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ABSTRACT

This thesis describes the expression of immunoregulatory molecules 
(LFA-3, ICAM-1, HLA-A,B,C and HLA-D antigens) in normal tissues and 
carcinomas. The expression of tumour immunoregulatory molecules was 
considered abnormal when it differed from that of the corresponding normal 
epithelium. To aid a rational interpretation of tumour LFA-3 and ICAM-1 
expression, the constitutive expression of these molecules in normal tissues 
was studied. The abnormal tumour phenotypes identified in colorectal 
carcinomas and derived cell lines included weak expression of all HLA-A,B,C 
antigens, complete loss of all HLA-A,B,C antigens, the selective loss of 
individual HLA-A,B,C allele products, the lack of inducibility of HLA-D 
antigens and the loss of LFA-3. Some of these abnormalities were also 
detected in breast and urinary bladder carcinomas, though their frequencies 
varied greatly between different tumour types.

The selective loss of an HLA-A1 antigen from the colorectal 
carcinoma cell line HCA-7 was associated with the retention of the HLA-A1 
and HLA-DQA genes.

Mutated p53 and ras oncogene products, which occur commonly in 
carcinomas, are potential targets of T lymphocyte recognition. P53 
expression was detected in approximately 50% of colorectal and 25% of 
breast carcinomas, and in a number of colorectal carcinoma cell lines 
including LIF-10 and HCA-46. The p53 detected in these tumours is likely to 
be of mutant type. Loss of chromosome 17p alleles mapping close to the p53 
locus was demonstrated in the LIF-10 and HCA-46 cell lines. In addition, loss 
of a chromosome 5q allele mapping close to the familial adenomatous 
polyposis (FAP) locus was also demonstrated in LIF-10.

Finally, the expression of CD1c antigen, a molecule which shares 
several biochemical characteristics with HLA-A,B,C antigens, was 
demonstrated in normal and neoplastic B cells.

The abnormalities of tumour immunoregulatory molecule expression 
described in this thesis may be selected for in tumour progression by 
conferring a selective growth advantage to tumour cells through escape from 
T lymphocyte attack.
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CHAPTER 1 

GENERAL INTRODUCTION

1-1 BRIEF OVERVIEW OF THE IMMUNE SYSTEM

The immune system consists of several diverse but interacting cell 
types, many of which are widely distributed in the body, that contribute to the 
recognition and elimination of foreign antigen. Small lymphocytes, cells 
possessing scanty cytoplasm and measuring approximately 8 pm in diameter 
in their quiescent phase, bear antigen receptors that determine the specificity 
of immune responses. They form the major cellular population of lymph 
nodes and are an important component of blood leucocytes. Morphologically, 
lymphocytes constitute a fairly homogeneous cell group, but they can be 
subdivided by their expression of surface membrane differentiation 
molecules. B lymphocytes, which express immunoglobulin molecules 
reactive with native antigen, are distinct from T lymphocytes, the ap antigen 
receptors of which recognise degraded antigen complexed to major 
histocompatibility complex (MHC) class I or class II antigens. T lymphocytes 
can be further subdivided by the surface expression of either a CD4 or a CD8 

molecule. CD8-bearing T lymphocytes recognise antigen in association with 
class I MHC (HLA-A,B,C) molecules whereas CD4-expressing T lymphocytes 
recognise antigen in association with class II MHC (HLA-D) molecules. The 
partition of T lymphocytes into CD4-expressing and CD8-expressing subsets 
has a functional parallel. CD4 lymphocytes usually have a helper function 
providing help in T cell dependent B cell responses to antigen. CD8 

lymphocytes are cytotoxic effector cells that have a prominent role in the 
elimination of intracellular parasites such as viruses. Some CD4-bearing 
cytotoxic T lymphocytes have also been identified.

Major histocompatibility antigens are therefore crucial in T cell 
recognition of antigen. Also of importance are the lymphocyte accessory 
molecules CD2 (which binds to target cell lymphocyte function-associated 
antigen 3) (LFA-3) and LFA-1 (which binds target intercellular adhesion 
molecule 1) (ICAM-1). The binding of these receptor/ligand pairs is non
antigen specific and is thought to increase the strength of adhesion between 
T lymphocytes and target cells.
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Target cell expression of MHC class I and II antigens as well as of 
LFA-3 and ICAM-1 molecules is important in antigen specific T lymphocyte 
functions. Modulation of the expression of these molecules on tumour cells 
(the subject of this thesis) could, therefore, influence an immune response 
directed against novel tumour antigens. The structure, tissue distribution and 
function of these four immunoregulatory molecules and also of CD1, a 
molecule sharing several biochemical features with class I MHC antigens, are 
discussed below.

A novel y8 T lymphocyte subset has recently been identified. These y8 

receptors share substantial homology with the ap T cell antigen receptors of 
classical MHC-restricted T lymphocytes. In addition, the yS genes have been 
shown to undergo somatic rearrangement in a similar manner to ap receptors 
(Saito etal. 1984; Takagaki etal. 1989). Little is known of the ligand or 
ligands recognized by the y8 receptor, though y8 T cell recognition of 
mycobacterial antigens has been demonstrated(Holoshitz etal. 1989; O'Brien 
et al. 1989). One murine y8 T cell clone recognises a self TL antigen 
(Bonneville etal. 1989) and another demonstrates Qa-1 restricted antigen 
recognition (Vidovic etal. 1989). Gamma delta lymphocytes constitute a 
small proportion of all T lymphocytes, but form a major T cell subset at some 
anatomical locations such as gut epithelium, epidermis and lung (Takagaki et 
al. 1989; Koning etal. 1987; Augustin etal. 1989). The function of y8 T cells is 
unknown but their predominant location within surface epithelia is consistent 
with them being a first line of defence against invading micro-organisms.
Their role in tumour immunity is speculative.

Natural killer (NK) cells are large granular lymphocytes that show non- 
MHC restricted cytotoxicity towards some virus-infected and some tumour 
cells (NK cells reviewed byJondal 1987, and Ortaldo & Longo 1988). The 
receptor/ligand interaction that mediates NK cell recognition of target cells is 
not known, though work from several laboratories suggests that, in cells of 
haemopoietic lineage at least, susceptibility to NK cytotoxicity is increased by 
low levels of target cell HLA-A,B,C antigen (Quillet etal. 1988; Shimizu & 
DeMars 1989). The role of NK cell killing of tumour cells in experimental 
systems is discussed below (section 1.4.1). The extreme rarity of NK cells in 
many human carcinomas, however, strongly suggests that NK cell tumour 
killing is not of major importance in many primary tumours (Kabawat et al. 
1983; Whitwell etal. 1984; Smith MEF, unpublished data).
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1.2 SOME IMMUNOREGULATORY MOLECULES

1.2.1 Class I Major Histocompatibility Antigens

1.2.1.1 Historical Background

Major histocompatibility antigens were discovered by Peter Gorer, who 
showed that a murine red blood cell antigen (antigen II) segregated in genetic 
crosses with the acceptance of a tumour transplant (Gorer 1938). Snell 
identified several histocompatibility loci in congenic mice strains that encoded 
genes responsible for tissue graft rejection between the different strains. 
Genes at one (major) histocompatibility locus had a greater effect in causing 
graft rejection than those at other (minor) histocompatibility loci (Counce etal. 
1956). The major histocompatibility locus, which could be identified by strong 
genetic linkage with a 'fused' tail deformity, was later shown to be identical to 
the locus encoding Gorer's antigen II and was named (later renamed 
H-2) (Gorer etal. 1948). Thus, both serological and histogenetic analyses 
identified the major histocompatibility complex.

Three closely linked histocompatibility loci (H2-K, H2-D and 
H2-L) (Snell etal. 1971; Klein & Shreffler 1972) encode the murine class I 
major histocompatibility antigens. Numerous alleles have been identified at 
each locus (termed H2-Kd, H2-Kk etc.).

Human class I major histocompatibility antigens (later called 
HLA-A,B,C antigens) were first identified on leucocytes following the 
observation that the serum of multiparous women agglutinated leucocytes. 
Using these sera Payne and co-workers identified the LA antigen (later 
known as HLA-A) system and van Rood identified the 4a and 4b antigen (later 
known as HLA-B) system (Payne etal. 1964; van Rood 1962). Eventually 
three closely linked genetic loci (A,B and C ) were defined. This antigen 
system, like its murine equivalent, is extremely polymorphic. Twenty-four 
HLA-A, 50 HLA-B and 11 HLA-C allele products have been serologically 
identified (Bodmer etal. 1987a). Strong evidence that HLA-A,B,C antigens 
are true major histocompatibility antigens comes from the major contribution 
that matching donor and recipient HLA-A,B,C types makes towards allograft 
acceptance (Opelz 1984).
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1.2.1-2 Protein and Gene Structure

HLA-A,B,C antigens are heterodimeric surface membrane 
glycoproteins (HLA-A,B,C antigen structure reviewed in Strominger 1987). 
Their heavy chain has a molecular weight of approximately 45 000 Da, spans 
the surface cell membrane and is non-covalently associated with the light 
chain, p2 microglobulin, a non-polymorphic protein with a molecular weight of 
12 000 Da. The association of p2 microglobulin with the heavy chain is 
essential for the surface expression of the mature heterodimer (Arce-Gomez 
etal. 1978; Seong etal. 1988). Both p2 microglobulin and HLA-A,B,C heavy 
chains are members of the immunoglobulin superfamily sharing amino-acid 
homology with immunoglobulin constant domains. The heavy chain 
comprises three extracellular domains (ai, a2 and 0C3), a transmembrane 
hydrophobic region and a short cytoplasmic domain. High resolution X-ray 
crystallography has revealed the three dimensional structure of the 
extracellular domains of the HLA-A2 molecule (Bjorkman etal. 1987). The 
two domains farthest from the cell membrane (ai and a2) together form a 
cleft whose base is formed by a planar platform consisting of a p-pleated 
sheet and whose sides are formed by two a helices. The cleft is of a size 
sufficient (25 by 10 Angstrom units) to accomodate peptides up to 20 amino- 
acids in length. Most of the polymorphic amino acid residues cluster in and 
around the cleft where they presumably influence peptide binding and T cell 
recognition.

HLA-A,B,C heavy chains map to three very polymorphic loci 
(A,B and C ) in the major histocompatibility (HLA) region on the short arm of 
chromosome 6 (Francke & Pellegrino 1977). They are located telomeric to

1

the class II MHC loci, their order being C, B and then A from centromere to 
telomere. Beta2 microglobulin maps to a non-polymorphic locus on 
chromosome 15, outside the MHC (Goodfellow etal. 1975). Study of 
Southern blot hybridization patterns with HLA-A,B,C DNA probes in DNA 
from lymphoblastoid cell lines and derivative sublines with MHC deletions 
have demonstrated the presence of many non-classical class I MHC loci in 
addition to the HLA-A,B,C loci (Orr etal. 1982; Orr & DeMars 1983). These 
non-classical class I genes map both telomeric and centromeric to the HLA-A 
locus. The genes of classical HLA-A,B,C heavy chains contain 8 exons and 7 
introns (Strachan et al. 1984; Sodoyer et al. 1984). Exon 1 codes for a signal 
peptide, exons 2 to 4 code for the three extracellular domains (ai, a2 and 0C3),
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exon 5 codes for the hydrophobic transmembrane domain and exons 6 to 8 

code for the short cytoplasmic domain.

1.2.1.3 Tissue Distribution

HLA-A,B,C antigens are expressed on most cell types of the body.
Their absence from spermatozoa (Law & Bodmer 1978; Kuhlmann etal.
1986), preimplantation embryos (Dohr 1987) and placental villous trophoblast 
(Goodfellow etal. 1976; Faulk & Temple 1976) may confer protection to these 
cells, which express paternal antigens, from maternal T cell immune attack. A 
subpopulation of trophoblast, the extravillous trophoblast, has been shown to 
express an unusual class I MHC antigen of 40 000 Da molecular weight that 
does not bear polymorphic HLA-A or HLA-B determinants (Redman etal. 
1984; Ellis etal. 1986). The ability of this extravillous HLA-A,B,C-like 
molecule to restrict T cell recognition is unknown. Several other cell types 
such as cortical thymocytes, neurones and hepatocytes have also been 
shown to express little or no HLA-A,B,C antigen (Daar etal. 1984; Janossy et 
al. 1980).

1.2.1.4 Function

CD8-bearing T lymphocytes, the majority of which have a cytotoxic 
effector function, recognise foreign antigen in the context of class I MHC 
antigens (Reinherz etal. 1979; Swain 1981; Biddison etal. 1982). The 
crucial role of class I MHC antigens in controlling antigen specific cytotoxicity 
of CD8 lymphocytes is seen in the phenomenon of MHC restriction, where the 
cytotoxicity of antigen primed lymphocytes is restricted to target cells bearing 
self MHC molecules and foreign antigen. MHC restriction was discovered by 
Zinkernagel and Doherty who showed that the ability of murine lymphocytic 
choriomeningitis virus-specific cytotoxic T lymphocytes to efficiently lyse virus- 
infected fibroblasts of H-2k genotype was restricted to lymphocytes raised in 
H -fr mice (Zinkernagel & Doherty 1974). This result suggests dual 
recognition of foreign antigen and MHC antigen by cytotoxic T lymphocytes. 
The absence of independent segregation between foreign antigen 
recognition and MHC recognition by T cell hybrids formed by the fusion of T 
lymphocytes with different antigen/MHC specificities further suggested that 
the T cell antigen receptor recognises foreign antigen directly associated with 
MHC antigen (Kappler et al. 1981). Furthermore, the existence of a cleft
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within the HLA-A,B,C molecule of a size capable of accomodating peptide 
antigens and in a location accessible to cytotoxic T lymphocytes is also 
consistent with T lymphocytes directly recognising HLA-A,B,C-bound antigen 
(Bjorkman et al. 1987). Considerable evidence suggests that cytotoxic T 
lymphocytes recognise peptide antigens formed by antigen processing rather 
than determinants on native antigen and that they can recognise intracellular 
as well as surface membrane antigens. The observation that cytotoxic T 
lymphocytes recognise antigens that are undetectable in their native form on 
the cell surface (Townsend etal. 1986a; Koszinowski etal. 1987) shows that 
intracellular molecules can be processed and made available at the cell 
surface for T cell recognition. This concept is further strengthened by the 
report that the protein products of mutant influenza nucleoprotein genes 
containing extensive deletions from either their 5 prime or their 3 prime ends 
could also be recognised by a specific T cell clone providing that only a small 
but specific stretch of nucleotides was present (Townsend etal. 1985). This 
further suggested that antigen recognized by cytotoxic T cells may take the 
form of a short peptide. This was confirmed by the specific T cell killing of 
cells incubated with an exogenously added synthetic nucleoprotein antigen 
peptide (Townsend etal. 1986b). Direct binding of synthetic antigen peptide 
to an HLA-A,B,C molecule has also been demonstrated (Chen & Parham 
1989). The biological relevance of the binding of exogenously added peptide 
antigen to a purified class I MHC molecule has been shown by the ability of 
cytotoxic T cell clones (which themselves lack the appropriate restricting MHC 
class I antigen, H2-Db) to recognise specifically an influenza nucleoprotein 
peptide in association with purified H2-Db{Kane etal. 1989). In these 
experiments cytotoxic T cell triggering was assayed by measuring the release 
of serine esterase, a product of T cell degranulation.

The three genetic loci (A,B, and C) that encode HLA-A,B,C antigens 
are very polymorphic. An important feature of different HLA-A,B,C allele 
products is their variable ability to present different antigen epitopes to 
cytotoxic T lymphocytes (McMichael etal. 1986; Gotch etal. 1987). HLA-D 
allele products also vary in their ability to present antigen epitopes (see 
section 1.2.2.4). It may be this characteristic feature which is responsible for 
the association of individual HLA antigens with many diseases, especially 
those with an auto-immune basis (Batchelor & McMichael 1987).

The HLA-A,B,C molecule of the target cell, in addition to being the 
ligand of the T cell receptor, is also the ligand for the lymphocyte CD8 

molecule of cytotoxic T lymphocytes (Norment etal. 1988; Rosenstein etal.
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1989). This interaction increases the strength of adhesion between 
lymphocyte and target cell in a non-antigen specific manner and provides the 
molecular basis for the preferential recognition of HLA-A,B,C (as opposed to 
HLA-D) molecules by CD8 lymphocytes.

1.2.2 Class II Major Histocompatibility Antigens

1.2.2.1 Historical Background

Class II MHC (HLA-D) antigens were identified by their participation in 
immune responses (McDevitt & Chinitz 1969), by their ability to induce the 
proliferation in vitro of allogeneic lymphocytes (the mixed lymphocyte 
response) (Yunis & Amos 1971), and by recognition with antibodies (Bodmer 
1978). Gradually it was realized that all these functions and characteristics 
were directed by a single glycoprotein family, the HLA-D antigens.

Ii2i2z2 Protein and Gene Structure

HLA-D antigens are non-covalently associated surface membrane 
heterodimers whose heavy (a) and light (p) chains have molecular weights of 
approximately 33 000 Da and 28 000 Da, respectively (structure reviewed in 
Strominger 1987). Each chain spans the cell membrane and each has two 
extracellular domains (ai and ct2 or pi and p2). Computer modelling predicts 
that HLA-D antigens have a three-dimensional structure very similar to that 
described for the HLA-A2 antigen with a putative antigen peptide binding cleft 
(Brown etal. 1988) formed from the ai and Pi domains. Before HLA-D 
antigen is expressed on the cell surface it is transiently associated with the 
invariant (or y) chain (Quaranta etal. 1984), which maps outside the MHC to 
chromosome 5. HLA-D antigens themselves map to three subregions 
(HLA-DR, DQ and DP) within the HLA region but centromeric to the 
HLA-A,B,C loci (genetics reviewed in Trowsdale 1987). Most of the HLA-D 
loci are polymorphic. Eighteen HLA-DR, 9 HLA-DQ and 6 HLA-DP allele 
products have been serologically identified (Bodmer etal. 1987b). A typical 
class II a chain gene consists of five exons and four introns. The exons code 
for a five prime untranslated region, the leader sequence and the first few 
amino-acids of the mature protein (exon 1), the a i domain (exon 2), the 0C2 

domain (exon 3), the transmembrane and cytoplasmic domains (exon 4) and 
the five prime untranslated region (exon 5). A typical class II p gene differs
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from a typical class II a gene in that its cytoplasmic domain is encoded by 2 

or 3 exons.
The murine antigens equivalent to HLA-DR and DQ are l-E and l-A.

1.2.2.3 Tissue Distribution

The constitutive tissue distribution of HLA-D antigens is much more 
restricted than that of HLA-A,B,C antigens. They occur on B lymphocytes, 
activated T lymphocytes, Langerhans cells, many cells of monocyte lineage 
and thymic epithelium (Ko etal. 1979; Daar etal. 1984; Janossy et al. 1980). 
They have also been reported to be expressed on some epithelial cells such 
as renal tubular epithelium but the majority of epithelia, including that of 
colorectal mucosa, are HLA-D negative (Daar etal. 1984). Class II MHC 
antigens are, however, readily induced in many constitutively negative cells 
by cytokines such as IFN-y, a product of activated T lymphocytes (Pober et al. 
1983; Basham & Merigan 1983). Induction by cytokines may be the basis for 
the strong class II antigen expression occurring in some diseases with 
prominent immunological and inflammatory components such as graft-versus- 
host disease (Lamped etal. 1981), autoimmune disease (Hanafusa etal.
1983) and inflammatory bowel disease (Selby etal. 1983).

1,2t2,4 Function

Class II MHC antigens control the recognition of foreign antigen by T 
lymphocytes bearing the CD4 (or the mouse equivalent, L3T4) antigen 
(Swain etal. 1981; Biddison etal. 1982). CD4 lymphocytes usually mediate 
helper functions (Reinherz etal. 1979) but can be cytotoxic to HLA-D 
expressing targets (Krensky etal. 1982; Biddison etal. 1982). Class II 
antigens (like class I antigens) bind to and present antigen in the form of small 
peptides (Babbitt etal. 1985; Buus etal. 1986; Buus etal. 1987)) that arise 
from the intracellular degradation of proteins (Shimonkevitz etal. 1983).
Class II MHC antigens also resemble class I MHC antigens in the varying 
ability of different allele products to present antigen epitopes to T lymphocytes 
(McDevitt & Chinitz 1969; Lamb etal. 1987). In addition to the direct 
interaction between the T cell receptor of a CD4 lymphocyte and the class II 
MHC molecule of the target cell, the CD4 molecule itself probably binds 
directly to the class II MHC molecule, thereby increasing the strength of 
adhesion between target and effector cell in a non-antigen specific manner.
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There is strong, but nonetheless indirect, evidence that a CD4/class II MHC 
interaction occurs (Gay etal. 1987). In this work a mutant CD4", CD8" murine 
T cell hybridoma that expressed a T cell antigen receptor recognising H2-Dd 
failed to respond to an H2-Dd target cell. However, when the target cell also 
expressed HLA-D and the T cell hybridoma also expressed human CD4, the 
T cell responded to the target. This suggests that CD4 binds directly to the 
HLA-D molecule.

The class ll-associated invariant chain increases the efficiency with 
which cells can present native antigen to T lymphocytes. Mouse fibroblast 
transfectants expressing class II molecules and the invariant chain are much 
more efficient at presenting native antigen (but not synthetic peptide antigen) 
than transfectants expressing the class II molecule alone (Stockinger etal. 
1989). This experiment suggests that the invariant chain has an important role 
in antigen processing or transport.

1.2.3 Intercellular Adhesion Molecule-1

ICAM-1 is a surface membrane monomeric glycoprotein the molecular 
weight of which varies from 90 000 Da to 114 000 Da in different cell types 
due to variable glycosylation (Dustin etal. 1986). Its large extracellular 
moiety consists of five immunoglobulin-like domains, and the molecule is 
anchored in the cell membrane by a short hydrophobic domain (Simmons et 
at. 1988; Staunton etal. 1988). Its ligand is the integrin molecule LFA-1 (a 
surface membrane heterodimer the subunits of which have molecular weights 
175 000 Da and 95 000 Da) (Marlin & Springer 1987). An ICAM-2 gene 
encoding a protein sharing significant amino-acid homology with ICAM-1 has 
recently been cloned (Staunton etal. 1989). ICAM-2 is also a ligand for 
LFA-1 but its further structural and functional characterisation await the 
availability of an ICAM-2 specific monoclonal antibody. The binding of 
ICAM-1 and ICAM-2 to LFA-1 are rare examples of a direct interaction 
between proteins of the immunoglobulin superfamily and integrin family. 
Integrins usually bind via an Arg-Gly-Asp (RGD) amino-acid sequence in their 
ligand. However, this sequence is not present in ICAM-1 or ICAM-2 and, 
furthermore, ICAM-1/LFA-1-dependent cell binding is not decreased by the 
preincubation of LFA-1 bearing cells with RGD peptides (Marlin & Springer 
1987). The gene encoding ICAM-1 has been located on chromosome 19 
(Katz et al. 1984).
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LFA-1 is only expressed in cells of haemopoietic lineage, whereas 
ICAM-1 is also present, in addition, on some non-haemopoietic cells such as 
vascular endothelium, thymic epithelium and the stratified squamous 
epithelium of tonsil (Dustin etal. 1986). Like HLA-D antigens, ICAM-1 is 
highly inducible in many cell types (for example, dermal fibroblasts) by some 
cytokines such as IFN-yortumour necrosis factor (TNF) (Dustin etal. 1986;

[ distribution
Pober et al. 1986). The detailed tissuejot tnese molecules is described in this 
thesis.

The importance of LFA-1 in vivo is underlined by the severe 
immunodeficiency which results from the leucocyte adhesion deficiency 
disease where LFA-1 expression on leucocytes is undetectable or low 
(Anderson & Springer 1987). In vitro evidence of the importance of LFA-1 
and ICAM-1 in immunoregulation comes from the inhibition caused by 
monoclonal antibodies recognising these molecules in antigen dependent T 
lymphocyte proliferation (Dougherty & Hogg 1987; Dougherty etal. 1988), T 
cell dependent B cell proliferation (Boyd etal. 1988), cytotoxic T cell killing 
(Krensky etal. 1984; Boyd etal. 1988) and natural killer cell killing (Hildreth et 
al. 1983; Boyd etal. 1988).

The LFA-1/ICAM-1 dependence of the homotypic aggregation of B 
lymphoblastoid cells (Rothlein etal. 1986) and non-antigen specific conjugate 
formation between cytotoxic T lymphocytes and other cells (Krensky et al. 
1984) suggests that a function of these molecules is to increase the strength 
of adhesion between immune cells and their targets in a non-antigen specific 
manner. It is possible that this cytoadhesive activity may underly many 
LFA-1/ICAM-1 functions.

ICAM-1 has also been identified as a receptor for the major group of 
rhinoviruses (Greve etal. 1989) and for Plasmodium falciparum (Berendt et 
al. 1989).

1.2.4 Lymphocyte Function-Associated Antigen 3

LFA-3, a surface membrane protein with a molecular weight of 60 000 
to 70 000 Da and a very wide tissue distribution (Krensky et al. 1983), is the 
ligand of the T lymphocyte antigen, CD2 (Dustin etal. 1987). Since CD2 and 
LFA-3 share substantial amino-acid homology (both are members of the 
immunoglobulin superfamily) (Seed 1987) and both map to the same band of 
chromosome 1 (Sewell etal. 1988), they are likely to have arisen from the 
duplication of a single precursor gene. Both LFA-3 and CD2 possess two
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immunoglobulin-like domains. LFA-3 molecules exist in two alternative forms 
with differing membrane anchoring structures. One form is anchored by a 
transmembrane hydrophobic domain and the other by a phosphoinositol 
linkage (Seed 1987).

Blocking studies with monoclonal antibodies show that the CD2/LFA-3 
receptor/ligand interaction is important in many in vitro immune responses 
such as alloantigen-driven lymphocyte proliferation (Krensky etal. 1983), T- 
cell dependent B cell activation (Emilie et a/.1988), and T lymphocyte 
cytolysis of target cells (Krensky etal. 1984). Their role in the formation of 
non-antigen specific conjugates with cytotoxic T lymphocytes suggests that 
they contribute to non-antigen specific intercellular adhesion (Krensky etal.
1984). Further data implies that the CD2/LFA-3 interaction may have also 
have an active role in signal transduction. For example, incubation with 
purified LFA-3 has been shown to contribute to thymocyte proliferation 
(Denning etal. 1988), and monoclonal antibodies directed against LFA-3 on 
monocytes and thymic epithelium induce interleukin 1 secretion (Le et al.
1987), a cytokine crucial in T cell activation.

JL2j£ CD1 Antigens

CD1 (Thy,gp45,12) antigens are membrane glycoproteins expressed 
by cortical thymocytes, Langerhans cells, and some T cell malignancies 
(Bradstock etal. 1980; Fithian etal. 1981). Their structure is that of a heavy 
chain which is non-covalently bound to the light chain, p2 microglobulin.
Three CD1 molecules (CD1a,b and c) have been identified by their reactions 
with different monoclonal antibodies (see Table 2 .1) and by the differing 
molecular weights of their heavy chains: CD1a, 49 000 Da; CD1b, 45 000 
Da; CD1c, 43 000 Da (McMichael & Gotch 1987).

A molecular weight of approximately 45 000 Da and an association 
with p2 microglobulin are structural features shared by CD1 and HLA-A,B,C 
molecules. Murine thymus leukaemia (TL) antigens also possess these 
biochemical characteristics and have a similar tissue distribution to CD1 

antigens. The genes encoding TL antigens map to the telomeric end of the 
murine MHC on chromosome 17. The similarities between CD1 and TL 
antigens have led to the suggestion that they are equivalent molecules in 
human and mouse. However, the genes encoding CD1a, b,and c antigens 
have been mapped to chromosome 1 (outside the human MHC on 
chromosome 6) and have only low levels of nucleotide sequence homology
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with murine H2-K, H2-D or TL genes (Martin etal. 1987; Calabi & Milstein 
1986). CD1 antigens appear, therefore, not to be the structural equivalents of 
TL antigens.

Recently, CD1c antigens have been demonstrated on normal B 
lymphocytes (Small etal. 1987; Cattoretti etal. 1987; Smith etal. 1988b).This 
thesis describes their expression on both normal and neoplastic B cells.

The function of CD1 antigens is not known but their expression by a 
variety of cell types that are crucial participants in immune responses 
indicates an immune related function. A recent study has demonstrated non- 
MHC restricted cytolytic activity against CD1 bearing target cells in two CD4" 
CD8" T cell clones (Porcelli etal. 1989). An ap T cell clone specifically 
recognised CD1a, whereas a y8 T cell clone specifically recognised CD1c. 
Blocking of CD1 specific cytolysis by T cell antigen receptor antibodies 
indicates that the CD1 ligand is probably the T cell receptor itself. The 
occurrence of cytolytic T cell clones with anti-CD1 specificity is consistent with 
CD1 antigens having an immunoregulatory function.
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1.3 TUMOUR SPECIFIC ANTIGENS

The loss of tumour immunoregulatory molecules, such as LFA-3 and 
HLA-A,B,C antigens, may enable tumours to escape immune attack directed 
against novel tumour antigens. In general, however, such tumour specific 
antigens have not been well characterised.

1.3.1 Rodent Tumours

Tumour specific transplantation antigens have been demonstrated in 
rodents by the ability of tumour cells that were either non-viable or had been 
destroyed or surgically removed after grafting to immunise against 
subsequent exposure to tumour. Employing these methods, both 
methylcholanthrene-induced (Baldwin 1955; Prehn & Main 1957; Klein etal. 
1960) and ultraviolet light-induced (Kripke etal. 1981) tumours have been 
shown to be antigenic. Immunity to one chemically induced tumour does not 
confer immunity to another (Basombrio 1970), suggesting that each tumour 
antigen may have a unique specificity. In general, immunity to chemically 
induced tumours is transferable by lymphocytes and not by sera, a finding 
consistent with tumour transplantation antigens not being expressed on the 
cell surface. The inability of most groups to raise antibodies against tumour 
specific transplantation antigens also suggests an intracellular location for the 
majority of these antigens and has greatly hampered their characterisation. 
However, by assaying the the ability of protein fractions from chemically 
induced tumours to confer resistance to subsequent exposure to tumour, 
several groups have achieved the purification of tumour specific 
transplantation antigens. An 84 000 Da tumour transplantation antigen has 
been isolated from the methylcholanthrene induced Meth A sarcoma (Moore 
etal. 1987). The cDNA clone for this protein has been identified and partially 
nucleotide sequenced. The available sequence is nearly identical to that of 
the hsp 84 heat shock protein. Also, 96 000 Da tumour transplantation 
antigens (gp 96) have been isolated from the chemically induced but 
antigenically distinct Meth A and CMS5 sarcoma cell lines (Srivastava et 
al.1987; Srivastava & Old 1988). Incomplete nucleotide sequences of the gp 
96 cDNA clones are identical and are unlike any other human protein 
sequence.

A further class of tumour transplantation antigen is the Turn" antigen. 
These arise following the treatment of established tumour cell lines with
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mutagens and are assayed by the development of an anti-tumour T cell 
mediated immune response in syngeneic animals immunised with tumour 
cells. One such Turn- antigen (P91A) has been characterised in the mutagen 
treated mouse tumour cell line, P815 (Lurquin etal. 1989). Expression of 
P91A only occurs in the Turn" cell line. The P91A gene in the Turn" P815 line 
differs from the wild type gene by only a single base change mutation. 
Furthermore, a short synthetic peptide corresponding to the mutant area of the 
P91A protein sensitises H2-Ld bearing cells to anti-P91 A cytolytic T cells 
(Lurquin etal. 1989). The P91A tumour transplantation antigen shares no 
significant amino acid homology with any other described protein.

