vivo and in vi tro [117,122]. 

It has been shown that the cytokeratin filaments are directly connected 

to the plasma membrane, the nucleus and cell organelles including en doplasmic 

reticulum and cytoplasmic vesicles [46,123]. In spite of this, the function of the 

filaments is still unknown [93,96,124]. 

One study has demonstrated the transhepatocytic transport and canalicular 

secretion [125] of fluorescein diacetate and horseradish peroxidase into the bile 

canaliculi, assessed by visual uptak e, transhepatic transport and secretion. These 

processes did not take place after the dissociation of the cytokeratin filaments 

Function 

22 



caused by nickel treatment. After removal of nickel, the cytokeratins 

reassembled and the observed effects disappeared. The authors state that 

ubiquitin reacts with cytokeratin during the collapse and aggregation of the 

filaments. Similar statements regarding the reaction of ubiquitin with cytokeratin 

filaments have been made by other investigators fo r Mallory bodies found in 

alcohol-induced cirrhotic livers [126,127]. 

Heat-shock treatment of primary mammary epithelial cells in c ulture was 

used to study effects on keratin filaments, aggregation of organelles and 

inhibition of protein synthesis [128]. The results showed that the translocation 

of many organelles as concurrent with changes in distribution of keratin 

filaments. There is a possibility that protein synthesis partly depends on the 

integrity of the keratin network in the cells studied. 

Georgatos and Blobel [129,130] showed that one of the intermediate 

filament polypeptides, purified vimentin, binds to different fractions of avian 

erythrocyte membranes. The carboxy-terminal tail of the vimentin molecule 

binds specifically to the nuclear envelope (lamin B or lamin A-lamin B 

heterooligomers), whereas the plasma-membrane fraction interacts with the 

amino-terminal end of the vimentin molecule. 

These results taken together show that the intermediate filament network 

has additional functions besides an assigned stabilizing mechanical role. 

TUMOUR MARKERS 

Tumour markers are often defined as substances synthesized by a tumour 

and released into the circulation. These structures include a broad range of 

substances expressed at different levels and in a variety of biochemical forms. 

Recent technological advances have made possible the detection of many 

tumour markers in serum, body fluids, and tissues, on the protein, carbohydrate 

or nucleic acid level [131]. 

An ideal marker for the early detection of cancer should be present in 
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all patients with a particular tumour but absent from all other individuals. It 

furthermore should be detectable during malignant disease at a low clinical 

stage, and should directly correlate with the tumour burden in a way t hat the 

serum level of the marker accurately reflects the response to anti-cancer therapy 

[131-133]. 

Many molecules have been described as tumour specific but no marker 

has yet been found which can distinguish all malignant from all benign 

conditions. However, tumour markers may b e quite useful if they display only 

operational rather than absolute specificity [131]. Most markers are tumour-

derived and may constitute part of the cell membrane or be produced by the 

cell. The product may be a normal cell constituent, but produced in excess, or 

an abnormal or ectopically synthesized product. 

Membrane and cell antigens are continuously being discovered by use of 

monoclonal antibody technology. Oncofoetal antigens are normally found in the 

tissues of the developing foetus, but disappear after tissue maturation and 

therefore are not normally found in the adult. During malignant transformation 

of cells, oncofoetal antigens may be expressed. A group of placental proteins, 

normally found during pregnancy, can also appear during the malignant 

transformation of cells. Finally, there is a miscellaneous group of products, 

including immunoglobulins, polyamines, an d metabolic products, any of which 

can be found to be elevated in a variety of malignant conditions [133]. 

In addition, there are several non-specific markers indicating increased 

cell growth and turnover which are not specific for a defined histological type 

of tumour but for tumour growth in general. Such markers may be elevated by 

a variety of benign and malignant conditions. The level generally correlates 

with increased metabolism, and is in a non-specific way related to prognosis 

[133]. 

Currently, the use of many tumour markers includes aiding in detection 

(screening), therapy monitoring, classification, staging, localization and 

differential diagnosis [131-133]. 

Serum tumour markers fail in the early detection of cancer for two 
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reasons. Firstly, the incidence of elevation in early stages of the disease is much 

lower than in metastatic disease when the diagnosis is clinically apparent. 

Secondly, even markers with a specificity over 90% have an intolerably high 

false positive rate because the overall prevalence of the disease is low in the 

general population [131]. Moreover, utilization of a battery of severa l currently 

available tumour markers, rather than a single marker, is of no greater value 

in mass screening for the early detection of c ancer. Even though the detection 

of unexpected cancers would increase with the use of a panel of tumour 

markers, the number of false positives would also increase. Monitoring of 

patients for tumour recurrences may, however, be enhanced by a combination 

of tumour markers [131]. Most serum tumour markers are used to verify clinical 

suspicions and to monitor patients with known disease. 

Early detection of occult disease before the markers are circulating may 

be achieved by radioimmunolocalization studies using antibodies directed against 

cancer and organ-specific-associated antigens. Thus, future development should 

aim toward an utilization of methods for detection of markers which do not 

require circulating antigen [131]. 

RADIOIMMUNODETECTION AND RADIOIMMUNOTHERAPY 

Tumour 

The histopathology of tumours indicates that the distribution of tumour 

cells within a tumour is not homogeneous. Superimposed on this irregular 

distribution of cells, a variability in the expression of antigens can be seen. 

Furthermore, ultrastructural studies of tumour blood vessels show irregular 

patterns of intracellular gaps and basement membrane structures which indicate 

a great variation in permeability. 
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Antigen 

Irregular antigen distribution and antigenic heterogeneity of tumours [134-

136] raise the question as to the possibility of a unique antibody being able to 

reach all cells in a given tumour. Thus, epitope presentation and antibody 

specificity are critical factors for antibody localization. 

Tumour-associated antigens (i.e. CEA, CA-125, AFP, PAP, CSAp, PLAP) 

have been the first choice for tumour targetting. Intracellular components (i.e. 

pigmentation-associated glycoprotein [137], histones [138]), present in areas of 

necrosis, can also function as targets for antibody localization since such antigens 

are not exposed in normal tissues. 

Radionuclides 

Techniques in nuclear medicine in general are dependent on 

compartmentalization of the radionuclide. The absolute concentration of 

radioactive substance in the target is m easured in relation to its concentration 

in background tissues. If the concentration in the desired site is very low, high 

quality imaging rar ely occurs. On the other hand, if t he background activity is 

too high, a sufficient lesion/background ratio cannot occur, despite significant 

localization to the tumour. 

To be clinically useful, isotopes should have short half-lives; suitable 

physical characteristics for therapy or imaging and low whole-body toxicity. 

These factors influence the selection of a particular isotope. Therefore, the 

following points are important to consider 1) the stability of isotope-conjugate 

both in vitro and in vivo, 2) levels of the isotope-conjugate in normal tissues, 

3) kinetics in tumour targetting, and 4) the therapeutic efficacy [134-136,139]. 
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Radioimmunodetection 

The selection of radionuclides for radioimmunodetection (RID) is based 

on the same criteria used for other scintigraphic studies. 111-In, 123-1 and 99m-

Tc are almost optimal because of their excellent imaging properties [136]. 

The goal of cancer RID is t o disclose a lesion when it is very small and 

early in its development, either as a primary tumour or a recurrence. The 

technique is based on the interaction between the radiolabeled antibody and 

its antigen on the malignant cells. The normal tissue, presumably devoid of the 

antigen, will not bind the antibody. A high antigen density on tumour cells ha s 

been considered as a prerequisite for successful RID. 

Since the technique makes use of the intrinsic properties of the cancer 

cell and not the shape, size, or tumour localization, this technique has the 

potential of high specificity and high detectability. 

Factors that influence RID include properties of the radioantibody and 

its distribution in the body, t he characteristics of the isotope, the tumour size, 

tissue involved, and the tumour vascularization. These factors contribute to the 

sensitivity, specificity, accuracy and resolution of the radioimmuno-detection 

[134,135,140]. In addition, the isotype, the immunoreactivity and 

immunospecificity of the antibody are features that may influence targetting. 

Finally, a number of factors controlling the degradation and release of the 

antibody from the tumour, as well as from other tissues, influences the 

target/non-target ratios [134]. 

The blood pool background radioactivity is the most serious limitation to 

disclosing tumours, especially in blood-rich organs. A number of procedures 

have been evaluated to reduce this problem, such as dual-isotope subtraction 

[142], anti-antibody clearance [142] and the use of antibody fra gments [143,144]. 

The use of F(ab')2 and Fab' fragments are preferred for imaging, since 

targetting is more rapid and high target/non-target ratios can be achieved at 

an earlier time [135,136]. Intact IgG antibodies give a higher binding and 
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retention in the tumours and thus appear to be more suitable for therapy [144]. 

Generally, planar imaging may visualize tumour s in the 1 to 2 cm range 

[140]. By using single photon emission computed tomography (SPECT) [145], 

however, imaging of smaller lesions, even <0.5 cm, is possible when 99m-Tc is 

used [134,136]. A target/non-target ratio >1.5 is sufficient fo r SPECT imaging, 

whereas planar imaging requires much higher ratios. Therefore, if SPECT is 

used for imaging purposes, the target antigen only needs to be modestly 

increased in the tumour compared to its content in adjacent tissue. 

The use of RID is severely limited by the patient's response to foreign 

proteins since the patients usually develop HAMA, human anti-mouse 

antibodies, which is a considerable limitation for repeated administrations 

[134,140]. Approaches to avoid this problem include chimeric antibodies and 

the use of human monoclonal antibodies [136]. 