It has been argued that chemically and physically induced laboratory 
rodent tumours, such as those considered above, are not satisfactory models 
for human neoplasia because of the nature of the inducing agents and their 
extremely rapid action in producing tumours (Hewitt etal. 1976). Hewitt 
suggested that spontaneously arising tumours in rodent species with a low 
tumour incidence make more appropriate models. Two careful studies of 
such 'spontaneously' arising tumours, however, failed to demonstrate 
significant tumour immunogenicity (Hewitt etal. 1976; Middle & Embleton 
1981). Though this lack of tumour immunogenicity could have resulted from 
the absence of tumour specific antigens, it might equally have resulted from 
the outgrowth of mutant tumour clones resistant to immune attack through, for 
example, the loss of surface MHC antigens. Further studies are required to 
distinguish these alternatives.

1.3.2 Human Tumours

The presence of tumour specific antigens is far less established in 
human tumours than in chemically induced rodent tumours. Indeed, 
HLA-A,B,C loss from human tumours, a change that should confer resistance 
to cytotoxic T lymphocyte attack, constitutes some of the best, though indirect, 
evidence of their presence. Also, the occurrence of dense lymphocytic 
infiltrates in the stroma of many human tumours, such as medullary 
carcinomas of the breast and seminomas, is consistent with an immune 
response against tumour. Spontaneous regression is a very uncommon , but 
nonetheless well-documented, phenomenon in human tumours, seen most 
frequently in renal cell carcinoma and malignant melanoma (Bodurtha 1979). 
Immune destruction provides a possible, but unproved, mechanism for such 
regression. The isolation of cytotoxic T lymphocyte populations and clones
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from tumour patients with preferential activity against autologous tumour cells 
(Slingluff etal. 1988; Knuth etal. 1989; Wolfel etal. 1989; Hersey 1989) also 
provides evidence for an immune response against tumour. This technique 
has led to the demonstration of several HLA-A2 restricted tumour antigens on 
melanoma cells (Knuth etal. 1989b). The transfection of melanoma cell DNA 
into cells with high transfection efficiencies, such as some sublines of the 
P815 murine tumour cell line (Lurquin etal. 1989), and that express HLA-A2 

could lead to the identification, by cytolysis with specific T cell clones, of the 
genes encoding these tumour cell antigens. Antigens with at least a degree 
of tumour specificity have also been detected in some melanoma cells by 
reaction with autologous serum. The sera recognise antigens on autologous 
melanoma cells but not on autologous fibroblasts or B lymphocytes and not 
on allogeneic melanoma cells (Real etal. 1984).

Though patients undergoing immunosuppressive chemotherapy suffer 
increased numbers of skin squamous cell carcinomas and non-Hodgkin's 
lymphomas, they do not suffer a substantial increase in the number of 
internal carcinomas, which constitute the majority of fatal malignancies 
(Kinlen et al. 1979). This and similar data is often presented as evidence 
against the the presence of tumour specific antigens in the common human 
malignancies. An alternative explanation is that tumour specific antigens are 
present in these tumours but do not lead to effective anti-tumour immune 
responses. Ineffective responses could have different causes at different 
stages in tumour development. In neoplasia mutant tumour cells resistant to 
immune attack could outgrow susceptible tumour cell populations to become 
the dominant or only cell type. This thesis describes several abnormal 
patterns of expression of cell surface immunoregulatory molecules that could 
confer on tumours such resistance to immune attack. Tumours probably arise 
following the acquisition by a cell of multiple changes (probably genetic in 
origin) over many years (Peto 1977; Klein & Klein 1985; Weinberg 1989). 
Before the onset of overt neoplasia mutant genes (which might encode 
tumour antigens) are probably confined to a small clone of cells. The 
likelihood that mutants resistant to immune attack arise from all such tiny 
preneoplastic clones must be very small. Instead, escape from immune attack 
at this stage of tumour development may simply result from an inability of the 
immune system, which has evolved to combat infections where abundant 
micro-organisms are present, to detect tiny numbers of mutant cells. A normal 
counterpart of this phenomenon could be the presence of potentially 
antigenic idiotypes on virgin B and T lymphocytes.
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Two known classes of molecules, viruses and oncogene products, can 
be considered candidate human tumour antigens. Epstein-Barr virus (EBV) is 
associated with Burkitt lymphoma and nasopharyngeal carcinoma (Epstein & 
Achong 1979; zur Hausen 1970) and some types of human papilloma virus 
are associated with squamous cell carcinoma of the cervix (McCance et al. 
1983). In these tumours an immune response could be directed against 
virally encoded determinants expressed by tumour cells. The products of 
oncogenes that have acquired mutations in their coding sequences could 
also theoretically be the target of immune responses. Examples are mutant 
p21 ras proteins, found in many different carcinomas including colorectal 
adenocarcinoma (Vogelstein etal. 1988), and mutant p53 proteins which 
have also been described in colorectal adenocarcinoma (Baker etal. 1989).

In summary, tumour specific antigens have been clearly demonstrated 
in chemically induced rodent tumours, but their presence in spontaneous 
tumours of man and mouse awaits confirmation.
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1.4 MODULATION OF IMMUNOREGULATORY MOLECULES IN
TUMOURS

1-4.1 Class 1 MHC Molecules

Daudi, a Burkitt lymphoma-derived B lymphocyte cell line, was the first 
cell line in which a failure to express mature surface HLA-A,B,C antigens was 
demonstrated (Nilsson etal. 1974). This lack of HLA-A,B,C antigens was later 
shown to result from a failure to synthesise p2 microglobulin (Arce-Gomez et 
al. 1978; Ploegh etal. 1979; Seong etal. 1988). The strong expression of 
HLA-A,B,C antigens in normal B lymphocytes suggests that their absence 
from Daudi represents a loss of these molecules during tumour progression. 
HLA-A,B,C antigen loss must be responsible for, or associated with, a 
selective growth advantage in tumour cells which results in the outgrowth of 
HLA-A,B,C lacking mutant cells. The function of HLA-A,B,C in controling the 
recognition of antigen by cytotoxic T lymphocytes suggests that this selective 
outgrowth could result from escape from immune destruction by cytotoxic T 
lymphocytes. The presence of both CD8 and CD4-expressing T lymphocytes 
within many tumour types has been well documented (for exampleThomas et 
al. 1984; Allen & Hogg 1987; Zuk & Walker 1987).

The lack of HLA-A,B,C antigens in some colorectal and breast 
carcinoma cell lines (Brodsky etal. 1979a; Travers etal. 1982) probably also 
results from loss of HLA-A,B,C antigens during tumour progression because 
the corresponding normal epithelia of colon and breast express HLA-A,B,C 
antigens. However, the lack of HLA-A,B,C antigens in some choriocarcinoma 
cell lines (Travers etal. 1982) probably reflects their absence from the parent 
tissue, villous trophoblast. Lack of villous trophoblast HLA-A,B,C antigen 
would substantially explain immunological tolerance to the foetal semi
allograft through trophoblast resistance to cytotoxic T cell attack. Thus, lack of 
villous trophoblast HLA-A,B,C antigens may represent the normal counterpart 
of tumour HLA-A,B,C loss.

Studies of tissue sections from many human tumours by 
immunohistochemistry have confirmed that HLA-A,B,C, antigen loss occurs in 
many different tumour types on occasion. For example, studies of large 
numbers of tumours have reported that tumour cells in 8% of colorectal 
carcinomas (Momburg etal. 1986), 6% of hepatocellular carcinomas 
(Paterson etal. 1988), 19% of ovarian carcinomas (Kabawat etal. 1983), and 
20% of non-Hodgkin lymphomas (Moller etal. 1987) completely lack
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HLA-A,B,C antigens. Hepatocellular carcinoma is of particular interest 
because most examples (94%) express HLA-A,B,C antigens strongly, in 
contrast to the weak expression of normal hepatocytes (Paterson et al. 1988). 
Recently, the selective loss or downregulation of some individual HLA-A,B,C 
allele products with the retention of others has been described in Burkitt 
lymphoma cell lines (Massucci etal. 1987), colorectal adenocarcinomas 
(Smith etal. 1988a; Rees etal. 1988; Momburg etal. 1989) and laryngeal 
squamous cell carcinomas (Esteban etal. 1989). Such selective losses may 
confer a growth advantage on tumour cells through escape from immune 
attack because of the variable ability of alternative HLA-A,B,C allele products 
to present different antigen epitopes to the immune system.

Loss of tumour HLA-A,B,C antigens has been correlated with important 
clinico-pathological criteria in some tumour types. A significant association 
between loss of HLA-A,B,C antigens and a poor degree of tumour 
differentiation has been found in colorectal adenocarcinoma (Momburg etal. 
1986). A comparison of 20 primary colorectal carcinomas with their 
corresponding metastases showed some differences in HLA-A,B,C antigen 
expression, but these did not occur in a consistent direction (Momburg etal.
1986). Thus, metastases could show an increase in, no change in or a 
decrease in HLA-A,B,C antigen expression relative to the primary tumour. 
Loss of HLA-A,B,C antigens has been shown to be much more common in 
high-grade (aggressive) than low-grade (non-aggressive) B cell non- 
Hodgkin's lymphoma (Moller et al. 1987). In melanomas loss of tumour 
HLA-A,B,C antigens has been correlated with an increased depth of tumour 
invasion and has been found to be more common in metastatic than in 
primary tumours (Brocker etal. 1985; D'Allesandro etal. 1987). Patients with 
high HLA-A,B,C expressing and low HLA-D expressing melanomas had a 
better prognosis than patients with melanomas showing other patterns of 
MHC antigen expression (van Duinen etal. 1988). Finally, in a study of a 
small number of eccrine poromas and porocarcinomas (a rare skin 
appendageal tumour), loss of HLA-A,B,C antigens has been associated with 
increased malignancy as judged by histopathological and clinical criteria 
(Holden etal. 1984).

Selective loss of class I MHC antigens has been shown to confer new 
and aggressive tumour growth characteristics in several experiments 
involving murine tumour models. The AKR murine leukaemia cell line, 
K36.16, lacks the H2-K locus antigen, H2-Kk, but retains the H2-D locus 
antigen, H2-Dk- Transfection of the H2-Kk gene into the K36.16 cell line with
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subsequent expression of the H2-Kk antigen significantly reduced 
tumourgenicity (Hui etal. 1984). Similarly, transfection of the H2-Kb or H2-Kk 
genes into a metastatic subline of the methylcholanthrene-induced T10 

bladder sarcoma cell line, which shows a selective loss of the H2-K allele 
products, Kb and Kk, restored H2-K antigen expression and abolished the cell 
lines metastatic potential in immunocompetent mice (Wallich etal. 1985). The 
transfected cell lines were, however, highly metastatic in mice whose immune 
system had been destroyed by irradiation suggesting that the loss of 
metastatic potential in immunocompetent mice was caused by immune 
destruction of tumour cells. In contrast to the above experiments, class I MHC 
lacking sublines of the murine RBL-5 T cell lymphoma cell line have been 
shown to be less tumourigenic than class I expressing sublines (Ljunggren & 
Karre 1985). Similarly, class I lacking sublines of the B16 melanoma cell line 
have been shown to produce fewer pulmonary metastases after intravenous 
injection than class I positive sublines (Taniguchi etal. 1985). In both the 
above studies replicate experiments in natural killer cell deficient mice 
suggested that the decreased tumourgenicity and metastasis of class I MHC 
lacking sublines was a consequence of increased tumour cell susceptibility to 
natural killer cell killing. This is in accordance with human cell line data 
which demonstrated that susceptibility to natural killer cell killing was 
inversely proportional to surface membrane HLA-A,B,C expression (Quillet et 
al. 1988; Shimizu & DeMars 1989). The above data from murine experiments 
suggests that selective loss of individual class I MHC antigens could therefore 
confer a selective growth advantage on tumour cells through escape from T 
lymphocyte attack whilst maintaining tumour cell resistance to natural killer 
cell attack.

The products of several oncogenes affect the expression of class I 
MHC antigens. The E1A oncogene of adenovirus type 12 (a DNA virus 
oncogenic in rodents) decreases the level of class I MHC antigens and mRNA 
transcripts in a variety of rodent primary cutures (Schrier et al. 1983; Vaessen 
etal. 1986). This decrease is associated with resistance to cytotoxic T 
lymphocyte killing in vitro (Bernards etal. 1983) and therefore may serve to 
protect cells displaying foreign viral determinants from immune destruction. 
Furthermore, it may contribute to the oncogenicity of type 12 adenovirus in 
immuncompetent hosts (Bernards etal. 1983). Two members of the myc 
oncogene family have also been shown to downregulate class I MHC 
antigens; N-myc in a rat neuroblastoma cell line (Bernards et al. 1986) and 
c-myc in human melanoma cell lines (Versteeg etal. 1988).
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It is possible that human class I MHC antigen loss may not itself confer 
a selective growth advantage on tumour cells, but may simply be associated 
with cellular events that do. For example, upregulation of a dominantly acting 
oncogene, such as c-myc, could confer a selective growth advantage on 
tumour cells and, in addition, produce associated secondary effects such as 
generalised class I downregulation. Similarly, a selective loss of class I MHC 
allele products could simply identify chromosome 6 loss, the coincedent loss 
of a chromosome 6 recessive oncogene conferring the selective growth 
advantage on tumour cells. Ultimately, confirmation of a role of tumour class I 
MHC antigen loss in tumour escape from immune killing will require close 
linkage with the presence of characterised tumour specific antigens.

1.4.2 Class II MHC Molecules

Many human tumours have been shown to express HLA-D antigens.
In some tumours,such as nasopharyngeal carcinoma, HLA-D expression is so 
consistent and so pronounced that it is a characteristic feature (Thomas etal. 
1984). Human tumours derived from cells which are constitutively HLA-D 
positive are usually themselves HLA-D positive. Thus, non-Hodgkin's 
lymphomas of B cell type are usually HLA-D positive though differential 
expression of HLA-DR, DQ and DP subregion products and, occasionally, the 
lack of any detectable HLA-D antigens have been noted (Smith etal. 1987; 
Momburg etal. 1987). Tumours derived from constitutively HLA-D negative 
tissues such as colorectal mucosal epithelium are not, however, consistently 
HLA-D negative. Most immunohistochemical studies have shown that 
approximately 50% of colorectal carcinomas express HLA-D antigens, though 
often only very focally (Daar et al. 1982; Momburg et al. 1986; Allen & Hogg
1987). Rather than being anomalous, tumour HLA-D expression may simply 
reflect the ability of normal non-neoplastic colorectal epithelial cells to 
express HLA-D antigens in response to appropriate stimuli such as those 
occurring in inflammatory conditions (McDonald & Jewell 1987; Pallone etal.
1988). The more abnormal situation probably occurs when colorectal 
carcinoma cells can no longer respond to HLA-D inducing stimuli. This 
situation has been identified in colorectal adenocarcinoma where an HLA-D 
negative tumour invades colonic mucosa inducing HLA-D expression on the 
non-neoplastic crypts (Moore etal. 1986; Gutierrez etal. 1987). Such 
tumours are resistant to HLA-D induction in a microenvironment capable of 
inducing HLA-D antigen expression on normal colorectal epithelial cells. This
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abnormal tumour phenotype must be selected for in tumour progression, 
perhaps through a decreased ability to present novel tumour antigen to the 
immune system or through escape from HLA-D restricted cytotoxic T 
lymphocyte attack. The in vitro counterpart of this phenomenon probably 
occurs in the colorectal carcinoma cell lines in which IFN-y fails to induce 
HLA-D antigens (Houghton etal. 1984; Pfizenmaier etal. 1985; Moore etal. 
1986).

Several interesting studies of HLA-D expression in melanocytes and 
melanomas have been reported. The proportion of melanomas reported as 
HLA-D antigen positive varies substantially in different studies though there is 
general agreement that HLA-D expression, when present, is often focal. One 
study reported that more than 10% of melanoma cells were HLA-D positive in 
75 of 172 primary melanomas (Brocker et al. 1985). In this study HLA-D 
expression was more common in deeply invasive melanomas than superficial 
ones. In another series of patients with advanced primary nodular 
melanomas (all of which invaded dermis to a depth in excess of 2 mm 
Breslow thickness) tumour HLA-D expression conferred a poor clinical 
outcome as assessed by patient survival (Zaloudik etal. 1988). The 
association of melanoma HLA-D expression with advanced disease and poor 
clinical outcome is unlikely to result from immune mechanisms. 
Immunoselection would more probably result in an HLA-D lacking tumour. 
Melanocytes do not constitutively express HLA-D antigens, but their 
expression can be induced by IFN-y (Houghton etal. 1984). This suggests the 
possibility that a tumour change conferring a growth advantage on tumour 
cells could independently upregulate melanoma HLA-D expression. Support 
for this hypothesis comes from the identification of activated ras genes in 
malignant melanomas (Bos 1988) and a report that infection of melanocytes 
with viral ras genes upregulates HLA-D expression (Albino etal. 1986).

1.4.3 Cell Adhesion Molecules (LFA-3 and ICAM-1)

Since LFA-3 and ICAM-1 function as cell adhesion molecules between 
immune cells and their targets, their loss from tumours may confer tumour 
resistance to immune attack. Such a situation has been identified in a 
proportion of Burkitt lymphomas where downregulation of LFA-3 and ICAM-1 

is associated with an impaired ability to form antigen-independent cell 
conjugates with cytotoxic T lymphocytes, and with resistance to lysis by 
Epstein-Barr virus specific cytotoxic T lymphocytes (Gregory et al. 1988).
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In melanoma ICAM-1 expression is associated with more advanced 
disease (Johnson etal. 1989). Benign melanocytic naevi and primary 
melanomas that show only a minor degree of dermal invasion (Breslow 
thickness of 0.75 mm or less) usually express little or no ICAM-1 whereas 
deeply invading primary melanomas (greater than 0.75 mm) and melanoma 
metastases express ICAM-1 in approximately 70% of cases. Though a direct 
role for ICAM-1 in tumour progression is possible, its expression (and 
possibly also that of HLA-D antigens) in melanomas could be associated with 
the expression of many other inducible molecules such as, for example, 
growth factor receptors, which may have a more direct role in conferring a 
selective growth advantage to tumour cells (Bodmer et al. 1987a). This theory 
is made the more plausible by the discovery that IFN-y also induces the 
expression of the receptor for TNF (Aggarwal etal. 1985).
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1.5 RESEARCH AIMS

My research aims were:-
1. to document in detail the tissue distributions of 

immunoregulatory molecules. A knowledge of the expression of 
immunoregulatory molecules in normal tissues is crucial in assessing the 
significance of their presence or absence from tumours.

2 . to investigate the abnormal expression of immunoregulatory 
molecules in a variety of human tumours. Abnormalities that might confer 
resistance to immune attack are of particular interest in that they provide 
indirect evidence for an immune response against tumour. Abnormalities in 
the expression of all HLA-A,B,C antigens and of HLA-D antigens in many 
tumours have been extensively documented. A major concern was to 
establish whether other abnormalities occur in carcinomas, such as the loss 
of LFA-3 or the selective loss of HLA-A,B,C allele products, both of which 
would be expected to confer resistance to immune attack.

3. to identify similar abnormalities in tumour cell lines. These 
provide in vitro models with which to study the underlying molecular defects.

4. to investigate the molecular mechanisms underlying 
abnormalities in tumour immunoregulatory molecule expression.
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CHAPTER 2 

MATERIALS AND METHODS

2.1 IMMUNOHISTOCHEMICAL TECHNIQUES

2.1.1 Tissue Handling. Fixation and Primary Antibody
Incubation

Tissues were snap-frozen in liquid nitrogen-cooled iso -Pentane (BDH) 
and subsequently stored under liquid nitrogen. Cryostat tissue sections (7 pm 
thick) placed on 4-well glass slides (CA Hendley Ltd, Essex) were fixed in a 
chloroform/acetone mixture [1:1 (vol/vol)] at 4°C, briefly immersed in acetone 
at 4°C, rehydrated in PBS (0.145 M NaCI / 2.5 mM NaHaPO^h^O / 7.5 mM 
Na2HP0 4 , pH 7.2),and then incubated in 90% (vol/vol) PBS plus 10% (vol/vol) 
normal rabbit serum for 20 min. Excess fluid was drained from the tissue 
sections before incubating with the primary antibody for 60 min. Antibodies 
were used at concentrations, derived from titration experiments on thymus or 
tonsil sections, that resulted in maximal specific staining with minimal 
background staining. Following primary antibody incubation one of the 
immunohistochemical techniques described below, selected for each tissue 
so as to produce the least background staining, was used. All antibody 
incubations were followed by two 5-min washes in PBS.

Immunohistology controls included omission of the primary monoclonal 
antibody (MAb), substitution of an irrelevant MAb and use of a positively 
staining MAb on cryostat sections of the test tissues, and the simultaneous 
staining by the MAbs of control tissues known either to express or not to 
express the antigens detected by the MAbs.

2.1.2 Peroxidase Antiperoxidase Technique

Except where specifically stated below the peroxidase antiperoxidase 
(PAP) technique was used for all immunohistochemical staining.

The first layer antibody incubation was followed sequentially by 
incubation with rabbit anti-mouse immunoglobulin serum (DAKO Ltd, Z259;
1:25 dilution for 45 min) in PBS containing 4% (vol/vol) normal human serum, 
and then by PAP complexes (DAKO Ltd, P850; 1:100 dilution for 45 min) in
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PBS. The peroxidase was developed in 3,3'-diaminobenzidene (Sigma) at 1 
mg/ml in PBS containing 0.3% hydrogen peroxide (vol/vol). Sections were 
washed in tap water for 10 min, counterstained with haematoxylin, cleared 
and mounted in D.P.X. mounting medium (BDH).

2.1.3 Alkaline Phosphatase Antialkaline Phosphatase
Technique

The alkaline phosphatase antialkaline phosphatase (APAAP) 
technique was used in the study of CD1 antigens on cytospin preparations of 
B cell lymphoblastoid cell lines and for the demonstration of CD1c antigen in 
spleen.

The first and second layer antibody incubations were identical to those 
of the PAP technique (see section 2.1.2) and were followed by incubation with 
APAAP complexes (DAKO Ltd, D651; 1:100 dilution for 45 min) in PBS. The 
alkaline phosphatase was developed in 0.5 mg/ml naphthol AS-BI phosphate 
(Sigma) and 0.5 mg/ml fast red TR salt (Raymond Lamb, General Laboratory 
Supplies) dissolved in veronal acetate buffer (pH 9.2) (Ponder & Wilkinson 
1981) containing 0.25 mg/ml levamisole (Sigma) to inhibit endogenous 
alkaline phosphatase activity. Sections were washed in distilled water, 
counterstained with haematoxylin and mounted in gelvatol (Monsanto).

2.1.4 Indirect Alkaline Phosphatase Technique

An indirect alkaline phosphatase technique was used for the 
demonstration of IgM and IgD in sections of spleen.

Incubation with rabbit anti-human IgM (DAKO Ltd, A091) or IgD (DAKO 
Ltd, A093) heavy chain serum (both 1:1000 dilution for 60 min) in PBS was 
followed by incubation with alkaline phosphatase-conjugated goat anti-rabbit 
immunoglobulin F(ab')2 fragments (Sigma, A-7778; 1:25 dilution for 60 min) in 
PBS. Sections were subsequently developed and mounted as described for 
the APAAP technique (section 2.1.3).

2.1.5 Avidin-Biotin Complex Technique

The avidin-biotin complex (ABC) technique was used in the study of 
CD1 antigens in lymphoid tissues other than spleen.
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The first layer antibody incubation was followed sequentially by 
biotinylated rabbit anti-mouse immunoglobulin (DAKO Ltd, E354; 1:300 
dilution for 30 min) in PBS containing 4% (vol/vol) normal human serum, and 
then by preformed peroxidase conjugated ABC (DAKO Ltd, K355; for 30 min) 
made up according to the manufacturer's instructions. The peroxidase was 
developed and the tissue sections mounted as previously described (section 
2.1.2).

2.1.6 Double Labelling

A brown immunoperoxidase / blue alkaline phosphatase technique 
was employed on two tonsil biopsies to visualise two antigens within single 
cells simultaneously. Incubation with unbiotinylated monoclonal antibody 
(MAb) (UCHT1 or To15) for 60 min was followed by incubation with alkaline 
phosphatase-conjugated rabbit anti-mouse F(ab')2 fragments (Sigma, A- 
7778; 1:50 dilution for 60 min). This was in turn followed by incubation with 
biotinylated purified MAb M241 at a concentration of 13 pg/ml for 60 min. The 
peroxidase enzyme was developed as described above (section 2 .1.2) and 
the alkaline phosphatase was developed in 0.1% (wt/vol) fast blue BB salt 
(Sigma) / 0 .02% (wt/vol) Napthol AS phosphate (Sigma) in 0.01 M Tris, pH 
9.0 to produce a blue reaction product. Sections were washed in distilled 
water and mounted in gelvatol.

2.2 ENZYME-LINKED IMMUNOSORBANT ASSAY

A galactosidase anti-galactosidase (GAG) enzyme-linked 
immunosorbant assay (ELISA) (Durbin & Bodmer 1987) was used to 
quantitate antigen expression in cell lines. The ELISA microtitre plates were 
prepared and the ELISA assay was subsequently performed at room 
temperature.

2.2.1 Preparation of Microtitre Plates

One hundred pi of 100 pg/ml poly-L-lysine (Sigma, P-1524) in 
Dulbecco’s buffered saline, solution A (PBS-A) was dispensed into each well 
of a 96-well microtitre plate (Dynatech) and left for 1 hour. The plate was 
flicked out to remove the poly-L-lysine solution and blot dried. A single cell 
suspension was washed three times and then resuspended at high
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concentration in PBS-A. Cell density was assessed by diluting the cell 
suspension 1:1 (vol/vol) in 0.4% trypan blue in PBS-A and counting at least 
300 cells using an improved Neubauer haemocytometer. Five x 104 cells (in 
50 pi) was added to each well of the microtitre plate which was then 
centrifuged at 1500 revolutions per minute (rpm) for 5 min in a Sorvall 
GLC-2B centrifuge (DuPont). Following centrifugation the microtitre plate was 
left to stand for 15 min. Subsequently, 150 pi of 0.025 % glutaraldehyde in 
PBS-A was added to each well for 15 min. The microtitre plate was flicked 
out, washed three times in PBS-A and blot dried. One hundred pi of 0.01% 
(wt/vol) gelatin (Sigma, G-2500) / 0.02% (wt/vol) sodium azide in PBS-A was 
dispensed into each well. The microtitre plates were covered with a Titertek 
plate sealer (Flow Laboratories) and stored at 4°C, for periods up to 3 months, 
before use.

2.2.2 The Assay

The wells of the microtitre plates were flicked out to remove the gelatin / 
sodium azide storage solution, and washed twice in 0 .2% (wt/vol) casein 
(Oxoid, L41) in PBS-A. Fifty pi aliquots of murine MAb were added to the 
appropriate wells for 1 hour. Control wells were filled with 50 pi of 90% 
(vol/vol) Roswell Park Memorial Institute 1640 (RPMI 1640) medium /10% 
(vol/vol) foetal bovine serum. The assay was performed in triplicate for each 
antibody. The wells were flicked out and washed 4 times in 0.2% (wt/vol) 
casein / 0.02% Tween 20 (Sigma) in PBS-A. Fifty pi of rabbit anti-mouse 
immunoglobulin (DAKO Ltd, Z259; 1:100 dilution) in 200mM Tris pH 7.6 
containing 10% (vol/vol) normal human serum was added to the wells for 1 

hour. Wells were then flicked out and washed 3 times in the casein / Tween 
20 / PBS-A solution. Fifty pi of GAG complexes (obtained from H Durbin, 
Director's Laboratory, ICRF) diluted 1:1000 in 200 mM Tris pH 7.6 was added 
to the wells for 1 hour. The wells were flicked out and, once more, washed 3 
times in the casein / Tween 20 / PBS-A solution. Fresh galactosidase 
substrate was made by saturating a solution of 1 mM MgCl2 / 0.775 % (wt/vol) 
p-mercaptoethanol in PBS-A with 4-methylumbelliferyl-p-D galactoside 
(Sigma). One hundred pi of substrate was added to each well and the 
fluorescence (excitation, 365 nm; emission 450 nm) was recorded by a 
Microfluor plate reader (Dynatech) after 15 and 30 min incubation.
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2.3 ANTIBODIES

2-3-1. Antibodies Used

Table 2.1 records the murine MAbs used in this thesis. The MAbs were 
used in various forms (culture supernatant, ascites and purified) and used at 
saturating concentrations determined by preliminary titration experiments.

2.3.2 Monoclonal Antibody Biotinvlation

Monoclonal antibody M241 was biotinylated by a previously described 
method (Janossy etal. 1986). One ml of purified MAb M241 at a 
concentration of 1 mg/ml and pH 8.6 was mixed with 60 pi of N - 
hydroxysuccinimidobiotin (Sigma) dissolved in dimethylsulphoxide at a 
concentration of 1 mg/ml. After 4 hours incubation at room temperature the 
mixture was dialysed against PBS overnight.

2.4 CELL CULTURE AND ISOLATION

2.4.1 Routine Cell Culture

Cell lines used in this thesis are listed in Table 2 .2 . CC20 and CC22 

were derived from the same primary colorectal carcinoma. SW480 and 
SW620 were derived from the same patient; SW480 from a primary colorectal 
carcinoma and SW620 from a lymph node metastasis. The EBV transformed 
B lymphoblastoid cell lines used in this thesis were obtained from the Imperial 
Cancer Research Fund (ICRF) Cell Production Unit. The B cell 
lymphoblastoid cell line BND-1213 was derived from the same patient as 
LIF-10 (see Table 2 .2), lymphoblastoid cell line EVA-1224 was derived from 
the same patient as HCA-7, and lymphoblastoid cell line IRM-1223 was 
derived from the same patient as HCA-46. All cell lines were grown in culture 
medium containing 100 U/ml penicillin and 100 pg/ml of streptomycin. 
Suspension cultures were grown in 90% (vol/vol) RPMI 40 medium and 10% 
(vol/vol) foetal bovine serum (Gibco) in plastic flasks (Falcon). Monolayer



40

Table 2.1 List of monoclonal antibodies

MAb_______Specificity

anti-HLA-A.B.C
W6/32 p2m-associated

HLA-A,B,C
PA2.6 ibid.
BBM.1 p2 microglobulin
HC-10 HLA-A,B,C free

heavy chain
142.2 HLA-A1 & Aw36
MA2.1 HLA-A2 & B17
BB7.2 HLA-A2 & Aw69
129.2.47 HLA-A3
GAP A3 HLA-A3
116.5.28 HLA-Bw4
126.39 HLA-Bw6
anti-HLA-DR
Tal-1B5 HLA-DR
L243 HLA-DR
DA2 HLA-DR (except DR7)

& HLA-DP
Tu39 HLA-DR, DQ & DP
anti-lvmDhocvte antiaens
NA1/34 CD1a
OKT6 CD1a
4A7.6 CD1 b
M241 CD1c
T11 CD2
UCHT1 CD3
T4 CD4
T1 CD5
UCHT2 CD5
UCHT4 CD8
J5 CD10
TS1/22 CD11a
3.9 CD11c
To15 CD22
RR1/1 CD54 (ICAM-1)
HNK1 CD56
TS2/9 CD58 (LFA-3)
miscellaneous antiaens
Ki-67 Proliferating cells

(G1,S,G2 & M phases)
Cam 5.2 Cytokeratin
PAb 421 p53
PAb 240 p53

Reference / Source

Barnstable et al. 1978 / ICRF

Brodsky et al. 1979b / ICRF 
Brodsky et al. 1979a / ICRF 
Stam etal. 1986 / ICRF

Genetic Systems
McMichael etal.1980 / ICRF
Brodsky et al. 1979b
Kennedy et al. 1987 / K Gelsthorpe
Berger et al. 1982 / ICRF
Kennedy etal. 1987/ KGelsthorpe
K Gelsthorpe (pers. comm.)