Radioimmunotherapy 

The goal of radioimmunotherapy (RIT) of tumou rs imposes several more 

criteria in addition to the requirements for high tum our to normal tissue ratios 

of radioactivity [144]. A sufficient abs olute dose of radioactivity in the tumour 

to destroy tumour cells is a first criterion. Studies of t he histological distribution 

of the radiolabeled antibody in the tumour is further important for a proper 

selection of isotopes which are to be used for tumour destruction. Heterogeneity 

in the distribution of r adiolabeled antibody within the tumour may give rise to 

areas of low or zero antibody binding, so called "cold-regions", which may re sult 

in a considerable reduction in the dose delivered locally compared with the 

average dose in such regions [146,147]. Furthermore, if r adiolabeled antibody 

either binds to the tumour cell membrane, or is internalized, the energy 

deposition in the nuclei of the cells concerned might b e markedly increased. 

The patchy distribution of radioactivity found in many tumour tissues 

suggests that beta-emitting isotopes (90-Y, 131-1, 186-Re, 188-Re, 67-Cu, 125-
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I) of medium or high energy are preferred to alpha-emitting isotopes which 

can kill cells efficiently but only within a short distance [136,144,148]. Another 

requirement of the nuclide used in RIT is that excessive accumulation of 

radioactivity must not occur in vital organs such as bone marrow (caused by 

high levels of circulating radioantibodies), liver or kidney (deposition of free 

radiometal). 

The designing of an optimal radioimmunotherapeutical reagent may be 

achieved by using a chelating agent (CA) for coupling t he radionuclide to the 

antibody [149-152]. An ideal CA fulfills the following criteria a) the coupling 

procedure should not alter the specificity or the binding affinity of t he antibody, 

b) it should not damage the antibody or alter its pattern of tissue distribution 

or rate of catabolism, c) the radiometal should be tightly bound with n o release 

of the radioisotope from the antibody-CA complex in vivo, and d) it should 

assist in the clearance of the radiometal following catabolism. 

Although tumour imaging requires a high tar get/non-target ratio for best 

results, therapy depends on a high concentration of radioactivity with long 

duration in order to be effective [136]. The dose of antibody needed for therapy 

is much higher because of limits in the specific activity to which the antibodies 

can be radiolabeled. In addition, the uptake of a ntibodies in tumour tissues is 

very low, in the range of 0.001% to 0.1% of t he i.v. injected dose per gram of 

tumour. 

Calculation of radioimmunotherapy models based on MIRD fails to 

predict dose in examinations 1) of particulate radiation in the subcentimetre 

range at tumour boundaries, 2) of non-uniform activity distribution within the 

tumour due to tumour heterogeneity, and 3) at organ interfaces [153]. 

Radioimmunoconjugates may have a role in the treatment of small lesions 

and micrometastases, and should be considered for use as an adjuvant to 

surgery [136]. 
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AIMS OF THE STUDY 

1. To generate and define the immunospecificity of monoclonal 

antibodies raised against tumour-derived cytokeratins. 

2. To investigate if intracellular, poorly soluble cytokeratins may be 

used as targets for in vivo radioimmunolocalization. 

3. To develop a specific two-site immunoassay, ba sed on monoclonal 

antibodies, for the determination of cytokeratins in serum. 

4. To investigate and evaluate the radioimmunotherapeutical effects 

of 131-1 and 125-1, the latter not presently being used for 

radioimmunotherapy. 
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THE PRESENT INVESTIGATION 

SPECIFICITY OF IMMUNOREACTIVITY OF MONOCLONAL 

ANTIBODIES AGAINST CYTOKERATINS (I) 

The selective transcription of the complex genome for cytokeratins 

provides a potential means for identifying the origin of c ertain cell types, simply 

by the characterization of their cytokeratins [40-42]. Different distribution 

patterns of cytokeratins in epithelial cells can be demonstrated when 

monoclonal antibodies are used to stain histological sections. 

Tumour-derived human cytokeratins were used as immunogen for the 

generation of monoclonal antibodies reactive with cytokeratins abundant in 

tumour cells. Standard procedures for hybridoma production were employed. 

From the generated MAbs, five were selected for further characterization of 

specificity in immunoreactivity, epitope evaluation and immunohistochemistry. 

For the immunohistochemical evaluation, normal adult human tissues 

from about 40 different sites were collected. Strong immunoreactivity with 

identifiable differences in staining pattern was observed, resulting in three 

staining profiles. All MAbs investigated were reactive with the gastrointestinal 

"tube" which forms the "backbone". TS 8 is the antibody which is most r estricted 

to the "backbone" pattern, paralleled by staining of the urothelial, endometrial 

and respiratory "tubes". This pattern extends, at both ends, into the basal layers 

of adjacent non-keratinizing squamous epithelia, which connects the inner 

"tubes" to the outer non-reactive epidermal surface. In addition, this pattern 

includes the duct systems leading into the inner "tubes", while the origins of 

these connecting ducts are non-reactive. The MAbs TS 1, TS 3, and TS 7 

display a pluri-epithelial pattern, which besides the "TS 8 backbone" also stain 

the hepatocytes, glandular acinar cells and proximal renal tubules. The MAb 

with the broadest specificity, TS 4, specifically stained all epithelial structures, 

including all non-cornified layers of the epidermis, non-keratinizing squamous 
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epithelium, myoepithelial cells and also hepatocytes, pancreatic acinar cells and 

proximal kidney tubules. This pattern visualizes th e external side of the body 

and extends to all layers of mucosal squamous epithelia, epidermis and also 

myoepithelial cells. 

Immunoblotting procedures were used to further characterize the antibody 

specificities. Material enriched in cytoskeletal material from defined cell lines 

and tissues was used to identify the MAb reactivity with individual cytok eratins. 

The highest specificity was demonstrated by TS 1. Out of the investigated 

cytokeratins, TS 1 reacted only with cytokeratin 8. Mab TS 3 and TS 7 both 

bound to cytokeratin 7 and 8, showing somewhat lower specificity than TS 1 but 

still with low cross-reactivity. TS 8 was mainly reactive with cytokeratin 19 and 

showed additional weak binding to cytokeratins 8 and 14. MAb TS 4 represents 

the broadest specificity in binding pattern, with reactivity against a determinant 

present on several cytokeratins, i.e. CK 1, 5, 7, 8, and 15. 

To define the epitope specificity for the five monoclonal antibodies, 

competition experiments were performed. By preincub ating the radioiodinated 

tumour-derived cytokeratins with excess of each MAb, blocking of single 

epitopes was accomplished. MAbs covalently bound to polystyrene beads were 

then allowed to react with the preincubated mixture. By investigating all possible 

combinations, three major epitope regions were identified. The first region is 

defined by the triplet TS 1, TS 3 and TS 7, which all bound to the same or 

closely loc ated epitopes. The epitopes reactive with TS 4 and TS 8 constitute 

the second and third regions, respectively. 

Furthermore, we were interested to further identify the domain carrying 

the reactive determinants. For this experiment, cytoskeletal material extracted 

from MCF-7 cells (adenocarcinoma of bre ast which contains CK 8, 18, and 19) 

was partially digested with V8 protease. After separation on SDS-PAGE, 

followed by Wes tern blotting, all MAbs were shown to react with the 32 kdalton 

central rod domain of the cytokeratin polypeptide. Several fragments with lower 

molecular weight were also visualized by the investigated MAbs. TS 1, 3, and 

7 especially demonstrated reactivity with the same fragments, confirming binding 
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to the same or closely located determinants. 

CYTOKERATINS AS TARGETS FOR IN VIVO TUMOUR IMAGING (II) 

Çytokeratins found in carcinoma 

Normal epithelial tissues express çytokeratins in an intricate way as 

summarized in Table 1. 

Thus, CK 1 and 2 are found in keratinizing epidermis; CK 3 and 12 occur in 

cornea; CK 4-6 are observed in many non-keratinizing stratified squamous 

epithelia; CK 7, 8 and 18 are expressed in diverse simple epithelia; CK 9-11 

and 14-17 are found in epidermis; CK 13 is a characteristic major component 

of several non-cornified stratified squamous epithelia; CK 19 is found in a broad 

range of epithelial tissues (Fig. 5). 

skin 

cornea cornea 

other 
s.e. 

other 

stratified 
epithelia 

simple 
epithelia 

@) 

Figure 5. Expression of çytokeratins in various epithelia (s.e, —stratified 
epithelia). 
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TABLE 1: Cytokeratin patterns of human tissues [41] 

Ductus deferens 
Ductus epididymis 
Ductus ef ferens 
Endocervix (with 

squamous meta plasia) 
Exocervix, at endo-

cervical junction 
Mesothelium 
Oviduct 
Endometrium 
Endocervix 
Lung alveoli 
Gall bladder 
Pancreatic ducts 
Renal collecting ducts 
Rete testis 
Small intestine 
Colon 
Renal tubules 
Pancreatic acini 
Hepatocytes 

No 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
MU 68 62 63 59 58 56 54 52 64 56 56 55 54 50 50 48 46 45 
PI 7.8 7.8 7.5 7.3 7.4 7.8 6.0 6.1 5.4 5.3 5.3 4.9 5.1 5.3 4.9 5.1 5.1 5.7 

Epidermis +  ( + )  +  +  +  +  ( + )  

Foot sole epidermis +  ( + )  +  +  +  +  +  +  +  

Vagina +  ( + )  +  +  +  ( + )  +  +  ( + )  ( + )  ( + )  

Exocervix, major portion +  ( + )  +  +  +  ( + )  +  +  +  ( + )  ( + )  

Glans penis +  +  +  +  +  +  +  +  

Epidermis of labia 
majora of vulva •  ( + )  +  +  +  +  ( + )  

Fossa navieulari s 
of penis ( + )  + +  (*) ( + )  +  ( + )  +  

Cornea +  +  +  

Hair follicle 
(outer sheath) +  +  +  ( + )  +  +  

Distal pars spongiosa 
of penis +  +  +  +  +  +  

Proximal pars 
spongiosa of penis +  +  +  +  +  

Tongue +  +  +  +  + ( + )  +  ( + )  