Adams et al. 1983 / ICRF 
Lampson & Levy 1980 / ICRF 
Brodsky et al. 1979b / ICRF

Pawelec et al. 1982 / A Nouri

McMichael etal. 1979 / Sera Lab 
Reinherz et al. 1980 / Ortho 
Olive et al. 1984 / C Mawas 
Knowles & Bodmer 1982 / ICRF 
Coulter
McMichael & Gotch 1987 / ICRF 
McMichael & Gotch 1987 / Coulter 
Coulter
McMichael & Gotch 1987 / ICRF 
P Beverley (pers. comm.) / ICRF 
Ling et al. 1987 / Coulter 
Krensky et al. 1983 / TA Springer 
Hogg et al. 1986 / ICRF 
Ling etal. 1987/ Dako Ltd 
Rothlein etal. 1986 / TA Springer 
Abo & Balch 1981 / ICRF 
Krensky et al. 1983 / TA Springer

Gerdes et al. 1983 / Dako Ltd

Makin etal. 1984/ ICRF 
Harlow et al. 1981 / D Lane 
R Greaves & D Lane (pers. comm.)



Table 2.2 List of cell lines

Cell line Origin Reference

CC20 Colorectal carcinoma Greenhalgh & Kinsella 1985
CC22 ibid ibid.
HCA-2 ibid. Kirkland & Bailey 1986
HCA-7 ibid. ibid.
HCA-24 ibid. ibid.
HCA-46 ibid. ibid.
HRA-16 ibid. ibid.
HRA-19 ibid. ibid.
HT-29 ibid. Foghe & Trempe 1975
LIF-10 ibid. L Huschtscha, pers. comm.
LoVo ibid. Drewinko etal. 1976
LS 174T ibid. Tom etal. 1976
SW620 ibid. Leibovitz etal. 1976
SW837 ibid. ibid.
SW1222 ibid. Leibovitz, pers. comm.
Daudi Burkitt lymphoma Klein etal. 1968
Jar Choriocarcinoma Pattillo etal. 1971
Molt-4 T cell lymphocytic 

leukaemia
Minowada etal. 1972

Table 2.3 List of DNA probes

Chromosomal
Probe Enzyme Location Reference

ECB27 [D5S98] Bgl II 5q15-q21 Murday etal. 1989
YN5.48 [D5S81] Msp I 5q21-q22 Nakamura etal. 1988
XMSQ [D5S43] Hinf I 5q35-qter Mathew et al. 1987
10.8 (HLA-DQA) Taq I 6p21.3 Spielman etal. 1984
pHLA-2a.1 (HLA-A) Hind III 6p21.3 Koller et al. 1984
pYNZ22 [D17S5] Taq l&  

Hind\\\
17p13.3 Nakamura etal. 1988
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cultures, with the exception of LIF-10, were grown in 90% (vol/vol) Dulbecco's 
modification of Eagle's medium (DMEM) and 10% (vol/vol) foetal bovine 
serum on plastic Petri dishes (Nunc). Cell line LIF-10 was grown in 45% 
(vol/vol) DMEM / 45% (vol/vol) Ham's F12 medium /10% (vol/vol) foetal 
bovine serum / 2.4 pg/ml of adenine / 5 pg/ml insulin /10  ng/ml cholera toxin / 
5 pg/ml hydrocortisone /10  ng/ml epidermal growth factor in plastic Petri 
dishes coated with 0.07 mg/cm2 human placental collagen type IV (Sigma, 
C-7521). Monolayer cultures were also grown on glass 4-well slides 
(CA Hendley Ltd, Essex). Approximately 5 x 104 cells were plated onto each 
well of the 4-well slide. Suspension cultures were grown in a humidified 5% 
C02 / 95% air mixture whereas monolayer cultures were grown in a 
humidified 10% C02 / 90% air mixture. Selected cell lines were grown in 
interferon-y (IFN-y )(Boehringer Ingelheim) and tumour necrosis factor-a 
(TNF-a) (F Balkwill, ICRF). LIF-10 was passaged following digestion with 0.3 
mg/ml dispase (Boehringer Mannheim) at 37°C whereas all other monolayer 
cultures were passaged following digestion by 0.25% (wt/vol) trypsin / 0.1% 
(wt/vol) EDTA (prepared by ICRF central services) in PBS-A at 37°C. Cells 
were prepared for long term storage by suspension in 90% (vol/vol) foetal 
bovine serum /10  % (vol/vol) dimethyl sulphoxide (FSA laboratory supplies) 
at 4°C and cooled slowly to minus 70°C overnight before transfer to liquid 
nitrogen for long term storage.

2,4,2 Monocyte Purification

Adherence to a microexudate-coated plastic surface was used to 
separate peripheral blood monocytes from other peripheral blood 
mononuclear cells (Ackerman & Douglas 1978).

Baby hamster kidney (BHK) cells (from the ICRF Cell Production Unit) 
were grown to confluence in a 10 cm plastic Petri dish (Nunc). The BHK cells 
were detached by incubation with 10 mM EDTA in PBS/A leaving behind a 
microexudate coated surface. Heparinised blood samples were diluted in 
DMEM [1:1 (vol/vol)], layered on Ficoll [Ficoll-Paque (Pharmacia)] and 
centrifuged at 400g for 25 min in a MSE bench top centrifuge. Peripheral 
blood mononuclear cells were removed from the interface, washed once in 
DMEM, resuspended in 10 ml of DMEM and incubated on a micoexudate- 
coated plate for 45 min at 37°C. Non-adherent cells were removed by four 
gentle washes with DMEM at 37°C. After direct microscopic confirmation of 
the removal of the non-adherent cells 4 ml of 3mM EDTA in 90% DMEM
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(vol/vol) /10% foetal bovine serum (vol/vol) at 37°C was added to the plate. A 
highly purified monocyte population was detached from the plate by vigorous 
pipetting and washed in PBS-A.

2.4.3 Cvtospin Preparations

Fifty pi aliquots of PBS-A containing 5 x 104 cells in single cell 
suspension were centrifuged in a cytocentrifuge (Shandon) (200 rpm for 3 
min) onto glass microscope slides. The cells were air dried and then fixed in 
acetone at 4°C for 5 min before staining by an immunohistochemical 
technique.

2.5 DNA TECHNIQUES

2.5.1 Isolation of Genomic DNA from Cell Lines

Cells were harvested by centrifugation (1 000 rpm for 10 min in a MSE 
bench centrifuge), washed 3 times in PBS-A and resuspended in 50 ml of 
0.32 M sucrose / 20 mM Tris, pH 7.5 / 5 mM MgCl2 /1%  (vol/vol) Triton X-100. 
Cell nuclei were pelleted by centrifugation (10 000 rpm for 10 min in a 
Beckman J2-21 centrifuge with a JA-14 rotor), resuspended in 10 ml of 75 mM 
NaCI / 24 mM EDTA / 0.5% (wt/vol) SDS containing 200 pg/ml ribonuclease A 
(Sigma) and 400 pg/ml of proteinase K (BDH) and incubated overnight at 
37°C. This digest was extracted 3 or 4 times by phenol (previously 
equilibrated in 100 mM Tris, pH 8.0/10 mM EDTA), extracted once by a 
chloroform / iso -amyl alcohol [24:1 (vol/vol)] mixture, and made up to 0.3 M 
sodium acetate concentration by addition of 1:10 (vol/vol) 3 M sodium acetate, 
pH 4.8. DNA was precipitated from the aqueous phase by adding 2.5 times 
its volume of absolute ethanol at minus 20°C, spooled out with a hooked 
Pasteur pipette, washed in 70% (vol/vol) ethanol and dissolved in 10 mM Tris, 
pH 7.4 /1 mM EDTA . DNA concentration was estimated by measuring the 
absorbance of ultraviolet light at 260 and 280 nm.
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2.5.2 Restriction Endonuclease Enzyme Digestion of 
Genomic DNA

Fifty units of DNA endonuclease enzymes in a volume of less than 10 
pi were added to 10 pg of genomic DNA dissolved in buffer, making a total 
volume of 200 pi. Buffer concentations were those recommended by the 
manufacturers of the restriction enzymes (Northumbria Bilologicals Ltd or 
BioLabs). DNA digests were carried out overnight at 37°C for all restriction 
enzymes except Taq I (4 hours at 65°C). The DNA was vacuum dried, 
redissolved in 18 pi of double distilled water to which 2 pi of 10 times 
concentrated loading buffer [0.2% (wt/vol) agarose (Bethesda Research 
Laboratories) (BRL) /10 mM Tris, pH 7.5 / 20 mM EDTA /10 % glycerol / 250 
pg/ml bromophenol blue / 250 pg/ml bromophenol green, all forced through a 
21 gauge needle to form a slurry] was added. This mixture was loaded into 
wells within a horizontal 0.8% (wt/vol) agarose (BRL) gel made up in Tris- 
acetate buffer (0.04 M Tris-acetate / 0.01 M EDTA). The DNA was 
electrophoresed at 15 mA in Tris-acetate buffer for 36 hours. The size 
fractionated DNA fragments were stained with ethidium bromide (0.5 pg/ml) 
and visualised on an ultra-violet transilluminator. The agarose gel and an 
adjacent linear scale were photographed, lanes carrying marker DNA 
Hind Ill-digested X bacteriophage (BioLabs)] were excised and the remaining 
gel was denatured in 1.5 M NaCI / 0.5 M NaOH for 1 hour, neutralised in 0.5 
M Tris, pH 7.2 /1.5 M NaCI /1 mM EDTA for 1 hour and then rinsed in 2 times 
SSC twice (20 times SSC = 3M NaCI / 0.3 M Na3 citrate). DNA was 
transferred to a Hybond-N nylon membrane (Amersham) by capillary blotting 
with paper towels using a 20 x SSC transfer buffer, as previously described 
(Southern 1975). After DNA transfer, the well positions were marked on the 
filter which was then air dried for 30 min and subsequently dried under 
vacuum at 80°C for 2 hours.

2.5.3 Radiolabellina of DNA Probes

The human DNA probes used in this thesis are recorded in Table 2.3. 
DNA probes were cleaved from their plasmid vectors by the appropriate DNA 
restriction endonucleases, and separated from them by electrophoretic size 
fractionation in a horizontal 1% (wt/vol) low melting point agarose (BRL) gel. 
The probe, identified by comparison with standard marker DNAs (Hind III 
bacteriophage X), was excised from the gel with a scalpel. The excised
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agarose fragment was dissolved by adding three times its mass of double 
distilled water and heating to100°C for 7 min. It was then stored at minus 
20°C until use. Immediately prior to radiolabelling, the probe was denatured 
by heating to 100°C for 5 min. Incorporation of 3 pi of [32P]dCTP (Amersham, 
PB.10205, 3 000 Ci/mmol) into newly synthesised probe DNA occurred by the 
extension of random DNA hexadeoxynucleotide primers (Pharmacia, 
27-2166-01) annealed to approximately 50 ng of probe DNA. This reaction 
was directed by 1 pi of Escherichia coli DNA polymerase I (Klenow fragment) 
(Pharmacia, 7 500 U/ml) in a total volume of 50 pi of oligo-labelling buffer 
(Feinberg & Vogelstein 1984). The reaction was terminated by the addition of 
200 pi of 20 mM NaCI / 20 mM Tris, pH 7.5 / 2 mM EDTA / 0.25% (wt/vol) SDS 
/1 pM dCTP. Radiolabelled probe was separated from unincorporated 
oligonucleotides by gel filtration through a Sephadex G-50 (Pharmacia) 
column prepared within a 1ml disposable plastic syringe and previously 
equilibrated with 100 mM NaCI /10 mM Tris, pH 8.0 /1 mM EDTA. The 250 pi 
volume of the oligo-labelling reaction mixture was loaded onto the Sephadex 
G-50 column and centrifuged at 1 000 rpm for 3 min in a MSE bench top 
centrifuge. The radiolabelling of a 2 pi aliquot of the eluate was assessed by 
counting in a Beckman LS 7000 liquid scintillation counter.

2.5.4 Identification of Size Fractionated DNA
Fragments bv Radioactivelv Labelled DNA Probe

Hybond-N filters with bound size-fractionated DNA were incubated at 
65°C for at least 1 hour in prehybridisation buffer [6 x SSC / 0.25% (wt/vol) 
SDS / 0.1% (wt/vol) Ficoll / 0 .1% (wt/vol) bovine serum albumin / 0.1 %
(wt/vol) polyvinyl pyrrolidone / 25 pg/ml salmon sperm DNA (Sigma)]. 
Subsequently, filters were incubated overnight at 65°C in hybridisation buffer 
[identical to the prehybridisation buffer except for the addition of 10% (wt/vol) 
dextran sulphate] containing sufficient quantity of [32P] radiolabelled probe 
(denatured by heating to 100°C for 5 min) to produce 5 x 105 counts per 
minute. Filters were washed twice in 2 x SSC / 0.1 % (wt/vol) SDS at 65°C for 
15 min, and subsequently washed twice in 0.2 x SSC / 1% (wt/vol) SDS at 
65°C for 15 min. Filters hybridised to probe pHLA-2a.1, which preferentially 
hybridises to HLA-A genes, were also given a further high stringency wash in 
0.1 x SSC / 0.5% (wt/vol) SDS at 69°C for 15 min. Filters were wrapped in 
Saran Wrap and exposed to X-ray film (XAR 5, Kodak) with an intensifier 
screen at minus 70°C for periods ranging between one and seven days. The
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X-ray film was developed to reveal bands where radiolabelled probe had 
specifically annealed to homologous probe bound to the filter.

To prepare the filters for reprobing old probe was stripped from the filter 
by incubation in 0.4 M NaOH for 30 min at 40°C, followed by incubation in 0.2 

M Tris, pH 7.5 / 0.1% (wt/vol) SDS / O.IxSSC for 30 min at 40°C.
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CHAPTER 3

IMMUNOREGULATORY MOLECULES IN CARCINOMAS

This chapter describes the expression of several different 
immunoregulatory molecules, detected by a PAP immunohistochemical 
technique, in breast, colorectal and urinary bladder carcinomas.

3.1 HLA-A.B.C AND HLA-D ANTIGENS IN BREAST CARCINOMAS

Non-neoplastic breast lobule epithelium present either within (3 cases) 
or adjacent to (a further 2 cases) breast carcinomas showed 
immunohistochemical (PAP) staining for HLA-A,B,C antigens (using MAbs 
W6/32 and PA2.6) of, at most, moderate intensity. In cases in which MAbs to 
polymorphic HLA-A,B,C antigens stained breast stromal cells, the normal 
non-neoplastic breast epithelium showed only weak or very weak expression 
of the individual HLA-A,B,C allele products.

The 15 infiltrating breast carcinomas studied showed very variable 
degrees of HLA-A,B,C antigen expression (Table 3.1; Figures 3.1 and 3.2) 
using MAbs W6/32 and PA2.6 that recognise all mature (p2 microglobulin- 
associated) HLA-A,B,C antigens. In 4 carcinomas all tumour cells expressed 
HLA-A,B,C antigens with either strong or moderate strength, 1 showed strong 
expression in approximately 50% of cells (case 5, Table 3.1), 9 showed weak 
expression (and then only in a proportion of cells), and in a single case no 
tumour HLA-A,B,C antigen was detected (case 15). Among the breast 
carcinomas with the strongest HLA-A,B,C expression were both examples of 
an infiltrating lobular carcinoma studied. HLA-A,B,C antigen staining of 
tumour cells was cytoplasmic with membrane accentuation. The expression 
of p2 microglobulin (using MAb BBM.1) closely mirrored that of the mature 
HLA-A,B,C molecule. Staining with MAb HC-10, which detects free HLA- 
A,B,C heavy chain (unassociated with P2 microglobulin), was always less 
than that with MAbs W6/32 and BBM.1, thus providing no evidence of an 
accumulation of free heavy chains that would result from a lack of P2 

microglobulin. HLA-A,B,C typing by a standard microlymphocytotoxicity 
method (Bodmer & Bodmer 1979) was performed on the peripheral blood 
lymphocytes of 12 of the breast carcinoma patients (J Bodmer, pers. comm.).



Table 3.1 HLA-A,B,C and -DR antigens in immunohistochemical sections of infiltrating
breast carcinomas

Tumour
(case

nuTber)

Tumour 
type and 

arade*

p2 m-associated 
HLA-A,B,C heavy 

chain 
(PA2.6)

Free 
HLA-A,B,C 
heavy chain 

(HC-10)
p2 microglobulin 

(BBM.1)
HLA-DR

(DA2)

1 4S 4M 4S 0

2 D, II 4S nd 4S 4M

3 L 4S 4W 4S 0

4 L 4M 4W 4M 0

5 D, II 3S 3M 4S 0

6 D.lll 3W 4W 4W 0

7 D, I 3W 3W 3W nd

8 D, III 3W 3W 3W 0

9 D,l 3W 0 2W 3W

10 D.II 3W 0 3W 0

11 D, II 3W 0 3W 0

12 D, III 2W 0 2W 2S

13 D, III 1W 1W 1W 0

14 D, III 1W 1W 0 0

15 D.lll 0 0 0 0
Immunohistochemical sections were assessed semi-quantitatively as follows: 0, no tumour cell 
staining;1, <10%; 2,> 10% but< 50%; 3, > 50 but <95%; 4, > 95% of tumour cells stain 
positively. W = weak, M = moderate and S = strong intensity tumour cell staining.
* D = ductal and L = lobular infiltrating breast carcinoma. I, II and III = grading of infiltrating ductal 
carcinoma (Bloom & Richardson 1957) (I, low grade; II, intermediate grade; III, high grade), 

nd = not done.



Figure 3.1 Breast carcinoma (case 14, Table 3.1) immunostained by MAb PA2.6 (detects all 
HLA-A,B,C antigens). Stromal cells strongly express HLA-A,B,C antigens whereas tumour 
cells do not express HLA-A,B,C antigens. (PAP immunoperoxidase) (x200)

Figure 3.2 Breast carcinoma (case 1, Table 3.1) immunostained by MAb W6/32 (detects all 
HLA-A,B,C antigens). Tumour and stromal cells strongly express HLA-A,B,C antigens. (PAP 
immunoperoxidase) (x100)
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To check the specificity of the MAbs to polymorphic HLA-A,B,C determinants 
in immunohistochemical preparations the standard HLA-A,B,C typing was 
compared to the typing derived from the immuno-histochemical staining of the 
stromal cells of the breast carcinomas (Table 3.2). The single possible 
discrepancy between the two typing methods was case 13 where an 
immunohistochemical typing with MAb 116.5.28 (which detects HLA-Bw4) did 
not detect the HLA-A24 antigen which has been reported to express the HLA- 
Bw4 determinant (Richiardi etal. 1984)). Thus, MAb 116.5.28 may not see all 
HLA-Bw4 determinants in immunohistochemical sections.

In most cases polymorphic HLA-A,B,C antigens were either not 
detected or were very weakly expressed by the tumour cells themselves. This 
presumably reflects low total HLA-A,B,C antigen expression by tumour cells. 
However, the staining of three breast carcinomas (cases 2, 4 and 5, Table
3.2), all three of which strongly expressed HLA-A,B,C antigens at least focally, 
with the MAbs to polymorphic HLA-A,B,C determinants allowed assessment 
of whether a selective loss of an individual HLA-A,B,C allele product had 
occurred from the tumour cells. In case 2, MAb MA2.1 detected weak HLA-A2 
antigen staining in less than 5% of tumour cells despite strong expression of 
HLA-A,B,C antigens by all tumour cells (using MAb PA2.6). HLA-Bw6 was 
expressed by approximately 90% of tumour cells. This data strongly suggests 
a selective loss of HLA-A2 antigen from this tumour. In case 5, HLA-A,B,C 
antigens (detected by MAb PA2.6) were strongly expressed in one focus 
comprising approximately 50% of the sampled tumour. No HLA-A,B,C 
antigen expression was detected in the remaining portion of this tumour. As 
expected, the MAbs to polymorphic HLA-A,B,C determinants did not stain the 
previously defined HLA-A,B,C antigen negative area of case 5. However, 
MAbs to HLA-A2 antigen (MA2.1 and BB7.2) also did not detect 
HLA-A2 in the HLA-A,B,C antigen postive tumour focus, though HLA-Bw6 

(detected by MAb 126.39) was strongly expressed by all tumour cells of this 
area. This breast carcinoma (case 5) therefore exhibited a focal loss of all 
HLA-A,B,C antigens, and within the HLA-A,B,C antigen positive area it 
exhibited a selective loss of the HLA-A2 antigen. There was no evidence of a 
selective loss of an HLA-A,B,C allele product from the third breast carcinoma 
(case 4).

HLA-DR (detected by MAb DA2) was expressed by only 3 of 14 breast 
carcinomas studied (Table 3.1). In a single tumour (case 2) all tumour cells 
were HLA-DR positive,whereas in the other two tumours (cases 9 and 12) 
only a proportion of cells were positive.



Table 3.2 Comparison of HLA-A,B,C typing by a microlymphocytotoxicity method with the 
immunohistochemical staining of breast carcinoma stroma by MAbs to polymorphic HLA-A,B,C

determinants

Tumour
(case

number)'
HLA-A.B.C 

* type#
142.2 MA2.1 BB7.2 

(A1/Aw36) (A2/B17) (A2/Aw69)
GAP.A3

(A3)
129 .2 .47116 .5 .28  

(A3) (Bw4)
126.39
(Bw6)

2 A2.30 Bw6 + 0 +

4 A2.31 Bw6 0 + + 0 0 0 +

5 A2,3 Bw6 0 + + + + 0 +

7 A1,3 Bw4,6 + 0 0 + + + +

8 A2,Bw4 + + 0 0

9 A1,2 Bw4,6 + + + 0 0 + +

10 A2 Bw4,6 0 + + 0 0 + +

11 A2.26 Bw4 0 + + 0 0 + 0

12 A1,3 Bw6 + 0 0 + + 0 +

13 A2.24 Bw6 0 + + 0 0 0 +

14 A2.26 Bw4,6 0 + + 0 0 + +

15 A2,Bw4,6 0 + + 0 0 + +
+ = tumour stroma shows positive immunohistochemical staining. 0 = tumour stroma negative.
* Tumour case numbers correspond to those of Table 3.1.
# HLA-A,B,C typing of peripheral blood cells by a standard microlymphocytotoxicity method 
(Bodmer & Bodmer 1979).
blank = not done



3.2 IMMUNOREGULATORY MOLECULES IN COLORECTAL
TUMOURS

3.2.1 HLA-A.B.C Antigens

Strong and fairly uniform HLA-A,B,C expression (detected by MAbs 
W6/32 and PA2.6) was seen in all 17 cases of normal colorectal epithelium, 
all 10 adenomas and 27 of 31 adenocarcinomas. In one of 31 
adenocarcinomas (case 11, Table 3.3) no tumour cell HLA-A,B,C antigen was 
detected, in 2 of 31 adenocarcinomas (cases 12 and13) tumour HLA-A,B,C 
expression was uniformly very weak, and in 1 of 31 adenocarcinomas (case 
40) the intensity of tumour HLA-A,B,C antigen expression varied from strong 
to weak in different parts of the tumour. Strong cytoplasmic staining with MAb 
HC-10 and lack of staining with MAb BBM.1 in the single adenocarcinoma 
whose tumour cells showed no staining with MAb W6/32 (case 11) 
demonstrated that a loss of p2 microglobulin probably underlies the loss of 
functional (fe microglobulin-associated) HLA-A,B,C antigen. In the 3 
adenocarcinomas showing areas of weak HLA-A,B,C antigen expression 
(cases 12, 13 and 40) the staining of smaller numbers of tumour cells by MAb 
HC-10 than by MAb BBM.1 suggests a coordinate reduction of all HLA-A,B,C 
products. The 3 adenocarcinomas (cases 11,12,and13) that showed either 
no detectable or uniformly very weak HLA-A,B,C antigen expression were all 
graded as poorly differentiated tumours.

The 3 adenocarcinomas in which all HLA-A,B,C antigens were either 
undetectable or uniformly very weak (cases 11-13) were excluded from the 
analysis of individual allele product loss because in these cases allele 
product loss would simply reflect the loss of, or reduction in, all HLA-A,B,C 
antigens. Complete loss of individual HLA-A,B,C allele products from 
adenocarcinoma cells was seen in 8 of a total of 28 cases , occurring in 7 of 
14 HLA-A2 (Table 3.3, and Figures 3.3 and 3.4) and 4 (1 an apparent 
homozygote) of 14 HLA-Bw4 patients (of which 8 were heterozygotes) (Table
3.3). Complete loss of HLA-A3 occurred in only 1 of 6 cases, and complete 
losses of A1 and Bw6 were not seen in any of 7 and 22 (of which 8 were 
heterozygotes) cases, respectively. The complete loss of tumour HLA-A2 
antigen in (7 of 14 cases) was significantly more common than the complete 
loss of HLA-A1 or HLA-A3 (in 1 of 13 cases) (x2 = 4, giving 0.05 > P >0.02).
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All 4 cases that showed complete loss of HLA-Bw4 had also lost HLA-A2, 
suggesting the possibility of the loss of one complete haplotype. However, in 
at least one adenocarcinoma (case 14) the tumour cells had lost HLA-A2 but 
retained both their Bw4 and Bw6 products. Our panel of MAbs was 
informative in identifying both HLA-A and both HLA-B products in a single 
adenocarcinoma that showed a selective allele product loss (case 16). In this 
case, tumour cells had lost HLA-A2 and Bw4 products but retained A1 and 
Bw6 products (Figure 3.4). Three further cases also showed loss of 
individual allele products in a majority of tumour cells (HLA-A1 in cases 17 
and 31; Bw6 in case 21).

Though none of the 10 adenomas studied contained areas that had 
lost all HLA-A,B,C antigens from tumour cells, two showed focal loss of an 
HLA-B product. One adenoma (case 2, Table 3.3) showed a glandular focus 
comprising some 10% of the tumour in which, in contrast to surrounding 
glands, HLA-Bw4 was undetectable. HLA-Bw4 positive and negative areas 
were morphologically indistinguishable. A second adenoma (case 10), the 
large solitary tubulo-villous adenoma, showed an area of HLA-B17 loss 
comprising approximately 50% of the tumour (Figure 3.5). This case was 
HLA-Bw4 homozygous (HLA-B17 carries the Bw4 determinant) and a 
prominent reduction in the intensity of staining with MAb 116.5.28 (anti-Bw4) 
in those areas not expressing HLA-B17 was consistent with the loss of one 
HLA-B product and the retention of the other. The tumour glands not 
expressing the HLA-Bw4 determinant were morphologically different to those 
expressing it, having smoother glandular profiles, a greater degree of nuclear 
crowding and stratification, and less interglandular stroma. The HLA-B17 
positive and negative areas within the adenoma had similar degrees of 
lymphocytic infiltration.

There was no obvious difference in the intensity of tumour lymphocytic 
infiltration between the 7 adenocarcinomas that showed a selective loss of 
the HLA-A2 antigen and the 7 that retained HLA-A2 expression. There was 
much variation in the intensity of lymphocytic infiltration within both groups. 
The selective loss of an HLA-A2 antigen was sometimes associated with a 
very pronounced tumour lymphocytic infiltrate (Figure 3.3). Also, there was no 
obvious difference in the intensity of the lymphocyte infiltration between 
tumour foci expressing and not expressing HLA-B17 in the solitary colorectal 
adenoma studied (case 10, Table 3.3).
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Figure 3.3 A colorectal adenocarcinoma (case 30,Table3.3) (panels C and D) and normal 
colorectal mucosa (panels A and B) from the same patient, immunostained by MAb 116.5.28 
(recognises HLA-Bw4) (panels A and C) and by MAb MA2.1 (recognises HLA-A2 and B17) 
(panels B and D). Normal and malignant colorectal epithelium express HLA-Bw4. HLA-A2 is 
expressed by normal colorectal mucosal epithelium and by tumour stromal cells but is not 
expressed by the adenocarcinoma cells. (PAP immunoperoxidase) (A & B, x150; C & D, x200)
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Figure 3.4 A colorectal adenocarcinoma (case 16, Table 3.3) immunostained by MAb 142.2 
(recognises HLA-A1 and Aw36) (panel A), MAb MA2.1 (recognises HLA-A2 and B17) (panel 
B), MAb 126.39 (recognises HLA-Bw6) (panel C) and MAb 116.5.28 (recognises HLA-Bw4) 
(panel D). Stromal cells express all four HLA antigens. Tumour cells express HLA-A1 and Bw6 
antigens but lack HLA-A2 and Bw4 antigens. (PAP immunoperoxidase) (A.B.C and D, x150)
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Figure 3.5 Colorectal adenoma (case 10, Table 3.3) immunostained by MAb PA2.6 
(recognises all HLA-A,B,C) (panel A) and by MAb MA2.1 (recognises HLA-A2 and B17) (panel 
B).The adenoma strongly expresses HLA-A,B,C antigens. HLA-B17 expression was strong 
on the stromal cells of the adenoma but, in a focus which is illustrated in this figure, was lost from 
the adenoma cells. (PAP immunoperoxidase) (A, x200; B,x300)



3.2.2 HLA-DR A n tige ns

HLA-DR antigens (detected by MAb DA2) were found in only 1 of 16 
biopsies of colorectal mucosal epithelium, all of which were sampled at least 
10 cm distant from a colorectal adenocarcinoma. The single example of 
HLA-DR positive mucosa was taken from an individual who suffered from 
ulcerative colitis (case 28, Table 3.3). HLA-DR antigen was present focally in 
3 of 10 adenomas. HLA-DR expression was greatest in the non-FAP 
adenoma (case 10) where approximately 50% of tumour cells were positive.
In this last adenoma the tumour areas not expressing HLA-DR included that 
portion of the adenoma that, in addition, also showed focal loss of HLA-B17 
(see section 3.2.1).

HLA-DR positivity was detected in 15 of 29 adenocarcinomas studied. 
The proportion of tumour cells showing HLA-DR positivity was very variable 
(Table 3.3). For example, in one carcinoma (case 14, Table 3.3) HLA-DR 
expression was uniformly strong in all tumour cells, whereas in another 
carcinoma (case 22) less than 5% of all tumour cells were positive, and then 
only weakly. There was no association between HLA-DR positivity and 
tumour differentiation (Table 3.4) but there was a suggestion of an association 
between the complete absence of tumour HLA-DR expression and advanced 
tumour (Dukes’) stage (Table 3.5) but this did not reach statistical significance 
(X2 = 4.0).

Table 3.4 HLA-DR antigen expression and tumour differentiation in colorectal carcinomas.

HLA-DR 

Tum our Differentiation  

status* Well Mod Poor

POS 3 6 5

NEG 2 7 4

* HLA-DR status. POS = HLA-DR positive tumour cells present. NEG = no HLA-DR positive 
tumour cells present.



Table 3.5 HLA-DR antigen expression and Dukes' stage in colorectal carcinoma

HLA-DR status* Dukes' Grade#

A B C

POS 6 4 4

NEG 1 4 8

* HLA-DR status, see Table 3.4
#  Dukes' grade, see Table 3.3

3.2.3 LFA-3 and ICAM-1
LFA-3 was strongly expressed in the epithelium of all 17 cases of 

normal colorectal mucosa (taken at least 10 cm from a carcinoma), 4 FAP 
adenomas and and in 19 of 20 adenocarcinomas. LFA-3 was present in all 
tumour cells in each of the 19 LFA-3 positive adenocarcinomas studied. In a 
single adenocarcinoma (case 35, Table 3.3) no tumour cell LFA-3 was 
detected, though LFA-3 was expressed by many tumour stromal cells and 
also by adjacent normal colorectal epithelium (Figure 3.6). Interestingly, 
tumour cells from this case also showed a selective loss of HLA-A3 antigen.