Oesophagus +  +  ( + )  +  ( + )  ( + )  ( + )  ( + )  

Apocrine skin gland (acini) +  + +  +  ( + )  +  ( + )  ( + )  

Eccrine sweat gland +  +  +  +  +  +  ( + )  +  

Mammary glan d ducts • • • +  ( + )  +  ( + )  

Bronchus +  (*) ( + )  +  +  +  +  

Thymus ( + )  +  +  ( + )  ( + )  <  C+) +  ( + )  +  ( + )  

Urinary bladder ( + )  ( + )  +  +  +  +  

Ureter and re nal penis ( + )  ( + )  +  +  +  +  

Prostate gland ( + )  +  +  

Seminal vesicle + +  +  ( + )  +  

( + )  

+  

( + )  

+  

+  

( + )  

< + )  

( + >  
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TABLE 2: Cytokeratin patterns of human carcinomas [41] 

No 1 2 3 4 5 6 
MU 68 62 63 59 58 56 
pi 7.8 7.8 7.5 7.3 7.4 7.8 

BC epi thelioma 
SCC of skin 
SCC of tongue 
SCC of cervix, 

keratinizing 
SC of maxillary sinus 
LCC of lung (type 1) 
TCC of bladder (type 1) 
SCC of oesophagus 
SCC of epiglottis 
Rectal-anal SCC 
SCC of bronchus 
SCC of cervix, 

non-keratinizing 
Cloacogenic ca 
TCC of bladder (type 2) 
AC of pancreas 
AC of gall bladder 
AC of cervix 
Cholangio-ca 

of liver 
AC of lung 
LCC of lung (type 2) 
SmCC of lung 
Ductal ca of breast 
Lobular ca of breast 
Carcinoma of ovary 
Mesothelioma 
AC of endometrium 
AC of stomach 
AC of colon 
Renal cell ca 
Carcinoid tumour 

of bronchus 
SCC of lung 

(oat cell type) 
Hepatocellular ca 

( + )  

( + )  (  

( + )  

( + )  

7 8 
54 52 
6.0 6.1 

( + )  

( + >  
( + )  

( + >  

+  

( + )  

9 10 11 12 13 14 15 16 17 
64 56 56 55 54 50 50 48 46 
5.4 5.3 5.3 4.9 5.1 5.3 4.9 5.1 5.1 

( + )  
( + )  ( + )  + ( 

(*> (+) 

+  ( • )  

+  ( + >  ( + )  

•  ( * )  ( + )  

+ (*> + 

+  ( + >  
( + )  ( + )  +  ( + )  

( + )  

( + >  

(*> 

AC=adenocarcinoma, BC=basal cell, SCC=squamous c ell carcinoma, LCC=large cell carcinoma, TCC=transitional cell 
carcinoma, SmCC=small cell carcinoma, ca=carcinoma 
MW=molecular weight, pI=isoelectric point 
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Biochemical analysis of the cytoskeleton of human carcinomas shows that 
tumours derived from different types of epithelia display distinct cytokeratin 
polypeptide patterns. These patterns show great variability in different tumours, 
Table 2. In general, epithelial-derived tumours appear to maintain the 
expression of many of the cytokeratin polypeptides typical of the specific non-
transformed cell. 

As can be seen from Table 2, the most abundant cytokeratin in 
carcinomas are CK 7, 8, 18 and 19 also found in simple epithelia. This refelects 
the fact that most carcinomas are derived from diverse simpleepithelia. 
Therefore, reagents able to selectively visualize cytokeratins of simple epithelia 
should function as potential tumour markers, both in vitro and in vivo. 

Animal model for radioimmunotechniques 

In order to study the ability of cytokeratins for in vivo targe tting we used 
nude mice, deficient of T-cell mediated immunity, which accept tumour 
xenografts without rejection [154]. In this model, mice were injected with HeLa 
cells subcutaneously in front of the hind leg. After two to three weeks, a tumour 
with a diameter of appro ximately one cm developed. These animals were used 
to investigate if intracellul ar structures, such as the cytokeratins, can be utilized 
as targets for radioimmunotechniques. 

Radioimmunodetection experiment 

Radioimmunodetection provides new possibilities to visualize tum ours in 
vivo by using radiolabeled antibodies. Several membrane-associated antigens, 
such as CEA, PLAP and CA 125, have been used as targets for such studies. 
It is generally considered that target antigens on the surface of t he cells favour 
a high localization efficiency and that excreted or intracellular antigens are less 
efficient. 

Four monoclonal antibodies, TS 1, 3, 4, and 7, reactive with the rod 
domain of cytokeratin 8, were employed to investigate if intrace llular structures, 
such as cytokeratins, can be used for in vivo tumour targetting. The localization 
efficiency of both intact antibodies and their respective F(ab')2 fragments were 
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studied. Each mouse was individually followed for 2 to 3 weeks after injection 
of intact IgG and for 1 to 3 days when F(ab')2 was used. All four anticytokeratin 
antibodies demonstrated highly specific tumour localization, which was 
identifiable already 24 h after injection. Several interesting differences can be 
seen in the generated patterns of radioactivity distribution. TS 1 and 7 show a 
comparatively slow elimination from non-tumour tissue and strong binding to the 
tumour. Both demonstrate a biological half-life in the tumour of over 600 h, 
while 80 h was observed in non-tumour tissue. TS 4 is characterized by a 
relatively fast elimination both from tumour and non-tumour tissues. 
Intermediate properties were demonstrated by TS 3. The control antibody 
showed a slightly longer half-life in tumour than in non-tumour tissue, 75 h 
compared to 68 h. 

The F(ab')2 fragments, respectively, behaved similarly, showing a specific 
localization with all four antibody fragments. Even though all fragments retained 
full immunoreactivity after digestion and radioiodination, a fast and significant 
elimination of radioactivity was seen in vivo. This rapid cle arance of background 
radiation gives biological half-lives for all fragments in the range of 8-15 h 
compared to 15-25 h for tumour tissue. The tumour-imaging efficiency was 
lower than for the intact antibodies partly due to different processing 
mechanisms involved. When comparing the antibodies and fragments used, intact 
antibodies were superior in tumour-localizing efficiency . 

Even though cytokeratin polypeptides constitute a significant portion of 
the protein content in living epithelial cells, the remarkably high tumour-imaging 
efficiency was surprising in view of the intracellular localization of these 
filaments. The efficiency may be explained by insoluble deposits of cytokeratin 
material in the necrotic areas found within th e tumour. 

Interestingly, TS 3 IgG behaves differently to TS 1 and 7 IgGs when used 
as a reagent for tumour imaging. These three antibodies have been shown to 
react with the same or closely located epitopes on cytokeratin 8. A possible 
explanation might be that the epitope availability found in tumours is dif ferent 
from the epitopes exposed in the material used for epitope studies. Such 
differences can be important when evaluating cytokeratin composition in tissues 
and carcinomas using monoclon al antibodies. 
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A TWO-SITE MONOCLONAL ASSAY WITH INCREASED SPECIFICITY 
FOR CYTOKERATIN DETERMINATIONS (III) 

Diagnostic tests bases on polyclonal immunological reagents may be 
hampered in several ways. Often the target antigen can present a number of 
chemical modifications, i.e. glycosylation variability, oligomer formation, and 
partial proteolytic degradation. The antigen may also be a member of a 
superfamily, i.e. CEA, intermediate filaments, or demonstrate cross-reactivity 
with related antigens, i.e. HCG, ß-HCG etc. In a selection of animals used for 
immunization, the antibody response varies within large limits, both in antibody 
population, antibody reactivity and antibody specificity. This constitutes a major 
problem when different batches of reagents are used. In order to develop highly 
specific reagents, monoclonal antibodies can be selected with regard to reactivity 
with epitopes of interest. 

To develop an assay for a defined member of th e cytokeratin family, the 
major problem is antibody cross-reactivity with similar cy tokeratins, since all 19 
polypeptides share a highly conserved region, i.e. t he rod domain. Therefore, no 
investigator has, so far, described the production of a polypeptide-specific 
polyclonal antibody reactive with a single cyto keratin. Therefore, polypeptide-
specific monoclonal antibodies can be used for designing such an assay. 

From the generated monoclonal antibodies, four MAbs reactive with CK 
8 were evaluated for potential use in a two-site ELISA assay. For determination 
of the combinations of interest, all four MAbs were tested for coating and as 
HRP-conjugated marker antibody, resulting altogether in 16 different 
combinations. The best combinations resulted in five assays which were all 
tested with a few serum samples containing different amounts of cytokeratins. 
The reactivity patterns obtained differed for the various antibody combinations. 
Three combinations were chosen for further evaluation, all employing H RP-TS 
4 as marker antibody. Optimal assay conditions were inves tigated which showed 
that different coating conditions were needed for MAbs TS 1, 3 and 7. 

Further studies were performed to evaluate the best MAb combinations 
for serological determinations. By testing a small set of serum samples from 
patients with ovarian cancer and from blood donors, assays employing TS 
1/HRP-TS 4, TS 3/HRP-TS 4, and TS 7/HRP-TS 4 were compared. The 
combination with TS 7 showed low reactivity a nd no discrimination between 
normal and pathological sera was fo und. From the remaining two assays, the 
TS 3 combination was chosen because of the larger number of elevated 
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Figure 6. Schematic presentation of CK 8 levels in sera from cancer patients. 

pathological samples. 
From earlier experience, the amount of cross-linking substances, i .e. anti-

mouse antibody, found in serum can vary significantly. To eliminate this 
disturbance, serum samples and a CK 8 preparation were assayed with 
increasing amounts of non-related MAb. For most samples the addition of 1.5 
fig per ml of serum was sufficient but a few samples required more. Five /xg of 
non-related MAb/ml serum was used in the following exper iments. 