Adhesion molecule ICAM-1 was not detected on the epithelial cells of 
any of 17 cases of normal mucosa, 4 adenomas, or 18 of 20 
adenocarcinomas. ICAM-1 expression was present in 2 adenocarcinomas, 
both of which had lost HLA-A2 antigen expression, in approximately 1% (case 
30, Table 3.3) and 75% (case 24) of tumour cells. In case 24 staining was 
predominantly associated with the tumour cell luminal membrane.

3.3 IMMUNOREGULATORY MOLECULES IN TRANSITIONAL 
CELL CARCINOMAS OF THE URINARY BLADDER

The study of immunoregulatory molecules in transitional cell 
carcinomas (TCC) of the urinary bladder cancer was done in collaboration 
with Dr A Nouri (The London Hospital).

3.3.1 HLA-A.B.C Antigens

Immunohistochemical staining of cryostat sections from 2 

macroscopically and histologically normal urinary bladders, obtained post
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Figure 3.6 Normal colorectal mucosa (panel A) and an adenocarcinoma (case 35, Table 3.3) 
(panels B and C) from the same patient immunostained with MAb TS2/9 (recognises LFA-3) 
(panels A and B) and MAb W6/32 (recognises all FILA-A,B,C antigens) (panel C). LFA-3 is 
expressed on the normal colorectal epithelium but not on tumour cells. The tumour cells retain 
HLA-A,B,C antigens. (PAP immunoperoxidase) (A, x130; B and C, x200)



62

mortem and frozen within 24 hours of death, showed strong HLA-A,B,C 
antigen expression (using MAbs W6/32 and PA2.6) by the normal transitional 
cell epithelium.

HLA-A,B,C antigen expression was very variable among the 18 
transitional carcinomas studied (Table 3.6). In 10 carcinomas HLA-A,B,C 
antigen expression was uniform throughout the tumour and either of 
moderate (1 case) or strong (9 cases) intensity. Three cases showed 
HLA-A,B,C antigen expression of moderate or strong intensity on only a 
proportion of tumour cells, 4 cases showed only weak expression on all or on 
a proportion of tumour cells and, in a single tumour, HLA-A,B,C antigen 
expression was undetectable (Figure 3.7). HLA-A,B,C antigen expression of 
greater intensity near the periphery, as opposed to the centre, of tumour 
islands was a prominent feature in many tumours. Strong expression of 
tumour HLA-A,B,C antigens was not significantly associated with either the 
presence or absence of histologically documented stromal invasion (Table 
3.6). Though the expression of free HLA-A,B,C heavy chains (not associated 
with p2 microglobulin) detected by MAb HC-10 usually mirrored the 
expression of mature (p2 microglobulin-associated) heavy chain (detected by 
MAb PA2.6), in 3 tumours free heavy chain was undetectable despite 
moderate to strong expression of the mature heavy chain.

A single probable example (case 13, Table 3.6) of the selective loss of 
an HLA-A,B,C allele product was seen among the 10 tumours in which the 
majority of tumour cells expressed HLA-A,B,C antigens with either moderate 
or strong intensity. In this case no HLA-Bw6 antigen was detected on tumour 
cells despite its strong expression by tumour stromal cells (Figure 3.8). No 
examples of complete selective loss of HLA-A2, HLA-A3 or HLA-Bw4 
antigens were seen. Partial degrees of selective HLA-A,B,C allele product 
loss are difficult to identify with certainty in immunohistochemical sections. 
However, tumours showing strong expression of all HLA-A,B,C antigens but 
only weak expression of a particular HLA-A,B,C allele product (for example, 
HLA-Bw6 in case 7 and HLA-A3 in case 8 ; Table 3.6) may be examples of this 
phenomenon.
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Table 3.6 Expression of HLA-A.B.C and LFA-3 molecules by carcinomas of the urinary bladder

Mature HLA-A,B,C A 2 & B 1 7  A3 Bw6
HLA-A.B.C heavy (MA2.1) (GAP A3) (126.39)

Case chain chain P2 m A2 & Aw69 Bw4 LFA-3
no. Invasion* (W6/32) (HC-10) (BBM.1) (BB7.2) (116.5.28) (TS2/9)

1 N 4s 4s 4s - - - - 4s 4s

2 N 4s 4S 4s - - - - 4s 4s

3 N 4s 4s 4s 4s 4s 4m - 4s 4s

4 I 4s 4m 4s - - - - 4m 4m

5 I 4s 4m 4s 4m 4w - - 3m 4s

6 N 4s 4m 4s 4s 4w 4m 4w 4m 4s

7 I 4s 0 4s 4m 3w - - 4w 4s

8 I 4s 4w 4s 4s 4s 4w nd 4s 4m

9 I 4s 4w 4s - - 4m - 4s 4m

10 N 4m O 4s 4m 4w - - 4w 4m

11 N 4w 0 4w 0 0 - 0 4w 4m

12 N 4w 4w 4w - - 4w 0 - 4m

13 I 3m 0 4m - - - 4w 0 4m

14 N 2s 1s 2s - - - 2w 1s 4m

15 I 2s 1m 3m 3s nd - - - 0

16 N 1 w 0 1w - - - 0 0 4m

17 I 1 w 0 1w - nd - 0 - 4m

18 I 0 0 0 0 0 0 0 0 0

Immunohistochemical sections were assessed semi-quantitatively as follows: no tumour or
stromal cell staining; 0, stromal staining present, but with no tumour cell staining; grades 1, 2 ,3 , 
and 4, stromal and tumour cell staining present. Grades: 1, < 10%; 2, > 10% but < 50%; 3, £ 
50% but < 95%; and 4, > 95% of tumour cells stain positively. The strength of immuno
histochemical staining was assessed as strong (s), moderate (m) or weak (w).
* I = invasive tumour N = non-invasive tumour 
nd = not done
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♦ * *+ v ' 4

Figure 3.7 Poorly differentiated bladder carcinoma (case 18, Table 3.6) immunostained with 
MAb Cam 5.2 (panel a), MAb PA2.6 (panel b) and MAb TS2/9 (panel c). Tumour cells express 
cytokeratins (a) but not HLA-A.B.C or LFA-3 antigens (c). (PAP immunoperoxidase) (a and c, 
x 170; b, x280)

* * 9b

Figure 3.8 Transitional cell bladder carcinoma (case 13, Table3.6) immunostained with MAb 
W6/32 (panel a) and MAb 126.39 (panel b). Tumour and stromal cells express HLA-A,B,C 
antigens (a). HLA-Bw6 antigen is expressed by stromal cells but not by tumour cells (b). (PAP 
immunoperoxidase) (a and b, x170)
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Figure 3.9 Transitional cell bladder carcinoma (case 11, Table 3.6) immunostained with MAb 
Tu39 (recognises HLA-D products). Non-neoplastic transitional cell epithelium (arrowhead) 
strongly expresses HLA-D antigens, in contrast to the very weak or absent HLA-D expression 
of the neoplastic epithelium (arrow). (PAP immunoperoxidase)
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3.3.2 HLA-D Antigens

HLA-D antigens (detected by MAb Tu 39) were not detected in the 2 
samples of normal post mortem bladder mucosal epithelium but were 
detected in all 9 bladder carcinomas examined. Their expression was usually 
very focal, often being confined to a very small proportion of the tumour cells. 
In one tumour (case 11, Table 3.6; Figure 3.9) HLA-D antigens were strongly 
expressed by non-neoplastic bladder epithelium adjacent to an HLA-D 
negative area in a carcinoma.

3.3.3 LFA-3 Expression

LFA-3 was strongly expressed by both examples of normal bladder 
mucosal epithelium. LFA-3 was not detected in the tumour cells of 2 bladder 
carcinomas (cases 15 and 18, Table 3.6; Figure 3.7). It was expressed with 
strong or moderate intensity by all tumour cells in the other 16 bladder 
carcinomas. Interestingly, both the two LFA-3 negative carcinomas 
expressed little or no HLA-A,B,C antigen.

3.3.4 Tumour Lvmphocvte Infiltration

The nature of tumour infiltrating lymphocytes was investigated using 
MAbs specific for different T cell subtypes (see Table 2.1). T lymphocytes 
were found to be present in tumour stroma in 11 of 12 cases studied and, in 
addition, very occasional intra-epithelial lymphocytes were detected in 8 of 12 

cases. The majority (>80%) of lymphocytes expressed CD4 antigens and a 
small minority expressed CD8 antigens.

3.4 DISCUSSION

This chapter describes abnormalities in the expression of several 
immunoregulatory molecules in breast, colorectal and urinary bladder 
carcinomas. These abnormalities include total and partial loss of all 
HLA-A,B,C antigens, the selective loss of individual HLA-A,B,C allele 
products, and the loss of LFA-3. The participation of HLA-A,B,C and LFA-3 
molecules in antigen specific T cell cytotoxicity suggests that their loss from
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tumour cells bearing tumour specific antigens could result in tumour escape 
from T cell killing. Their loss might, therefore, confer a selective growth 
advantage to tumour cells, resulting in the outgrowth and subsequent 
predominance of HLA-A,B,C and LFA-3 negative tumour cells.

3.4.1 Breast Carcinoma

The epithelium of the small number of non-neoplastic breast lobules 
studied showed immunohistochemical staining of HLA-A,B,C antigens (using 
MAb PA2.6) that was consistently of moderate intensity. This is in agreement 
with previously published data (Zuk & Walker 1987). The HLA-A,B,C positivity 
of normal breast epithelium indicates that reduced or absent tumour 
HLA-A,B,C expression results from a loss of HLA-A,B,C molecules.

HLA-A,B,C antigen expression was very variable between different 
breast carcinomas (Table 3.1). A minority (33%) showed HLA-A,B,C 
expression of moderate or strong intensity by the vast majority of tumour cells. 
However, most cases (67%) showed either no or, at most, weak expression in 
varying proportions of the tumour cells. Several groups have previously 
described marked variation in the expression of HLA-A,B,C antigens among 
breast carcinomas. Most report that in approximately half of all breast 
carcinomas HLA-A,B,C antigens are either undetectable or only very weakly 
expressed (Fleming etal. 1981; Bhan & DesMarais 1983; Whitwell etal.
1984; Zuk & Walker 1987). Very low levels of expression of HLA-A,B,C 
antigens in some breast carcinoma cell lines have also been reported 
(Travers etal. 1982).

Tumour cell staining with MAb HC-10 was consistently weaker than 
that with MAb PA2.6. This suggests that there is no pronounced 
intracytoplasmic accumulation of free HLA-A,B,C heavy chains within tumour 
cells that express little mature (p2 microglobulin-associated) HLA-A,B,C 
antigen. Thus, the underlying defect in breast carcinomas expressing little or 
no HLA-A,B,C antigens is probably a coordinate down regulation of all 
HLA-A,B,C heavy chains. Secretion of P2 microglobulin not bound to an 
HLA-A,B,C heavy chain may prevent its intracytoplasmic accumulation. 
Assessment of tumour HLA-A,B,C free heavy chain and P2 microglobulin 
mRNAs by in situ hybridisation would be useful in confirming that heavy chain 
loss underlies the loss of HLA-A,B,C antigens.
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The concordance between HLA-A,B,C typing by a microlympho
cytotoxicity method and by the immunohistochemical staining of breast 
tumour stroma (Table 3.2) establishes the immunohistochemical specificity of 
the panel of MAbs directed against polymorphic HLA-A,B,C antigens used in 
this thesis. The use of these antibodies in 12 of the breast carcinomas led to 
the identification of two tumours showing the selective loss of the HLA-A2 
antigen with the retention of other HLA-A,B,C allele products. Selective allele 
product loss can only be reliably recognised in tumours strongly expressing 
HLA-A,B,C antigens, of which there were only three examples in the 12 breast 
carcinomas studied. In this group a remarkably high proportion (11 of 12 
cases) therefore showed a loss in HLA-A,B,C expression, either selective or 
total. If such HLA-A,B,C losses are associated with escape from tumour 
immune attack, this data implies that immunoselection may occur in the 
majority of breast carcinomas. Recently, Natali has reported that substantial 
(that is, occuring in more than 80% of tumour cells) selective loss of HLA-A2 
antigen was present in 12 of 19 breast carcinomas from HLA-A2 individuals 
(Natali etal. 1989). However, in this group of 19 tumours only one tumour 
was judged not to express any HLA-A,B,C antigens and loss of HLA-A2 from 
the other 18 cases was interpreted as a selective loss of HLA-A2. The data 
presented in this thesis and published by other groups would suggest that in 
a group of 18 breast carcinomas there should statistically be many tumours 
with very weak HLA-A,B,C expression where the assessment of selective 
HLA-A,B,C antigen loss would be inappropriate. It is, therefore, possible that 
the study of Natali et al. has recorded an inappropriately high 
proportion of cases showing selective HLA-A,B,C allele product 
loss.

3.4.2 Colorectal Carcinoma

Four (13%) of the 31 colorectal carcinomas in this study showed either 
reduced expression of all HLA-A,B,C antigens, or their loss from a proportion 
or all of the neoplastic cells. This compares with figures of 35% and 11% 
previously reported by two large studies, each of 100 cases (Momburg etal.
1986; Moore et al. 1989). Loss of tumour cell HLA-A,B,C antigens in 
colorectal adenocarcinoma has been associated with a poor degree of 
tumour differentiation (Momburg etal. 1986) and, in agreement with this 
finding, the three colorectal carcinomas with uniformly weak or undetectable 
HLA-A,B,C expression described in this thesis were all poorly differentiated.
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In general, HLA-A,B,C antigen expression within the colorectal 
carcinomas was cytoplasmic with prominent membrane accentuation. 
Membrane associated staining, however, does not prove surface membrane 
expression. Immunohistochemistry of fixed cryostat sections cannot definitely 
identify abnormal situations where mature P2 microglobulin-associated 
HLA-A,B,C heavy chain is formed but is not surface membrane expressed 
and is therefore not accessible for T cell recognition. In one study such an 
abnormality has been identified in 2 of 38 adenocarcinomas studied (Durrant 
et al. 1987). In both of these tumours MAb W6/32 did not detect HLA-A,B,C 
antigens on unfixed cells (where only surface membrane molecules are 
detected) but did detect them on paraformaldehyde fixed cells (where both 
surface membrane and cytoplasmic molecules are detected).

The strong expression of free HLA-A,B,C heavy chain (detected by 
MAb HC-10) in the single colorectal carcinoma in which no mature (P2 

microglobulin-associated) heavy chain was detected identifies the underlying 
abnormality as a lack of P2 microglobulin. This is the usual cause of 
HLA-A,B,C antigen loss in in colorectal adenocarcinoma. It has been 
identified in the colorectal carcinoma cell line L0V0 (Travers etal. 1982) and 
in all of 15 examples of HLA-A,B,C-lacking colorectal carcinomas (Momburg 
& Koch 1989). In this latter study the loss of p2 microglobulin was inferred 
from the presence of of free cytoplasmic HLA-A,B,C chains and was 
confirmed in 3 of the cases by In situ hybridisation studies demonstrating the 
absence of P2 microglobulin mRNA from tumour cells. It would normally 
require two mutations to abolish the production of P2 microglobulin by a cell. 
Two mutations have indeed been identified in the P2 microglobulin lacking 
Burkitt lymphoma cell line, Daudi (Rosa etal. 1983). In Daudi, one P2 

microglobulin gene is deleted, whilst the P2 microglobulin gene on the other 
chromosome has acquired a point mutation in the translation initiation codon 
which prevents the translation of P2 microglobulin. Presumably a single 
mutation associated with decreased P2 microglobulin production must confer 
a growth advantage to tumour cells, otherwise the probability that single 
tumour cells acquire mutations at the P2 microglobulin locus on both 
chromosomes 15 would be very low. The nature of the genetic changes 
underlying P2 microglobulin loss in colorectal adenocarcinoma are unknown.

Work described in this thesis and previously published (Smith et al. 
1988a; Smith etal. 1989) has shown that the selective loss of some individual 
HLA-A,B,C allele products with the retention of others, occurs commonly in 
colorectal adenocarcinoma. For example, complete loss of tumour HLA-A2
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occured in 7 of 14 HLA-A2 patients. Other published studies have confirmed 
the frequent selective loss of HLA-A,B,C allele products in colorectal 
adenocarcinoma (Rees etal. 1988; Momburg etal.1989; Natali etal. 1989). 
For example, Natali reported that 8 of 23 colorectal carcinomas arising in 
HLA-A2 individuals had totally lost the HLA-A2 antigen from over 80% of 
tumour cells, and that a further 8 cases showed HLA-A2 loss from between 
30% to 80% of cells. These selective losses may have important functional 
consequences because of the varying ability of different allele products to 
present different antigen epitopes to cytotoxic T lymphocytes (McMichael etal. 
1986; Gotch etal. 1987). Thus, in some cases, the loss of single allele 
products may be functionally equivalent, in terms of escape from T cell attack, 
to the loss of HLA-A,B,C antigens. Complete tumour HLA-A2 loss (in 7 of 14 
cases) occurred significantly more frequently than complete losses of HLA-A1 
(none of 7 cases) and HLA-A3 (1 of 6 cases) (P<0.05). This suggests that 
HLA-A2 antigen may be the most effective of the three allele products in 
presenting a common tumour antigen to cytotoxic T cell attack.

None of the 10 colorectal adenomas examined contained areas 
lacking all HLA-A,B,C antigens, but two showed well demarcated foci 
demonstrating selective loss of HLA-B products. Such areas of allele product 
loss can, therefore, arise relatively early in tumour development and may, of 
course, represent the precursors of the more extensive areas of allele product 
loss seen in the adenocarcinomas.

Selective HLA-A,B,C allele product loss may be occuring with such 
high frequency because it can result from a single genetic mutation. In 
contrast, loss of all HLA-A,B,C products usually requires two mutations. 
However, loss of HLA-A,B,C allele products could simply be a marker of 
chromosomal loss, the gene whose loss is selected for lying elsewhere on 
chromosome 6 . The combined loss of HLA-A2 and Bw4 specificities in 
several cases is consistent with the deletion of at least a considerable portion 
of one HLA region. The apparently non-random loss of tumour HLA-A 
products (HLA-A2 loss was significantly more common than HLA-A1 and 
HLA-A3 losses) and in one tumour, the loss of tumour HLA-A2 with the 
retention of HLA-Bw4 and HLA-Bw6 antigens (which is consistent with a small 
genetic defect involving only the HLA-A gene) argue that it is the loss of HLA 
allele products themseves which is selected for.

HLA-D antigens were not identified in colorectal mucosal epithelium 
from healthy individuals, but were identified in at least some tumour cells of 
15 of 29 colorectal carcinomas studied. This confirms much previously
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published data reporting that tumour HLA-D antigens are detected in 
approximately 50% of colorectal carcinomas (Daar etal. 1982; Momburg et 
al. 1986; Allen & Hogg 1987; Moore eta l 1989). All these reports and the 
present data describe great heterogeneity in the expression of HLA-D 
antigens in many cases: some tumours contain only a tiny focus of HLA-D 
positivity whereas in others all tumour cells express HLA-D antigens. In the 
present study there was a suggestion of an association between failure of a 
tumour to express HLA-D antigens and more advanced tumour stage. This 
association has not been consistently reported by other studies. A study of 
100 colorectal carcinomas also found an association between lack of tumour 
HLA-D expression and advanced tumour stage (Moore etal. 1989).
However, in another study of 48 tumours the opposite relationship was 
reported (Allen & Hogg 1987).

To the extent that HLA-D antigen expression can be induced in normal 
colorectal epithelium, the expression of HLA-D antigens by tumour cells could 
represent a normal function of colorectal epithelial differentiation. Perhaps a 
more abnormal phenotype is the resistance of tumour cells to HLA-D 
induction by cytokines such as interferon y (IFN-y). This phenomenon is 
discussed in detail in chapter 4 of this thesis.

3.4.3 Urinary Bladder Cancer

The surface epithelium of 2 normal specimens of urinary bladder mucosa 
showed strong expression of HLA-A,B,C antigens and of LFA-3, and no 
detectable expression of HLA-D antigens. Stefanini has also reported a 
similar distribution of HLA molecules (Stefanini etal. 1989). Knowledge of 
normal bladder HLA antigen expression allows the low or absent expression 
of HLA-A,B,C antigens seen in 8 of 18 TCCs and the undetectable expression 
of LFA-3 in 2 of 18 TCCs to be interpreted as tumour loss of antigen 
expression. Similarly, the expression of HLA-DR antigens by all 9 TCCs 
studied must represent acquisition of tumour HLA-D expression. Loss of 
tumour HLA-A,B,C and of LFA-3 may be a tumour phenotype which confers 
resistance to cytotoxic T cell immune attack as previously discussed in 
sections 3.4.1 and 3.4.2. The single case in which non-neoplastic bladder 
epithelium was strongly HLA-D positive in contrast to the adjacent TCC which 
expressed very little HLA-D may represent a loss of the TCCs ability to 
express HLA-D antigens in response to cytokine stimulation. As discussed
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elsewhere (sections 3.4.2 and 4.6) this phenotype may also be associated 
with resistance to immune attack.

Stefanini has also reported the loss of HLA-A,B,C antigens from urinary 
bladder TCCs (complete loss in 1 and partial loss in 3 of of a total of 11 
studied) (Stefanini etal. 1989). This study also reported that TCCs commonly 
express HLA-D antigens (seen in 8 of 11 cases).

In this thesis, a single convincing example of the selective loss of an 
HLA-A,B,C allele product was seen in a TCC. This case and those previously 
described in colorectal and breast carcinoma demonstrate that such losses 
occur in several different tumour types. The variation in the frequency of 
selective loss of HLA-A,B,C allele products may be explained to some extent 
by the varying frequency of other abnormalities of immunoregulatory 
molecule expression (the loss of all HLA-A,B,C antigens, for example) in 
different tumour types. Thus, in colorectal cancer selective HLA-A,B,C losses 
are common whereas total losses are rare, in contrast to the situation in 
breast and bladder carcinomas where total losses are common and selective 
losses are relatively rare.
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CHAPTER 4

IMMUNOREGULATORY MOLECULES IN COLORECTAL 
CARCINOMA CELL LINES

4.1 PRELIMINARY EXPERIMENTS

The expression of HLA-A,B,C antigens, HLA-DR antigens, ICAM-1 and 
LFA-3 in a series of colorectal carcinoma cell lines was investigated by a 
combination of immunohistochemical and ELISA techniques. Ten of the cell 
lines were grown with and without IFN-yand a number of them were further 
studied following incubation with TNF-a alone, and a combination of TNF-a 
and IFN-y. Antibodies were used at concentrations which saturated antigen 
combining sites in the EBV-transformed lymphoblastoid B cell line, BBF. 
Preliminary ELISA experiments in which the colorectal carcinoma cell line 
SW1222 was incubated with IFN-yat various concentrations (0, 1, 102, and 
103 Ill/ml) for 48 hr demonstrated maximal induction of HLA-A.B.C antigens 
(using MAb PA2.6) at 103 Ill/ml, of HLA-DR antigens (using MAb DA2) at 102 

lU/ml and maximal induction of ICAM-1 at 103 lU/ml. Incubation of SW1222 
cells in various concentrations of TNF-a (10*2, 10-1, 1 and10 ng/ml) for 24 hr 
demonstrated maximal induction of HLA-A,B,C antigens at 10 ng/ml and of 
ICAM-1 at 10 ng/ml, but failed to induce HLA-DR expression. Cell death was 
very minor at all IFN-y concentrations used, whereas it was prominent at a 
TNF-a concentration of 10 ng/ml, though it was much less prominent when 
cells were grown in 1 ng/ml of TNF-a.

4.2 HLA-A.B.C ANTIGENS

HLA-A,B,C antigens were expressed constitutively, but to varying 
extents, by 14 of 15 colorectal carcinoma cell lines studied (Table 4.1; Figure
4.1 A). Some of the cell lines, such as LS 174T, showed relatively reduced 
HLA-A,B,C antigen expression (Figure 4.1 A). The lack of detectable, mature 
HLA-A,B,C antigens on LoVo, a finding which has been previously 
documented (Brodsky etal. 1979b), was confirmed. The loss of HLA-A,B,C 
antigens by LoVo probably results from a loss of p2 microglobulin, as is 
shown by the presence of free HLA-A,B,C heavy chains (detected by MAb
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Figure 4.1 A HLA-A,B,C expression in colorectal carcinoma cell lines
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Figure 4.1 ELISA determination of HLA-A.B.C (figure 4.1 A, this page), HLA-DR (figure 
4.1 B, page 77) and ICAM-1 (figure 4.1 C, page 78) molecules in colorectal carcinoma cell 
lines with and without IFNy.

HLA-A,B,C, HLA-DR and ICAM-1 antigen expression were determined with the use 
of MAbs PA2.6, L243 and RR1/1 respectively. IFNy incubation = 103 lU/ml for 24 hours.

The maximum ELISA readout is 4000 arbitrary units. Values of parallel negative 
controls (cells incubated with RPMI + 10% fetal calf serum) have been subtracted to produce 
the printed values. The error bars represent the standard deviation of three values.
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HC-10) and the absence of P2 microglobulin (detected by MAb BBM.1) 
(Figure 4.2).
The induction of increased HLA-A,B,C antigen expression by IFN-y (103 lU/ml 
for 24 hr) was also variable between different cell lines (Figure 4.1 A). For 
example, there was no induction in LoVo, very minor induction in LS 174T 
(from an initially low level) and HCA-7, but much more pronounced induction 
in CC20 and SW1222.

The colorectal carcinoma cell lines HCA-7, HCA-46 and LIF-10 were 
derived from individuals whose peripheral blood lymphocyte HLA-A,B,C 
typings, using a standard microlymphocytotoxicity method, are known (JG 
Bodmer, pers. comm.). Except for the lack of detectable HLA-A1 antigen 
expression in HCA-7 cells, the immunohistochemical HLA-A,B,C types of 
these three colorectal carcinoma cell lines were consistent with the 
lymphocyte HLA-A,B,C typings (Table 4.2). The lack of HLA-A1 antigen from 
HCA-7 cells was deduced from the lack of immunoreactivity of MAb 142.2 by 
immunohistochemical and ELISA techniques, even following incubation with 
IFN-y (Table 4.2; Figures 4.3 and 4.4). The same techniques identified 
HLA-A1 antigen on IFN-y untreated cells of the EBV-transformed B 
lymphoblastoid cell line, EVA-1224, which was derived from the same 
individual as HCA-7 (Figures 4.3 and 4.4).

4.3 HLA-DR ANTIGENS

Constitutive expression of HLA-DR antigens was detected in a small 
proportion of cells by immunohistochemistry in 2 (HCA-7 and SW837) of 15 
colorectal carcinoma cell lines studied (Table 4.1). Induction of HLA-DR by 
IFN-y (103 lU/ml for 24 hr) was very variable between different cell lines (Table 
4.1; Figure 4.1 B). For example, IFN-y caused substantial HLA-DR induction in 
HCA-7, HCA-46 and SW1222 but induced either little or no HLA-DR 
expression in SW620, CC20, CC22 , LoVo and LS 174T. The resistance to 
IFN-y mediated HLA-DR induction was further studied by growing SW620, 
CC20, CC22 and LoVo and SW1222 for 72 hr in medium containing 103 
lU/ml of IFN-y, or 10 ng/ml of TNF-a, or a combination of both these cytokines 
at these concentrations. None of these regimens were successful in inducing 
HLA-DR expression in SW620, CC20 and CC22 cell lines (Figure 4.5). 
However, this prolonged IFN-y treatment induced substantial HLA-DR 
expression in LoVo. HLA-DR induction was further increased in SW1222 by 
co-incubation with TNF-a, but did not occur in response to TNF-a alone.
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Table 4.2 HLA-A.B.C allele product expression in colorectal carcinoma cell lines

Cell

line

HLA-A.B.C

type* IFN-y#

A1

(142.2)

A2 

(MA2.1 

& BB7.2)

A3

(129.2.47 Bw4 

& GAP A3) (116.5.28)

Bw6

(126.39)

HCA-46 A1.32 B8 4M 0 0 0 4M

C7,Bw6 + 4S 0 0 0 4M

HCA-7 A1,2 B37.51 - 0 4S 0 4M 0

C6, Bw4 + 0 4S 0 4S 0

LIF-10 A1,2 B37.44 

Bw4

- 4M 4S l 0 2M 0

Colorectal carcinoma cell lines were grown on glass slides and stained by immuno- 
histochemistry with and without IFN-y. They were assessed semi-quantitatively as follows; 0 =
no cell staining; 1 = < 10%; 2 = > 10% but < 50%; 3 = £ 50% but < 95% and 4 = > 95% cells 
stain positively. The strength of immunohistochemical staining was assessed as strong (s), 
moderate (m) or weak (w).
* HLA-A.B.C typing of peripheral blood cells by a standard microlymphocytotoxicity method 
(Bodmer & Bodmer 1979).
*  + = Incubated with IFN-y (103 lU/ml for 24h). - = no IFN-y incubation.
1 only MAb MA2.1 was used.
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Figure 4.2 HLA-A,B,C antigens in LoVo cells. Colorectal carcinoma cell line LoVo incubated 
with IFN-y (103 lU/ml tor 24 hr) and immunostained with MAb PA2.6 (4.2A), MAb BBM.1 (4.2B) 
and HC-10 (4.2C). LoVo cells lack detectable mature HLA-A,B,C antigens (4.2A) and P2 
microglobulin (4.2B) but express HLA-A.B.C free heavy chains (4.2C). (PAP immuno- 
peroxidase)

Figure 4.3 Colorectal carcinoma cell lines HCA-7 (4.3A & B) and HCA-46 (4.3D), and the 
lymphoblastoid B cell line EVA-1224 immunostained with MAb MA2.1 (detects HLA-A2) (4.3A), 
and MAb 142.2 (detects HLA-A1) (4.3B.C & D). HCA-7 and HCA-46 cells incubated with IFN-y 
(103 lU/ml for 24 hr). EVA-1224 not incubated in IFN-y. HCA-7 cells express HLA-A2 (4.3A) but 
not HLA-A1 (4.3B). HLA-A1 is expressed on EVA-1224 cells (4.3C) (derived from the same 
patient as the HCA-7 cell line). MAb 142.2 also detects HLA-A1 on HCA-46 cells (4.3D). (PAP 
immu noperoxidase)
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Figure 4.4 ELISA demonstration of HLA-A.B.C allele products in the HCA-7 colorectal 
carcinoma cell line.

HLA-A1 antigen (detected by MAb 142.2) and HLA-A2 antigen (detected by MAb 
MA2.1) in the colorectal carcinoma cell line HCA-7 and the EBV transformed B cell lines 
EVA-1224 (derived from the same patient as HCA-7), JY and BBF. The B cell lines were 
derived from individuals with the following HLA-A types: EVA-1224 (HLA-A1 and A2), JY 
(HLA-A2) and BBF (HLA-A1). With IFNy= incubation in 103 ILJ/ml for 24 hours (performed 
only on HCA-7 cells for analysis of HLA-A1 with MAb 142.2 and HLA-A2 with MAb MA2.1). 
MAb M241 (a negative control antibody) recognises CD1c.

The maximum ELISA readout is 4000 arbitrary fluorescent units. Values of parallel 
negative controls (cells incubated with RPMI +10% fetal calf serum) have been subtracted to 
produce the printed values. The error bars represent the standard deviation of three values.
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Figure 4.5 ELISA demonstration of HLA-DR antigen (detected by MAb L243) and ICAM-1 
(detected by MAb 15.2 - N Hogg, pers. comm.) in the colorectal carcinoma cell line CC20, 
the EBV transformed B cell line BBF and the T cell line Molt-4. HLA-DR and ICAM-1 
expression were determined on CC20 cells that had not been incubated with added 
cytokine (control), or had been incubated with IFNy alone (103 lU/ml for 72 hours), TNFa 
alone (1 ng/ml for 72 hours) or a combination of both these cytokines. MAb M241 (a 
negative control antibody) recognises CD 1c.

ICAM-1 and L243 expression were determined only on control BBF and Molt-4 cells 
(i.e. with no cytokine incubation).

Values of parallel negative controls (cells incubated with RPMI + 10% fetal calf 
serum) have been subtracted to produce the printed values. The error bars represent the 
standard deviation of three values.
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4.4 ICAM-1 and LFA-3 EXPRESSION

Constitutive expression of ICAM-1 was detected by immuno- 
histochemistry in all 12 colorectal carcinoma cell lines studied (Table 4.1). In 
contrast to the variability of IFN-y mediated HLA-DR induction, IFN-y (103 lU/ml 
for 24 hr) induced very substantial increases in ICAM-1 expression in all 
colorectal carcinoma cell lines studied (Table 4.1; Figure 4.1C), including 
those resistant to the IFN-y mediated induction of HLA-D antigens such as 
SW620 and LS 174T.

Strong constitutive expression of LFA-3 was seen in all 13 colorectal 
carcinoma cell lines studied (Table 4.1).

4.5 CHROMOSOME 6 ALLELES IN THREE COLORECTAL 
CARCINOMA CELL LINES

Colorectal carcinoma cell lines HCA-7, HCA-46 and LIF-10 were 
examined for loss of allele heterozygosity at the HLA-DQA and HLA-A loci in 
Southern blots. In these experiments 'normal' DNA was extracted from EBV- 
transformed B cell lines derived from the same individuals as the colorectal 
carcinoma cell lines.

In preliminary experiments the HLA-DQA DNA polymorphisms 
detected with the DNA probe 10.8 in a series of HLA-DQ typed 
lymphoblastoid B cell lines were consistent with those previously reported 
(Figure 4.6) (Spielman etal.1984). Comparison of the DNA DQA band 
patterns from these standard typing cells with those from the colorectal 
carcinoma cell lines and their corresponding normal DNA (Figure 4.7) 
demonstrated that the individuals from which LIF-10 and HCA-7 arose were 
heterozygous at the DQA locus, whereas the individual from which HCA-46 
arose was homozygous at the DQA locus. In the two informative cell lines, 
HCA-7 and LIF-10, no allele loss occurred at the HLA-DQA locus. The DNA 
probe pHLA-2a.1 detects a DNA polymorphism at the HLA-A locus which 
distinguishes the HLA-A1 gene from most other HLA-A genes (Koller etal. 
1984) (Figure 4.8). After washing the filters at high stringency (0.1 x SSC / 
0.5% (wt/vol) SDS at 69°C) only the HLA-A genes are seen. At lower 
degrees of stringency there is additional hybridisation to other HLA-A,B,C 
genes and further bands are seen, but the HLA-A1 gene is represented by the 
smallest of the DNA fragments. Serological typing (Table 4.2) indicates that
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Figure 4.6 Southern blot in which hybridisation of Taq\ digested cell line DNA to the 
probe 10.8 demonstrates HLA-DQA and HLA-DXA genes in EBV-transformed B 
lymphoblastoid cell lines. The following cell lines were analysed (HLA-DQ types 
derived by a standard microlymphocytotoxicity appear in parenthesis):- lane 1,
EMJH (DQ6); lane 2, GK (DQ1.3); lane 3, L10 (DQ1); lane 4, HOM-2 (DQ5); lane 5, 
IBW4 (DQ5); lane 6, JY (DQ1.3); lane 7, MCF (DQ7); lane 8, BBF (DQ6). In a cell 
line homozygous for DQ (eg EMJH, lane 1) the upper band represents the DQA gene 
whereas the lower band represents the highly homologous DXA gene. In a cell line 
heterozygous for DQA (eg GK, lane 2), DQA and DXA genes are represented by the 
upper and lower couplet of bands respectively.
DNA markers (Hind III digested X) in kilobases.
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Figure 4.7 Southern blot showing HLA-DQA genes in colorectal carcinoma cell lines. 
Probe 10.8 was hybridised to Taq I digested cell line DNA. Panel A: lane 1, HCA-46; 
lane 2, IRM-1223 (B lymphoblastoid cell line derived from the same patient as 
HCA-46); lane 3, LIF-10; lane 4, BND-1213 (B cell line from LIF-10 patient). 
Panel B: lane 1, HCA-7; lane 2, EVA-1224 (B cell line from HCA-7 patient). No 
losses of HLA-DQA genes were seen from LIF-10 or HCA-7. HCA-46 was HLA-DQA 
homozygous.
DNA markers (Hind III digested X) in kilobases.
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Figure 4.8 HLA-A genes in B lymphoblastoid and colorectal carcinoma cell lines. DNA probe 
pHLA-2a.1 was hybridised to Hind III digested DNA following Southern blotting.
Panel A: lane 1, WT-51 (HLA-A23); lane 2, Daudi; lane 3, EMJH (HLA-A2.3); lane 4, GK 
(HLA-A1,3); lane 5, L10 (A1.2); lane 6, HOM-2 (HLA-A3); lane 7, IBW4 (HLA-A3); lane 8, JY 
(HLA-A2); lane 9, MCF (HLA-A2); lane 10, BBF (HLA-A1).Stringency wash 0.1 x SSC at 69°C. 
The presence of the lower band is associated with the presence of HLA-A1.
Panel B: lane 1, HCA-46; lane 2, IRM-1223; lane 3, HCA-7; lane 4, EVA-1224. Stringency 
wash 0.1 x SSC at 65°C. The HLA-A1 gene (the lowest band) is retained by the HCA-7 cell 
line.
Panel C: lane 1, HCA-46; lane 2, IRM-1223. Stringency wash 0.1 x SSC at 65°C.
Panel D: the same filter as Panel C (lane 1, HCA-46; lane 2, IRM-1223) but washed at higher 
stringency (0.1 x SSC at 69°C). The HLA-A,B,C gene (HLA-A32 from 
microlymphocytotoxicity testing) is absent from a proportion of HCA-46 cells whereas HLA-A1 is 
retained.
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both individuals from which the HCA-7 and HCA-46 cell lines were grown are 
heterozygous at the HLA-A locus, each possessing one HLA-A1 gene and a 
further, different HLA-A gene. This is confirmed by probing a Southern blot of 
the normal DNA from these individuals with the pHLA-2a.1 probe. 
Furthermore, both HCA-7 and HCA-46 cell lines retain both their HLA-A 
alleles (Figure 4.8). However, in HCA-46 the HLA-A1 band was strikingly 
more intense than the non-A1 HLA-A band(HL4-A32). The corresponding 
normal DNA had HLA-A bands of approximately equal intensity. The disparity 
in the band intensities in HCA-46 suggests loss of the HLA-A32 gene in a 
proportion of cells.

4JL DISCUSSION

In Chapter 3 several abnormalities in the expression of immuno- 
regulatory molecules by carcinomas are described. In the present chapter, 
similar abnormalities are identified in cell lines derived from colorectal 
carcinomas. The identification of such abnormalities in cell lines is important 
because it allows study of the underlying molecular mechanisms.

LoVo was the only colorectal carcinoma cell line of 15 studied in which 
mature HLA-A,B,C antigens were not detected. This loss has been shown 
previously to be secondary to the loss of p2 microglobulin (Travers et al. 
1982). HCA-7 showed a selective loss of an HLA-A1 antigen. Confirmation 
of this finding by immunoprecipitation of all HLA-A,B,C antigens from HCA-7 
and the subsequent identification of individual HLA-A,B,C allele products by 
iso-electric focusing would provide useful confirmation of this finding. The loss 
of the HLA-A1 antigen in this cell line was not secondary to a major deletion 
of the HLA-A1 gene, because it was identified by Southern blotting. A more 
subtle change, such as a point mutation in the regulatory portion of the gene, 
may underly the loss of the HLA-A1 antigen. In the cell line 
HCA-46, loss of the HLA-A32 gene from a proportion of cells was identified by 
Southern blotting. This finding was not confirmed at the antigen level 
because of the unavailability of an anti-HLA-A32 MAb. The loss of the HLA- 
A32 gene may have occurred in vivo during tumour progression because the 
HCA-46 cell line has not been cloned in vitro (S Kirkland, pers. comm.) and 
therefore probably retains some in vivo tumour heterogeneity. Perhaps the 
next step in investigating the HCA-46 cell line should be to clone it and, 
subsequently, to identify subclones with and without the HLA-A32 gene.

Thus, two cell lines have been identified with loss of an HLA-A allele
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product. In both cases the underlying genetic abnormality is probably a 
localised abnormality involving the HLA-A gene. The localised nature of the 
abnormalities supports the contention that the loss of the HLA-A antigen itself 
may have been selected for in tumour progression. The possible role of 
HLA-A,B,C loss in tumour progression has been previously discussed in this 
thesis (section 3.4).

Constitutive expression of HLA-DR antigens, seen in a small proportion 
of HCA-7 and SW837 cells, is not seen in normal colorectal epithelium. It 
possibly results from inducing agents present in the incubating foetal calf 
serum. This idea is substantiated somewhat by the absence of ICAM-1 from 
normal colorectal epithelium and its presence on all colorectal carcinoma cell 
lines studied. The constitutive expression of HLA-DR antigens by HCA-7 has 
been previously reported (Lampert etal. 1985).

HLA-D antigen expression does not occur constitutively in colorectal 
epithelium but can induced by IFN-y (Pallone etal. 1988). Sometimes, the 
invasion of colorectal mucosa by adenocarcinoma cells induces HLA-D 
antigen expression in non-neoplastic crypts. However, in a microenvironment 
capable of inducing the expression of HLA-D antigens, the adenocarcinoma 
cells themselves sometimes fail to express HLA-D antigens (Moore etal. 
1986; Richman 1987; Gutierrez etal. 1987). This is an abnormal tumour 
phenotype which, presumably, is associated with a selective growth 
advantage. Such a growth advantage could result from a decreased ability to 
present novel tumour antigens to the immune system, or from tumour escape 
from HLA-D antigen restricted cytotoxic T lymphocyte attack. The in vitro 
counterpart of this phenomenon probably occurs in the colorectal carcinoma 
cell lines SW620, CC20, CC22 and LS 174T in which IFN-y fails to 
significantly induce HLA-DR antigens. The increase in ICAM-1 expression 
induced by IFN-y in these cell lines demonstrates a striking specificity for 
HLA-D in the resistance to IFN-y, making it more probable that it is the lack of 
induction of HLA-D antigens which is specifically selected for in tumour 
progression. The lack of inducibility of HLA-D antigens by IFN-y has been 
previously reported for the colorectal carcinoma cell lines SW620, CC20 and 
CC22 (Pfizenmaier etal. 1985; Moore etal. 1986; Richman 1987) and has 
also been demonstrated in cell lines derived from a variety of other tumours 
(for example, Houghton etal. 1984). In the colorectal carcinoma cell lines 
described in this thesis, the failure of IFN-y to induce HLA-DR expression, in 
combination with its ability to induce other molecules such as ICAM-1, is 
reminiscent of the B lymphocytes of the HLA-D-deficient severe combined
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immunodeficiency (SCID) syndrome patients (Lisowska-Grospierre et al.
1985). This SCID syndrome is inherited as an autosomal recessive condition 
and is associated with the absence of a DNA binding protein (RF-X) that 
normally binds to the X box of the HLA-DRA promoter (Reith etal. 1988). This 
raises the possibility that a mutation causing a similar defect, but occurring at 
the somatic level during tumour progression, is responsible for the failure of 
IFN-y to induce HLA-D expression in some colorectal carcinoma cell lines.

No example of a tumour cell line which failed to express LFA-3 was 
seen. However, since this phenotype has been recorded in one colorectal 
adenocarcinoma (section 3.2.3) it is to be expected that study of additional 
colorectal carcinoma cell lines will lead to the identification of a LFA-3 lacking 
cell line.



CHAPTER 5

LYMPHOCYTE FUNCTION-ASSOCIATED ANTIGEN EXPRESSION
IN NORMAL TISSUES

This chapter describes an immunohistochemical study of the 
distributions of ICAM-1 and LFAs-1, 2 and 3 in normal human tissues. The 
work reported in this chapter was performed in collaboration with 
Dr JA Thomas (ICRF).

5.1 TISSUES

All tissues studied were obtained either from surgical resection 
specimens or from post mortem material that was usually frozen within 12, 
and always within 24, hours of death. Except where specific mention is made 
to the contrary, tissues were macroscopically and microscopically normal.
The following tissues were studied: placenta (3 cases), umbilical cord (1 
case), thymus (3 cases), lymph node (1), tonsil (3), spleen (1), cerebral cortex 
(1), cerebellar cortex (1), epidermis (1), buccal mucosa (1), oesophagus (1), 
stomach (1), colon (5), major bronchus (1), lung (1), kidney (1), urinary 
bladder (1), testis (1), fallopian tube (1), ectocervix (1), thyroid gland (1) and 
adrenal gland (1). Tonsils showed lymphoid hyperplasia. Thymus tissue was 
obtained from paediatric patients undergoing cardiac surgery. Placentas 
were normal and full term. Cryostat sections were immuno-stained by the 
PAP technique.

5.2 LFA-3 EXPRESSION

LFA-3 was detected in immunohistochemical sections by MAb TS2/9.

5.2.1 Lvm phoreticu iar T issues / *

In thymus, LFA-3 was not detected on cortical epithelium, but it was 
present on medullary epithelium, including that of Hassal's corpuscles (Figure
5.1 A). Both cortical and medullary thymocytes were LFA-3 negative.
Capillary endothelium was the only cell type to express LFA-3 in the thymic 
cortex. In tonsil the small lymphocytes of mantle zones (predominantly of B



lymphocyte lineage) (Figure 5.1 B) and of T lymphocyte zones (which were 
small and identified by the presence of high endothelial venules and by 
reactivity with the CD2 antibody in the next consecutive section) were LFA-3 
negative. In contrast, apparently all cells of germinal centres (a B cell area) 
were strongly LFA-3 positive. Small lymphocytes of splenic marginal zone (a 
B cell area) were LFA-3 negative. Diverse members of the monocyte / 
macrophage lineage expressed LFA-3. These included lymph node sinus 
histiocytes, hepatic Kupffer cells, brain microglia, pulmonary alveolar 
histiocytes and placental Hofbauer cells. The strong staining of epidermal 
epithelial cells for LFA-3 prevented recognition of Langerhans cells.

5.2.2 Epithelial Tissues

LFA-3 expression in epithelial tissues was very variable (Table 5.1). It 
was strongly expressed on the stratified squamous epithelia of epidermis, 
buccal mucosa (Figure 5.1 C), tonsil (Figure 5.1 B), cervix and oesophagus. In 
the skin, hair bulb epithelium surrounding the dermal papilla was negative 
whereas suprabulbar hair epithelium was positive. Sebaceous glands and 
sweat glands were also strongly positive. Urinary bladder transitional cell 
epithelium and colonic mucosal epithelium were strongly LFA-3 positive. 
LFA-3 was weakly expressed in a wide variety of other epithelial cells; those 
of breast acini and ducts, hepatocytes, bile ducts within hepatic portal tracts, 
renal tubular cells, fallopian tube, adrenal cortical epithelium, and bronchus 
and terminal bronchiole. However, no LFA-3 was detected on the epithelium 
of gastric body-type mucosa and thyroid follicular epithelium. Its expression 
was heterogeneous within seminiferous tubules (Figure 5.1 D). The extensive 
cytoplasm of Sertoli cells, found in close association with spermatids, was 
strongly LFA-3 positive whereas the germ cells completely lacked LFA-3.

5.2.3 Neural Tissues

LFA-3 was not seen in the neurones of cerebral cortex, or in the 
Purkinje or granular cells of the cerebellum. Microglial cells of cerebral and 
cerebellar white matter were LFA-3 positive whereas all other glial cells were 
LFA-3 negative. Also, the neuropil of the molecular layer of the cerebellum 
was weakly but diffusely stained with anti-LFA-3 antibody. Adrenal medullary 
cells were LFA-3 negative.
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Table 5.1 Expression of LFA-3 and ICAM-1 in epithelial tissues

Epithelium
LFA-3 ICAM-1 

(TS2/9) (RR1/1)

Stratified squamous epithelium
Epidermis
Buccal mucosa
Tonsil
Oesophagus
Cervix

+
+

+

+

+

Transitional cell epithelium 
Urinary bladder

Respiratory epithelium 
Bronchus

Simple epithelium 
Stomach body 
Colon
Fallopian tube 
Thyroid gland 
Kidney 
Breast

+

+

+
+

+  / -

Other epithelium
Liver
T estis
Thymus a) cortex

b) medulla 
Adrenal cortex 
Hair a) bulbar
___________b) suprabulbar

+ 

+ /

+
+

+ /

+ / 
+ 

+ /

+
+ /-

= all cells positive 
= some cells positive 
= all cells negative
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Figure 5.1 LFA-3 expression in normal human tissues, detected by MAb TS2/9. (5.1 A) 
Thymus. LFA-3 is present on the thymic epithelium of the medulla (M) but not that of the cortex 
(C). LFA-3 expression in the cortex is confined to capillaries. (5.1 B) Tonsil. LFA-3 is present 
on germinal centre (G) lymphocytes but not on mantle zone (M) lymphocytes. Tonsillar 
squamous epithelium (E) is strongly LFA-3 positive. (5.1C,p95) Buccal mucosa. The 
squamous epithelium strongly expresses LFA-3. (5.1 D, p 95) Testis. Within seminiferous 
tubules germ cells (arrow) are LFA-3 negative, whereas Sertoli cell cytoplasm (arrow head) is 
LFA-3 positive. (5.1 E, p95) Heart. Intercalated discs (arrow) of cardiac myocytes are LFA-3 
positive. (PAP).
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5.2.4 P lacen ta

Villous trophoblast was weakly LFA-3 positive. Stromal cells of 
Wharton’s jelly in umbilical cord were LFA-3 negative although cord vascular 
smooth muscle and endothelium were LFA-3 positive.

5.2.5 Mesenchymal Tissues

All endothelium observed, whether of arterioles, capillaries or venules 
and including the specialised endothelium of high endothelial venules, 
expressed LFA-3. Schwann cells of peripheral nerve, and vascular and 
visceral smooth muscle cells were seen in many tissues and were 
consistently LFA-3 positive. Skeletal muscle, observed in the buccal biopsy, 
was negative but, interestingly, intercalated discs of cardiac striated muscle 
expressed LFA-3 (Figure 5.1 E).

5.3 CD2 EXPRESSION

CD2 was detected in immunohistochemical sections by MAb T11 
(Coulter).

CD2 is the ligand for LFA-3. Its expression was limited to small 
lymphocytes whose distribution was consistent with their being of T cell type. 
In thymus, both cortical and medullary lymphocytes were CD2 positive 
whereas no staining of thymic epithelium was seen. CD2 did not stain 
cardiac muscle and was not present on any cell type within seminiferous 
tubules of testis.

5.4 ICAM-1 EXPRESSION

ICAM-1 was detected in immunohistochemical sections by MAb RR1/1.

5.4.1 Lvmphoreticular Tissues

In thymus, ICAM-1 was present on medullary epithelium, including 
Hassal's corpuscles, and also on a minority of cortical epithelial cells (Figure 
5.2a). These positive epithelial cells were morphologically similar to 
previously described HLA-D antigen positive thymic nurse cells (van de



Wijngaert etal. 1983). Medullary and cortical thymocytes were ICAM-1 
negative. In tonsil, ICAM-1 was present, but only very weakly, in a small 
minority of mantle zone lymphocytes. Germinal centres showed two different 
patterns of ICAM-1 expression. In one germinal centre type, which was rarely 
seen, ICAM-1 was strongly present in a follicular dendritic pattern with 
intervening ICAM-1 negative germinal centre cells (Figure 5.2b). A more 
common pattern was for all cells of the germinal centre to stain for ICAM-1 
with no apparent accentuation of staining in a dendritic pattern. Small 
lymphocytes of T cell areas within tonsil and lymph node were ICAM-1 
negative. ICAM-1 was weakly positive on sinus histiocytes of lymph node, 
pulmonary alveolar macrophages and hepatic Kupffer cells. Though present 
on interdigitating reticulum cells of lymph node, ICAM-1 was absent from 
Langerhans cells (identified by CD1c expression in consecutive sections) of 
epidermis, buccal mucosa and cervix.

5.4.2 Epithelial Tissues

ICAM-1 expression in epithelia was much more restricted than that of 
LFA-3 (Table 5.1). Among the stratified squamous epithelia studied, ICAM-1 
was very strongly expressed in tonsils (Figure 5.2b) but not in oesophagus, 
cervix and, apart from a tiny ICAM-1 positive area related to focal infiltration by 
lymphocytes, epidermis. ICAM-1 was absent from the respiratory epithelium 
of bronchus, urinary bladder transitional cell epithelium, gastric body-type and 
colonic epithelia, and from the Leydig cells and seminiferous epithelium of 
testis. However, ICAM-1 was expressed by centrilobular, though not by 
periportal hepatocytes (Figure 5.2c) and also, focally, by the epithelium of 
renal proximal convoluted tubules where the staining was 'fuzzy' in character 
and was most prominent in the luminal pole of cells. Also, very weak ICAM-1 
staining was present in the deepest part of the adrenal cortex (zona 
vesicularis) but not in the more superficial parts (zona glomerulosa and 
fasciculata).

5.4.3 Neural Tissues

In the cerebral and cerebellar cortices ICAM-1 expression was 
restricted to capillaries. Adrenal medullary cells were negative.
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Figure 5.2 ICAM-1 expression in normal human tissues, detected by MAb RR1/1.
(5.2a) Thymus. ICAM-1 is present in a thymic nurse cell-like distribution within the cortex.
(5.2b) Tonsil. ICAM-1 is expressed within a germinal centre (g) in a dendritic pattern. A minority 
of mantle zone cells (m) are weakly ICAM-1 positive. The tonsillar stratified squamous 
epithelium (e) is strongly ICAM-1 positive. (5.2c) Liver. ICAM-1 is expressed by hepatic 
sinusoidal endothelium and by centrilobular, but not periportal hepatocytes. To aid orientation, 
bile duct epithelium within a portal tract is identified (arrow).
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Figure 5.3 LFA-1 expression in normal human tissues, detected by MAb TS1/22.
(5.3a) Thymus. LFA-1 is expressed by thymocytes of the cortex (c) and medulla (m), but not 
by thymic epithelium. (5.3b) Liver. Kupffer cells within hepatic sinusoids express LFA-1. 
(5.3c) Cerebellum. Microglial cells express LFA-1. (PAP)



5.4.4 P lacen ta

Placental villous trophoblast was ICAM-1 negative. In umbilical cord, 
ICAM-1 expression was confined to vascular endothelium.

5.4.5 Mesenchymal Tissues

ICAM-1 stained arteriolar, capillary, hepatic sinusoidal and high 
endothelium venular endothelium very intensely. Staining of venular 
endothelium was often less intense and, occasionally, absent. Staining of 
Schwann cells was very weak in some peripheral nerves and absent in 
others. Skeletal, cardiac and smooth muscle cells were ICAM-1 negative.

5.5 LFA-1 EXPRESSION

LFA-1 was detected in immunohistochemical sections by MAb TS1/22.
LFA-1 is the ligand of ICAM-1. It was confined to tissues of 

haemopoietic origin. In thymus, medullary and cortical thymocytes were 
positive but no epithelial or endothelial staining was detected (Figure 5.3a). 
Small lymphocytes of tonsillar mantle zones were weakly positive whilst cells 
of the germinal centre appeared uniformly and strongly LFA-1 positive. Small 
lymphocytes of tonsillar and lymph node T-cell areas also strongly expressed 
LFA-1. Marginal zone B lymphocytes of spleen were positive. LFA-1 stained 
many macrophage populations including sinus histiocytes of lymph node, 
hepatic Kupffer cells (Figure 5,3b), brain microglia (Figure 5.3c), pulmonary 
alveolar macrophages and placental Hofbauer cells.

LFA-1 was not detected in any epithelium.

5.6 DISCUSSION

This thesis describes the normal tissue distribution of LFA antigens and 
of ICAM-1, extending previous observations (Krensky etal. 1983; Dustin etal. 
1986). These papers reported an ICAM-1 expression in lymphoid organs 
very similar to that reported in this thesis. They also noted that ICAM-1 had a 
very restricted tissue distribution in epithelial tissues, being expressed by 
tonsillar squamous epithelium and some renal tubules, but not by



hepatocytes, bile duct epithelium or small intestinal epithelium. LFA-3 was 
shown to be widely expressed in cells of haemopoietic origin.

A knowledge of the tissue distribution of these molecules will allow a 
rational interpretation of their expression by tumours. Thus, the strong 
expression of LFA-3 by normal colorectal epithelium indicates that the 
similarly strong expression of LFA-3 by most colorectal adenocarcinomas 
(see section 3.2.3) represents the retention of a normal feature of colorectal 
epithelial differentiation. In contrast, the absence of LFA-3 in a colorectal 
adenocarcinoma must represent loss of the molecule from the tumour.

The expression of LFA-3 may even occasionally indicate the pattern of 
differentiation of a tumour. LFA-3 was not detected on basal cell carcinoma 
cells of the skin (G Stamp pers. comm.). The lack of any heterogeneity in the 
expression of LFA-3 in this tumour type probably indicates that the lack of 
LFA-3 is differentiation related rather than representing a loss of LFA-3 from 
tumour cells. This is of interest because the type of differentiation and site of 
origin of basal cell carcinomas has for long been an area of contention, some 
authorities claiming an origin from basal layer epidermal cells, and others 
from cells of the hair bulb (Lever & Schaumberg-Lever 1983). The finding 
that cells of the hair bulb do not express LFA-3, whereas epidermal and 
suprabulbar hair epithelium strongly express LFA-3, is some evidence that 
basal cell carcinomas may show bulbar hair differentiation.

LFA-3 expression was widespread, but not universal, among both 
epithelial and non-epithelial tissues. The absence of LFA-3 from immature 
germ cells of the seminiferous tubules suggests that LFA-3 is unlikely to be 
present on mature spermatozoa (though the tiny quantity of cytoplasm 
associated with mature spermatozoa and their intimate association with 
Sertoli cells prevented confirmation of this). A lack of LFA-3 from 
spermatozoa would protect them from maternal cytotoxic T lymphocyte attack 
directed against foreign paternal antigens. The reported absence of 
HLA-A,B,C antigens from spermatozoa (Law & Bodmer 1978; Kuhlmann etal.
1986) could have a similar basis. Brain neurones and glial cells are also cell 
types which were found to lack LFA-3, and have previously been shown to 
also lack HLA-A,B,C antigens (Lampson & Hickey 1986). We found LFA-3 to 
be absent from thymic cortical epithelium, but to be present in thymic 
medullary epithelium. This contrasts with a previous report which claimed 
LFA-3 was present on both cortical and medullary epithelium (Wolf Vollger et 
al. 1987). This difference is important because in vitro experiments have 
shown that LFA-3 of thymic epithelium has a role in thymocyte binding and
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may provide a proliferative signal to thymocytes (Wolf Vollger etal. 1987; 
Vollger etal. 1987; Denning etal. 1988). Thus, epithelial LFA-3 is probably 
not responsible for cortical thymocyte binding and proliferation. The presence 
of LFA-3 at the intercalated discs of cardiac muscle was unexpected. This 
localisation suggests that at this site LFA-3 may have a non-immune function. 
It will be important to verify the presence of LFA-3 in cardiac myocytes by 
biochemical means. The absence of LFA-3 from tissues such as, for example, 
body type gastric mucosal epithelium and thyroid follicular epithelium 
suggests the possibility of alternative CD2 ligands in these tissues.

ICAM-1 was expressed in only a very limited range of tissues. The vast 
majority of epithelial tissues studied were ICAM-1 negative. For example, 
among lining epithelia studied it was expressed only, but there strongly, by 
the stratified squamous epithelium of tonsil. Additionally, it was seen focally 
in hepatocytes, renal tubular cells and adrenocortical cells. This very 
restricted tissue distribution suggests the presence of additional LFA-1 
ligands in many tissues. In this context the cDNA of an alternative LFA-1 
ligand, ICAM-2, has recently been cloned (Staunton etal. 1989). The 
presence of ICAM-1 in rather fuzzy staining on the luminal surface of renal 
proximal convoluted tubules suggests that it may be associated with the 
microvillous brush border of these cells, a location also unlikely to be 
associated with an immune function. Interestingly, in two of twenty colorectal 
adenocarcinomas expressing ICAM-1 (Smith etal. 1989), one showed a very 
similar localisation. Immuno-electronmicroscopy will be required for the 
definitive localisation of ICAM-1 in renal tubules.
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P53 NUCLEAR ANTIGEN IN NORMAL AND TUMOUR TISSUE

6.1 INTRODUCTION

The nuclear phosphoprotein p53 was initially identified by its ability to 
bind the oncogene product large T of the DNA tumour virus, simian virus 40 
(Lane & Crawford 1979). The elevated levels of p53 in many tumours 
(Crawford etal. 1981), the occurrence of mutated or rearranged p53 genes in 
some murine and human tumours (Mowat etal. 1985; Masuda etal. 1987; 
Baker etal. 1989; Nigro etal. 1989), and the ability of mutant p53 to 
complement ras in transforming rat embryo fibroblasts (Eliyahu etal. 1988; 
Hinds etal. 1989) have established p53 as an oncogene product in its own 
right. Mutant p53 genes have been identified in human colorectal, breast and 
lung carcinomas, in gliomas and in a neurofibrosarcoma (Baker etal. 1989; 
Nigro etal. 1989). Furthermore, allele loss from a region on the short arm of 
chromosome 17 (17p) that includes the p53 locus has been demonstrated in 
approximately 75% of colorectal adenocarcinomas (Baker et a/.1989), and is 
common in a variety of other malignancies such as breast and lung 
carcinomas (Mackay etal. 1988; Weston etal. 1989). Within single tumours 
the loss of one p53 gene from one chromosome and the presence of a mutant 
p53 gene on the homologous chromosome is common (Nigro et al. 
1989).These observations suggest that genetic changes at the p53 locus are 
important in the development and progression of several different tumour 
types.

In this thesis the immunohistochemical expression of p53 antigen in 
some normal tissues, colorectal carcinomas and breast carcinomas is studied 
with two anti-p53 monoclonal antibodies, MAb PAb 421 and MAb PAb 240. 
The MAbs recognise different epitopes of the p53 molecule. In addition, the 
expression of p53 is correlated with loss of 17p alleles in colorectal 
carcinoma cell lines.
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6.2 P53 ANTIGEN EXPRESSION

6.2.1. C olorecta l T issue

Using the PAP immunohistochemical technique no nuclear p53 
immunoreactivity was detected with either MAbs PAb 240 or PAb 421 in 
samples of normal colorectal mucosa from 8 patients (taken at least 10 cm 
from the edge of a colorectal adenocarcinoma) and in 4 tubular adenomas (3 
of these coming from separate FAP patients). Occasionally, some weak 
cytoplasmic staining that was probably non-specific in nature was seen with 
both MAbs in some goblet cells within normal colorectal epithelium. This 
staining was never accompanied by nuclear staining and was decreased by 
prolonged preincubation of the tissue section with rabbit serum. Nuclear p53 
immunoreactivity with MAb PAb 240 was seen in 11 of 21 (52%) colorectal 
adenocarcinomas (Figure 6.1 A). Staining with MAb PAb 421 was 
consistently weaker than that seen with MAb PAb 240. In two cases showing 
weak nuclear staining with MAb PAb 240, none was detected with MAb 
PAb 421. Staining with both MAbs was granular in quality and located in the 
nucleus of tumour cells. Very strong nuclear staining was sometimes 
accompanied by weak staining of the cytoplasm. Positive staining was very 
variable in intensity and extent (5% to 100% of tumour cells positive) between 
different carcinomas. However, in all cases the positive cells were diffusely 
scattered throughout the tumour and not restricted to smaller foci. The 
colorectal carcinoma from which the LIF-10 cell line (see section 6.2.3) was 
derived strongly expressed p53 antigen (as detected by MAb PAb 240) in the 
nuclei of virtually all its tumour cells.