Sera from patients with carcinomas in three different organ systems were 
assayed for CK 8 content (Fig. 6). In the group with cancer of the colon, CK 
8 levels were highly elevated in all samples, amounting to 4 to 100 times the 
upper cut-off level. In sera from patients with pancreatic cancer, a high 
incidence of elevated values but with lower levels were seen. Finally, for patients 
with ovarian epithelial tumours, a low incidence a nd low values were observed. 
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These results are in good agreement with the amounts of CK 8 found in tissues 
from which the investigated carcinomas originate. 

One means of increasing organ specificity and discriminatory capacity of 
tumour markers is to select those which are selectively expressed in defined 
organs. In many simple epithelia, CK 8 is the only type II keratin present, 
which means that 50% of th e molar content of cytokera tins filaments, is CK 8. 
By using this knowledge, a specific CK 8 assay was developed that can be used 
for estimations of cell turnover in CK 8-rich tissues and carcinomas. 

MONOCLONAL ANTIBODIES AS TOOLS IN TUMOUR 
RADIOIMMUNOTHERAPY (IV,V) 

When a cell is exposed to irradiation of various kinds, the main event is 
the breakage of covalent bonds in water molecules, forming short-lived, reactive 
radicals. These radicals react with surrounding molecules including DNA, 
proteins, water molecules and other components found inside the cell. If the 
damage to DNA is severe, transcription and DNA synthesis is inhibited and 
eventually the cell dies. This results in an overall lower mitosis rate and growth 
is slower. In this way, growth of tumours with high mitosis r ate can be retarded 
[155], 

Therapy with 131-1 (IV) 

For in vivo tumour radioimmunotherapy (RIT), particulate irradiation 
has been considered superior. One of the isotopes used in RIT has been 131-
I, which is a gamma and ß emitter with energy levels of 364 and 608 
keV respectively and with a half life of 193 hours. 

Earlier investigations have demonstrated a significant 
radioimmunolocalization ability of MAbs TS 1 and H7, the MAb H7 being an 
anti-placental alkaline phosphatase antibody (PLAP). These two MAbs bind to 
different cellular structures. PLAP is a membrane bound antigen, ectopically 
expressed in some tumour tissues and expressed on the HeLa cells used for 
xenograft transplants. Following administration of radiolabeled MAbs, the 
distribution of radioactivity in each animal demonstrates a significantly higher 
localization to the tumour tissue compared to all other organs or blood for the 
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specific MAbs. This significant localization to the tumours amounts to 5 to 100 
times the levels seen in non-tumour tissues. The accumulation of the TS 1 MAb 
in the tumour was twice as high as that of H7 amounting to 80-210 kBq/g 
tissue. When the relative tumour growth was compared, the growth was 
significantly retarded in animals treated with 131-I-labelled H7. Despite the 
high localization efficiency of the 131-I-labelled TS 1, the tumour growth 
inhibiting capacity of this monoclonal antibody is lower, which may reflect 
differences in distribution of the target antigens on the cellular level fo r these 
MAbs. 

Furthermore, at the end of the experiment, the tumours were investigated 
morphologically by light microscopy. Stained sections showed rounded tumours 
encapsulated by connective tissue. Viable cells w ere mainly fou nd in a sheet 
next to the tumour capsule, with cords extending towards the interior of the 
tumour. The morphometric analysis dem onstrated that the tumours consist of 
40-55% viable tumour cells, 17-39% necrotic areas and 13-32% connective 
tissue. 

Therapy with 125-1 (V) 

Using the same animal model as in the previous experiment, 125-1 was 
evaluated for its potential use as a radiotherapeutic nuclide after conjugation 
to monoclonal antibodies. 125-1 is a gamma emitter with an energy of 34.5 keV 
and the nuclide also emits Auger electrons. In this experiment both anti-
cytokeratin (TS 1) and anti-PLAP (H7) monoclonal antibodies were employed. 

After administration of th e antibodies TS 1, H7 and a non-related MAb, 
with or without radiolabel, the animals were followed for 42 days. The 
radioactivity in the tumour, blood and other tissues was determined following 
sacrifice of the animals. After 32 days, almos t all radioactivity present in the 
animals which received radiolabeled antibodies was localized in the tumour. 
The tumour radioactivity was considerable amounting to 100 - 200 kBq/g, 
compared to 2.7 kBq/g for the non-related MAb, thus constituting less than 
2% of the radioactivity found in animals receiving specific radiolabeled 
antibodies. The remaining activity in non-tumour tissue was almost at the same 
level in these three groups. This accumulation of radioactivity caused a 
significant reduction in tumour growth. This growth inhibition was already 
demonstrable 10 days following the administration of the radiolabeled specific 
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antibodies, TS 1 and H7. The overall growth rate in these groups was reduced 
to 50-60 % compared to the growth rate in the untreated controls. 