In the carcinomas there was no association between p53 expression 
and either the degree of tumour differentiation or Dukes' stage. All 11 p53- 
expressing tumours strongly expressed HLA-A,B,C antigens (detected by 
MAb PA2.6). Nuclear p53 expression was detectable in 1 of 3 carcinomas in 
which a selective loss of an HLA-A,B,C allele product (HLA-A2 in all 3 cases) 
was detected.
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6.2.2 Breast Tissue

Nuclear p53 antigen expression was detected with both anti-p53 MAbs 
in 3 of 11 (27%) breast carcinomas (Figure 6.1 B). In all 3 positive cases 
staining was of weak intensity and was confined to a minority of cells 
(approximately 20%), most of which were located at the periphery of tumour 
lobules. Positive cells were present throughout the tumour. All 3 of the p53 
positive carcinomas expressed either little or no HLA-A,B,C antigen.

6.2.3 Cell Lines

P53 antigen was detected in the nuclei of colorectal carcinoma cell 
lines HCA-7, HCA-46, LIF-10 and HT-29 (Table 6.1). The nuclear staining 
was of a granular quality. Cell lines showing strong nuclear p53 expression 
(HT-29 and LIF-10) also showed diffuse cytoplasmic staining (Figure 6.1 D). 
The EBV transformed B lymphoblastoid cell line JY also expressed p53 
antigen strongly in a nuclear location in a small proportion of cells 
(Figure 6.1 C).

Table 6.1 P53 antigen expression in colorectal carcinoma cell lines

Cell

line

p53 

(PAb 240)

p53 

(PAb 421)

CD1c

(M241)

cytokeratin 

(Cam 5.2)

HLA-A.B.C

(PA2.6)

HCA-7 5w* 0 0 100s 100s

HCA-46 99w nd 0 100s 100s

LIF-10 100s 100m 0 100s 100s

HT-29 90s 57s 0 100s 100s

JY* 8w& s 4w& s 1m nd 100s
* Figures record the % of cells with positive immunohistochemical staining. A total of at least 
200 cells was counted for each MAb preparation using a microscope graticule.

w = weak, m = moderate and s = strong intensity staining, w & s = both strong and weak 
staining cells present.
# JY is an EBV transformed lymphoblastoid cell line, 
nd = not done
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Figure 6.1 P53 expression in tumour tissues and cell lines. A colorectal adenocarcinoma 
(6.1 A), a breast carcinoma (6.1 B), the EBV transformed lymphoblastoid B cell line JY (6.1 C) and 
the colorectal carcinoma cell line LIF-10 (6.1 D) immunostained by MAb PAb 240 (detects p53). 
Tumour cells but not stromal cells express nuclear p53 antigen in the colorectal and breast 
carcinomas. JY and LIF-10 cell lines both express p53 antigen, the majority of which is nuclear 
in location. (PAP immunoperoxidase).
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LOSS OF 17P AND 5Q ALLELES FROM COLORECTAL 
CARCINOMA CELL LINES

Comparison of Southern blot band patterns, using normal and cell line 
DNA derived from the same individuals, demonstrated loss of allele 
heterozygosity in the colorectal carcinoma cell lines LIF-10 and HCA-46 at a 
locus near to that of the p53 locus on the short arm of chromosome 17 (Table 
6.2; Figure 6.2A).

Using the above described technique LIF-10 was also demonstrated to 
have lost allele heterozygosity at a locus on the long arm of chromosome 5 
(5q), very near to the FAP locus (Table 6.2; Figure 6.2B).

Table 6.2 Loss of 17p and 5q Allele Heterozygosity in Colorectal Carcinoma Cell Lines

DNA Probe Enzyme Locus HCA-7

Cell Lines 

HCA-46 LIF-10

YN5.48 Mspl 5q - 1.2 1

ECB27 Bglll 5q - - -

XMS8 Hint I 5q - 1.2 nd

PYNZ22 Taql 17p - 1 1
- = normal and cell line DNA homozygous for DNA marker 
1,2 = normal and cell line DNA heterozygous for DNA marker 
1 = normal DNA heterozygous and cell line DNA homozygous for DNA marker 
Normal DNA was obtained from EBV transformed B lymphoblastoid cell lines derived 
from the same patients as the colorectal carcinomas (see section 2.4.1). 
nd = not done

6.4 DISCUSSION

Nuclear p53 expression was detected in 52% of colorectal and 27% of 
breast adenocarcinomas. Studies using similar techniques have previously 
reported that 15.5% of breast carcinomas (Cattoretti etal. 1988), 55% of 
colorectal carcinomas and 8% of colorectal adenomas (van den Berg et al. 
1989) express p53. The results presented in this thesis are therefore similar 
to those of published studies.

The MAb PAb 240 recognises only mutant p53 in an immuno- 
precipitation assay but in immunohistochemical staining of acetone/methanol
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Figure 6.2 Loss of 17p and 5q allele heterozygosity in colorectal carcinoma cell 
lines.
Panel A: Taq I digested cell line DNA, Southern blotted and hybridised to DNA probe 
pYNZ22 (17p). Lane 1, HCA-46; lane 2, IRM-1223 ; lane 3, LIF-10; lane 4, 
BND-1213. Colorectal carcinoma cell lines HCA-46 and LIF-10 have each lost one 
17p allele compared to the corresponding normal B lymphoblastoid cell line DNAs. 
Panel B: Msp\ digested cell line DNA, Southern blotted and hybridised to DNA probe 
pYN5.48 (5q). Lane 1, IRM-1223; lane 2, HCA-46; lane 3, BND-1213; lane 4, 
LIF-10. Comparison with autologous normal B lymphoblastoid cell line DNA 
demonstrates that colorectal carcinoma cell line LIF-10 has lost a chromosome 5q 
allele.
DNA markers (Hind III digested X) in kilobases.
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fixed frozen sections it recognises both mutant and wildtype p53 (D Lane, 
pers. comm.). The reactivity of PAb 240 with the EBV transformed B 
lymphoblastoid cell line JY provides additional evidence that when using a 
standard immunohistochemical method PAb 240 recognises wildtype p53. 
However, confirmation of this would require the DNA sequencing of both p53 
genes in the JY cell line to ensure that neither is of mutant type. Further 
experimentation is required to attempt to identify tissue fixation and 
processing conditions in which PAb 240 recognises only mutant p53.

Because mutant p53 has a much longer half life than normal p53 
(Reich etal. 1983; Gronostajski etal. 1984) it accumulates within cells. This, 
and the absence of immunohistochemically detectable p53 in normal breast 
and colon epithelium, suggests that it may well be mutant p53 that is 
detectable in breast and colorectal carcinomas. The identification of mutant 
p53 genes in colorectal adenocarcinomas and breast carcinomas(Baker etal. 
1989; Nigro etal. 1989) adds weight to this hypothesis.

Assuming that the p53 detected immunohistochemically in tumours is 
mutant in nature, the lack of distinct p53 positive and negative areas within 
the colorectal and breast tumours suggests that the sampled tumour cell 
populations arose through the selective outgrowth of a tumour cell population 
from a single tumour cell bearing a p53 mutation.

Loss of allele heterozygosity (using probe pYNZ22) at a locus mapping 
near to the p53 locus was seen in two colorectal carcinoma cell lines (LIF-10 
and HCA-46) that were known to be derived from individuals heterozygous for 
the marker. Study with further polymorphic DNA markers mapping to either 
side of the p53 locus will be necessary to prove that one of the p53 alleles 
has been deleted from each of these cell lines. However, the experience of 
others (Baker etal. 1989) indicates that essentially all 17p deletions in 
colorectal cancer involve the p53 locus. Therefore, since both LIF-10 and 
HCA-46 express immunohistochemically detectable p53, each of these two 
cell lines probably has a mutation at one p53 allele and has deleted the other 
p53 allele. Confirmation of the presence of mutant p53 will require DNA 
sequencing.

The ability of mutant p53 to complement ras activity in transforming rat 
embryo fibroblasts (Eliyahu etal. 1988; Hinds etal. 1989) implies that it is a 
dominantly acting oncogene. Evidence is accumulating that the dominant 
action of the mutant protein may occur by the inactivation of wild type p53 , 
providing an example of a so-called dominant negative mutation (Herskowitz
1987). The evidence substantiating this comes from observations implicating
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loss of p53 genes or gene function in tumour progression. In colorectal 
adenocarcinoma, breast carcinoma and lung carcinoma, loss of 17p alleles 
(probably including the p53 locus) has been identified (Baker etal. 1989; 
Mackay etal. 1988; Weston etal. 1989). In some Friend virus-induced murine 
erythroleukaemia cell lines p53 gene rearrangements result in a complete 
lack of detectable p53 (Mowat etal. 1985). The suppression of ras / mutant 
p53 -induced transformation of rat embryo fibroblasts by wild type p53 is also 
consistent with a dominant negative action of mutant p53 (Finlay etal. 1989; 
Eliyahu etal. 1989). The basis of such dominant negative action may be the 
physical binding of mutant to wildtype p53 as demonstrated by co- 
immunoprecipitation experiments (Rovinski etal. 1988; Hinds etal. 1989).

Since mutant p53 is a potential target for cytotoxic T lymphocytes it is a 
potential tumour specific antigen. In the presence of tumour mutant p53, 
immunoselection could result in the outgrowth of tumour clones resistant to 
immune attack. The correlation of mutant p53 expression with tumour 
phenotypes that may confer resistance to immune attack, such as loss of all 
HLA-A,B,C antigens, is therefore of interest. Very little or no expression of 
HLA-A,B,C antigens was seen in the 3 expressing immunohistochemically 
detectable p53. In contrast, all 11 colorectal carcinomas expressing mutant 
p53 antigen strongly expressed HLA-A,B,C antigens. However, 1 of 3 
colorectal carcinomas showing a selective loss of an HLA-A,B,C allele 
product (HLA-A2 in all 3 cases) expressed p53.

This study has shown that in the epithelial tissues studied, nuclear 
expression of p53 shows a high degree of tumour specificity, as would be 
expected if only mutant epithelial p53 is being detected. This tumour 
specificity suggests that p53 expression could have a useful role in several 
diagnostic situations, for example in distinguishing epithelial dysplasia from 
reactive changes in ulcerative colitis.

In addition to 17p allele loss, LIF-10 also showed allele loss from the 
long arm of chromosome 5 (5q). Allele loss from chromosome 5q occurs in 
approximately 35% of colorectal carcinomas (Solomon etal. 1987; Vogelstein 
etal. 1988)) and involves the FAP gene (Bodmer etal. 1987b). FAP is a 
disease in which large numbers of colorectal adenomas arise, one or more of 
them eventually becoming malignant if the large bowel is not resected. The 
FAP gene has not yet been identified. However, if loss of the FAP gene 
constitutes a step in colorectal tumour progression then, following the 
identification of the FAP gene, the reconstitution of a colorectal carcinoma cell 
line with the FAP gene should reverse some features of the neoplastic



phenotype. This would provide a firmer basis for the identification of the FAP 
gene. Because LIF-10 has been shown to have lost chromosome 5q alleles it 
should provide an ideal recipient cell line for the expression of a putative FAP 
gene.



CHAPTER 7

CD1 ANTIGENS IN NORMAL AND NEOPLASTIC LYMPHOID
TISSUES

7.1 INTRODUCTION

CD1 antigens share important structural features with HLA-A,B,C 
antigens. Both are heterodimers with a heavy chain of approximately 45 000 
Da molecular weight and both have identical light chains (P2 microglobulin). 
Their tissue distributions are very different, however. HLA-A,B,C antigens are 
expressed by most cells of the body, whereas CD1 antigen expression is 
much more restricted. CD1 antigens are expressed by cortical thymocytes, 
Langerhans cells and interdigitating reticulum cells of lymphoid tissue. 
Recently, one member of the CD1 antigen family, CD1c, has been shown to 
be expressed, in addition, on a subpopulation of B lymphocytes (Small et 
a/.1987; Cattoretti etal. 1987; Smith etal. 1988).

7.2 LYMPHOID TISSUES

Immunohistochemical preparations of tissue cryostat sections of 3 
thymuses removed from paediatric patients undergoing cardiothoracic 
surgery showed that all three CD1 molecules were strongly expressed by the 
majority of cortical thymocytes, but only by a very small proportion of 
medullary cells, some of which had a lymphoid and others a dendritic 
morphology. This distribution is similar to that previously described 
(Bradstock etal. 1980). In sections of 3 tonsils and 1 reactive lymph node, all 
of which showed reactive hyperplasia, CD1a, b and c molecules were 
strongly expressed in the cytoplasm of sporadic large dendritic cells present 
in interfollicular areas. These cells were probably of interdigitating reticulum 
cell type. CD1c (but not CD1a or b) antigen was also present on the majority 
of mantle zone lymphocytes of all secondary lymphoid follicles (Figure 7.1) 
and in small numbers of lymphocytes in interfollicular areas. Within germinal 
centres no germinal centre cells expressed CD1 antigens, but a very minor 
population of CD1c-expressing cells (between 0 and 6 cells per cross section 
of a germinal centre) with a small lymphocyte morphology was present. All
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Figure 7.1 Tonsil stained by MAb M241. Strong CD1 expression is present on the majority of 
mantle zone lymphocytes (MT) but not in the germinal centre (GC). (ABC immunoperoxidase)
(x300)

Figure 7.2 Consecutive sections of spleen stained by anti-IgM (A), anti-lgD (B) and MAb M241 
(C). Marginal zone (MZ) B cells express IgM and CD1c antigen strongly and IgD very weakly, 
whereas mantle zone (MT) B cells express IgM and IgD strongly but CD1c antigen weakly. (A 
and B, indirect alkaline phosphatase; C.APAAP) (x150)
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Figure 7.3 Immunohistochemical double staining of tonsil (A and B). (A) Blue colour = T cell 
antigen, CD3 (MAb UCHT1). Brown colour = CD1c (MAb M241). CD1c and CD3 antigens are 
present in complementary subsets of cells. (B); Blue colour =B cell antigen, CD22 (MAb To15). 
Brown colour = CD1c (MAB M241). CD1c and CD22 are co-expressed by mantle zone (MZ) B 
cells whereas germinal centre (GC) B cells express CD22 but not CD1c. A negative control 
(omiting both primary MAbs) demonstrated blue staining of endothelium and no other cell type.



three types of CD1 molecule were identified in the cytoplasm of scattered 
dendritic cells within the tonsillar surface and crypt squamous epithelia.

Double staining of tonsil demonstrated that the CD1c positive mantle 
zone cells also expressed the B cell antigen CD22 but not the T cell antigen 
CD3 (Figure 7.3).

Splenic marginal zone and mantle zone B-lymphocytes were identified 
by staining consecutive sections with antibodies to IgM and IgD (Stein et al. 
1980). Marginal zone cells expressed CD1c antigen strongly, in contrast to 
mantle zone cells which oniy weakly expressed CD1c antigens (Figure 7.2). 
Neither marginal or mantle zone cells expressed CD1a or b antigens.
Splenic T-cell areas (identified on a consecutive section by staining with MAb 
UCHT1) did not express CD1 antigens.

7.3 B CELL NON-HODGKIN'S LYMPHOMA

Table 7.1 records the CD1 status, proliferative activity and tumour 
phenotype of 21 non-Hodgkin’s lymphomas (NHL), all of which were 
assigned to the B cell lineage by the expression of the B cell marker, CD22 
antigen. Thirteen of the lymphomas were of low-grade (cases 1 to 13, Table 
7.1) and 8 of high-grade (cases 14 to 21) type. A CD1c positive tumour cell 
population (>2% of cells) was significantly more common in low-grade than 
in high-grade lymphomas (Fisher's exact probability test, P = 0.003), being 
present in 11 of 13 low-grade but only in 1 of 8 high-grade lymphomas.

CD1c positive cells were identified in all lymphomas. In cases 
tabulated as 0 in Table 7.1, they amounted to less than 0.5% of cells and had 
a small lymphocyte morphology that clearly contrasted with the morphology of 
the tumour cells. These were probably reactive B lymphocytes.

Nine of 13 low-grade lymphomas contained a CD1c positive cell 
population that amounted to 25% or more of all cells present. In these cases 
the CD1c positive cells had morphologies consistent with them being tumour 
cells. CD1c positive cells were the predominant cell type in 6 low-grade 
lymphomas [both cases of MLLP, 2 cases of MLCC, 1 case of MLCB/CC-F 
and the single case of PGL (Figure 7.4)]. Some examples of lymphocytic 
lymphoma (MLL) contain localised 'proliferation centres' populated by 
prolymphocytes. In an example of MLL (case 3) CD1c positive cells were 
predominant within extensive proliferation centres. In the areas outside the 
proliferation centres of case 3 and also in the other two examples of MLL, 
which lacked proliferation centres, CD1c expressing cells were rare (6%, 6%
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and 3% of cells respectively). Because they morphologically resembled 
prolymphocytes it is likely, however, that even these rare CD1c positive cells 
were tumour cells.

Three examples of MLCB/CC-F (cases 9,10 and 11) were studied.
The proportions of CD1c positive cells in these cases which are recorded in 
Table 7.1 refer to the neoplastic follicles and not to their surrounding mantles, 
which were shown to be populated by non-neoplastic cells by their lack of 
immunoglobulin light chain restriction. In all three cases the mantles of the 
neoplastic follicles contained a large proportion of CD1c positive lymphoid 
cells similar to the mantles surrounding reactive germinal centres. In case 11 
the neoplastic follicles lacked CD1c positive tumour cells. In contrast, the 
neoplastic follicles of cases 9 and 10 were CD1c positive but in both cases 
the intensity of staining varied greatly between different follicles. Staining of 
consecutive sections with MAb Ki-67 demonstrated an inverse relationship 
between the intensity of CD1c expression by a follicle and the number of 
proliferating cells (Figure 7.5). In case 10 a minority of neoplastic follicles 
also showed marked heterogeneity of CD1c expression within single follicles. 
These neoplastic follicles had a central area strongly expressing CD1c, a 
more peripheral area lacking CD1c and, beyond this, a strongly CD1c- 
expressing reactive mantle. Study of the next consecutive section stained 
with MAb Ki-67 showed that virtually all proliferating cells within these 
neoplastic follicles were confined to the CD1c negative outer rim.

CD1c tumour cell expression was seen in only 1 of 8 high-grade 
lymphomas (case 20, MLIB).

The proliferative activity in a tumour, as assessed by the percentage of 
Ki-67 positive cells, was available for 17 of the 21 lymphomas (Table 7.1).
The proliferative activity of the high-grade lymphomas was significantly higher 
than that of the low-grade lymphomas (Wilcoxan rank two sample test, W = 66 
giving P = 0.001). In case 3, a MLL with proliferation centres that occupied 
approximately one third of the area of the tumour, 15% of cells within the 
centres, but only 6% of cells from an area outside the proliferation centres, 
were proliferating. Thus, in this case at least, proliferation centres were 
indeed areas of increased cellular proliferation though they showed much 
less proliferative activity than the high-grade lymphomas.

There was an indication of a negative correlation between CD1c 
expression and proliferative activity as measured by the proportion of Ki-67 
positive cells (t17 = 2.23 giving P = 0.05). No CD1a or b positivity was seen on 
the tumour cells of any of the lymphomas.
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Figure 7.4 Case 13 (PGL) stained by MAb M241. Note strong expression of CD1c antigen by 
the majority of centrocyte-like cells. (ABC Immunoperoxidase) (x500)

R J P r a i r

s m M

Figure 7.5 Case 10 (ML CB/CC-F) stained by MAb M241 (A) and Ki-67 (B). Neoplastic follicle 1 
strongly expresses CD1c antigen but contains few Ki-67 positive proliferating cells (these have 
intensely stained nuclei). Conversely, follicle 2 weakly expresses CD1c and contains abundant 
Ki-67 positive proliferating cells. (ABC Immunoperoxidase) (x150)



7.4 MONOCYTE AND B LYMPHOBLASTOID CELLS

Cytospins of peripheral blood monocytes from two individuals were 
studied by immunohistochemistry. At least 1500 cells were assessed with a 
microscope graticule in each immunohistochemical preparation. In sample 
one 98.9%, and in sample two 88.7%, of cells expressed the pan
macrophage antigen CD11c detected by MAb 3.9. Cells not expressing this 
antigen had the morphology of lymphocytes. In sample one 3.7% of cells 
expressed CD1c antigen but no CD1a or CD1b antigens were present. In 
sample two 1.4% of cells expressed CD1c and, again, no CD1a or CD1b 
expression was seen. The CD1c expressing cells from both samples had 
typical monocyte morphology. Thus, it is likely that a small percentage of 
peripheral blood monocytes express CD1c.

In initial experiments, CD1 antigen was not detected immuno
histochemically in cytospin preparations of 7 EBV-transformed B 
lymphoblastoid cell lines obtained from the ICRF cell culture department 
(Mann, Preiss, Maja, MST, Dol NF, W T 18 and Bristol 8) and the Burkitt 
lymphoma cell line, Daudi (at least 1500 cells were assessed in each 
preparation). In a later experiment, CD1c was immunohistochemically 
detected on 1% of cells in a cytospin preparation of the EBV-transformed B 
lymphoblastoid cell line, JY (see Table 6.1). In the MOLT-4 T cell line 83% of 
cells were CD1a antigen positive (using MAb NA1/34), 95% were CD1b 
antigen positive (using MAb 4A7.6) and 98% were CD1c antigen positive 
(using MAb M241).

7.5 DISCUSSION

The presence of the CD1c antigen on normal and neoplastic B-cells 
was shown by their immunohistochemical reactivity with MAb M241. The 
expression of CD1c, detected by flow cytometric and biochemical techniques, 
on B lymphocytes of normal and immune deficient people has been reported 
(Small etal. 1987). CD1c has also been immunohistochemically localised on 
mantle zone cells of tonsil and spleen (Cattoretti et al. 1987). This thesis 
extends previous observations on the tissue distribution of CD1c antigen and 
reports CD1c expression by neoplastic B cells. In marked contrast to the 
findings of Cattoretti etal. (ibid.) we did not detect CD1a or CD1b antigens on 
lymphocyte populations of peripheral lymphoid tissue.
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Data presented in this thesis has shown that CD1c expression is more 
common in low-grade than high-grade B cell NHL An independent study in 
which 10 of 24 (42%) of low-grade and 3 of 22 (14%) high-grade cases were 
CD1c positive has independently confirmed this finding (Delia etal. 1988).

The distribution of CD1c antigen in normal and malignant tissues as 
presented in this thesis suggests that it is expressed preferentially in B-cell 
populations that proliferate slowly. Thus, the rapidly proliferating germinal 
centre cells were CD1c negative whilst the more slowly proliferating cells of 
the mantle zone and splenic marginal zone were CD1c positive. Also, in B 
cell NHL CD1c tumour cell expression was significantly associated with a 
low-grade lymphoma type. Flow cytometric studies (Diamond et al. 1982) and 
staining with MAb Ki-67 (Gerdes etal. 1984) both indicate that low-grade NHL 
has a lower proliferative rate than high-grade NHL and the correlation of 
prominent Ki-67 staining and high-grade status in this thesis confirms that 
this was also the case in this series. The absence of CD1c antigen from 
germinal centres, but its presence in some cases of MLCB/CC-F (the 
neoplastic counterpart of a germinal centre) may be caused by the generally 
higher proliferative activity of germinal centres (Wright & Isaacson 1983; Hall 
et al. 1988). In two examples of MLCB/CC the intensity of CD1c expression 
within follicles was inversely related to the number of proliferating cells. CD1c 
expression was detected in only a tiny proportion of cells in one of 9 
lymphoblastoid B cell lines studied, the cells of which are morphologically 
similar to high-grade lymphomas and have very high mitotic counts. In 
contrast to the above, the increased CD1c expression in the proliferation 
centres of case 3 (MLL) may result from a direct relationship between the 
degree of cellular proliferation and CD1c expression. Another interpretation, 
however, would emphasise that even the CD 1c expressing proliferation 
centres of case 3 are only slowly proliferating (in comparison to high-grade 
lymphomas) and the absence of detectable CD1c expression from the vast 
majority of cells between proliferation centres (and indeed in the other 2 
cases of MLL) implies that factors other than proliferation are also operative in 
the expression of CD1c. Though CD1c expression may be inversely related 
to the degree of proliferation in B lymphoid tissues in vivo, this is not 
necessarily the case in all B cell populations in vitro. Thus, CD1c expression 
in peripheral blood B cells has been reported to increase following activation 
in vitro with mitogens (Delia etal. 1988).

A recent study has demonstrated non-MHC restricted cytolytic activity 
against CD1 bearing target cells in two CD4- CD8" T cell clones (Porcelli et
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al. 1989). An ap T cell clone specifically recognised CD1a, whereas a y5 T 
cell clone specifically recognised CD 1c. The reactivity of these two T cell 
clones for CD1 antigens expressed in a variety of cellular backgrounds 
suggests that they are not co-recognising antigen. The occurrence of cytolytic 
T cell clones with anti-CD1 specificity is compatible with their having an 
immunoregulatory function. For example, y5 T cells could decrease the 
proliferative responses of CD1c-bearing B cells to antigen, and the 
differentiation-associated loss of B cell CD1c antigen could be associated 
with escape from T cell mediated growth restraints. If this is the case, loss of 
CD 1c from some B lymphoma cells could be associated with a selective 
growth advantage. This hypothesis predicts the complete loss of CD 1c 
expression in a proportion of lymphomas within subgroups usually 
characterised by strong CD1c antigen expression (in MLCC, for example).

The antigen recognised by MAb MT2 is similar to CD1c in that it is also 
preferentially expressed on slowly proliferating B cell populations (Norton et 
al. 1989). In non-neoplastic lymphoid follicles it is expressed on mantle zone 
B cells but not by germinal centre cells. Furthermore, it is expressed by the 
neoplastic cells of follicular lymphomas and, in general, is expressed by low- 
grade but not high-grade NHL That the molecule recognised by MT2 is 
distinct from CD1c is proven by the differing molecular weights of the two 
molecules.

In the thymus the degree of CD1 antigen expression is inversely 
related to that of HLA-A,B,C antigen expression (Bhan etal. 1980). No such 
relationship was observed in B-cell NHL, where all cases expressed 
HLA-A,B,C antigens (Table 7.1).

The results of this study are relevant to two areas of lymphoma 
diagnosis. Firstly, the observation that reactive germinal centres are CD 1c 
negative whilst neoplastic follicles in follicular lymphoma are sometimes 
CD1c positive may prove to be of help in the sometimes difficult distinction 
between these two conditions. Secondly, it is important to note that CD1c 
expression in a lymphoma is not an indication of an immature T-cell 
phenotype. In this context it is of interest that CD1 a antigen has recently been 
described in the B-cell neoplasia, hairy cell leukaemia (De Panfilis etal. 
1988).

Gene sequencing has demonstrated that there is no substantial 
nucleotide homology between human CD1c and murine TL antigens (Calabi 
& Milstein 1986). TL antigens have not been detected on B cells (Old etal. 
1963) so the presence of CD1c in the mantle zones of lymph nodes and tonsil



123

is evidence against the two molecules being functionally homologous. 
Recently, two murine CD1 genes (which map to outside the MHC) have been 
identified (Bradbury etal. 1988). Murine CD1 genes are similar to their 
human equivalents in that they are transcribed in the thymus but differ in that 
they are also transcribed in the liver. Antigens in other species that could be 
equivalents of CD1c antigens are the sheep antigen, SBU-T6 (Mackay etal. 
1985) and the porcine antigen recognised by MAb 76-7-4 (Preskovitz et al. 
1984), both of which are present on thymocytes and B cells.
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CHAPTER 8 

CONCLUDING REMARKS

This thesis has identified abnormalities in the expression of a variety of 
immunoregulatory molecules in breast, colorectal and urinary bladder 
carcinoma cells. The expression of tumour immunoregulatory molecules was 
considered abnormal when it differed from that of the corresponding normal 
epithelium. The abnormal tumour phenotypes identified in colorectal 
carcinoma primary tumours and derived cell lines included weak expression 
of all HLA-A,B,C molecules, complete loss of all HLA-A,B,C molecules, the 
selective loss of individual HLA-A,B,C allele products, the lack of inducibility 
of HLA-D antigens and the loss of LFA-3. Some of these abnormalities were 
also detected in breast and urinary bladder carcinomas, though their 
frequencies varied greatly between different tumour types. In the remaining 
part of this chapter I will discuss ideas which are natural extensions of the 
work described in this thesis.

The correlation of abnormal patterns of immunoregulatory molecule 
expression with clinicopathological parameters of tumour spread and 
aggression will be of considerable interest. Loss of all tumour HLA-A,B,C 
molecules has already been shown to be associated with a poor degree of 
tumour differentiation in colorectal adenocarcinomas (Momburg etal. 1986) 
and breast carcinomas (Zuk & Walker 1987). The common occurrence of 
tumours with abnormal patterns of immunoregulatory molecule expression 
has led to the hypothesis that a tumour clone with such an abnormality 
possesses a selective growth advantage in comparison to the tumour cell 
clone without the immunoregulatory molecule abnormality, from which it 
arose. It is important to note that this hypothesis does not predict whether, in 
a series of tumours, those possessing mutant immunoregulatory phenotypes 
will be more or less aggressive or advanced in stage than those without the 
mutant phenotype. This is the case for two, possibly interrelated, reasons. In 
the first place, tumours with and without abnormalities of immunoregulatory 
molecule expression may differ in the activated oncogenes which underly and 
control the degree of malignancy. Indeed, the abnormal expression of 
immunoregulatory molecules in tumours may indicate the presence of specific 
immunogenic mutated oncogene products. Secondly, tumours with normal 
expression of immunoregulatory molecules may comprise two subgroups:
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tumours with no tumour specific antigens which are not susceptible to 
immune destruction, and those with tumour specific antigens that are 
undergoing attack by the immune system. The proportion of tumours in each 
of the two subgroups will probably vary between different tumour types, and 
may have an important influence on clinicopathological parameters of tumour 
aggressiveness, thus further invalidating any general prediction that 
abnormal expression of immunoregulatory molecules will be associated with 
more aggressive tumours. However, within a given tumour type loss of 
immunoregulatory molecules may well be consistently associated with either 
a more or less aggressive tumour phenotype, and it will be important to 
elucidate the factors underlying such an association.

Loss of HLA-A2 antigen occurs at a very high frequency (50% of cases) 
in colorectal adenocarcinomas arising in HLA-A2 antigen positive individuals, 
perhaps because it restricts the presentation of a common tumour antigen to 
the immune system. In HLA-A2 homozygote individuals a mutation in a single 
HLA-A2 gene will leave an intact HLA-A2 gene that continues to produce 
HLA-A2 antigen. Such a single mutation is therefore unlikely to confer 
substantial resistance to immune attack and would probably not be selected 
for in tumour progression. Therefore, in colorectal adenocarcinomas that 
possess an HLA-A2 restricted tumour specific antigen, loss of an HLA-A2 
allele would only be advantageous to tumours arising in HLA-A2 
heterozygotes. For this reason, a study comparing tumour grade, stage and 
immunoregulatory molecule expression between colorectal 
adenocarcinomas arising in HLA-A2 heterozygote and HLA-A2 homozygote 
individuals would be of interest. If HLA-A2 restricted immune responses 
against colorectal adenocarcinoma occur frequently, one might expect that 
adenocarcinomas arising in HLA-A2 homozygotes would invade more slowly 
than adenocarcinomas arising in HLA-A2 heterozygotes. Alternatively, the 
frequency of other abnormalities in the expression of tumour 
immunoregulatory molecules, such as the loss of all HLA-A,B,C molecules or 
of LFA-3, may be higher in HLA-A2 homozygotes than HLA-A2 
heterozygotes. Though HLA-A,B,C antigens are very polymorphic such a 
study is made feasible by the high frequency (approximately 50%) of the 
HLA-A2 antigen in Caucasian populations.

All the abnormalities in the tumour expression of immunoregulatory 
molecules listed in the first paragraph of this chapter may be selected for in 
tumour progression by conferring a selective growth advantage to tumour 
cells, through resistance to immune destruction. These abnormalities
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constitute indirect evidence for the frequent existence in carcinomas of tumour 
antigens, initially detectable by the host immune system. The occurrence of 
immunoselection in tumours would also predict the presence of other more 
subtle tumour phenotypes associated with resistance to immune attack. For 
example, some point mutations in the CD8-binding moiety of a tumour 
HLA-A,B,C allele product could disrupt the interaction between the 
lymphocyte CD8 and the tumour cell HLA-A,B,C molecules. This could result 
in the less effective presentation of tumour antigen by the mutant HLA-A,B,C 
allele product. Also, point mutations in the antigen binding cleft of an 
HLA-A,B,C molecule could prevent the binding and presentation of an 
immunogenic peptide derived from a tumour specific antigen. If these 
mutations are present in carcinomas, amplification and sequencing such 
regions by use of the polymerase chain reaction should allow their rapid 
identification.

The recently described ability of cytotoxic T lymphocytes to recognise 
proteins that have an intracellular location and are not expressed in their 
native state on the cell-surface membrane (Townsend etal. 1985; Townsend 
et al. 1986) extends the range of candidate tumour specific antigens to 
intracellular mutant oncogene products. In this context, mutant ras and p53 
genes, whose protein products occur in sub-surface membrane and nuclear 
locations respectively, have been identified in colorectal adenocarcinomas 
(Vogelstein etal. 1988; Baker etal. 1989). Their protein products could 
therefore be the target of a T cell immune response. The identification of 
tumour specific antigens early in tumour progression, before the outgrowth of 
mutant tumour cells resistant to immune attack, is an important goal because 
tumour cells at this stage may be susceptible to immunotherapy.

Many different experimental strategies could be used to identify tumour 
specific antigens in human carcinoma cells. Perhaps the most direct would 
be to raise cytotoxic T cell clones from the peripheral blood or tumour 
infiltrating lymphocytes of a carcinoma patient, that specifically recognise 
autologous tumour. The search for tumour specific antigens is likely to be 
most fruitful in carcinoma cell lines whose loss of immunoregulatory 
molecules, such as HLA-A,B,C antigens, suggests that immunoselection has 
been operative during their development. The characterisation of oncogene 
mutations in such carcinoma cell lines (for example, in ras and p53 genes) 
would identify candidate tumour specific antigens. Culturing the patient's T 
cells in the presence of peptides corresponding to oncogene mutations 
present in the autologous carcinoma cells would favour the outgrowth of T
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cell clones recognising the mutant oncogene products. Such T cell clones 
could be assayed by their ability to lyse autologous tumour cells and 
autologous non-tumour cells preincubated with the mutant oncogene peptide.

Progress towards the identification of human tumour antigens has 
already been made. For example, HLA-A2 restricted cytotoxic T cell clones 
have been raised that recognise autologous but not allogeneic melanoma 
cells (Knuth etal. 1989; Wolfel etal. 1989). The genes encoding these 
tumour antigens could be identified by a well-established technique (Lurquin 
etal. 1989) involving the tumour antigen specific lysis by cytolytic T cell 
clones of a P815 murine mastocytoma cell line variant co-expressing, 
following transfection procedures, HLA-A2 and tumour antigens. The 
identification of oncogene products as tumour specific antigens would be of 
great importance because it would provide a rational basis for both 
immunotherapy against established tumours, and for vaccination to prevent 
cancer. Thus, it is possible that immunisation with short peptides containing 
the common amino acid substitutions present in mutant oncogene products 
might either prevent the formation of tumours or retard their progress.
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SU M M A R Y
i

The immunohistochemical detection of C D lc antigen is described in mantle zone B-cells of the tonsil, lymph node, 
and spleen, and also in the marginal zone B-cells of the spleen. C D lc expression was observed in most cases of 
low-grade, but in only a single case of high-grade, B-cell non-Hodgkiri’s lymphoma. It  was not detected in germinal 
centre cells, nor in Epstein-Barr virus-transformed or Burkitt’s lymphoma B-cell lines. This distribution suggests that 
C D lc expression may occur preferentially in slowly proliferating B-ceJl populations and does not support previous 
suggestions that C D lc is a human equivalent of the mouse thymus leukaemia antigens.

k e y w o r d s — CD1 antigens, B-lymphocytes, B-cell non-Hodgkin’s lymphoma.

IN TR O D U C TIO N

CD1 (Thy,gp45,12) antigens are membrane 
glycoproteins expressed by cortical thymocytes, 
Langerhans cells, and some T-cell malignancies.1,2 
Their structure is that of a heavy chain which is 
non-covalently bound to the light chain, p2- 
microglobulin. Three different CD1 molecules—  
CD la, b, and c—have been identified by their 
reactivity with different monoclonal antibodies 
(mAbs) and by the differing molecular weights of 
their heavy chain: CD la, 49 000 Da; CD lb, 
45 000 Da; C D lc, 43 000 Da.3

In having a heavy chain with a molecular weight 
of approximately 45 000 Da and in their association 
with /?2-microglobulin, CD1 antigens share struc
tural features with HLA-A,B,C antigens. Murine 
thymus leukaemia (TL) antigens also possess these 
biochemical characteristics and, in addition, have a 
similar tissue distribution to CD1 antigens. The 
genes encoding TL antigens map to the murine 
major histocompatibility complex (M H C ) on chro
mosome 17. The similarities between CD1 and TL
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antigens have led to the suggestion that they are 
equivalent molecules in human and mouse. How
ever, the genes coding for CD la, b, and c antigens 
have, recently been mapped to chromosome 1 (and 
so are outside the human M H C  which is on chromo
some 6) and have been shown to have only low levels 
of nucleotide sequence homology with murine H-2 
and TL  genes.4, CD1 antigens, therefore, appear 
not to be human TL equivalents.

Two recent studies, reported while this work was 
in progress, have identified CD lc antigen on normal 
B-lymphocytes of blood, tonsil, and spleen.6,7 The 
present immunohistochemical study extends pre
vious observations on the tissue' distribution 
of CDlc-positive cells in lymphoid tissue and 
reports their occurrence in B-cell non-Hodgkin’s 
lymphoma. The relevance of the results to the 
relationship between CD1 and TL molecules is 
discussed.

M ATERIALS A N D  METHODS
i

Tissues

The following tissues were studied: thymus from 
three paediatric patients undergoing cardiovascular
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Table I—Monoclonal and polyclonal antibodies

Antibody C D  number Specificity D ilutions Source/reference

N A l/3 4 C D la T-cell subset 1:1000 and 1:100 Sera L ab/11
OKT6 C D la T-cell subset 1:100* and 1:10 O rtho/12
4A7-6 C D lb T-cell subset 1:200 and 1:20 C. M awas/13
M241 C D lc T-cell and B-cell subsets 1:50 and 1:5 W. F. Bodmer, ICRF/14
UCHT1 CD3 T-cells Undiluted P. C. L. Beverley, ICRF/3
UCHT2 CD5 T-cells and B-cell subset Undiluted P. C. L. Beverley, ICRF/3
T1 CD5 T-cells and B-cell subset 1:20 C oulter/15
J5 CD10 B-cell subset 1:200 Coulter/16
3-9 C D llc M onocytes and macrophages 1:10 N . H ogg, ICRF/17
T o l5 CD22 B-cells 1:5 Dakopatts/16
W 6/32 H LA -A ,B,C 1:500 and 1:50 W. F. Bodmer, ICRF/18
Ki-67 Proliferating cells 1:30 Dakopatts/19
Rabbit anti-IgM IgM heavy chain 1:1000 Dakopatts
Rabbit anti-IgD IgD  heavy chain 1:1000 Dakopatts
Rabbit anti-kappa Kappa light chain 1:1000 Dakopatts
Rabbit anti-lambda Lambda light chain 1:1000 Dakopatts

surgery; tonsil from three patients undergoing 
tonsillectomy for chronic lymphoid hyperplasia; 
lymph node from two patients who had had block 
resections of neck performed for malignancy; and 
tissue from a spleen removed for investigation of 
splenomegaly, but which appeared histologically 
normal. No neoplastic tissue was identified in any of 
these specimens. Twenty-one biopsies of non- 
Hodgkin’s lymphoma (NHL) were kindly donated 
by the Histopathology Departments of University 
College and St. Bartholomew’s Hospitals. Apart 
from one primary gastric lymphoma (PGL),8 the 
lymphomas were classified according to the Kiel 
system.9 Biopsies had been snap-frozen in liquid 
nitrogen or liquid-nitrogen-cooled isopentane and 
stored in liquid nitrogen.

Cells
Cytospins containing approximately 5 x 104 cells 

per slide were prepared from the peripheral blood 
monocytes of two individuals, from eight B-cell 
lines, and from one T-cell line. Processing of the 
cytospins was identical to that used for frozen sec
tions. Mann, Preiss, Maja, MST, Dol NF, WT18, 
and Bristol 8 are Epstein-Barr virus-transformed 
lymphoblastoid B-cell lines. The Bristol 8 cell line 
was transformed by and obtained from Searle 
Laboratories and the other six lines were trans
formed in the author’s (W.F.B.) laboratory. Daudi 
is a B-cell line grown from a Burkitt’s lymphoma 
(G. Klein, Karolinska Institute, Sweden) and 
MOLT-4 is a T-cell line grown from a T-cell acute 
lymphocytic leukaemia (G.E. Moore, Buffalo).

Monocytes were isolated on microexudate-coated 
Petri dishes from Ficoll-Hypaque separated peri
pheral blood mononuclear cells as described by 
Ackerman and Douglas.10 Between 500 and 1000 
cells were assessed in each cytospin preparation to 
quantitate the proportion of antigen-positive cells.

Antibodies

Table I  lists the monoclonal and polyclonal anti
bodies used as primary reagents in the study. Anti
body dilutions used (Table I) were those that gave 
maximal staining in either tonsil or thymus control 
sections, but, in addition, antibody concentrations 
ten times these values were employed to demon
strate HLA-A,B,C and CD1 antigens in order to 
ensure that the immunohistochemical methods 
employed worked at their maximum sensitivities. 
However, no additional staining was observed at 
these higher antibody concentrations.

Antibody M241 was bio tiny lated according to 
the method outlined by Janossy et a/.20 In brief, 1 ml 
of purified M241 at a concentration of 1 mg/ml and 
a pH of 8-6 was mixed with 60 ju\ of A-hydroxy- 
succinimidobiotin (Sigma) dissolved in dimethylsul- 
phoxide at a concentration of 1 mg/ml. After 4 h 
incubation at room temperature, the mixture was 
dialysed against phosphate-buffered saline (PBS), 
pH 7 0, overnight.

Immunohistocheniistry

Seven-^m cryostat sections of frozen tissue were 
fixed for 5 min in chloroform and acetone
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(1:1), briefly immersed in acetone, and then re- 
hydrated in PBS before undergoing one of the 
immunohistochemical methods outlined below.

The avidin-biotin complex (ABC) method was 
used for most of the immunohistochemical staining. 
Exceptions are listed below. Incubation with the 
primary mAb (60 min) was followed sequentially by 
biotinylated rabbit anti-mouse immunoglobulins 
(Dakopatts; 1/300 for 30 min) in PBS containing 
1/25 normal human serum (NHS), and by pre
formed peroxidase-conjugated ABC (Dakopatts; 30 
min) made up according to the manufacturer’s 
instructions. The peroxidase was developed in a 
solution of 1 mg/ml 3,3'-diaminobenzidine (Sigma) 
containing 0-3 per cent hydrogen peroxide. Sections 
were washed in tap water for 10 min, counterstained 
in haematoxylin, dehydrated, cleared, and mounted 
in DPX (British Drug Houses Ltd).

An indirect immunoperoxidase technique was 
used for the demonstration of kappa and lambda 
light chains. It  was identical to the ABC method 
until the addition of the secondary reagent, 
peroxidase-conjugated swine anti-rabbit immuno
globulins (Dakopatts; 1/100 for 30 min) in PBS 
containing 1/25 NHS.

An alkaline phosphatase anti-alkaline phospha
tase (APAAP) technique was used for cytospin 
preparations and for demonstration of C D lc anti
gen mAb M241 in spleen. Again, the method was 
identical to the ABC method until the addition of 
the secondary reagent, rabbit anti-mouse immuno
globulins (Dakopatts; 1 /25 for 60 min) in PBS con
taining 1/25 NHS. This was followed by APAAP 
complexes (Dakopatts; 1 /25 for 60 min) in PBS. The 
alkaline phosphatase was developed in a mixture of 
0*5 mg/ml naphthol AS-BI phosphate (Sigma) and 
0*5 mg/ml fast red TR  salt (Raymond A. Lamb, 
General Laboratory Supplies) dissolved in veronal 
acetate buffer, pH 9-2, and containing 0-25 mg/ml of 
levamisole (Sigma) to inhibit endogenous alkaline 
phosphatase activity. Sections were washed in 
distilled water, counterstained in haematoxylin, and 
mounted in gelvatol (Monsanto).

An indirect alkaline phosphatase technique was 
used for the demonstration of IgM  and IgD in con
secutive sections of spleen. The secondary reagent 
was alkaline phosphatase-conjugated goat anti
rabbit immunoglobulin F(ab')2 fragments (Sigma; 
1/25 for 60 min) in PBS.

Each of the antibody incubations in the above 
methods was followed by two 10-min washes in 
PBS. The alkaline phosphatase techniques were 
employed on cytospins of B- and T-cell lines and

consecutive sections of spleen to remove traces of 
background staining that accompanied immuno
peroxidase staining of these preparations. In our 
experience, the APAAP and ABC techniques are of 
similar sensitivity.

Double staining

A brown immunoperoxidase/blue alkaline phos
phatase method was employed on two of the tonsil 
biopsies to visualize two antigens within single cells 
simultaneously.21 Each of the following steps was 
separated by two 5-min washes in PBS: incubation 
with unbiotinylated mAb (UCHT1 or To 15) for 
60 min; incubation with alkaline phosphatase- 
conjugated rabbit anti-mouse F(ab')2 fragments 
(Sigma) for 60 min; incubation with biotinylated 
purified M241 diluted 1/75 for 60 min; development 
of peroxidase enzymes as described above; and 
development of a blue alkaline phosphatase reac
tion with naphthol AS phosphate (Sigma) and fast 
blue BB salt (Sigma) as described by Mason and 
Sammons.21 Sections were washed in distilled water 
and mounted in gelvatol.

Q uantitation

CD1 and Ki-67 positivity within the lymphomas 
was quantitated by using a graticule to count the 
percentage of positive cells within at least three 
high-power ( x 630) fields and assessing at least 1500 
cells in each preparation. The fields were selected at 
random with the exception of case 3 (Table II) , a 
M L lymphocytic in which proliferation centres were 
assessed separately from the rest of the tumour, and 
cases 9, 10, and 11, follicular centroblastic/ 
centrocytic lymphomas, where in each case a single 
representative neoplastic follicle was assessed.

Statistica l methods

The relationship between lymphoma C D lc posit
ivity (> 2  per cent of cells positive) and low- or 
high-grade type was analysed using Fisher’s exact 
probability test. The Wilcoxan rank two-sample test 
was applied to assess the significance of any differ
ence in the proliferative activities (percentage of 
Ki-67 positive cells) of low- and high-grade groups, 
and the Pearson’s correlation was used to determine 
the presence of any correlation between the per
centages of C D lc and Ki-67 positive cells within 
lymphomas.
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Table II—CD1 antigen status, proliferation status, and phenotype of non-Hodgkin’s lymphomas

Case No.
Lymphoma

subtype*
C D la

(NA1/34)

CD1 antigen 
C D la 

(OKT6)

statusf
CD Ib

(4A7-6)
CD lc

(M241)

Proliferation
statusf
(Ki-67)

CD22
(Tol5)

CD3
(UCHT1)

Tumour phenotype J 
CD5 CD5 

(UCHT2) (Tl)
CD10

(J5)
HL-A,B,C
(W6/32)

Low-grade N H L
1 MLL 0 ND ND 6 ND + — + ND — +
2 MLL 0 0 0 3 4 + - + + - +
3 M LLp 0 0 0 71 15 + - + + - +

MLL non-p 0 0 0 6 6
4 MLLP 0 0 0 79 6 + - + + - +
5 MLLP 0 0 0 77 7 + - + + - +
6 MLCC 0 0 0 34 4 + - + + - +
7 MLCC 0 0 0 81 3 + - + + - +
8 MLCC 0 0 0 63 4 + - + ND - +
9 MLCB/CC-F 0 0 0 79 15 + - - - + +

10 MLCB/CC-F 0 0 0 25 23 + - - - + +
11 MLCB/CC-F 0 0 0 0 ND + - - - - +
12 MLCB/CC-D 0 0 0 0 18 + - - - + +
13 PGL 0 0 0 69 1 + - - - - +

High-grade NHL
14 MLLB 0 0 0 0 61 + - - ND + +
15 MLLB 0 ND ND 0 ND + - - ND + +
16 MLCB 0 0 0 0 49 + - - - + +
17 MLCB 0 0 0 0 32 + - - - - +
18 MLCB 0 ND ND 0 ND + - - - - +
19 MLIB 0 0 0 0 30 + - - - - +
20 MLIB 0 0 0 65 56 + - - - - +
21 MLIB 0 0 0 0 43 + — — — — +

*MLL =  Malignant lymphoma lymphocytic; MLL p =  proliferation centre of MLL; MLL non-p =  non-proliferation centre area of MLL; M LLP=malignant lymphoma 
lymphoplasmacytoid; MLCC =  malignant lymphoma centrocytic; M LCB/CC=malignant lymphoma centroblastic/centrocytic; F =  follicular; D=diffuse; PGL = primary 
gastric lymphoma; MLLB =  malignant lymphoma lymphoblastic; M LCB= malignant lymphoma centroblastic; MLIB =  malignant lymphoma immunoblastic.

|=Percentage of cells positive. Non-tumour macrophage-like cells staining with NA1 /34 and 4A7-6 in cases 12,19,20 and 21 were not quantitated.
J — =  Tumour cells negative; +  =  tumour cells positive.
ND = Not done.

RESULTS

Lymphoid tissues

In the sections of thymus, all three CD1 molecules 
were strongly expressed by the majority of cells in 
the cortex, but only by a very small proportion of 
medullary cells, some of which had a lymphoid and 
others a dendritic morphology. This distribution is 
similar to that previously described.1

In the sections of tonsil and reactive lymph node, 
CD 1 a, b, and c molecules were strongly expressed in 
the cytoplasm of sporadic large dendritic cells pres
ent in interfollicular areas. These cells are probably 
of Langerhans cell type. CDlc (but not CDla or b) 
antigen was also present on the majority of mantle 
zone lymphocytes of all secondary lymphoid fol
licles (Fig. 1) and in small numbers of lymphocytes 
in interfollicular areas. Within germinal centres, no 
germinal centre cells expressed CD1 antigens, but a 
very minor population of CDlc-expressing cells 
(between 0 and 6 cells per germinal centre) with a 
small lymphocyte morphology was present. All 
three CD1 molecules were identified in the cyto
plasm of scattered dendritic cells within the tonsillar

surface and crypt squamous epithelia. Double stain
ing of tonsil demonstrated that the CDlc-positive 
mantle zone cells also expressed the B-cell antigen 
CD22 but not the T-cell antigen CD3. No CDlc 
positive/CD3 positive cells were identified.

Both splenic marginal zone and mantle zone 
B-lymphocytes (identified by staining consecutive 
sections with antibodies to IgM and IgD22) strongly 
expressed CDlc antigen (Fig. 2) but did not express 
CDla or b antigens. Splenic T-cell areas (identified 
on a consecutive section with mAb UCHT1) did not 
express CD1 antigens.

B-Cell non-Hodgkin’s lymphoma

Table I I  records the CD1 status, proliferative ac
tivity, and tumour phenotype of 21 non-Hodgkin’s 
lymphomas, all of which were assigned to the B-cell 
lineage by the expression of the B-cell marker, CD22 
antigen. Thirteen of the lymphomas were of low- 
grade (cases 1-13, Table II)  and eight (cases 14-21) 
of high-grade type. A CDlc-positive tumour cell 
population (> 2  per cent of cells) was significantly 
more CQmmon in low-grade than in high-grade lym
phomas (Fisher’s exact probability test, R = 0-003),
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Fig. 1—Tonsil stained by mAb M241. Strong C D lc expression is present on the majority of mantle zone lymphocytes (MT) and 
not in the germinal centre (GC). (Immunoperoxidase)

Fig. 2—Consecutive sections of spleen stained by anti-IgM (2a), anti-IgD (2b) and mAb M241 (2c). Marginal zone (MZ) cells 
express IgM and C D lc antigen strongly and IgD very weakly whilst mantle zone B-cells (MT) express IgM and IgD strongly but 
C D lc antigen weakly. (2a and 2b indirect immunoalkaline phosphatase, 2c APAAP)

being present in 11 o f  13 low-grade but only in 1 of 8 
high-grade lymphomas.

CDlc-positive cells were identified in all lympho
mas. In cases tabulated as 0 in Table II, they 
amounted to less than 0-5 per cent of  cells and had a 
small lymphocyte morphology that clearly con
trasted with the morphology of the tum our cells. 
These were probably reactive B-lymphocytes.

Nine of 13 low-grade lymphomas contained a 
CDlc-positive cell population that amounted to 25

per cent or more of all cells present. In these cases, 
the CD 1 c positive cells had morphologies consistent 
with them being tum our cells. CDlc-positive cells 
were predominant in six low-grade lymphomas 
(both cases of  M LLP, two cases o f  M LCC, one case 
of M LCB/CC-F, and the single case of PGL; Fig. 3). 
In an example o f  M LL (case 3), CDlc-positive cells 
were predominant within extensive proliferation 
centres. In the areas outside the proliferation centres 
o f  case 3 and also in the other two examples o f  MLL,



174 M. E. F. SMITH ETAL.

which lacked proliferation centres, C D  1 c expressing 
cells were rare (6, 6. and 3 per cent o f  cells, respect
ively). Because they m orphologically resembled 
prolymphocytes, it is likely, however, tha t  even 
these rare C D lc-positive  cells were tum our  cells.

Fig. 3— Case 13 (PGL) stained by mAh M241. Note strong 
expression of C D lc antigen by the majority of centrocyte-like 
cells. (Immunoperoxidase)

Three examples o f  M L C B /C C -F  (cases 9, 10 and 
11) were studied. The proportions  o f  CD lc-positive  
cells in these cases recorded in Table II refer to the 
neoplastic follicles and not to their surrounding 
mantles, which were shown to be populated  by n o n 
neoplastic cells by their lack o f  light chain restric
tion. In all three cases, the mantles o f  the neoplastic 
follicles contained a large p roportion  o f  C D lc -  
positive lymphoid cells similar to the mantles 
surrounding reactive germinal centres. In case 
11, the neoplastic follicles lacked C D lc-positive  
tum our  cells. In contrast, the neoplastic follicles o f  
cases 9 and 10 were C D  1 c-positive but in both cases 
the intensity o f  staining varied greatly between dif
ferent follicles. Staining o f  consecutive sections with 
m A b Ki-67 dem onstrated  an inverse relationship 
between the intensity o f  C D lc  expression by a fol
licle and  the num ber o f  proliferating cells (Fig. 4). In 
case 10, a minority o f  neoplastic follicles also

showed m arked heterogeneity o f  C D lc  expression 
within single follicles. These neoplastic follicles had 
a central area strongly expressing C D lc ,  a more 
peripheral area lacking C D lc  and, beyond this, a 
strongly C D lc-expressing  reactive mantle. Study of 
the next consecutive section stained with m A b Ki-67 
showed that virtually all proliferating cells within 
these neoplastic follicles were confined to the 
C D lc-negative  outer rim.

C D  1 c tu m o u r  cell expression was seen in only one 
o f  eight high-grade lym phom as (case 20, MLIB).

The proliferative activity in a tum our, as assessed 
by the percentage o f  Ki-67 positive cells, was avail
able for 17 o f  the 21 lym phom as (Table II). The 
proliferative activity o f  the high-grade lymphom as 
was significantly higher than that o f  the low-grade 
lym phom as (Wilcoxan rank two-sample test, 
W =  66 giving /> =  0-001). In case 3, a M LL with 
proliferation centres that occupied approximately 
one-third o f  the area o f  the tum our, 15 per cent of 
cells within the centres, but only 6 per cent o f  cells 
from an area outside the proliferation centres, were 
proliferating. Thus, in this case at least, p ro 
liferation centres were indeed areas o f  increased 
cellular proliferation though they showed much 
less proliferative activity than the high-grade 
lymphomas.

There was an indication o f  a negative correlation 
between C D lc  expression and proliferative activity 
as measured by the p roportion  o f  Ki-67 positive 
cells ( /17 =  2-23 giving / 5 =  0 05).

N o  C D l a  or C D  lb  positivity was seen on the 
tum our  cells o f  any o f  the lymphomas. However, in 
cases 12, 19, 20 and 21, cells with a m acrophage 
m orphology stained with m Abs N A 1/34 (recog
nizes C D la ) ,  4A7-6 (C D lb ) ,  T l  (CD5), and J5 
(CD 10). All these antibodies are o f  IgG2a subtype. 
Antibodies o f  this subtype have a much higher 
affinity for hum an  Fc receptors than those o f  IgGl 
subtype.23 The absence o f  any staining by the IgGl 
m Ab, O K T 6 (C D la ) ,  suggests that the NA1/34 
reactivity may have been caused by interactions 
with m acrophage Fc receptors. It is possible that the 
m acrophage reactivity with m Abs 4A7-6, T l ,  and J5 
may have a similar basis.

Peripheral blood monocytes and cell lines

In m onocyte sample one 98-9 percen t o f  cells, and 
in sample two 88-7 per cent o f  cells, expressed the 
pan-m acrophage antigen detected by m A b 3-9. 
Cells not expressing this antigen had the m or
phology o f  lymphocytes. In sample one, 3-7 per cent
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Fig. 4—Case 10 (ML CB/CC-F) stained by mAbs M241 (a) and Ki-67 (b). The neoplastic follicle 1 strongly 
expressing C D lc antigen contains few Ki-67 positive proliferating cells (these have intensely stained nuclei). 
Conversely, follicle 2 weakly expresses C D lc and contains abundant Ki-67 positive proliferating cells. 
(Immunoperoxidase)

of cells expressed C D lc  antigen but no C D la  or 
C D  1 b antigens were present. In sample two, 1 -4 per 
cent of  cells expressed CD  1 c and, again, no C D  1 a or 
C D  lb  expression was seen. The C D lc  expressing 
cells from both samples had typical monocyte m or
phology. Thus, it is likely that a small percentage of 
monocytes express C D lc .

None o f  the CD1 antigens were present on any of 
the B-cell lines examined. In the M OLT-4 T-cell 
line, 83 percen t o f  cells were C D la  antigen positive 
(using NA1/34), 95 per cent were C D  lb  antigen 
positive, and 98 per cent were C D lc  antigen 
positive.

DISCUSSIO N

We have demonstrated the presence of  the C D lc  
antigen on normal and neoplastic B-cells as shown 
by their reactivity with mAb M 241. Recently, Small 
et al.6 have reported the expression o f  C D lc ,  
detected by flow cytometric and biochemical tech
niques, on B-lymphocytes of normal and immune 
deficient people, and Cattoretti et a l.7 have reported 
the immunohistochemical localization o f  C D lc  to

mantle zone cells o f  tonsil and spleen. The present 
study extends previous observations on the tissue 
distribution of C D lc  antigen and reports C D lc  
expression by neoplastic B-cells. In marked contrast 
to the findings o f  Cattoretti et a l . 7 we did not 
detect C D la  or C D  lb antigens on lymphocyte 
populations of  peripheral lymphoid tissue.

The distribution o f  C D lc  antigen in normal and 
malignant tissues as presented in this study suggests 
that it is expressed preferentially in B-cell popu
lations that proliferate slowly. Thus, the rapidly 
proliferating germinal centre cells were C D lc-  
negative while the more slowly proliferating cells of 
the mantle zone and splenic marginal zone were 
CDlc-positive. Also, in B-cell N H L  C D lc  tum our 
cell expression was significantly associated with a 
low-grade lymphoma type. Flow cytometric s tud
ies24 and staining with mAb Ki-67"5 both indicate 
that low-grade N H L  has a lower proliferative rate 
than high-grade N H L  and our own data confirm 
that this was the case in our series. The absence of 
C D lc  antigen from germinal centres, but its pres
ence in some cases o f  M LC B /C C -F (the neoplastic 
counterpart of  a germinal centre), may be caused by
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the generally higher proliferative activity of germi
nal centres. In two examples of MLCB/CC, the 
intensity of CDlc expression within follicles was 
inversely related to the number of proliferating cells. 
No CD lc expression was detected in any of the eight 
B-cell lines studied, the cells of which are morpho
logically similar to high-grade lymphomas and have 
very high mitotic counts.

In contrast to the above, the increased CDlc 
expression in the proliferation centres of case 3 
(M LL) may result from a direct relationship 
between the degree of proliferation and CDlc 
expression. Another interpretation, however, 
would emphasize that even the CDlc expressing 
proliferation centres of case 3 are only slowly 
proliferating (in comparison with high-grade 
lymphomas), and the absence of detectable CDlc 
expression from the vast majority of cells between 
proliferation centres (and indeed in the other two 
cases of M LL) implies that factors other than 
proliferation are operative in the expression of 
CDlc.

In the thymus, the degree of CD1 antigen expres
sion is inversely related to that of HLA-A,B,C 
antigen expression.27 No such relationship was 
observed in B-cell NHL, where all cases expressed 
HLA-A,B,C antigens (Table II).

Our results are relevant to two areas of 
lymphoma diagnosis. Firstly, the observation that 
reactive germinal centres are CDlc-negative while 
neoplastic follicles in follicular lymphoma are some
times CDlc-positive may prove to be of help in the 
sometimes difficult distinction between these two 
conditions. Secondly, it is important to note that 
CD 1 c expression in a lymphoma is not an indication 
of an immature T-cell phenotype. In this context, it 
is interesting to note that CDla antigen has recently 
been described in the B-cell neoplasia hairy cell 
leukaemia.28

Our results may have a bearing on the relation
ship between CDlc and murine TL antigens. TL 
antigens have not been detected on B-cells29 so the 
presence of CDlc in the mantle zones of lymph 
nodes and tonsil is further evidence against the two 
molecules being homologous. More likely animal 
equivalents of CDlc are the sheep antigen SBU-T630 
and the porcine antigen recognized by mAb 76-7-4,31 
both of which are present on thymocytes and B-cells.

ACKNOWLEDGEMENTS

We are grateful to Dr C. Mawas (INSERM, 
Marseilles), Dr P. Beverley (ICRF Human Tumour

Immunology Group, London), and Dr N. Hogg 
(ICRF Macrophage Laboratory, London) for the 
gift of monoclonal antibodies; to the Histo
pathology Departments of University College and 
St. Bartholomew’s Hospitals for making tissue 
available to us; to the ICRF Medical Statistics 
Laboratory for helping with the statistical analyses; 
and to Professor P. G. Isaacson for constructive 
comments on the manuscript.

REFERENCES

1. Bradstock KF, Janossy G, Pizzolo G., et al. 
Subpopulations of normal and leukemic human 
thymocytes: an analysis with the use of monoclonal * 
antibodies. J  Natl Cancer Inst 1980; 65:33-42.