In order to demonstrate the distribution of radiolabeled MAb inside the 
tumours 42 days a fter injection, histological sections were autoradiographically 
evaluated. Characteristic isotope distribution patterns were obtained. No activity 
could be visualized in the group treated with non-specific MAb. Both 
radiolabeled TS 1 and H7 completely penetrated the entire tumour. TS 1 was 
mainly localized to the necrotic areas, while H7 demonstrated a scattered 
distribution in areas of viable tumour cells. Due to the size of the tumours, 
necrotic areas were the major component in the tumour. These results confirm 
that 125-1 conjugated to specific MAbs has tumour growth inhibitory properties. 

In the tumour therapeutical investigations included in this thesis, the 
tumour growth differed greatly. To be able to compare the results from the 
two experiments, the tumour growth in various groups was normalized to that 
seen in the untreated control group for each experiment. After this 
normalization, radiation effects for the individual antibodies were evaluated 
(Fig. 7 and 8). By comparing these results, la rge differences in tumour growth 
inhibiting effects are seen for the radiolabeled TS 1, depending on the nuclide 
used. The radiation from 125-1 seems to enhance the growth inhibiting potential 
of the TS 1 MAb, whereas the 131-1 conjugate only had limited effect. The 
MAb H7 showed a more pronounced reduction in growth rate when 131-1 was 
used, this effect being less demonstrable when the 125-1 isotope was used. When 
comparing the MAbs employed, 125-I-TS 1 showed a tumour growth inhibiting 
effect of the same order as that of 131-I-H7. 

By comparing the therapeutical effect of the two radionuclides used in 
these two experiments, the main therapeutic difference can be related to the 
antigen expression and distribution identified by the monoclonal antibodies 
used. 

The growth inhibition properties seem to last longer for 125-1 compared 
to the effects of 131-I-labelled antibodies. The largest effect was seen after 
approximately 10 days following a single administration of 131-1 conjugated 
MAb, while the effect remained longer for 125-1 labelled MAbs. It is 
remarkable that an antibody localizing in necr otic areas can show a therapeutic 
potential. 

These results demonstrate that for a given an tigen/antibody system, the 
in vivo antibody distribution within a tumour must be evaluated. Nuclides should 
be selected with properties consistent with this distribution. In the future, this 
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Figure 7. Comparison of tumour growth inhibition using two different 
radionuclides conjugated to anti-cytokeratin MAb TS1. 
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Figure 8. Comparison of tumour growth inhibition using two different 
radionuclides conjugated to anti-PLAP MAb H7. 

knowledge might help to optimize target systems found within a given tum our, 
making different areas available for radioactive attacks. 

We also demonstrated, unexpectedly, the presence of significant am ounts 
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of endogenous antibodies to both antigens, i.e. cytokeratins and PLAP, in nude 
mice with tumour xenografts. Endogenous antibodies are also known to exist in 
humans with tumours [156] which is a point to consider when selecting 
antibodies for in vivo radioimmuno-techniques. These endogenous antibodies can 
be potential competitors, both in vitro and in vivo, for the same structures as 
defined by the monoclonal antibodies. 

SUMMARY AND CONCLUSIONS 

We have demonstrated the usefulness of an intracellular component, i.e. 
cytokeratins, for in vivo a nd in vitro targetting. The antibodies employed for 
these studies have been extensively characterized. It has been shown that 
monoclonal antibodies must be selected according to the purpose of their use, 
since their reactivities can be influenced by unknown factors. For instance, the 
triplet TS 1, 3 and 7, reacting with the same or closely located epitopes, 
demonstrates varying usefulness in the techniques used. The differences can 
not be correlated only t o affinity. Instead it may point to possible aberrations 
in filament organization within normal epithelial cells, in material found in 
necrotic areas in tumours and what is found circulating in the blood. 

This thesis has shown that intracellular components found in normal and 
transformed cells can be of potential use in tumour management. Despite the 
heterogeneous antigen distribution found in many tumours, transformed cells 
are known to mostly mainta in their keratin expression. In view of this, keratin 
polypeptides are superior to many other tumour markers, eliminating the 
antigen heterogeneity problem for in vivo techniques . An additional favourable 
feature is the high cellular content of cytokeratin polypeptides. This is reflected 
by the extremely long biological half-live s of the MAbs in the tumours, > 600 
h, demonstrated for several of t he monoclonal antibodies investigated. Since the 
antigen is normally located inside the cell, low non-specific binding can be 
obtained, with the only disturbances being regions with high turnover of 
epithelial cells. 

If intracellular antigens found in necrotic areas of tumours are used for 
radioimmunotherapy, the selection of a suitable radionuclide is critical. These 
antigen/antibody systems require a nuclide with longer irradiation range than 
/^-emitters have. This makes low energy gamma radiators an interesting 
alternative. We have shown that 125-1 can be a suitable choise in these cases. 
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