2. Fithian E, Kung P, Goldstein G, Rubenfeld M,
Fenoglio C, Edelson R. Reactivity of Langerhans 
cells with hybridoma antibody. Proc Natl Acad Sci 
USA 1981; 78:2541-2544.

3. McMichael AJ, Gotch FM. T-cell antigens: new and 
previously defined clusters. In: McMichael AJ, ed. 
Leucocyte Typing I I I—White Cell Differentiation 
Antigens. Oxford: Oxford University Press, 1987;
31-61.

4. Martin LH, Calabi F, Lefebvre FA, Bilsland CAG,
Milstein C. Structure and expression of the human 
thymocyte antigens CDla, CD lb and CDlc. Proc 
Natl Acad Sci USA 1987; 84:9189-9193.

5. Calabi F, Milstein C. A novel family of human major 
histocompatibility complex-related genes not map
ping to chromosome 6. Nature 1986; 323:540-543.

6. Small TN, Knowles RW, Keever C, et al. M241 
(CD1) expression on B lymphocytes. J  Immunol 1987; 
138:2864-2868.

7. Cattoretti G, Berti E, Mancuso A, et al. An MHC  
class I related family of antigens with widespread 
distribution on resting and activated cells. In: 
McMichael AJ, ed. Leucocyte Typing I I I—White 
Cell Differentiation Antigens. Oxford: Oxford 
University Press, 1987; 89-91. ■>

8. Myhre MJ, Isaacson PG. Primary B-cell gastric 
lymphoma—a reassessment of its histogenesis. J  
Pathol \9%1 \ 152:1-11.

9. Lennert K. Malignant lymphomas other than ^
Hodgkin’s disease. Handbuch der speziellen patholo- 
gischen Anatomie und Histologie. Berlin: Springer- 
Verlag, 1978; 92.

10. Ackerman SK, Douglas SD. Purification of human 
monocytes on microexudate-coated surfaces. J  
Immunol 1978; 120:1372-1374.

11. McMichael AJ, Pilch JR, Galfre G, Mason DY,
Fabre JW, Milstein C. A human thymocyte antigen 
defined by a hybrid myeloma monoclonal antibody.
Eur J  Immunol 1979; 9 :205-210.



CDlc EXPRESSING B-CELLS 177

12. Reinherz EL, Kung PC, Goldstein G, Levey RH, 
Schlossman SF. Discrete stages of human intra- 
thymic differentiation: analysis of normal thymocytes 
and leukemic lymphoblasts of T-cell lineage. Proc 
Natl Acad Sci USA 1980; 77: 1588-1592.

13. Olive D, Dubreuil P, Mawas C. Two distinct TL-like 
molecular subsets defined by monoclonal antibodies 
on the surface of human thymocytes with different 
expression on leukemia lines. Immunogenetics 1984; 
20:253-264.

14. Knowles RW, Bodmer WF. A monoclonal antibody 
recognising a human thymus leukaemia-like antigen 
associated with |32-microglobulin. Eur J Immunol 
1982; 12:676-681.

15. Reinherz EL, Kung PC, Goldstein G, Schlossman 
SF. A monoclonal antibody with selective reactivity 
with functionally mature human thymocytes and all 
peripheral human T cells. J Immunol 1979; 123: 
1312-1317.

16. Ling NR, Maclennan ICM, Mason DY. B-cell anti
gens: new and previously defined clusters. In: 
McMichael AJ, ed. Leucocyte Typing III—White 
Cell Differentiation Antigens. Oxford: Oxford 
University Press, 1987; 302-335.

17. Hogg N, Takacs L, Palmer DG, Selvendran Y, Allen 
C. The pi 50,95 molecule is a marker of human mono
nuclear phagocytes: comparison with expression of 
class II molecules. Eur J Immunol 1986; 16:240-248.

18. Barnstable CJ, Bodmer WF, Brown G, et a l 
Production of monoclonal antibodies to group A 
erythrocytes, HLA and other human cell surface anti
gens—new tools for genetic analysis. Cell 1978; 14: 
9-20.

19. Gerdes J, Schwab U, Lemke H, Stein H. Production 
of a mouse monoclonal antibody reactive with a 
human nuclear antigen associated with cell prolifer
ation. Int J Cancer 1983; 31:13-20.

20. Janossy G, Bollum FJ, Campana D. Immunofluores
cence studies in leukaemia diagnosis. In: Beverley 
PCL, ed. Monoclonal Antibodies. London: Churchill 
Livingstone, 1986; 103-105.

21. Mason DY, Sammons R. Alkaline phosphatase and 
peroxidase for double immunoenzymatic labelling of 
cellular constituents. J Clin Pathol 1978; 31:454-460.

22. Stein H, Bonk A, Tolksdorf G, Lennert K, Rodt H, 
Gerdes J. Immunohistologic analysis of the organis
ation of normal lymphoid tissue and non-Hodgkin’s 
lymphomas. J Histochem Cytochem 1980; 28: 
746-760.

23. Lubek MD, Steplewski Z, Baglia F, Klein MH, 
Dorrington KJ, Koprowski H. The interaction of 
murine IgG subclass proteins with human monocyte 
Fc receptors. J Immunol 1985; 135:1299-1304.

24. Diamond LW, Nathwani BN, Rappaport H. Flow 
cytometry in the diagnosis and classification of 
malignant lymphoma and leukemia. Cancer 1982; 50: 
1122-1135.

25. Gerdes J, Dallenbach F, Lennert K. Growth fractions 
in malignant non-Hodgkin’s lymphomas (NHL) as 
determined in situ with the monoclonal antibody 
Ki-67. Hematol Oncol 1984; 2:365-371.

26. Wright DH, Isaacson PG. Biopsy Pathology of the 
Lymphoreticular System. London: Chapman & Hall, 
1983;173.

27. Bhan AK, Reinherz EL, Poppema S, McCluskey RT, 
Schlossman SF. Location of T cell and major histo
compatibility complex antigens in the human 
thymus. JExp Med 1980; 152:771-782.

28. De Panfilis G, Manara GC, Ferrari C, Torresani C, 
Sansoni P. Hairy cell leukemia cells express CDla 
antigen. Cancer 1988; 61:52-57.

29. Old LJ, Boyse EA, Stockert E. Antigenic properties 
of experimental leukemias. I. Serological studies in 
vitro with spontaneous and radiation-induced leuke
mias. J Natl Cancer Inst 1963; 31:977-986.

30. Mackay CR, Maddox JF, Gogolin-Ewens KJ, 
Brandon MR. Characterization of two sheep 
lymphocyte differentiation antigens, SBU-T1 and 
SBU-T6. Immunology 1985; 55:729-737.

31. Prescovitz MD, Lunney JK, Sachs DH. Preparation 
and characterisation of monoclonal antibodies reac
tive with porcine PBL. J Immunol 1984; 133:368-375.



rroc. Natl. Acad. bet. UoA 
Vol. 86, pp. 5557-5561, July 1989 
Immunology

Loss of HLA-A,B,C allele products and lymphocyte 
function-associated antigen 3 in colorectal neoplasia

(major histocompatibility antigens/colorectal adenoma/colorectal adenocarcinoma/immunohistochemistry)

M a r k  E. F. S m i t h *^, S t e v e n  G . E. M a r s h *, Ju l i a  G . B o d m e r *, K e it h  G e l s t h o r p e *, 
a n d  W a l t e r  F. B o d m e r *

♦Imperial Cancer Research Fund, 44 Lincoln’s Inn Fields, London WC2A 3PX, United Kingdom; and ^National Blood Transfusion Service, Longley Lane, 
Sheffield S5 7JN, United Kingdom

Contributed by Walter F. Bodmer, April 17, 1989

ABSTRACT The expression of HLA-A,B,C antigens and 
lymphocyte function-associated antigen 3 in human colorectal 
adenomas and adenocarcinomas was studied by immunohis- 
tochemistry. None of 10 adenomas and only 1 of 30 carcinomas 
had lost expression of all HLA-A,B,C molecules. On the other 
hand, focal loss of an HLA-B product was seen in 2 of the 
adenomas, and complete losses of tumor cell HLA-A2 (in 7 of 
13 cases), HLA-Bw4 (in 4 of 13 cases), and HLA-A3 (in 1 of 6 
cases) were seen in the carcinomas. No complete losses of 
HLA-A1 (in 6 cases) or HLA-Bw6 (in 22 cases) occurred in the 
carcinomas. In addition, 1 of 20 adenocarcinomas totally 
lacked lymphocyte function-associated antigen 3. Because a 
loss of tumor cell HLA-A,B,C antigen or lymphocyte function- 
associated antigen 3 could be selected for through an advantage 
in escape from cytotoxic T-lymphocyte attack, our results 
suggest that immunoselection may be a more important mech
anism in tumor progression than has previously been assumed.

HLA-A,B,C molecules are membrane glycoproteins com
posed of a heavy chain, encoded at one of three highly 
polymorphic loci (A, B, and C) in the major histocompati
bility (HLA) region of chromosome 6, and a light chain, 
/32-microglobulin (/32m), whose association with the heavy 
chain is required for functional surface membrane expression 
of the complete product. These molecules control the rec
ognition of antigen by cytotoxic T lymphocytes, different 
allele products varying in their ability to present alternative 
antigen epitopes (1, 2). The antigen specificity of target-cell 
killing by cytotoxic T lymphocytes is thought to be mediated 
by the binding of the T-cell antigen receptor to processed 
antigen complexed with target-cell HLA-A,B,C molecules. 
T-lymphocyte killing of target cells also requires lymphocyte 
CD2 antigen to bind target-cell lymphocyte function-associ
ated antigen 3 (LFA-3) (3,4). This receptor-ligand interaction 
increases the adhesion between cells in a non-antigen-spe- 
cific manner.

The observation that some tumor-derived cell lines lack 
surface expression of HLA-A,B,C molecules (5-7) led to the 
suggestion that tumors expressing tumor-specific antigens 
could escape from T-cell immune attack through the selective 
outgrowth of HLA-A,B,C loss variants. This idea has sub
sequently been supported by many examples of loss of 
HLA-A,B,C expression from tumors, by using immunohis
tochemical techniques (for review, see ref. 8). Approximately 
10% of colorectal adenocarcinomas completely lack expres
sion of HLA-A,B,C antigens (refs. 8 and 9 and P. Richman 
and W.F.B., unpublished data), which are consistently 
strongly expressed in normal colorectal epithelium. The loss 
of some HLA-A,B,C allele products with the retention of
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others within single colorectal adenocarcinomas has been 
described (10-12), and this selective loss of allele products is 
also most probably important in escape from tumor immu
nity. This is also likely to be the case for a loss of tumor-cell 
LFA-3.

This study investigates the expression of HLA-A,B,C 
allele products and LFA-3 in a series of 10 colorectal ade
nomas and 30 adenocarcinomas, extending the results of a 
preliminary communication (10).

MATERIALS AND METHODS
Tissues. Samples from 10 colonic adenomas (cases 1-10, 

Table 1) and 30 colonic adenocarcinomas (cases 11-40) from 
a total of 40 patients were kindly supplied by the Imperial 
Cancer Research Fund Colorectal Unit and Pathology De
partment, Saint Mark’s Hospital, London. Nine of the ade
nomas (cases 1-9) arose in patients suffering from familial 
adenomatous polyposis. All 9 measured 1 cm or less in 
maximum diameter and were of tubular histology. One ade
noma (case 10) was solitary, of tubulo-villous histology and 
measured 6.5 cm in maximum diameter. One adenocarci
noma (case 12) arose in a patient with ulcerative colitis. 
Non-neoplastic colonic epithelium was present in the same 
tissue block as 4 adenocarcinomas and histologically normal 
colonic mucosa was also separately sampled in 7 adenomas 
and 15 adenocarcinomas. In adenocarcinoma patients, the 
sample of normal colon was taken approximately 10 cm from 
the edge of the tumor. Tissues were snap frozen in liquid 
nitrogen-cooled isopentane and subsequently stored under 
liquid nitrogen.

Monoclonal Antibodies (mAbs) and HLA Determinants. The 
mAbs, used as primary reagents in the form of tissue culture 
supernatants, and their specificities are as follows: BBM.l 
detects /32m (13); HC-10 detects HLA-A,B,C free heavy chain 
with a preference for HLA-B products (14); PA2.6 and W6/32 
detect all /32m-associated HLA-A,B,C antigens (6,15); 142.2 
detects HLA-A1 and Aw36 (S.G.E.M., unpublished data); 
MA2.1 detects HLA-A2 and B17 (16); BB7.2 detects HLA-A2 
and Aw69 (6); GAP A3 and 129.2.47 detect HLA-A3 (ref. 17 
and K.G., unpublished data); 116.5.28 detects HLA-Bw4 
(K.G., unpublished data); 126.39 detects HLA-Bw6 (K.G., 
unpublished data); RR1/1 detects intercellular adhesion mol
ecule 1 (ICAM-1) (18); and TS2/9 detects LFA-3 (19). The 
mAbs were used at concentrations, ranging from undiluted to 
diluted 1:5 in phosphate-buffered saline (PBS; 0.145 M NaCl/ 
2.5 mM NaH2P04-2H20/7.5 mM Na2HP04, pH 7.2) for dif
ferent antibodies, derived from titration studies performed on 
cryostat sections of tonsil and thymus. The immunohis
tochemical specificity of the mAbs directed against HLA-

Abbreviations: /32m, /32-microglobulin; LFA-3, lymphocyte function- 
associated antigen 3; mAb, monoclonal antibody; ICAM-1, intercel
lular adhesion molecule 1. 
tTo whom reprint requests should be addressed.
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Table 1. HLA-A,B,C antigen expression in immunohistochemical sections of colorectal tumors

Tumor 
(case number)

/32m-associated 
heavy chain 

(BBM.1/PA2.6/W6/32)

Free heavy 
chain 

(HC-10)
Al/Aw36

(142.2)
A2/B17
(MA2.1)

A2/Aw69
(BB7.2)

A3 
(GAP A 3/ 
129.2.47)

Bw4
(116.5.28)

Bw6
(126.39)

Adenomas
1 4 4 4 4 4
2 4 4 - 4 3 - 3 -

3 4 4 - 4 4 - - 4
4 4 4 - - - - 4 4
5 4 4 - 4 4 - - 4
6 4 4 — — — — — 4
7 4 4 - 4 4 - - 4
8 4 4 - 4 4 - - 4
9 4 4 — — — — — 4

10 4 4 - 3 - - 4
Adenocarcinomas

11 0* 3 _ 0 0 0
12 4* 1 0 2 - - 0 3
13 A * 2 - - - 0 - 4
14 4 4 - 0 0 - 4 4
15 4 4 - 0 0 - 0 4
16 4 4 4 0 0 - 0 4
17 4 4 2 - - 4 3 4
18 4 4 4 - - - 4
19 4 4 - 0 0 - - 4
20 4 - - - - - 4
21 4 4 - - - - - 2
22 4 4 - 4 2 3 - 4
23 4 4 3 - - - 4 4
24 4 4 - 0 0 - 0
25 4 4 - - - - - 4
26 4 4 - - - - - 4
27 4 4 - 0 0 - 0 4
28 4 4 - 4 4 4 - 4
29 4 4 - 4 4 - 4 4
30 4 4 - 0 0 - 4
31 4 4 2 - - - - 4
32 4 4 - - - - 4
33 4 4 - 4 4 - - 4
34 4 4 - 4 4 - - 3
35 4 4 - - - 0 3 3
36 4 1 4 4 - - 3
37 4 4 - - - 4 - 4
38 4 4 - - - - - 4
39 4 4 - - - 4 - 4
40 4t 3 - 4 4 - - 3

Immunohistochemical sections were assessed semi-quantitatively as follows: no tumor cell staining; 0, stromal staining present, but with
no tumor cell staining; grades 1 ,2 ,3 , and 4, stromal and tumor cell staining present. Grades: 1, <10%; 2, >10% but <50%; 3, >50% but <95%; 
and 4, >95% of tumor cells stain positively.
*mAbs BBM .l, PA2.6, and W6/32 detected either no or only very weak expression of tumor HLA-A,B,C antigens. The data on allele product 
expression in these cases are, therefore, not analyzed in the text.

tHLA-A,B,C antigens were in all tumor cells of case 40 but staining intensity was very variable between different parts of the tumor.

A,B,C allele products was demonstrated by their reactivity on 
tumor stroma in a series of 12 breast carcinomas that had been 
HLA-typed (J.G.B., unpublished data) by standard tech
niques (20) using peripheral blood. Though HLA-A23 and 
HLA-A24 carry the HLA-Bw4 determinant (21), mAb
116.5.28 did not detect an A24 antigen in an immunohis
tochemical section of an A24-positive individual.

Either the HLA-Bw4 or the HLA-Bw6 determinants are 
expressed on essentially all HLA-B products. Approximate 
gene frequencies in a European Caucasoid population are as 
foUows: HLA-A1, 14%; A2, 29%; A3, 13%; Aw36, 0.1%; 
B17, 3% (22); Aw69, <1% (J.G.B., unpublished data).

Immunohistochemistry. A peroxidase-anti-peroxidase im
munohistochemical method was employed. Cryostat tissue 
sections (7 jim  thick) were fixed in a chloroform/acetone 
mixture [1:1 (vol/vol)] at 4°C, briefly immersed in acetone at

4°C, rehydrated in PBS, and then incubated in 90% (vol/vol) 
PBS plus 10% (vol/vol) normal rabbit serum for 20 min. 
Excess fluid was drained from the tissue sections before 
incubating with mAbs for 60 min. This was followed sequen
tially by rabbit anti-mouse immunoglobulin [Dakopatts, Co
penhagen; 1:25 dilution for 45 min] in PBS containing 4% 
(vol/vol) normal human serum and then by peroxidase- 
anti-peroxidase complexes (Dakopatts; 1:100 dilution for 45 
min) in PBS. All antibody incubations were followed by two 
5-min washes in PBS. The peroxidase was developed in 
3,3'-diaminobenzidine (Sigma) at 1 mg/ml in PBS containing 
0.3% hydrogen peroxide. Sections were washed in tap water 
for 10 min, counterstained with hematoxylin, cleared, and 
mounted in D.P.X. mounting medium (BDH).

Assessment. Presence of immunohistochemical staining in 
epithelium and stroma was assessed in normal and neoplastic
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colonic tissue. A limited patient HLA-A,B,C type was de
duced from the reaction of mAbs directed against polymor
phic HLA-A,B,C determinants with tumor stroma and, 
where available, normal colorectal mucosa.

An HLA-B17 phenotype was deduced from stromal stain
ing with mAb MA2.1 and lack of staining with mAb BB7.2. 
The proportion of tumor cells stained by each mAb was 
assessed semi-quantitatively (see Table 1).

RESULTS
HLA-A,B,C Expression. Strong and fairly uniform HLA- 

A,B,C expression, as detected by reactivity with mAbs 
PA2.6 and W6/32, was present in all normal colorectal 
epithelium, all 10 adenomas, and 26 of 30 adenocarcinomas. 
In 1 of 30 adenocarcinomas (case 11, Table 1) no tumor cell 
HLA-A,B,C was detected, in 2 of 30 adenocarcinomas (cases 
12 and 13) tumor HLA-A,B,C antigen was uniformly very 
weak, whereas in 1 of 30 adenocarcinomas (case 40) the 
intensity of tumor HLA-A,B,C antigen varied from weak to 
strong in different areas of the tumor. Strong cytoplasmic 
tumor staining with mAb HC-10 and lack of staining with 
mAb BBM.l in the single adenocarcinoma whose tumor cells 
showed no staining with mAb W6/32 (case 11) demonstrated 
that a loss of ̂ m  underlies the absence of functional (/^m- 
associated) HLA-A,B,C molecules. In the 3 adenocarcino
mas showing areas of weak HLA-A,B,C expression (cases 
12,13, and 40), the staining of smaller numbers of tumor cells 
by mAb HC-10 than by mAb BBM.l suggests a coordinate 
reduction of all HLA-A,B,C products. The 3 adenocarcino
mas (cases 11,12, and 13) that showed either no detectable 
or uniformly very weak tumor cell HLA-A,B,C antigen 
expression were all graded as poorly differentiated tumors.

The frequencies of the various HLA-A allele products in 
this series, as demonstrated by staining of tumor stroma and 
normal colorectal mucosa with the allele-product-specific 
mAbs, were similar to those derived from standard micro- 
lymphocytotoxicity testing of European Caucasoid popula
tions. Out of 40 individuals there were 7 HLA-Bw4 homozy
gotes, 21 Bw6 homozygotes, and 12 Bw4,6 heterozygotes. By 
assuming that the distribution of HLA-Bw4 and Bw6 allele 
products obeys the Hardy-Weinberg law, this series shows 
an excess of HLA-Bw6 homozygotes and a deficiency of 
Bw4,6 heterozygotes (*2 = 4, giving 0.05 >  P >  0.02). This 
suggests that the mAb 116.5.28 does not recognize all HLA- 
Bw4-bearing allele products in immunohistochemical prepa
rations. The lack of immunohistochemical reactivity of mAb
116.5.28 in an HLA-A24-typed individual (HLA-A24 carries 
the HLA-Bw4 determinant) (21) also supports this sugges
tion. No loss of allele products from normal colorectal 
epithelium was detected.

The intensity of tissue staining was often less for mAb 
BB7.2 than for mAb MA2.1, even though both mAbs detect 
HLA-A2 antigen and, occasionally, BB7.2 stained fewer 
tumor cells. mAbs 129.2.47 and GAP A3 both detect HLA-A3 
antigen and gave very similar staining results.

Though none of the 10 adenomas studied contained areas 
that had lost all HLA-A,B,C antigens from tumor cells, two 
showed focal loss of an HLA-B product. One adenoma (case 
2) contained a glandular focus comprising some 10% of the 
section in which, in contrast to surrounding glands, HLA- 
Bw4 was undetectable. HLA-Bw4-positive and -negative 
areas were morphologically indistinguishable. A second ad
enoma (case 10), the solitary (nonpolyposis), large tubulo- 
villous adenoma, showed an area of HLA-B17 loss compris
ing 50% of the tumor (Fig. 1). This case was HLA-Bw4 
homozygous (B17 carries the Bw4 determinant) and a prom
inent reduction in the intensity of staining with mAb 116.5.28 
(anti-Bw4) in those areas not expressing B17 was consistent 
with a loss of one HLA-B product and the retention of the

other. The tumor glands not expressing the HLA-B 17 deter
minant were morphologically different from those expressing 
it, having smoother glandular profiles, a greater degree of 
nuclear crowding and stratification, and less interglandular 
stroma.

The 3 adenocarcinomas in which all HLA-A,B,C antigens 
were either undetectable or uniformly very weakly expressed 
(cases 11-13) were excluded from the analysis of individual 
allele product loss because in these cases allele product loss 
would simply reflect the loss of, or reduction in, all HLA- 
A,B,C antigens. Complete loss of individual HLA-A,B,C 
allele products from adenocarcinoma cells was seen in 8 of a 
total of 27 cases, occurring in 7 of 13 HLA-A2 (Table 1 and 
Fig. 1) and 4 (1 an apparent homozygote) of 13 Bw4 patients 
(of which 8 were heterozygotes) (Table 1). Complete loss of 
HLA-A3 occurred in only 1 of 6 cases, and complete losses 
of A l and Bw6 were not seen in any of 6 and 22 (of which 8 
were heterozygotes) cases, respectively. The complete loss 
of tumor HLA-A2 antigen (in 7 of 13 cases) was significantly 
more common than the complete loss of HLA-A1 and HLA- 
A3 (in 1 of 12 cases) (x2 = 4, giving 0.05 > P >  0.02). All 4 
cases that showed complete loss of HLA-Bw4 had also lost 
HLA-A2, suggesting the possibility of loss of a complete 
haplotype. However, in at least 1 case, case 14, tumor cells 
had completely lost HLA-A2 but retained both their Bw4 and 
Bw6 products. Our panel of mAbs was informative in iden
tifying both HLA-A products in a single adenocarcinoma that 
showed a selective allele product loss (case 16). In this case, 
tumor cells had lost HLA-A2 and Bw4 products but retained 
A l and Bw6 products. Three further cases also showed loss 
of individual allele products in a majority of tumor cells 
(HLA-A1 in cases 17 and 31; Bw6 in case 21). The multiple 
tumor foci that expressed these allele products within each of 
these 3 cases were not obviously related to an increased 
infiltrate of inflammatory cells. There was no obvious cor
relation of grade or stage with loss of HLA-A2.

LFA-3 and ICAM-1 Expression. LFA-3 was strongly ex
pressed on epithelial cells in all of 17 cases of normal 
colorectal mucosa and 4 adenomas but not in 1 of 20 adeno
carcinomas. This was case 35 (Fig. 1), which also showed 
selective loss of HLA-A3, though LFA-3 was strongly ex
pressed on tumor stromal cells and adjacent normal colorec
tal mucosal epithelium.

Adhesion molecule ICAM-1 was not detected on the epi
thelial cells of any of the 17 cases of normal mucosa, 4 
adenomas, or 18 of the 20 adenocarcinomas. In 2 adenocar
cinomas, both of which had lost HLA-A2 expression, ICAM- 
1 positivity was present in approximately 1% (case 30) and 
75% (case 24) of tumor cells. In case 24 staining was pre
dominately associated with the tumor-cell luminal mem
brane.

DISCUSSION
Our finding that 10% of colorectal adenocarcinomas (3 of 30 
cases) express little or no HLA-A,B,C antigens compares 
with results of a large study (9) in which 31% of adenocar
cinomas showed either reduced HLA-A,B,C expression or 
loss of HLA-A,B,C antigens from a proportion or all of the 
neoplastic cells. Loss of tumor-cell HLA-A,B,C antigens in 
colorectal adenocarcinoma has been associated (9) with a 
poor degree of tumor differentiation and, in agreement with 
this finding, all 3 adenocarcinomas in this study with weak or 
undetectable expression of HLA-A,B,C antigens were 
poorly differentiated. Because the parent epithelium of these 
tumors, that of the colorectal mucosa, shows consistently 
strong expression of HLA-A,B,C antigens, tumors not ex
pressing these molecules probably arise through the selection 
of mutants lacking expression of HLA-A,B,C antigens. This 
selection presumably results from the ability of tumor cells
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F ig . 1. Immunoperoxidase-stained hematoxylin-counterstained cryostat sections of colorectal tumors. (A and B) An adenoma (case 10, 
Table 1) strongly expresses HLA-A,B,C antigens (mAb PA2.6) on both stromal (S) and tumor (T) cells (A) but expresses HLA-B17 antigen (mAb 
MA2.1) on stromal but not on tumor cells (tumor HLA-B17 loss was focal) (B). (C and D) An adenocarcinoma (case 19, Table 1) expresses 
HLA-A,B,C antigens (mAb W6/32) on tumor and stromal cells (C) but has lost HLA-A2 antigen (mAb MA2.1) from tumor cells (D). (E-G) 
LFA-3 (mAb TS2/9) is expressed on normal colorectal epithelium (F) but not on adenocarcinoma cells (F) from the same patient (case 35, Table 
1), which retain HLA-A,B,C antigens (mAb W6/32) (G). (A-D, x300; E, x!30; F  and G, x200.)

bearing tum or-specific antigens but not expressing H LA - 
A ,B ,C  antigens to escape destruction by cytotoxic T lym 
phocytes.

The underlying defect in the single case failing to express 
any H L A -A ,B ,C  antigen was a failure to produce j82m, which  
is essential for the surface expression o f  these m olecules (5, 
23). The sam e defect has been identified in the Burkitt 
lym phom a cell line Daudi (5, 24) and the colorectal adeno
carcinom a cell line L oV o (7).

The loss or down regulation o f som e H L A -A ,B ,C  allele 
products, with the retention o f  others, has been demonstrated  
in Burkitt lym phom a (25) and colorectal adenocarcinom a 
(10-12) and similar losses o f  the equivalent m olecules in 
murine tumors have been docum ented (26). Extending our 
earlier observations, w e have found such selective allele

product loss to be very com m on in colorectal adenocarcino
mas, com plete tumor H L A -A 2 loss occurring in 7 o f  13 
H LA -A 2-positive patients. T hese selective losses may have 
important functional consequ en ces because o f  variation in 
the ability o f various allele products to present different 
antigen epitopes to cyto tox ic  T lym phocytes (1, 2). Thus, in 
som e cases, the loss o f  single allele products may be func
tionally equivalent, in terms o f  escape from T-cell attack, to  
the loss o f all H L A -A ,B ,C  m olecules. C om plete tumor HLA- 
A2 loss (in 7 o f 13 cases) occurred significantly more fre
quently than com plete lo sses o f  H LA -A 1 (0 o f  6 cases) and 
H L A -A3 (1 o f  6 cases) (P  <  0.05). This suggests that HLA-A2  
antigen may be the m ost effective o f  the three allele products 
studied here in presenting a com m on tumor antigen to 
cytotoxic T-cell attack.
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None of the 10 adenomas examined contained areas lack
ing all HLA-A,B,C antigens, but 2 showed well demarcated 
foci, demonstrating selective loss of HLA-B products. Such 
areas of allele product loss can, therefore, arise relatively 
early in tumor development and may, of course, represent the 
precursors of the more extensive areas of allele product loss 
seen in the adenocarcinomas.

Selective HLA-A,B,C allele product loss in colorectal 
adenocarcinoma may occur with such high frequency be
cause it can result from a single genetic mutation. In contrast, 
loss of all HLA-A,B,C products usually requires two muta
tions. However, loss of HLA-A,B,C allele products could 
simply be a marker of chromosomal loss, the gene whose loss 
is selected for lying elsewhere on chromosome 6. The com
bined loss of HLA-A2 and Bw4 specificities in several cases 
is consistent with the deletion of at least a considerable 
portion of one HLA region. The apparently nonrandom loss 
of tumor HLA-A products (HLA-A2 loss occurred signifi
cantly more than A l and A3 loss) and, in case 14, the loss of 
tumor A2 antigen with the retention of the Bw4 and Bw6 
antigens, which would be consistent with a small genetic 
defect involving only the HLA-A gene, argue that it is the loss 
of HLA allele products themselves that is selected for.

LFA-3 was strongly expressed on all cases of normal 
colorectal mucosal epithelium examined but was completely 
absent from tumor cells in 1 of 20 adenocarcinomas. Because 
LFA-3 is thought to increase the strength of adhesion be
tween cytotoxic T lymphocytes and their targets, its loss, like 
that of HLA-A,B,C antigens, could allow tumor cells to 
escape T-cell killing. Loss of LFA-3 has also been described 
in some cases of Burkitt lymphoma (27), a tumor expressing 
foreign Epstein-Barr virus antigens. Though ICAM-1 was 
not detected on normal colorectal mucosal epithelium, it was 
expressed focally in 2 of 20 adenocarcinomas examined. The 
appearance of tumor ICAM-1 may reflect its ease of induc- 
ibility by a number of agents, such as interferon y (28).

The loss of LFA-3 and of individual HLA-A,B,C allele 
products from tumor cells may be selected for through an 
advantage in escape from T-cell killing. However, tumor- 
specific antigens have not been well characterized. The 
demonstration that cytotoxic T lymphocytes can recognize 
short peptides that arise from the intracellular processing of 
antigen (29,30) extends the range of candidate tumor-specific 
antigens to the intracellular products of mutated oncogenes. 
For example, products of the RAS gene family, which have 
an intracellular localization, could act as tumor antigens, 
detectable by host cytotoxic T lymphocytes, in the approx
imately 50% of colorectal adenocarcinomas possessing a 
mutated RAS gene (31). Because HLA-A,B,C antigen loss 
presumably results from immune selection directed against 
neoplastic cells bearing tumor-specific antigens, HLA- 
A,B,C-lacking tumor cell lines will probably be the best cell 
types in which to characterize such tumor antigens. The 
clinical detection of tumor antigens at an early stage in tumor 
progression, before the outgrowth of mutants that can evade 
an immune response, may become an important indication 
for patient immunotherapy.
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